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Abstract
Background: Early detection in the prevention of addictive behaviors remains a complex question in practice for most first-line
health care workers (HCWs). Several prevention measures have successfully included a screening stage followed by a brief
intervention in case of risk-related use or referral to an addiction center for problematic use. Whereas early detection is highly
recommended by the World Health Organization, it is not usually performed in practice.
Objective: The aim of this study was to assess the acceptability and feasibility of a web-based app, called Pulsio Santé, for
health service users and first-line prevention HCW and to carry out an exhaustive process of early detection of psychoactive
substance use behaviors.
Methods: A mixed methods prospective study was conducted in 2 departments: HCWs from the regional occupational health
department and from the university department of preventive medicine dedicated to students were invited to participate. Participants
18 years or older who had been seen in 2017 by a HCW from one of the departments were eligible. The study procedure comprised
5 phases: (1) inclusion of the participants after a face-to-face consultation with an HCW; (2) reception of a text message by
participants on their smartphone or by email; (3) self-assessment by participants regarding their substance use with the Pulsio
Santé app; (4) if participants agreed, transfer of the results to the HCW; and (5) if participants declined, a message to invite them
to get in touch with their general practitioner should the assessment detect a risk. Several feasibility and acceptability criteria
were assessed by an analysis of a focus group with the HCW that explored 4 themes (usefulness and advantages, problems and
limitations, possible improvements, and finally, integration into routine practice).
Results: A total of 1474 people were asked to participate, with 42 HCWs being involved. The percentage of people who agreed
to receive a text message or an email, which was considered as the first level of acceptability, was 79.17% (1167/1474). The
percentage of participants who clicked on the self-assessment link, considered as the second level of acceptability, was 60.24%
(703/1167). The percentage of participants who completed their self-evaluation entirely, which was considered as the first level
of feasibility, was 76.24% (536/703). The percentage of participants who shared the results of their evaluation with the HCWs,
considered as the second level of feasibility, was 79.48% (426/536). The qualitative study showed that there were obstacles on
https://formative.jmir.org/2021/10/e15519
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the side of HCWs in carrying out the recommended interventions for people at risk based on their online screening, such as
previous training or adaptations in accordance with specific populations.
Conclusions: Quantitative results showed good acceptability and feasibility of the Pulsio Santé app by users and HCWs. There
is a need for further studies more directly focused on the limitations highlighted by the qualitative results.
(JMIR Form Res 2021;5(10):e15519) doi:10.2196/15519
KEYWORDS
feasibility study; preventive medicine; addiction; screening and brief intervention; web-based app

Introduction
Today, use of psychoactive substances is a major problem
everywhere in the world and is insufficiently dealt with and
taken into account too late from the perspective of damage
prevention and risk reduction [1-3]. Besides tobacco, other
examples of psychoactive substances include alcohol, cannabis,
cocaine, amphetamines, and hallucinogenic drugs. In France,
for example, it is estimated that 14 million people are daily
smokers, 3.4 million engage in risky alcohol consumption, and
1.5 million use cannabis regularly (according to data produced
in 2019 by the French Monitoring Center for Drugs and Drug
Addiction) [4]. Moreover, 75,000 tobacco-related deaths and
41,000 alcohol-related deaths occur each year. Psychoactive
substance use opens the door to addictive behaviors, which can
be divided into 2 types: risk-related use and problematic use
[5].
Risk-related use is defined as use involving a particular risk
according to the characteristics of its usage (quantity, frequency,
and nature), the context in which it is used (eg, when driving a
car or doing precision work on hazardous machines), and the
presence of particular vulnerability factors (eg, young age,
pregnancy or psychiatric pathology, treatment). Problematic
use corresponds to harmful usage or the causing of detectable
damage, whether somatic, psychological, socio-professional,
familial, or that characterized by a syndrome of pathological
dependence [6].
Among existing prevention strategies, certain prevention
programs have successfully included a detection stage followed
by a brief intervention stage in case of risk-related use. Miller’s
team [7] defined a brief intervention in 6 points grouped under
the acronym FRAMES (Feedback, Responsibility, Advise,
Menu for Change, Empathy, and Enhancing Self-Efficacy). The
brief intervention includes detailed feedback of the results of
the evaluation and the risks incurred. It further includes the
friendly assertion that the responsibility for change lies with
the service user concerned, that he or she is in the best position
to design and program this change, and that the reduction in
consumption is an accessible objective within the means of the
person's own resources [8]. Brief interventions are usually
conducted in a one-on-one situation in primary care. They can
be implemented anywhere on the intervention continuum and
are based on a short, evidence-based, structured conversation
consisting of personalized feedback and counseling adjusted to
the patient's risk.

health care professionals, specifically general practitioners, face
difficulties in identifying the use of psychoactive substances,
particularly alcohol and cannabis. Despite tobacco use often
appearing in patients' records, there is little documentation of
alcohol or cannabis use. Existing tracking questionnaires are
little used in practice. Moreover, general practitioners currently
face difficulties in the feasibility of additional systematic
screening, and the implementation of a brief intervention would
double the length of a consultation. In fact, general practitioners
are not yet sufficiently assuming their role of prevention, which
is often attributable to a lack of training [10,11].
It is thus reasonable to believe a web-based app could facilitate
the work of primary health care professionals by helping them
with early detection and brief interventions. Indeed, a web-based
app could simplify the work of professionals by offering patients
anonymous but standardized assessments of behaviors that are
potentially risky for substance users and by providing tailored
backup for health professionals in their interventions.
There is a growing body of literature exploring the use of apps
to enhance the feasibility, reliability, and cultural acceptance
of screening tests for possible overuse of psychoactive
substances. Focusing mostly on a single substance (first and
foremost alcohol), they have extended their scope of study to
all other substances—medical drugs included—thanks to the
WHO-developed Alcohol, Smoking and Substance Involvement
Screening Test (ASSIST) [12,13]
Researchers also investigated how much these web-based apps
can facilitate the realization of recommended brief interventions
once a risk-prone usage has been identified—face-to-face with
the patient or online [14-18]
The role of such apps in mediating the relationship between a
service user and a health professional still needs to be evaluated,
most notably when it comes to the level of autonomy and
responsibility it provides to the service user (eg, giving service
users the choice to share his or her results). The conditions
enabling the realistic implementation of these apps in the
real-life practice of professionals in the environments where
they consult has also yet to be scrutinized to complement the
latest publications [19].
The following study is therefore the first French study aimed
at tackling these issues.
Pulsio Santé and Centre Hospitalier Universitaire de Nantes
committed to an agreement to perform the study through a
collaborative research project.

Although early detection has been highly recommended for 20
years by the World Health Organization (WHO) [9], primary
https://formative.jmir.org/2021/10/e15519
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The main objective of this study was to assess the acceptability
and feasibility of the Pulsio Santé web-based app by service
users and first-line health professionals involved in prevention
for exhaustive early detection of psychoactive substance use
behaviors. The secondary objective was to assess whether the
Pulsio Santé app could contribute to facilitating the recourse to
brief interventions or referral to addiction centers if the results
of the assessment pointed to the app’s usefulness.

Methods
A mixed methods prospective study was conducted. It was
carried out by a project team composed of senior and junior
psychiatrists (JLV and JC, respectively), a senior public health
physician (LM), a computer scientist (MAB), a project manager
(ML), and a statistician (EA). The head of the Occupational
Health Department (XD) and the head of the University
Department of Preventive Medicine (MB) also contributed to
the study.

Characteristics of the Sample
Departments and Health Professionals
Two departments of health professionals volunteered to
participate in the study: (1) The Occupational Health Department
for the Nantes Region (Service de Santé au Travail de la Région
Nantaise [SSTRN]), which is the biggest occupational health
department in the county district and is responsible for managing
the health of salaried workers in the region—indeed, the issue
of risk-related and problematic psychoactive substance use has
become a major concern in the business world [20]; (2) The
Nantes City University Department of Preventive Medicine and
Health Promotion (Service de Santé des Étudiants [SUMPPS]),
one of the health departments within the university dedicated
to students who are particularly concerned by this type of
consumption due to the students’ age range [21,22]. In each
department, all health professionals (physicians and nurses)
were invited to participate as investigators in the study without
altering their work schedules. Participating in the study as
investigators was voluntary and unpaid.

Participants
Service users 18 years or older who were seen by a health
professional either in the SSTRN or in the SUMPPS in the
fourth quarter of 2017 were eligible. Participation in the study
was voluntary and unpaid to prevent any monetary bias.
The following exclusion criteria were used to screen out
unsuitable study participants: insufficient knowledge of the
French language, no access or inability to use a web-based app,
under 18 years old or under guardianship, ongoing treatment in
a specialized addiction care unit, or disorder of the higher level
cognitive functions or cognitive dysfunction (particularly in the
area of psychoses) that would make the use of a web-based app
difficult.
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Description of the Pulsio Santé Web-Based App
The Pulsio Santé web-based app can be accessed from either a
laptop, tablet, or smartphone. Apart from ownership of one of
these devices, it only requires internet access. The app does not
have to be downloaded, and no account creation by the
participant is necessary. For this ease of access, it offers
completion of a whole screening test, provides one’s results,
and enables understanding of the underlying risks without
having to enter any identifying information. Only at the end of
this process does it offer those participants who would like to
discuss their results with a health professional the possibility
of creating an account and requesting an appointment. All data
are stored on health data–compliant servers located in France.
The Pulsio Santé study comprised 4 implementation stages:
inclusion by health professionals, self-assessment by the users
of their substance use, analysis of the results, and
implementation of a tailored intervention if required. The app
is based on the ASSIST developed by the WHO [23] and also
validated in a digital version (Audio Computer-Assisted Self
Interview [ACASI]) [24] which enables a thorough assessment
for the service user of all psychoactive substance use. The
system provides offline recruitment and online inclusion by
health professionals, one-text messaging via a smartphone or
by email, the completion of the self-assessment by clicking on
the proposed link, sharing of the results with the health
professional if the patient agrees, and the offer of a brief
intervention or referral to an addiction center in case of
identification of risk-prone usage.
The ASSIST enables 9 scores to be calculated corresponding
to the different types of psychoactive substances (tobacco,
alcohol, cannabis, cocaine, amphetamines, solvents,
tranquilizers, hallucinogenic drugs, and opiates). A specific
score for each substance was calculated by summing the scores
for 6 questions. For example, scores of >4 (alcohol >10) reflect
a moderate risk, and a high risk is indicated by scores >27 [23].
Depending on the risk profile, the participant is directed to a
specific page. In case of low (or no) risk, a reassuring message
inviting people to take the test again in a year's time is displayed.
If the participant presents a moderate or high risk, they are
encouraged to see the health professional again to discuss the
results. To facilitate this, participants are given the opportunity
to share their level of risk with the aforementioned health
professional.
After receiving results from a participant, the health professional
should invite him or her to make an appointment (brief
intervention or addiction center) within 2 weeks, provided that
the assessment was determined to be some form of risk-related
usage. To do this, the professional can use a digital guide on
his or her Pulsio Santé app account and consult the participant’s
responses to the self-assessment in detail, provided the person
has agreed to share these responses (Figure 1).
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Figure 1. Screenshot of the Pulsio Santé application app.

The Pulsio Santé app has also been made commercially available
to hospitals, occupational health institutions, and medical
institutions to deploy prevention services for people at risk of
addiction.
This study is the result of a tender response to a regional public
health institution looking for subventions for operational and
research projects dedicated to the prevention of addiction in
several populations (employees, youth, low-income individuals)
in real-life settings and through consultations. The study was
therefore also aimed at demonstrating the soundness of the
research to the public health institutions regarding the feasibility
and efficacy of these types of novel digital health interventions
(including but not limited to Pulsio Santé) deployed by private
companies in real-life settings.

Quantitative Study
Quantitative data were collected electronically. All actions,
from the inclusion of participants, to the access to the screening
test, to its completion, took place within the Pulsio Santé app.
Therefore, use of the app, acceptance of the test (through
connections to the app), and test results were all collected on
the Pulsio Santé app.

An information and the consent form was added to the Pulsio
Santé app. Service users could only be enrolled after having
read the information and agreed to participate.
A case report form was created for each service user. All the
information required by the protocol was gathered as encoded
data. By signing this protocol, the principal investigator (JLV)
and all the health professionals undertook to keep participant
identities confidential.
As this self-assessment was initiated online by a text message
or email request and outside the health professional’s
consultation (but nevertheless linked to the consultation), the
participants’ commitment to the procedure was ensured. It was
an essential criterion for the participants’ access to the app.
Similarly, any transmission of the results of the self-assessment
to the health professional required the participants’ consent.

Qualitative data from focus groups were collected and analyzed
with the Sphinx iQ2 software.

Users who opened the link were connected to a platform that
allowed them to answer the ASSIST in its digital version
(ACASI) in less than 5 minutes. If participants then agreed,
they could transfer their results to their health professional. If
the service users had not initially agreed to this, messages
appeared allowing them to do so after completion of their
self-evaluation or would invite them to get in touch with their
general practitioner should the assessment detect a risk.

Study Procedure

Evaluation Criteria

In September 2017, health professionals who volunteered to
participate as investigators were invited to a meeting organized
by the project team to receive information about the Pulsio Santé
app and to standardize the manner in which the app was
presented to participants.

Acceptability of the Pulsio Santé Web-Based App
Two levels of appreciation of the acceptability were assessed.
They concerned the health professionals’ ability to propose the
app to service users they encounter in their daily practice and
the users’ ability to use it. The percentage of salaried workers
and students who agreed to receive a text message (level 1) and
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the percentage of those who clicked on the proposed link (level
2) were thus collected.
Feasibility of the Pulsio Santé Web-Based App
Two levels of appreciation of the feasibility of the Pulsio Santé
app were explored. They concerned the ability of the app to
enable those to whom the app was offered to carry out a
complete assessment of their psychoactive substance use and
to share their results with the health professional who had
offered it to them. The percentage of salaried workers and
students who filled in the ASSIST completely (level 1) and the
percentage of users who shared their results with their health
professional (level 2) were thus collected.
Furthermore, to meet the secondary objective, the percentage
of service users who agreed to a brief intervention was
calculated in cases of risk-related status, and the percentage of
those presenting problematic substance use who agreed to be
referred to an addiction center was also calculated.

Anthoine et al
to the app; and integration into routine practice. The content
was recorded and transcribed for analysis. After each focus
group, the interviewers checked the transcripts for quality and
clarity.

Qualitative Analysis
A multicategory content analysis of the focus group corpus
using a frequency distribution table method was conducted to
form an exhaustive corpus of what had been said and to identify
the main themes and subthemes around which the
representations of professionals and participants were organized.
A theme frequency analysis was conducted, and possible links
between the categories were sought. Results were compared by
2 researchers (EA and ML) to ensure intercoder validity.
Qualitative analyses were performed on Sphinx iQ2 survey and
data analysis software.

Ethics Review

All data were collected already encoded and stored in data
servers (European HIPAA [Health Insurance Portability and
Accountability Act]-like regulations) located in France.

All study procedures fully complied with the requirements of
French law. The relevant authority for this research was the
National Data Protection Committee (Commission Nationale
de l'Informatique et des Libertés [CNIL]). The CNIL declaration
of conformity of the Study was registered under reference
number 2094055 dated August, 28, 2017. No ethics Approval
or registration of clinical trials was necessary for this research,
as it is not within the scope of application of the French Public
Health Code.

Statistical Analysis

Results

Data Collection
The data were collected by health professionals from the SSTRN
and SUMPPS involved as investigators during their day-to-day
work with workers and students as well as by service users
themselves through completing their screening autonomously.

Statistical analyses used the usual techniques of descriptive
statistics (frequency, mean, and SD). The ASSIST-specific
substance scores were computed according to the scoring
method [23]. A t test was performed to anonymously compare
substance scores, and a chi-square test was used to compare
percentages across the groups of sharers and nonsharers. The
statistical significance was set at α =.05. Statistical analyses
were performed with R version 3.4.3 (The R Foundation for
Statistical Computing).

Qualitative Study
Data Collection
A panel of health professionals participated in semistructured
focus groups (or 1 interview) on the acceptability and feasibility
of the web-based app between February 2018 and March 2018.
A first focus group with the SUMPPS professionals was
organized with 5 nurses. The participation rate was 83.3% (5/6).
In the SSTRN department, a focus group was organized with 7
SSTRN professionals (4 nurses and 3 physicians), and 1
face-to-face interview with a nurse. The participation rate of
the SSTRN professionals was 22.0% (8/36). Focus group topics
covered the following: usefulness and advantages of the app;
problems, limitations, and frustrations; necessary improvements
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Characteristics of the Sample
A total of 1474 service users who came to see either a health
professional in the SSTRN department (n=1067) or a nurse in
the SUMPPS department (n=407) were asked to participate.
Forty-two health professionals participated as investigators in
the study. Among them, 14% (6/42) were working in the
SUMPPS and 86% (36/42) in the SSTRN.

Acceptability of the Pulsio Santé Web-Based App
The percentage of participants who agreed to receive a text
message or an email, considered as the first level of
acceptability, was 79.17% (1167/1474; Figure 2). The
participation rates for salaried workers and students were
76.85% (820/1067) and 85.2% (347/407), respectively. The
sample comprised 70.26% (820/1167) salaried workers and
29.73% (347/1167) students.
The percentage of participants who clicked on the subscriber
link, considered as the second level of acceptability, was 60.24%
(703/1167; Figure 2). The participation rates for salaried workers
and students were 54.0% (443/820) and 74.9% (260/347),
respectively. The sample comprised 63.0% (443/703) salaried
workers and 37.0% (260/703) students.
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Figure 2. Flowchart of the acceptability and feasibility study - 20210928.

Feasibility of the Pulsio Santé Web-Based App
The percentage of participants who completed their
self-evaluation entirely, considered as the first level of
feasibility, was 76.2% (536/703; Figure 2). The participation
rates for salaried workers and students were 73.8% (327/443)
and 80.4% (209/260), respectively. The sample comprised
61.0% (327/536) salaried workers and 39.0% (209/536) students.
The percentage of participants who shared the results of their
evaluation with their health professional, considered as the
second level of feasibility, was 79.5% (426/536; Figure 2). The
participation rates for salaried workers and students were 80.1%
(262/327) and 78.5% (164/209), respectively. The sample
comprised 61.5% (262/426) salaried workers and 38.5%
(164/426) students.
Students clicked on the registration link significantly more often
(260/347, 74.9%) than did salaried workers (443/820, 54%;

https://formative.jmir.org/2021/10/e15519

XSL• FO
RenderX

P<.001), but there was no statistical difference between students
and salaried workers for the number of completed
self-evaluations (P=.06) or the number of shared self-evaluation
results (P=.72). For all substances except tobacco (P=.02), the
students’ scores were not significantly different from those of
the salaried workers' scores.

Health Professionals’ Perceptions of the Feasibility of
the Web-Based App
Focus groups with the health professionals explored 4 themes
to evaluate their points of view on the acceptability and
feasibility of the Pulsio Santé app.
First, the usefulness and the advantages of the app were studied.
It appeared that the app was easy and quick to propose and that
participants were easy to enroll in the study (see quotation 1,
Table 1).
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Table 1. Quotations illustrating the professionals’ perceptions about the acceptability and the feasibility of the app.
Quotation number

English translation with original French quotation below

1
English

Including patients was kind of easy; it didn’t really take long.

French

Les inclusions, c’était assez facile, ça ne prenait vraiment pas longtemps.

English

It added a little extra to the individual consultation with the patient by opening up the exchange a little.

French

Ça a apporté un plus au niveau de la consultation du rendez-vous individuel, en ouvrant un petit peu plus l’échange.

English

I’d say it’s rather beneficial to patients themselves; self-assessment is interesting on a personal level; it helps to know
where we are.

French

J’aurais plutôt dit l’avantage pour la personne elle-même, l’autotest aussi qui est intéressant, pour soi, de savoir où on
en est.

English

It also encourages people to think.

French

Ça amène les gens à réfléchir aussi.

English

I wonder whether we shouldn't offer the survey before consultations… well in advance.

French

Moi je me pose la question de savoir si on ne devrait pas proposer l’enquête avant les rendez-vous en fait.

English

It was the same for me. I didn’t get any response to the appointments I suggested.

French

Moi c’est pareil, je n’ai pas eu de réponses au rendez-vous proposé.

English

We can do a bit of digging around the addiction problems, but then, what do we do next? If the person does not come
back for a brief intervention… question mark. Screening, why not? But then, what means do we have as health professionals?

French

On va aller creuser un petit peu sur les addictions et puis après, qu’est-ce qu’on en fait ? Si la personne ne revient pas
en intervention brève, point d’interrogation. Faire du dépistage, ok, mais après, qu’est-ce qu’on a, nous, comme moyens ?

English

Even if people don’t share their result, it can still be interpreted. I mean, used it even so. But to do this, we need to
know if the person enrolled and gave his answers or enrolled and did nothing. That's important. Honestly, I was surprised;
we couldn’t see if he had answered.

French

Même sans partager, ça peut être interprété, enfin utilisé quand même. Mais pour ça, il faut qu’on voie s’il s’est inscrit
et s’il a répondu, ou s’il s’est inscrit et qu’il n’a rien fait. Ça c’est important. Franchement, moi ça m’a étonnée quand
même, on ne voit pas s’il a répondu.

English

He scored as “at risk for tobacco use” despite the fact that he also uses speed, cannabis, and cocaine, which worries me
far more, but these did not score as risky. There is definitely something wrong that needs to be looked at.

French

Il m’est apparu comme « situation à risque pour le tabac », alors qu’il consomme des amphétamines, du cannabis, de
la cocaïne, qui m’interpellent largement plus et qui, là, indique qu’il n’y a pas de risque. Il y a quelque chose à revoir
vraiment là-dessus.

English

I think it would be good for these people to be given links to prevention websites at the end of the questionnaire or a
list of institutions that might help. Given that we are including people via a web-based app, it would be good to have
links that enable them to know which institutions specialize in treating addictions.

French

Je pense qu’à la fin du questionnaire, ce serait bien qu’il y ait des liens qui leur permettent d’accéder à des sites de
sensibilisation, à des organismes qui peuvent venir en aide. Dans la mesure où l’on est dans une transmission par voie
numérique, c’est effectivement de mettre des liens qui permettraient d’avoir connaissance des organismes d’addictologie
existant.

2

3

4

5

6

7

8

9

10

11
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English translation with original French quotation below

English

I would be willing to use this tool in my daily practice, providing adaptations are made to our area of work, adapted to
occupational medicine.

French

Je serais prête à utiliser cet outil au quotidien, avec une adaptation par rapport à notre métier, adapté santé au travail.

English

I experienced some difficulties introducing the tool, when to mention it… So I tried different approaches.

French

J’avais des difficultés pour présenter l’outil, à quel moment dire... Donc j’ai un peu tâtonné.

12

The app facilitated discussion on the use of substances,
complemented the medical consultation (see quotation 2, Table
1), and made participants think about their substance use (see
quotation 3 and 4, Table 1).

Discussion
Principal Results

A discrepancy between the results on the WHO measure and
actual use by participants was highlighted (see quotation 9,
Table 1). At the end of the self-evaluation, several professionals
suggested that links to government preventive medicine and
public health websites should be created (see quotation 10,
Table 1).

This acceptability and feasibility study, carried out on a large
size sample across 2 institutions with different service user
profiles, demonstrated high acceptability of the Pulsio Santé
web-based app by health professionals, as well as by the salaried
workers and students to whom it was offered. In terms of
feasibility, the data were similar across workers and students:
once the service users had clicked on the enrolment link, a high
participation rate in the self-assessment of (536/703, 76%) and
a high rate of results shared with the health professional
(426/536. 79.5%) were observed. The fact that this applied to
both students and occupational medicine participants, where
reluctance to confide for fear of their employer being informed
is often observed, is also worth noting. It is also important to
note that the service users who filled in their self-assessment
completely without sharing their results with their health
professionals were not very different from those who did share,
except for those who indicated tobacco use. It is finally worth
noting that the percentage of service users in a problematic
situation who did not wish to share their results is not
significantly different from those who did, which reinforces the
relevance of the app.

Finally, the integration into routine practice was debated. Focus
group participants pointed out that the app should be customized
according to the medical department concerned (see quotation
11, Table 1) and that professionals should be trained before
offering the app to their service users (see quotation 12, Table
1).

The fact that this assessment can be performed in a few minutes
as an online self-assessment, with only 1 text message needed
to access the screening test and outside consultation time with
the health professional, guarantees that it will be acceptable to
users. The presence of the health professional offers the
possibility for help or care if necessary.

Health Professionals’ Practice

The ASSIST and its digital version (ACASI) enable a quick
and precise assessment of the use of all the main psychoactive
substances (including medications that are misused).

Second, problems, limitations, and frustrations were discussed.
Self-evaluation after the medical consultation was not considered
as an optimal strategy (see quotation 5, Table 1). The messages
(mail, email, or phone calls) sent by the health professionals to
users with moderate or high risk were not followed up (see
quotation 6, Table 1). Health professionals also frequently
wondered what to do with a positive result from a participant
(see quotation 7, Table 1).
Health professionals were then interviewed on the necessary
improvements of the app. They suggested making a distinction
between nonresponders and nonsharers (see quotation 8, Table
1). This is impossible, ethically speaking, if the patient refuses
to share his or her results.

The other secondary objective focused on the way the Pulsio
Santé app could facilitate access to a brief intervention or
referral to an addiction center when these are recommended on
the basis of the evaluation results. Health professionals offered
51 brief intervention appointments to 186 substance users
identified as being at moderate risk for at least 1 substance
(51/186, 27.4%). A total of 5.4% (10/186) of the brief
interventions considered necessary were carried out by the health
professionals, half of which were mediated via the Pulsio Santé
app. Health professionals offered 2 addiction center
appointments to 15 substance users identified as having
problematic use of at least 1 substance (2/15,13.3%). The 2
proposed appointments were accepted by the users, and all were
mediated by the Pulsio Santé app. More descriptive results are
available in Multimedia Appendix 1.
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Limitations
There were no missing values in the screening questionnaire,
as service users had to answer all the questions for the
psychoactive substances they had checked at the first question.
They could not go to the following steps and, therefore, to the
final results if they did not answer all their questions. This can
be interpreted as a limitation given that even partial results and
scores on certain substances might be sufficient to trigger the
willingness to get some help. We could imagine that some
people bored with the whole questionnaire or misunderstanding
parts of it would like to submit their partial answers to get partial
results (and act on them). In our study, their only choice in this
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situation was to drop out completely or persist to obtain the full
results.
Furthermore, while early detection is clearly facilitated by this
app, there are nevertheless many unanswered questions. First,
inclusion refusals, although not particularly numerous, were to
be documented by health professionals, which was not in fact
done. Second, the risk thresholds that were defined a decade
ago for the ASSIST raise issues of relevance. Indeed, nearly
half of the service users were at moderate risk with at least 1
substance, and some substance users who had a score above 20
for at least 3 psychoactive substances did not appear as
“problematic”. Finally, the proposals (brief intervention or
addiction center) justified by the results of the assessment were
very often not implemented. Although this was not the main
objective of the study, it is nevertheless a crucial issue for the
impact of early detection in public health prevention.
Among the improvements suggested during the focus groups,
the possibility of offering the app before rather than during the
meeting with a health professional was mentioned by several
professionals. This would allow for the implications of the
assessment to be quickly taken into account. Besides the purely
practical and ethical questions raised by this possibility (such

Anthoine et al
as collective answers by groups of students in the waiting room),
studies on other populations should be carried out. To this end,
the Pulsio Santé app has been deployed in larger populations
(such as rural areas) and will be evaluated in those new settings.
Moreover, defining the stage when the screening test should be
introduced during follow-up and adapting the web-based app
to the aims of each department and to their service users were
among the strong expectations that were expressed during the
focus groups. These two points indeed seem essential to
guaranteeing efficient coordination between detection and care
when the latter is indicated.

Conclusions
This study on a large-size sample showed good acceptability
and feasibility of the Pulsio Santé web-based app by service
users and health professionals.
The qualitative study, however, showed that there were obstacles
on the professionals’ side, which could justify the need for
further studies more directly focused on these limitations and
the web-based app as a mediator-facilitator; studies on other
populations should be carried out and designed to extend to
purely behavioral addictions (ie, with no psychoactive substance
use).
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Abstract
Background: Informal caregivers, or carers (unpaid family members and friends), are instrumental to millions worldwide for
the ongoing delivery of health and well-being needs. The risk of crisis points (eg, hospitalizations) for caregivers increases with
the absence of physical activity. The COVID-19 pandemic is highly likely to have increased the risk of crisis points for caregivers
by increasing the amount of time spent indoors due to shielding and lockdown restrictions. Thus, accessible evidence-based tools
to facilitate physical activity for caregivers indoors are urgently needed.
Objective: The aim of this study was to co-design and develop a novel mobile app to educate and support carers in the undertaking
of regular physical activity at home during and beyond COVID-19 restrictions via integration of the transtheoretical model of
behavior change and UK physical activity guidelines.
Methods: We co-designed a mobile app, “CareFit,” by directly involving caregivers, health care professionals, and social care
professionals in the requirements, capturing, and evaluation phases of three Agile Scrum design and development sprints. Seven
participants representing multistakeholder views took part in three co-design sessions, each of which was followed by a development
sprint. Requirements for CareFit were grounded in a combination of behavioral change science and UK government guidelines
for physical activity.
Results: Participants identified different barriers and enablers to physical activity, such as a lack of time, recognition of existing
activities, and concerns regarding safely undertaking physical activity. Requirements analysis highlighted the importance of
simplicity in design and a need to anchor development around the everyday needs of caregivers (eg, easy-to-use video instructions).
Our final prototype app integrated guidance for undertaking physical activity at home through educational, physical activity, and
communication components.
Conclusions: Integrating government guidelines with models of behavioral change into a mobile app to support the physical
activity of carers is novel. We found that integrating core physical activity guidelines into a co-designed smartphone app with
functionality such as a weekly planner and educational material for users is feasible. This work holds promise to fill the gap of
effective physical activity solutions for caregivers both during and beyond the COVID-19 pandemic. Further work is now needed
to explore the feasibility, acceptability, and usability of the approach in real-world settings.
(JMIR Form Res 2021;5(10):e27358) doi:10.2196/27358
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Introduction
Informal caregivers or carers—those providing unpaid care for
friends or family—constitute a vital lifeline to millions of people
worldwide. In the United Kingdom alone, there are an estimated
6.5 million carers, and across Europe, up to 80% of all long-term
care is understood to be delivered by carers [1,2]. Although
some carers benefit and achieve a sense of fulfillment from
caring roles [3], there is now strong evidence that caregiving
may have an adverse impact on health and wellness both in the
short and long term [4,5]. Preventable crisis points (eg,
hospitalizations, significant worsening of mental or physical
health, irreversible changes to caring circumstances) are
commonplace (even in the absence of COVID-19) and
frequently cause irreversible deterioration in health for the carer
and those cared for [6,7]. As the global population ages, and
the health and social care workforce shrinks [8], it appears
inevitable that the reliance placed on caregivers will only
increase. A public health priority is to raise quality of life and
prevent crisis points. Furthermore, the COVID-19 pandemic
substantially increased pressures and time spent at home, and
reduced opportunities and motivations for physical activity
[6,9,10].
The unmet needs of caregivers are considerable and diverse.
There have been many innovations in recent years to aid
caregivers in areas such as support, care coordination,
telehealth/diagnostics, and digital care delivery [11]. Solutions
aimed at caregiver support have mainly focused on targeting
mental health (eg, burden, anxiety, depression) through
face-to-face, telephone, and digital interventions [12,13]. Less
established solutions are those aimed at improving physical
health. Systematic review work in this area identified only 14
studies to date [14], with interventions mainly delivered face
to face and/or by telephone-based approaches. Across these
studies, improvements were observed in physical activity levels,

distress, well-being, quality of life, and sleep quality. Such
targeted solutions are yet to make the “leap” into the digital
spectrum and mass impact potential of smartphone apps.
The potential of the digital spectrum is now emerging for all
populations (eg, automated data collection, machine learning,
augmented reality), and there are key questions as to whether
vulnerable groups such as informal caregivers will also be able
to enjoy the benefits. Advantages could include simply raising
awareness of physical activity guidelines through mobile apps
(such as those from the United Kingdom, which suggest a
variety of different types of activities per week according to age
group). More sustainable and greater impacts may also be
realized through using evidence-based models of behavioral
change. The well-established transtheoretical model (TTM) of
behavioral change [15,16] postulates that the more sustainable
changes in behaviors are those that are altered habitually and
through a cyclical process of specific stages (see Figure 1).
However, it remains to be explored precisely how to design and
integrate a solution capable of translating such key messages
in a feasible, acceptable, and usable manner for more vulnerable
groups such as caregivers.
Recent survey data suggest that (even in the absence of
COVID-19) 81% of carers are not able to perform as much
physical activity as they would like [17]. There is therefore an
imperative need to continue researching innovations for
caregivers, and to explore what empowering evidence-based
tools could be delivered at home both during the COVID-19
pandemic and beyond. We here present a rapid response project
to produce a novel evidence-based mobile app designed to
empower caregivers to undertake regular physical activity at
home during (and beyond) the COVID-19 outbreak. We
designed our app, “CareFit,” with a co-design team of user
experts, and using robust and well-established scientific
knowledge (eg, the TTM [15,16], government guidelines [18],
and sports and exercise specialist knowledge).

Figure 1. Overview of the transtheoretical model across the different stages of precontemplation, contemplation, preparation, action, and maintenance
alongside relapse.

Methods
Recruitment, Consent, and Ethical Approval
Participants were recruited using convenience sampling
(connections across both Carers Scotland and the University of
Strathclyde). We aimed to identify 6-8 participants to a
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co-design group to maximize the depth of conversation
achievable with our discussions [19]. We contacted three known
professionals who had an interest in caregivers. Caregivers were
recruited specifically though links with Carers UK (Scotland),
whereby (a few/targeted) local carer centers across Scotland
were asked to approach carers who would be suitable for the
study and interested in being part of a working group. All invited
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participants accepted the offer to take part in this work. Inclusion
criteria were that participants were aged 18 years and over and
interested in contributing to current knowledge of digital
innovations for caregivers. Individuals were asked to commit
no more than 7 hours in total to the co-design process. The
co-design sessions took place between July and August 2020
(ie, during the COVID-19 pandemic). The University of
Strathclyde Ethics Committee approved the study protocol. As
per standard ethical procedures, each member of the group
signed an individual consent form after being given an
information sheet and opportunity to ask any questions about
their overall involvement in the study.

Study Design
We developed CareFit using an Agile Scrum co-design
methodology [20,21] (see the App Development and Testing
section below), and had to work within national and local
restrictions imposed by COVID-19 pandemic measures, which
represented a considerable challenge given the face-to-face
nature of traditional co-design sessions. We viewed our
co-design participants as architects and partners of this work
(see Figure 2), as outlined by Sanders and Stappers [22]:
“creativity of designers and people not trained in design working

Egan et al
together in the design development process.” Our stakeholders
consisted of carers, employers, physical health experts, and
health care professionals. This multidisciplinary team was
involved throughout the design and evaluation stages of the
co-design process [20,22]. In total, three versions of the app
were developed iteratively, and the final version of the app was
released and evaluated by our participants (caregivers and
caregiver-related professionals). Our focus was on people in
the contemplation or preparation stages of the TTM, which
includes those only thinking about being more active, and those
who have thought about and taken some steps to becoming more
physically active. Our goal was to help participants form and
regularly “action” intentions to be more active. In terms of the
software/tools used, we conducted three co-design video call
sessions (using Zoom and simulations of notice boards/post-its
[MURAL]), and complemented collective discussions with
three individual questionnaires (incorporating around 20 to 30
questions on Qualtrics online software) as a basis for design
sprints. If a participant could not attend group meetings,
one-to-one calls were offered as an alternative. See Table 1 for
an overview of the meetings. The time immediately after our
co-design meetings was dedicated to our development “sprints,”
each lasting 2-3 weeks.

Figure 2. Overview of the co-design process across the three co-design meetings.
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Table 1. Overview of the co-design meetings.

a

Sprint (number of
questionnaires
completed)

Focus/aim

Detail of meeting used to guide sprint

1 (N=5)

To critique and present a simple initial app prototype; to collectively present the principles of the
transtheoretical model (TTM) and the UK government national physical activity guidelines.

We explored the topics of motivation, goals, physical activity guidelines,
delivery options, health, and safety. We also explored “keep, lose, change,”

2 (N=6)

To review the feedback from meeting 1 and
progress during design sprint 1.

We explored how to deliver details within the educational, physical activity,
and communication components, including the “keep, lose, change” format.
We presented future options of the physical activities using videos and subsequent feedback.

3 (N=6)

To review and finalize the app design in prepara- Final, detailed discussion on the presentation of the revised app developed,
tion for a 3-week real-world study.
and further discussion of the education, physical activity, and communication
sections.

and asked our participants to prioritize needs according to the MoSCoWa
methodology.

MoSCoW: “Must Have, Should Have, Could Have, Won't Have this time” prioritization.

App Development and Testing
The CareFit app was developed for Android (versions 7 to 10).
The app was mainly developed in Java, with the exception of
the education section, which was developed in
HTML/CSS/JavaScript and integrated into the main app.
Extensive unit and user testing was undertaken using Android
phone simulators and a range of different Android physical
devices of different ages, specifications, and display sizes. Test
versions of CareFit were distributed to users through online
emulators in advance of the co-design meeting sessions to
improve the requirements-capturing discussions and involve
target users in the development process. CareFit was developed
using the Agile Scrum methodology. Agile Scrum is an iterative
software development process in which software development
takes place in short and fast periods of development formally
defined as sprints. Before each development sprint, requirements
from the previous sprint are improved or new requirements were
captured using feedback given to developers by users. We
categorized functional and nonfunctional requirements using
the FURPS+ (Functional, Usability, Reliability, Performance,
where the “+” is used to indicate additional requirements such
as programming language and other constraints) approach [23].
Such requirements were guided throughout by our co-design
team using MoSCoW (“Must Have, Should Have, Could Have,
Won't Have this time”) [21] and “keep, lose, change” [22]
methodologies, and informed by the TTM [15]. Our design
supported users by enabling them to report errors and crashes
easily through a dedicated email address. The email address
was displayed on the main screen of the app at all times and,
where possible, we provided an immediate response to users
with technical issues. CareFit had the following “+”
requirements: being developed for Android OS (support ranged
from Android 7.0 known as “Nougat” to Android 10 known as
“Pie”).

Data Handling and Prioritization
The structure of co-design sessions consisted of an online white
board (MURAL), online conference calls (Zoom), and online
questionnaires (Qualtrics). All of our online meetings involved
the presentation of slides and/or prototype mockups/video
“walkthroughs.” The first development sprint involved
https://formative.jmir.org/2021/10/e27358

XSL• FO
RenderX

requirements-capturing using the MoSCoW methodology
prioritization method, which ranks requirements as “must have,”
“should have,” “could have,” or “won’t have” [24]. During the
co-design and sprints 1 and 2, we also used the “keep, lose,
change” approach to offer our participants freedom to decide
on fundamental aspects of the app where required [25].
Whenever the majority of the group expressed clear and strong
preferences, these were integrated in the app design. There was
a small number of occasions where user suggestions conflicted
with physical activity guidelines. Any discrepancies to
MoSCoW preferences are explained within the text. When the
co-design group did not reach consensus, the academic team
reviewed and reached a final decision. For qualitative data,
quotations were examined by two researchers (BH, KE) who
analyzed data and identified core themes. Disagreements were
discussed with a third researcher (RM).

Results
Co-design Group
Our co-design group consisted of four different stakeholder
groups: caregivers (n=4), a health care professional (n=1), an
expert in physical activity (n=1), and an employer representative
who supported caregivers on a regular basis (n=1). Our sample
included six women and one man. All our participants resided
in Scotland. Our three group meetings involved discussions
about all aspects of the app design and were hosted by three
researchers including our lead developer. Follow-up to group
sessions involved the cumulative delivery of more than 100
questions delivered in the format of online questionnaires. This
work was undertaken as a rapid response to the COVID-19
pandemic, and was carried out over 6 months (July to November
2020).

Co-design Meeting 1 and Design Sprint 1
As part of co-design meeting 1, we presented a simple exercise
app based on National Health Service guidance on exercises
without integration of any behavioral change models or national
guidelines (see Multimedia Appendix 1 for an example
questionnaire). Participants highlighted that barriers and enablers
to physical activity included lack of time, motivation, safety,
JMIR Form Res 2021 | vol. 5 | iss. 10 | e27358 | p.19
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recognition of achievements, and a need for personalization
(see Textbox 1).
We asked participants what they would like to “keep, lose, (or)
change” after reviewing a basic prototype that contained some
physical activity exercises of different intensities, a very basic
reminder system, and text instruction of exercises with an
accompanying timer. Participants wished to “lose” the timer
for strength exercises and “keep” aspects regarding icons.

Egan et al
“Change” included the addition of videos to demonstrate safe
ways to complete exercises, and to find ways to capture progress
(eg, “include planner and progress chart” and “add a video to
demonstrate a safe way of completing exercises”). We further
explored how best to deliver safety information to participants.
In total, 60% of users preferred a disclaimer about a risk of
injury and/or a summary about safety only on the “first login.”
The addition of instructions for safe exercise on “every login”
was supported by 60% of users.

Textbox 1. Barriers and enablers discussed during our first co-design session with representative quotes for each theme.
Enablers
•

Incorporate daily living activities as physical activity opportunities

•

Explore user support

•

Motivational strategies

•

Provide users with physical activity advice and safe practice

Example quote, “Time: making it short and simple and able to do in their own time; reminders to motivate; peer support.” [Participant 1.5]
Barriers
•

(Lack of) peer support

•

Poor mental health

•

Lack of education

•

Changing definition of wellness

•

Lack of recognition

•

Lack of individualized approaches

•

Support missing to receive coping strategies

Example quote, “Time constraints, financial pressures, physical impact of caring (eg, back injury), emotional barriers (eg, guilt over leaving loved
one), lack of respite opportunities, ineffective coping strategies, lack of motivation (exacerbated by depression).” [Participant 1.3]

Participants were primarily interested in the app supporting
delivery of physical activity elements (47.8%) and secondarily
interested in the education and social/community components
(31.8% and 20.4%, respectively). Participants stated a desire
for education and physical activity information to be displayed
graphically (ie, less text-based). Use of icons, graphs, and videos
was a particularly popular approach (40% of participants stated
visual elements were a “must have” feature, with 20% stating
that audio and video elements were also “must haves”). In terms
of personalization, 20% of the participants stated that use of the
first name of the carer was a “must have,” whereas none of the
participants classed displaying the name of the person cared for
as a “must have” feature.
For the physical activity/motivation elements, most of the
participants (80%) stated that routine builders were a “must
have” component of the app (see Figure 3A). Key requirements
for users (ie, 40% of users stating that these were “must have”)
included goal/target setting and identifying improvements
(Figure 3A). Participants were presented with three potential
designs (Figure 3B) for functionality to measure physical
activity progress. Despite reacting positively to the idea, there
was no consensus on precisely how this could be implemented.
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Participants recognized the need for caregivers to undertake
different types of physical activities, with cardiovascular
physical activity identified as the greatest need (60% of
participants stating this as a “must have” feature; Figure 3C).
Other prominent features included muscle (endurance and
strength), flexibility, and breaking up sedentary behaviors (20%
of participants respectively stated these were “must have”
elements).
Respondents were divided as to what the educational elements
should look like. There were no clear interactive features that
were recognized as a requirement for all users (Figure 3D);
however, there was some preference to add functions such as
“meditation exercises,” “triggers and relapse prevention
exercises,” and elements regarding “time planning.” Some
participants (40%) thought that tips or quotes of the day were
requirements that the app “could have,” as opposed to 60% who
thought the app “should have” these elements (Figure 4A).
There was no consensus on how communication elements of
the app could be delivered. A variety of formats were suggested,
such as the presence of a coach, a message board, and
challenging other users (Figure 4B).
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Figure 3. Feedback received using MoSCoW methodology across motivational elements (A, top left), measuring physical activity (B, top right), specific
types of activities needed (C, bottom left), and focus within education sections (D, bottom right). Abbreviations used: 6 Minute walk test (6MW),
Government Guidelines (Gov. guidelines).
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Figure 4. Feedback from participants using the MoSCoW method for (A) delivery method for educational details and (B) communication elements
within the app.

Implementation of Design Sprint 1
To implement the requirements gathered in co-design meeting
1, we reviewed the data gathered as a research group and
improved our app accordingly (see Table 2). The majority of
user requirements (eg, routine builder, time planner) were
implemented through the development of a weekly planner,
physical activity content, and education and communication
elements. Physical activity plans were simplified from the UK
guidelines as much as possible so that “muscle and balance”
could encompass aspects of muscle strength and endurance
alongside flexibility. Educational materials were influenced by
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both carer needs and previous paper-based resources developed
for the diabetes field (adapted for use with caregivers). We took
an academic decision not to include GPS functionality step
counting, as carers may not always carry their phones and
therefore could potentially lose recognition for the physical
activity undertaken. There are also many existing apps that
focus on this type of physical activity (eg, running, walking).
We still planned to incorporate outdoor exercise aspects into
the app. We also took the decision to support carers using the
app with a user guide in addition to the guidance delivered in
educational sections. This represents our aim to develop an app
without requiring significant external training to use it.
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Table 2. Requirements identified and developed within co-design stage 1.
Requirements

Development/implementation details

Physical activity needs
Need to develop a simple evidencebased physical activity plana,b

An easy-to-use planner where an entire week would be visible, ideally reflecting (1) cardiovascular, (2)
muscle and balance, and (3) sedentary breakers according to the UK physical activity guidelines. This
“weekly planner” was the cornerstone of the app’s physical activity functionality where users could
make, revise, view, and review their plan for the week(s) ahead.

Users would like to record any cardio- For cardiovascular activities, we built a simple dialogue system that could record time and intensity. We
vascular activity (ie, at home and out- also incorporated “active living” activities through a drop-down menu for adding further detail.
side)a,b
Muscle and balance simplicitya,b

We devised a system that incorporated 3 to 5 different muscle and balance activities (with the precise
content yet to be determined), allowing personalization.

Underline importance of health and
safetya,b

Users are supported with information about how to undertake safe exercises both through an initial information and disclaimer screen, alongside some brief information within each physical activity video.

Capturing sedentary activitya,b

Users can optionally record sedentary activity.

Educational needs: Increase awareness of
the activity guidelines and behavioral

Initial educational content was developed on PowerPoint for subsequent transfer to the app. The format
follows the activity consultation (built in part from existing resources within the group for diabetes, and

changea,b,c

includes interactive elements based on the TTMd).

Communication needs: Flexibility on how As “communication” was a lower priority feature, we remained open to comments and considerations
social media/messaging could be implement- from the group. Our plan was to be agile in our development. We concentrated our efforts primarily
around exploring links to social media and message boards.
eda
Look and feel
The app should be simple to navigate
and personalized.a,e

Controls were clearly marked with labels. For the educational section users could choose the font size
to facilitate reading.

App colors that are familiar/associated User interface was designed to keep the different sections of the app compartmentalized both visually
and functionally, while the look and feel of the app was kept consistent; by using different colors and
with trust to users should be used.a,e
clear labels, users were always kept aware of which section of the app they were in.
The components around education and To improve user experience, the educational section was implemented in HTML/JS/CSS as this section
physical activities should be clearly
was primarily text-based.
distinct.a
a

Based on co-design discussions.

b

Based on UK activity guidelines.

c

Based on models of behavioral change.

d

TTM: transtheoretical model.

e

Based on user design principles.

Co-design Meeting 2 and Design Sprint 2
Overview
We presented a revised prototype to participants based on
feedback from design sprint 1. Feedback was generally positive;
in particular, strengths of the work mentioned included the
simplicity of design and user-friendliness of the app. Elements
suggested to “keep” included the overall app look and feel such
as “the simplicity of selecting exercises.” There were no “lose”
elements suggested. “Change” elements included themes
regarding flexibility/personalization such as “the ability to move
exercises as things come up on certain days.” Other feedback
from participants concerned the colors of the app. Many
participants reported that they liked the simplicity of the app
(eg, “I think it looks good and it’s concise and to the point.”)
To improve usability, participants suggested that many different
types of elements could be added, including short and focused
educational materials. Some users suggested further
https://formative.jmir.org/2021/10/e27358
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improvements to the user friendliness of the app and that a user
guide/video introduction could be a useful introduction to the
app for carers (eg, “I think make it as user friendly as possible;
less is more”).

Physical Activity Elements
We asked participants about how they would like reminders to
function. There was no consensus about when the best time of
the day or week to deliver these would be. Further comments
came back from several respondents that more personalization
holds value to carers, including “the user could choose this to
suit their individual needs such as evenings/weekends.” During
co-design meeting 2, we presented to the group an existing short
“sedentary breaker” video produced from the University of
Strathclyde aimed at staff members. Feedback on the video
included that the informality of the activities is a strength and
that we should consider increasing the clarity of instructions.
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I feel that the style of the video is sufficient but maybe
a subtitle on the video of what the carer should also
be doing. [Co-design participant 2.4]
Good to show in a home setting and using equipment
from around the home. [Co-design participant 2.1]
The videos are great and also good to have a written
description at the side. Would suggest a commentary
with each exercise to give advice on exercise and, for
example, what muscles you should feel stretching to
minimize issues. [Co-design participant 2.5]

Egan et al
For selecting a unit of measurement for sedentary achievements,
the “number” of sedentary breakers was the top choice from
four options (Figure 5A). The majority of our participants (83%
of respondents) considered flashcards of around 5 minutes
duration to be the most suitable (Figure 5B). Participants
requested a wide range of different cardiovascular activities
possible (eg, walking the dog, running), some of which could
take place outside the home. Participants were also interested
to see a broad mixture of different muscle exercises delivered
(eg, upper body, lower body), and all of our respondents wanted
to see physical activity specific to caregivers incorporated into
the overall app design.

Figure 5. User preferences for components of app design in co-design meeting 2. Participants provided feedback on how best to (A) measure sedentary
behavior, (B) deliver flashcard duration, and (C) deliver education across 10 minutes per day.

Educational Elements
We asked our participants if up to 10 minutes a day of
interacting with educational materials was feasible for caregivers
to carry out; 60% of our participants stated that this was “about
right,” compared to 40% of participants who said it was “too
much” (Figure 5C). All components of the education fit well
with participants’ expectations across the seven original
elements proposed: (1) “Introduction,” (2) “Relationships and
Physical Activity,” (3) “Managing Time,” (4) “Goals and
Rewards,” (5) “Physical Activity and Consequences,” (6) “The
Mind and Body,” and (7) “Knowledge Quiz.”

Communication Elements
Participants provided feedback that components of the app could
be useful to share with friends and family, including goals,
activities, barriers, support, and others such as sharing
achievements. However, there was no clear consensus on which
single aspect would be most useful to share. Participants were
interested to integrate their activities with many different
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platforms, including Facebook (100% of respondents),
WhatsApp (83% of respondents), and Twitter/Instagram (50%
respondents each).

Implementation of Design Sprint 2
To implement requirements gathered in co-design meeting 2
(Table 3), the physical activity functionality was refined much
further, allowing users to now add up to three activities on any
given day of the week in the planner. Cardiovascular activities
would be delivered in the app or as “ad hoc,” where details
could be recorded in a drop-down menu (eg, walking the dog).
Users could also select an intensity of activity ranging from low
to moderate to high. We further refined educational sections to
incorporate a target of 10 minutes per section, and explored the
use of visuals and breaking up text. To support the widest social
media integration, we created image-based certificates for user
achievements and integrated them through Android’s “Share
with” functionality. This meant that our user could share their
progress on any social media platform as well as through email
or MMS.
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Table 3. Details of design sprint 2 following requirements identification within co-design session 2.
Requirements

Development/implementation details

Physical activity needs/themes
Improve the clarity of the videos, including the use of text on the screena

Develop bespoke videos for each of the physical activities supported by the app. This would include
text on the screen and audio guides of how to undertake each activity. Videos will cover a wide range
of different activities across cardiovascular, sedentary breakers, and muscle and balance work. Three
bespoke videos for each activity group will be developed, guided by a physical activity specialist.

Participants would like to measure
progress in sedentary behavior using

Implement simple drop-down menu options to record the number of sedentary breakers used per day.
This would allow users to set a target for sedentary breakers each day and record progress accordingly.

number of days a
Participants would like to be able to
move activities onto the next daya,b

A feature will be added to the weekly planner so that users can move an activity forward if not completed
at the intended time.

Participants would like to set their own Support users to add reminders for activities as required within the planner. There will also be additional
support within the app to allow users to review all reminders set at the same time.
reminders as requireda,b,c
Muscle and balance activities need to We would explore the feasibility of developing “flashcards” that would present a sequence of random
exercise many different muscle groups activities. This could include building more holistic exercise sets within an individual 5-minute video.
within the same activitya,b
Educational needs: “Lessons” need to last
up to 10 minutes per day and deliver the 7
lessons as intended, but the terminology

Materials developed for up to 10 minutes a day, and all proposed elements on the app. All educational
elements are to be optional and termed “stages” to avoid overly formal language. Development of rules
of the education sections, including how to provide consistency of content and delivery.

could be off-puttinga,c
Communication needs: Allow participants Our app must support many different modalities of sharing user progress, and may be more functionally
flexibility on the modality of sharing infor- suited to Android system sharing.
mationa
Other
User guide required for participantsa

User guide will be accessible through the app.

Look and feel of the app, including

Implement consistent use of logos and color scheme across the different app components based on the
activity guidelines and UK National Health Service colors.

color scheme, need to be reviseda,b,d
a

Based on co-design discussions.

b

Based on UK activity guidelines.

c

Based on models of behavioral change.

d

Based on user design principles.

Overview

participants suggested allowing users to select/design elements
of the user interface: “everyone is different and should choose
their own color scheme if they can” (co-design participant 3.6).

During this last co-design meeting and resulting sprint, we
finalized the app design. We used information already presented
to the group and built the final design on key examples (Table
4). Overall, participants responded positively to the design of
CareFit’s home screen, most participants (67%) describing it
as “very user friendly” and the remaining (33%) describing it
as a “little user friendly.” Free-text feedback from participants
suggested positive reception of the activity planner. For
example, comments described the planner as “easy to
understand” or having a “simple layout which is simple to
follow”; however, there were some concerns raised by some
describing the planner as “busy and hard to follow.” Feedback
also highlighted the importance of personalization; for example,

After showing participants our proposed design for the user
interface, all participants found the icons suitable, including
17% who found it “very suitable” (Figure 6A). Designs
presented in discussion included the icons proposed for specific
activities. In response, 33% of the participants indicated that
use of an “arm flexing” icon was not appropriate for caregivers
to signify strength and balance activities. Other feedback
indicated that the icons were “…simple and easy to recognize
and follow.” For the planner (Figure 6B), there was a general
preference for rounded circular icons (as opposed to squares or
rounded squares). Most participants (67%) thought that the
overall app logo design was very suitable (Figure 6C and Figure
7A).

Co-design Meeting 3 and Design Sprint 3
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Table 4. Details of design sprint 3 following requirements identification within co-design session 3.
Requirements

Development/implementation details

Physical activity needs/requirements
Participants requested that we alter the icons used (bi- An alternative graphic was selected, more suitable for the carer demographic.
cep) for muscle and balance
Participants would like to access physical activities
(eg, sedentary behaviors) from within the education

Implement a link between the educational and physical activity components to link the
two.

sectionsa
Videos delivered with clarity, supported by text. There Videos are supported with slow, clear narration; safety messages; and on-screen text. A
was no consensus on university branding; the academic link to each video must be accessible within the app delivered when both planning and
group decided to proceed with videos using the univer- undertaking activities.
sity logoa
Participants with physical activity expertise recomDeliver, record, and integrate videos that support all physical activity types: sedentary
mended that delivering “muscle and balance” activities activity, cardiovascular activity, and muscle and balance. We will develop 3 short videos
with significant variation of targeted areas within each (2 to 5 minutes).
video.
Appropriate measurement of physical activities and
progressa,b,c

For cardiovascular activities, users measure time and intensity; for sedentary breakers,
users measure the number per day; and for muscle and balance, users can measure the
number of events. Timing of cardiovascular activities will be measured using a start/stop
timer dialogue.

Educational needs/requirements
As per sprint 2, ensure that educational sections last
around 10 minutes or less

Split initial educational sections so that there are 8 sections overall: “Introduction” now
becomes “Welcome and Introduction” and “Physical activity: Beginners Guide.”

Increase accessibility of the educational materials a,c

Use more visuals and break up education text

a,c

Communication needs/requirements: As per sprint 2

Deliver the ability to share progress across different social media/communication tools.

Other/look and feel of the app
Participants liked the overall color scheme and logo
formats suggested

a

a,b,d

Look and feel includes colors from activity guidelines and those familiar within the UK
National Health Service.

Personalization of app a,b,d

User guide will be developed. Users can increase/decrease the font size of the educational
sections as required. Content delivered included “personas” relevant to a Scottish context.

Integration of reminders a,b,d

Users can set reminders any time through clicking on planned activity. A prompt will be
given to users when originally setting an event.

Based on co-design discussions.

b

Based on UK activity guidelines.

c

Based on models of behavioral change.

d

Based on user design principles.
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Figure 6. Feedback from participants using the MoSCoW method. (A) Preference for the icon type within the weekly planner; (B) feedback on planner
design buttons for use; (C) suitability of our proposed app logo; (D) response on the number of interactive tasks within the educational sections.

Figure 7. Screenshots from the final app design, including (A) main menu page, (B) example of an exercise page, (C) weekly planner.

Physical Activity Elements
Our proposed methods for recording muscle and balance activity
by number of days completed were well received by participants:
67% found the approach “very suitable” and 33% found the
approach “somewhat suitable.” We had similar responses for
our approach to measure cardiovascular activities using “time”
and “intensity,” where 60% of respondents found the approach
to be “very suitable.” For sedentary breaker activities, all
respondents wanted these to be accessible from both the
https://formative.jmir.org/2021/10/e27358
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educational and physical activity sections of the app. In terms
of the “look and feel” of the instructional videos, there was no
consensus on whether to use university branded clothing or
casual (without branding) clothing while giving instructions.
Unfortunately, the link to a prototype video had stopped working
for 3 users by the time several of the questionnaire respondents
completed their feedback, and therefore we could not explore
the responses for this question.
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Educational Elements

Final Prototype Developed

During co-design online meeting 3, we presented full draft
sections of the educational elements, overall structure, and
proposed rules for development (eg, developing some
standards/formatting requirements). In our follow-up
questionnaire, we asked participants how relevant the
educational elements were for our target group, where 83% of
respondents stated that the content was “very relevant.” In terms
of usability, 67% of the respondents deemed that the educational
materials as presented were “very user friendly,” and 33%
thought they were “a little user friendly.” Three participants
gave further feedback that the app should incorporate carer
“experience and voices,” and participants could see value in
the developments that had taken place since the previous
development sprints: “You can see it developing and coming
together from previous stages. This is much improved.”
Participants encouraged the use of audio delivery of materials
alongside visual presentation of materials such as images and
videos. Other feedback included that the number of (optional)
interactive tasks was “the right amount” for 50% of respondents
(Figure 6D).

The CareFit final prototype (see Figure 7 for screenshots) was
designed to be used for the duration of a 3-week study. Users
could navigate to the different parts of CareFit via the following
main menu options: Weekly Planner, Education, Reminders,
Share Progress.

Communication Elements
After analyzing feedback from participants, we decided to give
priority to the implementation of the educational and physical
activity elements over communication elements. Participants
were asked what sort of information they would like to share
on social media in future versions of the app. A variety of
communication mechanisms were suggested, such as forums
(eg, “In future, I think a forum where they can support each
other or a buddy system would be beneficial”); use of emojis
(“How you feel after exercise such as smiley faces/thumbs up,
small bite size text such as a Twitter-style link, or share with
friends family or other social media, challenge others”); and
finally progress-sharing mechanisms (eg, “I think the progress
page is suitable to be able to share”).

Implementation of Design Sprint 3
Our last development sprint finalized the app design as requested
by the group. We made every effort to address any aspects for
which clear and feasible changes had been requested by our
co-design group. A major focus of this sprint was the creation
of the physical activity videos, taking place from the home
setting by an “Active Lifestyle” officer based at the university.
Videos developed were no more than 5 minutes long,
considering both the stage of change and lack of free time of
caregivers. These videos (accessible via the planner) were
integrated into the final app version. All team members were
involved in testing the final app functionality. Using a task
checklist, we evaluated elements of consistency, error
prevention, and clarity. Although many of these passed user
testing, we did notice that the code added to allow font resizing
as an accessibility feature failed on some phones, and the videos
displayed were too small on others. This reinforced the need
for extensive testing on a wide range of devices and, in the event
that something is missed, we put in place ongoing procedures
to update the software.
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The Weekly Planner allowed planning of physical activities for
up to 2 weeks ahead. Users could also view activities planned
and completed during the previous week. The planner allowed
users to plan up to three types of physical activities (with a
bespoke icon and individual screen for each) on any day of the
week. When users were unable to complete an activity as
intended, they had the ability to move the activity to another
date of their choice. CareFit users could choose from the
following types of physical activities based on current
guidelines: (1) cardiovascular activities plus a daily activities
option where the activity took place outside of the app-delivered
elements (where the user could set the intensity and duration
level and/or use custom activities); (2) muscle and balance
activities (where the user sets the intensity level); and (3) three
sedentary breaker activities that users were free to choose from.
Instructions on how to perform exercises were delivered via
videos hosted on YouTube. The videos were focused on
developing functional fitness while acknowledging daily life
constraints imposed by being a caregiver. The education section
was structured as follows: (1) Welcome and Introduction, (2)
Physical Activity: Beginners Guide, (3) Relationships and
Physical Activity, (4) Managing Time, (5) Goals and Rewards,
(6) Physical Activity and Consequences, (7) The Mind and
Body, and (8) Knowledge Quiz. The reminders section of the
app let users manage reminders for activities they had planned.
Once a reminder was set in the planner, users could use the
reminders section to view their reminders or delete unwanted
reminders. The “Share progress” functionality let users share a
summary image of physical activities/achievements completed
to be shared across a variety of social media/phone platforms.

Discussion
Principal Findings
Regular physical activity is important for everyone; however,
many groups are underserved by existing guidance and targets
[26]. Globally, we lack sustainable formats for the delivery of
physical activity instructions for those on the lower end of the
physical activity level spectrum [27]. Caring responsibilities
can push individuals needlessly toward becoming a “syndemic”
statistic (ie, being vulnerable due to the effects of widespread
noncommunicable disease) [6], including cases where
individuals lack the time, tools, or motivation to undertake
regular physical activity. Cumulative data from more than
80,000 people and 64 studies suggest that the COVID-19
pandemic has been associated with an increase in sedentary
behavior and a decrease in physical activity [28], where lack of
physical activity (and its associated effects) will remain a critical
concern for chronic disease [29-31]. It is not simply the risk of
mortality or poor health from future pandemics that is of
concern, but it is also the seemingly inevitable poor quality of
life, deterioration of health, hospitalizations, and other crisis
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points that can affect both the carer and those cared for [6,7].
Perhaps one of the most striking lessons of the COVID-19
pandemic is that caregivers are irreplaceable. Here, we have
presented a rapid response project that is a first in digital health:
a prototype app co-designed by carers that delivers a
personalized approach to behavioral change science aimed at
improving physical activity in the home.
The development of this app offers several opportunities for
further learning. The use of co-design in caregiver research is
growing and aligns well with other emerging work. Our strategy
was to equip our participants with a variety of different
stakeholder viewpoints through discussion before completing
questionnaires [32]. Such co-design was successfully used
previously by Xu et al [32] when designing an app for caregivers
of children with atopic dermatitis to develop functionalities
such as login, disease diary, journal, chatbot, forum, and disease
monitor. As part of this work, participants helped us to identify
several different barriers and enablers to physical activity from
the home, including lack of time, finding a way to recognize
efforts, and being able to conduct activities safely. Similar
findings have been replicated elsewhere both in physically active
and inactive populations [33,34]. For example, Hoare et al [33]
surveyed a total of 894 Australian adults aged 25 to 54 years,
who were both active and inactive, and found that lack of time,
lack of enjoyment, and a preference to do other things were key
barriers toward physical activity. Mulligan et al [34]
systematically searched for personal barriers of physical activity
participation for people with neurological conditions, and found
that safety, confidence, and lack of support were key
contributors to lack of physical activity.
Our results demonstrate the utility of online co-design: carers
and care professionals have made measurable contributions to
the project at every stage of the design process, taking the app
from a “fuzzy” concept to the implementation and evaluation
stages [20]. A key theme (and enabler) within the app design
is to value the role of the carer within the framework of activity
guidelines (eg, a few minutes of activity is better than none),
and to recognize that common caring activities such as cleaning,
lifting, and moving have inherent value for physical health
[18,35]. We have designed the app wherever possible to be
supportive. There is no pressure put on the carer to undertake
physical activity, and personalization is possible through making
individual plans, exercises, and engaging with the education
sections as and when required. We also supported caregiving
tasks wherever possible (eg, lifting, carrying). Simplicity of the
design (both in terms of content and technology use/delivery)
is a core element of the solution. Physical activity guidelines
and behavioral change models are distilled into manageable,
daily tasks.
The theoretical underpinnings of this app are of considerable
interest to future work and practice. Our use of the TTM allowed
for several personal reflective exercises to be developed that
were suited to the stage of change our participants were at (eg,
goal setting and list of pros and cons). We are not the first to
develop elements of the TTM into a digital app. There is
evidence to suggest that this model of behavioral change can
allow up to 6 months of positive behaviors within a
“GreyMatters” app study [36]. The context of the study was to
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support individuals with healthy lifestyle factors that reduce the
chances of developing dementia (eg, targeting holistic health
needs across cognition, diet, physical health, sleep, social, and
stress). App use was supported by a coach that incorporates
both personal and simplified generic goals. Although there are
similarities with CareFit (including scope to expand CareFit to
support more holistic health care needs), the populations served
by these apps remain largely distinct. While the design of the
app aligns well with the TTM overall, the precise modality of
interaction that works best now needs to be researched further.
For example, previous literature has shown that goal setting is
not straightforward, and certain app features such as “trophies”
and “ribbons” in themselves are insufficient to motivate
participants to undertake physical activity on a regular basis
[37]. Further complicating matters is that components of the
UK national physical activity guidelines can be difficult to put
into action. There is no specific “dose” of muscle and balance
activity work, only a recommendation that the activity should
take place 2 days a week. Future related work could explore
other stages of the TTM (eg, action stage) in greater depth,
including over a longer duration (more than 3 weeks). There
are also future options to expand CareFit by integrating wearable
technology, supporting further outdoor activities, and increasing
educational information available. Other interesting areas for
future exploration include understanding how individuals can
be supported in undertaking exercises correctly and how the
app could identify those who are most at risk of complications
from being overweight/obese [38]. Finally, the digital divide
remains a significant risk to reaching the caregiver population,
which must be accounted for [39].
There are some limitations of note relating to this work. CareFit
was developed as a rapid response to COVID-19 (6-month
project duration) in the middle of a global pandemic where
convenience sampling may have skewed our feedback.
Participant engagement was structured to genuinely collate the
opinions of our co-design participants; however, prioritization
through online MoSCoW methodology with supporting online
meetings is not infallible [40]. Further research is required to
test the external validity of our approach. Despite the short
timeframe of this project, we managed to integrate many
requirements stemming from participants’ feedback. However,
combining different sources of information still requires
researcher-based decision-making. The evidence-based materials
used (eg, behavioral change, government guidelines, educational
activities) have not been synthesized and delivered in this
manner before, and the extent to which individual caregivers
can guide themselves through the materials needs further
appraisal. Not least is the barrier of caregivers being left with
“another” task in their busy schedules: physical activities may
work best where unmet needs are addressed holistically [41].
Our users did not extensively test the final prototype built, as
our focus for such questions is reserved for a real-world trial.

Key Lessons and Future Recommendations
Key lessons from this work are as follows. Primarily, this work
emphasizes the value of the co-design process and the
importance of involving carers and care professionals in research
and practice. In addition, the feasibility of co-designing
evidence-based physical activity apps for caregivers with a small
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development team is demonstrated, even with the limitations
imposed by COVID-19 restrictions. Our results also highlight
the importance of synergy among theory, expert knowledge,
and target users’ personal experience in developing bespoke
solutions for special populations such as caregivers. The need
for assistive technologies to move from computer solutions to
portable device–based solutions is further emphasized. We have
also shown that developing a user-centered digital health app
to improve the quality of life of caregivers is feasible.
Nevertheless, the digital literacy of caregivers will vary
significantly, and further exploration will be needed to
understand what works in practice in terms of confidence and
support. There are also gaps in current knowledge regarding
physical activity guidelines to be addressed, such as whether

Egan et al
caregivers are receiving information and how to measure
components objectively. The constraints of the Android
environment can be a limitation to user experience, especially
with respect to difficulties in updating app versions. Overall,
feedback from our participants demonstrates the strength of the
co-design process as opposed to universal design apps.

Conclusion
We have demonstrated the utility of the co-design process to
develop a novel approach to combine national physical
guidelines and behavioral change models into a personalized
app for carers. Further work is now required to explore the
acceptability, usability, and feasibility of this app within a
real-world setting.
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Abstract
Background: The SARS-CoV-2 pandemic has led to concerns about mental health resulting from regional and national
lockdowns, social isolation, job loss, and concern about disease exposure.
Objective: We describe results of the pilot feasibility study of the See Me Serene mHealth app. The app provides users with
immersive, vivid, nature experiences to reduce stress and anxiety related to COVID-19 and other isolation. The goals of the study
were to develop the See Me Serene app and test the feasibility and acceptability of study procedures, and explore the potential
impact of the app on stress and anxiety.
Methods: We developed and tested the See Me Serene app and our study procedures for feasibility, and gathered preliminary
data with a goal of 100 participants. The research was conducted in 2 phases: (1) development and internal testing of the app;
and (2) feasibility and pilot testing with participants recruited online through earned media (eg, news stories), presentations at a
university campus, and social media (eg, online sharing of earned media and presentations). The feasibility study employed a
mixed methods, within-subjects, pre-/posttest design. At baseline and 30-day follow-up, we assessed stress-related variables via
validated self-report measures and saliva samples for determination of cortisol concentrations.
Results: We met or surpassed all our feasibility benchmarks for recruitment (101 participants recruited), retention (91% [90/99]
of 30-day assessment completed), and data collection (99 participants completed all baseline data; 85% [84/99] of salivary cortisol
samples returned). Participants adhered to the intervention. On average, participants listened to 48.2 audio files over 30 days or
approximately 1.6 audio files per day. Participants were satisfied with the app, with 87% (78/90) rating the app as helpful in
dealing with stress and anxiety. The app showed the potential to reduce stress, anxiety, loneliness, and worry. We did not find
significant differences (P=.41) in cortisol levels over time. Our findings suggest that future research is warranted to test the
efficacy of the See Me Serene app with a representative, diverse sample.
Conclusions: There is a need for evidence-based and easily disseminable stress-reduction interventions. See Me Serene is a
feasible intervention and has the potential to reduce stress related to COVID-19 and other forms of social isolation. More research
on See Me Serene is warranted.
(JMIR Form Res 2021;5(10):e32353) doi:10.2196/32353
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Introduction
The SARS-CoV-2 pandemic is a major social upheaval
associated with considerable lifestyle changes and economic
burdens around the globe—including lockdowns, social
isolation, and job loss. The pandemic has hastened concerns
about mental illness and emotional distress worldwide,
especially among frontline and essential workers who are
directly impacted by disease exposures and the psychological
sequelae of these potential exposures [1]. A recent meta-analytic
work suggested that the prevalence of major depressive disorder
has increased substantially since the inception of the pandemic
[2]. New evidence suggests that rates of loneliness, the
subjective experience of social isolation, have increased
dramatically during the COVID-19 pandemic [2-4]. The
psychological consequences of long-term home confinement
and quarantine are extensive, including anxiety, stress, and
insomnia, among other aversive states [5]. It is well known that
these psychological states have biological correlates [6] and
stress-related psychological changes (eg, disruption of diurnal
cortisol rhythm) are associated with risk for a range of poor
health outcomes, including cancer, heart disease, and metabolic
disease [7]. The need to address the behavioral health
consequences of COVID-19 is urgent.
Cortisol is a hormone commonly measured as a biomarker of
stress [8]. Diurnal cortisol rhythm is the fluctuation of
circulating cortisol over the course of the day, which can be
assessed by measuring cortisol concentrations in saliva [9].
Saliva concentrations of cortisol are highest in the morning just
before waking, and lowest in the evening before bedtime.
Greater cortisol concentrations are available in the morning
when it is needed to initiate key physiological processes (eg,
metabolism, central nervous system arousal). Diurnal cortisol
rhythm is distinct from other patterns of cortisol secretion (eg,
phasic responses to acute stress challenge, or a meal). Relative
disruptions in diurnal cortisol rhythm (ie, less change over the
course of the day) have been associated with chronic conditions
(eg, asthma, obesity, and major depression) [7], while a more
dynamic change in saliva concentrations of cortisol from
morning to evening has been associated with improved physical
well-being [10].
Guided imagery can reduce anxiety, chronic pain, and change
lifestyle behaviors [11-23]. Guided imagery is unique from
mindfulness meditation in that it is an immersive experience in
which participants use all their senses and emotions to imagine
a scene or situation. In our previous studies, we delivered guided
imagery interventions using digital health technologies,
including an mHealth app (See Me Smoke-Free; NCI, grant
number R21CA174639) for promoting smoking cessation,
healthy eating, and physical activity, and via telephone (Be
Smoke Free; NCCIH, grant number R34AT008947) [24,25].
Guided imagery for stress reduction may appeal to both those
who embrace other forms of meditation for relaxation and those
who use guided imagery for improving athletic performance
[26,27].
Stay-at-home orders, lockdowns, and other forms of social
isolation may remove people from nature and the outdoors [28].
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Several recent reviews indicate that exposure to nature has a
positive effect on stress, depression, and anxiety [29-31]. In a
systematic review of 12 randomized controlled trials and
cross-sectional studies, Shuda and colleagues [31] found that
the exposure to nature reduced both self-reported stress (as
measured by the Perceived Stress Scale [PSS] and other
validated instruments) and physiologic stress (as measured by
salivary cortisol, blood pressure, functional magnetic resonance
imaging, skin conductance, heart rate variability, and other
standardized measures). In a literature review of 113 articles,
Berto [29] summarized that exposure to natural scenes mediates
the negative effects of stress and the cognitive deficits associated
with stress, and improves mood. Corazon and colleagues [30]
conducted a systematic review of 36 studies conducted between
2012 and 2018 on the effects of outdoor, nature-based exposure
on stress. They found that interventions focused on outdoor
exposures showed strong evidence for positive outcomes on
perceived stress, while the results for physiologic measures
were more varied [30]. Overall, the studies contained in these
reviews indicate that there is evidence to support the use of
outdoor imagery to reduce perceived and physiologic stress
[29-31]. The definition of outdoor, nature-based experiences is
broad. Therefore, they could include more traditional nature
scenes (eg, mountains, beach) as well as more
“adventure-oriented” scenes (eg, playing golf, riding a bicycle)
which may be relaxing to specific individuals.
Although technologies exist to provide immersive experiences
(eg, virtual reality), they require specialized equipment and can
be cost-prohibitive. Combining guided imagery with smartphone
technology is a low-cost, scalable, and disseminable method
for allowing people to engage in evocative, immersive
experiences in nature—from sitting in a forest to cycling on a
bike path. The vast majority of Americans across age,
race/ethnicity, and socioeconomic status own smartphones; and
of those, most use mobile apps [32,33]. Several studies have
shown that people experiencing stress are more likely to use
meditation apps (eg, Calm) [34-37]. Using a simple mHealth
app to deliver guided imagery audio files has the potential for
simulating outdoor experiences for people experiencing
lockdowns and social isolation, as well as for individuals who
are homebound due to other reasons.
Therefore, we developed and tested the feasibility and potential
impact of the See Me Serene mHealth app. See Me Serene
provides users with immersive, vivid, nature experiences
designed to reduce stress and anxiety related to social isolation.
Herein, we describe the results of this pilot feasibility study.

Methods
Study Overview
We conducted the pilot study between May 1, 2020, and
December 31, 2020. The study was approved by the University
of Arizona Institutional Review Board (Protocol #2005625231).
The primary goals of the study were to develop the See Me
Serene app and test our study procedures for feasibility. Our
secondary goal was to gather preliminary data regarding the
potential impact of the app on reducing perceived and
physiologic stress; the study was not designed nor powered to
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test efficacy. The research was conducted in 2 phases: (1)
development and internal testing of the app; and (2) feasibility
and pilot testing with participants recruited online through
earned media (eg, new stories), presentations on a university
campus, and social media (eg, online sharing of earned media
and presentations). The feasibility study employed a mixed
methods, within-subjects, pre-/posttest design. Feasibility
outcomes included metrics for participant recruitment (goal of
100 within 2 months), participant retention (at least 75% at 1
month), and data collection (at least 90% at baseline and 75%
at the 1-month follow-up). Exploratory outcomes included
changes in self-reported measures of stress, anxiety, loneliness,
and worry, and diurnal cortisol rhythm (collected via salivary
cortisol assays) from baseline to 1-month follow-up. We also
collected consumer satisfaction at the 1-month assessment.

Intervention Development and Description
Program Development
In Phase 1, we developed and conducted internal testing on the
See Me Serene app. The app was developed based on feedback
regarding guided imagery for relaxation obtained in a previous
study [25]. Initial guided imagery scripts were reviewed by the
investigators and project staff and vetted by an advisory board
that consisted of faculty, staff, and students at the University
of Arizona. During this process, the advisory board suggested
the addition of outdoor activities to relaxing nature scenes to
enhance the appeal of the app to a more diverse population of
users and differentiate See Me Serene from other relaxation
apps in the marketplace. The app was programmed by
undergraduate students in the Department of Computer Science
with oversight by the investigators (CG and JG). We developed
Android and iOS versions of the app using the Thunkable
platform, which allows simple design and app development.
This process streamlined development and accelerated
deployment by automatically generating native apps for both
Android and iOS platforms. We used Google’s Firebase which
provides database and authentication services targeted for mobile
apps. The app audio and image files were stored in the Firebase
database along with user preferences. This allowed for easier
updates of guided imagery files without requiring app updates.
Beta testing of the See Me Serene app was conducted by the
project team and members of the Advisory Board. Once
complete, the app was deployed to the App Store and the Google
Play Store. See Me Serene was updated twice during the study
to fix bugs and make improvements to usability.

See Me Serene Description
The See Me Serene app allows users to choose from a variety
of guided imagery audio files and associated photos of
immersive, evocative nature scenes. Users can select audio files
from guided imagery categories such as “outdoor adventures”
(eg, motorcycling along a country road, hiking in the desert,
fishing) and “serene scenes” (eg, in the mountains, at the lake,
at the beach). Each file contains detailed, vivid descriptions of
the scenarios, including sights, sounds, smells, tastes, tactile
sensations, and emotions. Each audio file starts with a brief
relaxing breathing exercise and instructions to “release any
tension in your body and mind.” The audio files in the app,
which were tested during this study, included soft background
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music and were approximately 5 minutes in length. Users
receive notifications to listen to the files once each day. See Me
Serene tracks the user’s mood each time the user logs in with
4 questions assessing how often/much the user has felt stressed,
anxious, lonely, or worried “today” (0=not at all to 4=very
often/extremely). The app tracks and displays the user’s profile
information and the number of guided imagery audio files
listened to. See Me Serene provides a list of clickable links to
free or low-cost, evidence-based, mental health resources, some
of which are available 24/7. The app also contains a list of
frequently asked questions and answers addressing common
technical or content-related questions, and an About Us page
describing the study team.

Feasibility Pilot Study
In Phase 2, we conducted a within-subjects, pre-/posttest, pilot
feasibility study to recruit a convenience sample of 100
participants recruited nationally through earned media (eg, news
stories), presentations on a university campus, and social media
(eg, sharing of news stories and presentations online).
Recruitment took place between August 3, 2020, and October
5, 2020. Potential participants were eligible for the study if they
were over aged 18; had a valid phone number and email address;
owned a smartphone with internet access; and spoke English.
Potential participants were excluded if they had ever been told
by a health care provider that they had an adrenal gland disorder
such as Cushing disease or Addison disease, or if they regularly
used any corticosteroid medications such as hydrocortisone,
prednisone, or fludrocortisone acetate. Recruitment of the
convenience sample took place via earned media (ie, stories
carried by local, regional, and national news outlets on
television, radio, and the internet), presentations at a university
campus, and social media (ie, reposting of earned media stories
and presentations). Recruitment materials described guided
imagery and the See Me Serene app in general terms and invited
potential participants to visit the project website for more
information or download the app from the App Store or the
Google Play Store. After signing into the app, users were given
the option to participate in the study or just use the app.
Participants completed a baseline assessment online or by phone.
We also collected salivary cortisol (a biomarker of stress)
samples pre- and posttest in the home setting. Saliva sample
kits were sent to participants by overnight mail. Participants
were instructed to collect 2 samples per day (1 in the morning
immediately after waking, and 1 at night right before bed) for
2 consecutive days, and record the time of day when they
collected their samples on an instructions form that was included
in the saliva sample kits. Participants were instructed to not
brush their teeth, eat, exercise, smoke, take a cold shower, or
consume alcohol or caffeine until after they had collected a
saliva sample. We also instructed participants to not collect a
sample until at least 60 minutes after eating dinner in the
evening. After samples were collected, participants stored them
in their home freezer until the posttest, at which time they
repeated the collection process and returned all 8 samples and
instructions form with collection times to the research team by
prepaid, overnight mail. Study staff provided reminders to
participants to collect samples at both baseline and follow-up.
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Participants were instructed to use the app at least once each
day for 4 weeks. Follow-up assessments (online or
telephone-delivered self-report surveys and salivary cortisol
assays) were conducted at 30 days after access to the app. Use
of the app was collected automatically within the Firebase
database (in which specific app use data were stored), and
through Google Analytics and Apple Developer Tools (eg, app
downloads and current users). Upon completion of all study
activities, participants received a US $50 electronic gift card.

Assessments
Data Collected
At baseline, we collected demographics including age, gender,
race, ethnicity, education, marital status, number of people and
pets in the household, mental health diagnoses, and amount of
moderate to vigorous physical activity per week. We also
collected data on COVID-19–related variables including
stay-at-home orders, essential personnel status, length of
restrictions, leave the house every day status, amount of time
spent outdoors, and amount of time spent doing fun outdoor
activities.
At baseline and 30-day follow-up, we assessed stress-related
variables via validated self-report measures and saliva for
determination of cortisol concentrations.

Perceived Stress Scale (PSS)
Self-reported stress was measured via the PSS [38]. The PSS
is a 10-item scale that assesses the perception of psychological
stress and the degree to which people feel events in their life
are unpredictable and uncontrollable, as well as the extent to
which the events tax their coping resources over the past month.
Each item is scored (or reverse scored from 0 to 4), and the total
score is summed across all items. Population norms for the PSS
are mean (SD) 12.1 (5.9) for males and 13.7 (6.6) for females.
The PSS has excellent psychometric properties and is widely
used.

Overall Anxiety Severity and Impairment Scale (OASIS)
The Overall Anxiety Severity and Impairment Scale (OASIS)
is a 5-item scale for assessing anxiety symptoms associated
with multiple anxiety disorders [39]. Each item is measured on
a 5-point Likert scale (0=none/no anxiety to
4=constant/extreme/all the time anxiety) with respondents
reflecting on their symptoms in the past week. Participants rate
how often they have felt anxious in the past week, the intensity
of their anxiety, their degree of avoidance of situations and
activities, and the degree of interference in daily activities and
social relationships. The items are summed for a total score. In
the validation research, a score of 8 or greater correctly classified
87% of the sample as having an anxiety disorder or not [40].

Impact of Events Scale—Revised (IES-R)
The Impact of Events Scale—Revised (IES-R) [41] assesses
subjective emotional distress, typically over the prior 7 days,
following a traumatic or stressful event. Our focus was on the
COVID-19 pandemic. Example items include statements such
as, “Any reminder brought back feelings about it,” and “I feel
irritable and angry.” The scale has 22 questions using a 5-point
Likert scale rating system ranging from 0 (Not at all) to 4
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(Extremely). The total IES-R has high internal consistency, and
the measure is widely used in the literature. On the IES-R, a
cutoff score of 1.5 (or a total score of 33) provides the highest
diagnostic power with a sensitivity of 0.91 against the
Posttraumatic Stress Disorder (PTSD) checklist [41].

University of California Los Angeles Loneliness Scale
The 3-item University of California Los Angeles (UCLA)
Loneliness Scale [42] includes the following items, “How often
do you feel you lack companionship?” “How often do you feel
left out?,” and “How often do you feel isolated from others?.”
The items are scored on a 3-point Likert scale from “hardly
ever” to “often.” This scale has excellent psychometric
properties and is widely used in the literature.

The Brief Penn State Worry Questionnaire (PSWQ)
The ultra-brief Penn State Worry Questionnaire (PSWQ) [43]
was used to measure worry and consists of 3 validated items
on a 5-point scale, with individual items scored between 0 and
5 and a composite score of 0-15 (0=no worry and 15=high
worry). The items focus on the situations that make people work,
the extent of the worry, and the controllability of worry. In a
treatment-seeking sample, the mean of the brief PSWQ was
10.42 (SD 3.44).

Cortisol
Finally, we assessed diurnal rhythm changes over time in
cortisol, a biomarker of stress, via saliva concentrations of
cortisol determined with enzyme immunoassay kits (obtained
from Salimetrics), according to manufacturer instructions.
Samples were assayed in duplicate per sample, and the lower
limit of sensitivity of the assay was 0.006 μg/dL. Intra- and
interassay coefficients of variation of the cortisol enzyme
immunoassay were 9.6% and 4.7%, respectively.

Guided Imagery and Other Meditation
We also measured the use of guided imagery (number of minutes
per day in the last week); use of breathing, meditation, or
progressive relaxation (number of minutes per day in the last
week); and 2 items adapted from the Borkovec and Nau
Credibility/Expectancy Questionnaire [44] regarding perceived
confidence in guided imagery to reduce stress, and perceived
logic for the use of guided imagery to reduce stress (rated on a
5-point Likert scale, where 1=very unconfident/very illogical
to 5=very confident/very logical) [24,25].

Physical Activity
Exercise (past week) was measured using the 3-item Godin
Leisure-Time Exercise Questionnaire (LTEQ) [45,46]. The
LTEQ is sensitive enough to differentiate mild, moderate, and
strenuous exercise, can be scored in total number of minutes of
activity or as a metabolic equivalents, and differentiates between
household, occupational, and leisure-time physical activity and
seasonal variations [47].

User Satisfaction
At the 30-day follow-up, we also assessed usability and
participant satisfaction with the app. We assessed 6 items of
usability, including: (1) “How organized was the app?”; (2)
“How much did you like the format/design of the app?”; (3)
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“How easy was the app to use?”; (4) “How well did the app
address issues you have with anxiety/stress?”; (5) “How much
new information did this app provide?”; and (6) “How helpful
did you find the features of this app?”
We asked 3 satisfaction items: (1) “Overall, how would you
rate this app in helping you deal with stress/anxiety?”; (2) “How
likely would you be to recommend this app to other people?”;
and (3) “How likely are you to continue using this app?” We
also elicited open-ended feedback about the app with the
question, “What suggestions do you have for improving the
app?”

App Use
We automatically collected use of the app, including number
of guided imagery audio files listened to and number of times
answering the daily questions. We also tracked the number of
downloads and current users from Google Analytics and Apple
Developer Tools.

Feasibility
Finally, we assessed feasibility outcomes by achievement of
our feasibility benchmarks, including meeting the
recruitment/accrual goal of 100 participants within 2 months;
collection of at least 90% of baseline self-report data; collection
of at least 75% of follow-up self-report surveys and cortisol
samples; and at least 75% participant retention at 30 days.

Analyses
Study data were collected and managed using REDCap
electronic data capture tools hosted at The University of Arizona
[48,49]. REDCap (Research Electronic Data Capture) is a
secure, web-based software platform designed to support data
capture for research studies, providing (1) an intuitive interface
for validated data capture; (2) audit trails for tracking data
manipulation and export procedures; (3) automated export
procedures for seamless data downloads to common statistical
packages; and (4) procedures for data integration and
interoperability with external sources. Descriptive statistics
were compiled using the REDCap reports and stats function.
Our feasibility analyses focused on change in the main
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psychological outcome variables over time using paired-samples
t tests. Open-ended responses to the question, “What suggestions
do you have to improve the app?” were summarized using a
matrix analysis approach, which is an efficient method of
descriptively organizing and interpreting qualitative findings
for program integration [50]. For diurnal cortisol rhythm, we
computed the slope of the change in cortisol from morning to
afternoon to evening for each collection day, taking into
consideration the time of sample collection [51]. In cases where
sample collection time was missing, average sample collection
time was used [51]. We then averaged cortisol slopes across
both collection days to develop a metric of diurnal cortisol
rhythm.

Results
Participant Characteristics
We recruited 101 participants from August 3, 2020, to October
5, 2020. Following enrollment, 2 participants withdrew from
the study (1 due to technical issues and 1 due to a family
emergency), leaving 99 participants with complete data at
baseline. As displayed in Table 1, the majority of participants
were non-Hispanic White (83/99, 84%) females (85/99, 86%)
who had at least some college education (93/99, 94%), and were
married or living with a partner (66/99, 67%). The average age
of participants was 51.4 (SD 14.7) years. COVID-19 restrictions
affected 68% (67/99) of participants, and of those under
stay-at-home orders, 92% (61/66) reported that they had been
staying at home for more than 3 months. Participants reported
diagnoses of generalized anxiety disorder (24/99, 24%), major
depression (18/99, 18%), and PTSD (12/99, 12%). Participants
had an average score of 3.03 (SD 0.54) on the PSS; 8.05 (SD
4.03) on the OASIS; 2.29 (SD 0.58) on the IES-R; 2.73 (SD
0.77) on the UCLA Loneliness Scale; and 8.94 (SD 3.15) on
the PSWQ. Most participants reported using less than 10 minutes
of guided imagery (90/99, 91%) or other relaxation techniques
(73/99, 74%) per day in the previous week. Still, they expressed
confidence in the use of guided imagery for reducing stress
(86/99, 87%) and found it logical to use guided imagery for
stress reduction (93/99, 94%).
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Table 1. Baseline participant characteristicsa.

a

Characteristics

Valuesb

Age (years), mean (SD)

51.4 (14.7)

Female sex

85 (86)

Non-Hispanic White

83 (84)

Hispanic ethnicity

17 (17)

At least some college

93 (94)

Married or living with a partner

66 (67)

Generalized anxiety disorder

24 (24)

Major depression

18 (18)

Posttraumatic stress disorder

12 (12)

At least two people in household

79 (80)

At least one pet in household

68 (69)

Currently under stay-at-home order or restricting where you go

67 (68)

Staying at home for more than 3 months (N=66)

61 (92)

Not exempt from stay-at-home orders

73 (74)

Leave house each day (sometimes to often)

61 (62)

Go outdoors (sometimes to often)

86 (87)

Do fun outdoor activities (sometimes to often)

53 (54)

Get <3 hours of moderate/vigorous physical activity per week

65 (66)

Perceived Stress Scale score, mean (SD)

19.16 (4.58)

Overall Anxiety Severity and Impairment Scale score, mean (SD)

8.05 (4.03)

Impact of Events Scale—Revised score, mean (SD)

2.29 (0.58)

University of California Los Angeles Loneliness Scale score, mean (SD)

2.73 (0.77)

Brief Penn State Worry Questionnaire score, mean (SD)

8.94 (3.15)

Morning cortisol (µg/dL), mean (SD)

0.33 (0.36)

Evening cortisol (µg/dL), mean (SD)

0.05 (0.03)

Cortisol slope, mean (SD)

–0.43 (0.47)

<10 minutes per day in the past week practiced guided imagery

90 (91)

<10 minutes per day in the past week practiced other relaxation techniques

73 (74)

Confidence in guided imagery to reduce stress (somewhat to very)

86 (87)

Logical to use guided imagery to reduce stress (somewhat to very)

93 (94)

N=99 unless otherwise noted.

b

Values shown are n (%) unless otherwise noted.

Feasibility
As displayed in Table 2, we met or surpassed all our feasibility
benchmarks. We were able to recruit 100 participants within 2
months, collected 98% (99/101) of baseline survey data, 91%
(90/99) of 30-day surveys, and 85% (84/99) of cortisol samples
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were returned. Five samples contained some missing data and
were excluded from analyses for a total of 80 (79/99) usable
samples. Using a conservative definition of retention (complete
survey and cortisol data at 30 days), we surpassed our goal with
an 85% (84/99) retention rate.
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Table 2. Feasibility outcomes.
Outcome

Value, n/N (%)

Feasibility criteria

Feasible?

Participant recruitment, n

101

Enroll 100 participants in 2 months

Yes

Baseline surveys

99/101 (98)

Collect at least 90% of survey data

Yes

30-Day surveys

90/99 (91)

Collect at least 75% of survey data

Yes

Cortisol samples returned

84/99 (85)

Collect at least 75% of cortisol data

Yes

Participant retention (conservatively defined as those with complete 84/99 (85)
data at 30 days)

Adherence
Adherence was measured by the number of times participants
listened to guided imagery audio files during the 4-week
intervention period. On average, participants listened to 48.2
audio files (range 0-280) over 30 days, or approximately 1.6
audio files per day. This finding establishes the feasibility of
listening to at least one audio file per day as instructed. We also
found a significant increase in time spent each day using guided
imagery (t89=–9.94, P<.001) and other forms of meditation
(t89=–7.34, P<.001).

At least 75% participant retention at 30 days Yes

Usability and Satisfaction
Overall, the 90 participants retained at the 30-day follow-up
found the app usable and were satisfied with it. See Table 3 for
individual ratings of usability and satisfaction. Suggestions for
improving the app included increasing audio file length,
providing more variety in the guided imagery scenarios (eg,
more nature-focused guided imagery), customizing the narrator’s
voice and background music or sounds, allowing users to save
their favorite audio files to a library within the app, and
providing users the ability to track their use of the app and easily
return to where they were.

Table 3. Participant ratings (somewhat to very) of usability and satisfaction with the app (N=90).
Question

Values, n (%)

How organized did you find this app?

88 (98)

How much did you like the format/design of the app?

84 (93)

How easy was the app to use?

88 (98)

How well did the app address issues you have with anxiety/stress?

81 (90)

How much new information did the app provide?

66 (73)

How helpful did you find the features of this app?

80 (89)

Overall, how would you rate this mobile app in helping you deal with stress/anxiety?

78 (87)

How likely would you be to recommend this app to others?

71 (79)

How likely are you to continue using this app?

66 (73)

Potential Impact on Outcome Measures
As shown in Table 4, we found preliminary evidence that the
See Me Serene app may have the potential to reduce anxiety.
Although this study was not designed to test efficacy, we found
significant reductions in all outcome variables with small to
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medium effect sizes. Participants reported reductions in
self-reported stress (t89=3.38, P=.001), symptoms of PTSD
(t89=4.02, P<.001), anxiety (t89=3.80, P<.001), loneliness
(t89=3.74, P<.001), and worry (t89=2.77, P=.007) from pre- to
posttest. We did not find significant differences (P=.41) in
cortisol levels over time.
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Table 4. Changes in outcome variables pre-/post test.
Measure

Preintervention, mean (SD) Postintervention, mean (SD) t

df

P

Cohen d

Perceived Stress Scale score

19.16 (4.58)

17.5 (5.11)

3.38

89

.001

0.37

Overall Anxiety Severity and Impairment
Scale score

8.05 (4.02)

6.63 (3.44)

3.80

89

<.001

0.40

Impact of Events Scale—Revised score

2.29 (0.58)

2.01 (0.51)

4.02

89

<.001

0.42

University of California Los Angeles
Loneliness Scale score

2.73 (0.77)

2.51 (0.85)

3.74

89

<.001

0.40

Brief Penn State Worry Questionnaire score 8.95 (3.15)

8.82 (2.79)

2.77

89

.007

0.29

Cortisol (morning)

0.33 (0.36)

0.48 (1.35)

–0.99

79

.32

–0.11

Cortisol (evening) average

0.06 (0.08)

0.14 (0.62)

–1.25

80

.21

–0.14

Average cortisol slope

–0.44 (0.47)

–0.54 (1.22)

0.81

79

.41

0.09

Discussion
Principal Results
Feasibility
The results of this study suggest that the See Me Serene app is
feasible to deliver and test. Our results appear to be similar to
other studies that have found mHealth apps feasible to deliver
and easy to disseminate [52-55]. We met or surpassed all of our
feasibility benchmarks, including the recruitment and retention
of participants and the collection of both self-report data and
biochemical samples. Our ability to easily recruit participants
solely through earned media indicates the great need for novel,
easily disseminable, stress-reduction interventions. Our high
retention and data collection rates suggest that participants are
eager to help find solutions for managing stress. Finally, we
found that it was feasible to conduct the study entirely remotely,
and to collect biological samples even during a pandemic when
the logistics of mailing and receiving shipments were
challenging.
Participants were adherent to the study protocol and listened to
an average of 2 files each day, surpassing the minimum
requirement of listening to 1 audio file per day. Our results
compare favorably with other studies that have shown modest
adherence or engagement with mHealth stress management
apps [52,55,56]. Based on participant feedback, our adherence
results may have been due in part to the length of the guided
imagery audio files because each file was approximately 5
minutes long. The length of the guided imagery was based on
those used in our previous studies [24,25]. However, participants
expressed a desire for longer audio files, and they may have
listened to multiple files or the same file multiple times each
day to achieve this result. Participants significantly increased
the number of minutes per day in the last week that they
practiced guided imagery as well as other forms of relaxation,
such as meditation, deep breathing, or progressive muscle
relaxation. The guided imagery did include a brief breathing
exercise at the beginning of each audio file but did not focus
solely on breathing, nor did the audio files teach meditation or
progressive muscle relaxation. Therefore, it appears that the use
of this app may have encouraged users to seek out and engage
in other forms of relaxation techniques as well.
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Usability and Satisfaction
Overall, participants found See Me Serene easy to use and
useful. Our results were similar to previous studies of mHealth
apps aimed at reducing stress, anxiety, and depression among
a variety of different populations [55-59]. There were few
reported technical issues, which were resolved with updates to
the app. Although 87% (78/90) of participants found the app
helpful in reducing stress and would recommend the app to
others, only 73% (66/90) reported that they would continue to
use the app. This may have been due to several factors: (1)
stay-at-home orders were lifted during the study, allowing for
less isolation; (2) easing of restrictions may have reduced the
stress faced by the participants, thus they had less need for the
app; (3) the app was effective at reducing participants’ stress,
thus reducing their need to use the app; (4) participants may
have wanted changes to the app to enhance their experience, as
suggested by the qualitative data.
The open-ended question on the follow-up survey asking for
suggestions provided the team with input regarding app revisions
and offered insight into how the app was being used by
participants, which can help us tailor revisions to their needs.
For instance, several participants noted that they used the audio
files before bed to relax for sleep. These individuals generally
wanted longer audio files to include music that would continue
after the guided imagery stopped. In general, the comments
supported longer guided imagery files that allowed listeners to
practice breathing and develop the mental imagery described
in the narration. This recommendation may result from
participants’ lack of familiarity with guided imagery (eg, only
9% [9/99] reported using guided imagery more than 10 minutes
a day at baseline), and the revision could make the app content
more accessible to users who are not familiar with guided
imagery. Participants also wanted more variety of guided
imagery, and the ability to personalize the app to their needs.
Providing more and different types of guided imagery, and
features such as the ability to choose the narrator’s voice, save
favorites, and track mood and audios listened to over time may
improve engagement with the app and encourage continued use.

Potential Impact
Although this study was not designed to test efficacy, we found
significant reductions in all outcome variables with small to
JMIR Form Res 2021 | vol. 5 | iss. 10 | e32353 | p.40
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medium effect sizes. The evidence regarding effectiveness of
mHealth apps is limited and mixed [53,54,56-64]. While several
randomized controlled trials have shown these apps to be
effective at reducing stress, anxiety, depression, or PTSD
symptoms [53,54,57,59], some have not reported positive results
[60,61,64]. In addition, many studies report only significant
pre–post results [56,58,62,63], thus limiting generalizability of
the findings. Finally, several reviews have found that the
majority of currently available mHealth apps are not evidence
based, and lack a strong theoretical basis and research to support
efficacy [65-68].
Although our study was not designed to test efficacy, we found
significant reductions in all outcome variables with small to
medium effect sizes. Participants in our study reported
reductions in self-reported stress, symptoms associated with
PTSD and anxiety, loneliness, and worry. However, this was
an open within-subjects design which did not have a control
group, and we recruited a convenience sample. Therefore,
participants knew the purpose of the app and that it used guided
imagery. For example, participants may have been more inclined
to use guided imagery versus other types of stress reduction
methods. At baseline, almost all participants reported confidence
in and logic of guided imagery to manage stress.
We did not find significant differences in cortisol levels over
time. This could be because of the relatively heterogeneous
sample with respect to age and baseline psychological
well-being characteristics, as well as the possibility that life
stressors associated with the pandemic (ie, social isolation,
limited time outdoors, myriad sources of psychological distress)
may have prevented the intervention from exerting an effect on
diurnal cortisol rhythm that could be detected across the whole
sample, especially in the short term. Controlling or stratifying
for psychological and physical well-being and relevant sources
of stress, including later assessment time points and increasing
the sample size, would all likely help reveal intervention efficacy
at the level of diurnal cortisol rhythm [9,10]. However, it is
possible that a “light touch” intervention such as ours may not
produce immediate physiologic changes in cortisol. This
variability in physiologic outcomes is consistent with the results
of the systematic review by Corazon and colleagues [30],
suggesting the need for more research. Although our findings
are promising, more research is needed to determine whether
See Me Serene is effective at reducing stress-related symptoms
and objective measures of stress-related biology.

Limitations
This study had several limitations. First, we used a
within-subjects design without a control group, which limited
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our ability to test the feasibility of an active control condition
as well as to determine efficacy as a result of specific (as
opposed to nonspecific) intervention components. The research
team has already developed a control app that will serve as an
active attention comparator, and a pilot study is planned. In
addition, we were not powered to detect differences in mood
or other outcomes based on usage of different types of audio
files (eg, “adventure scenes” versus “relaxing scenes”). In the
future, we plan to conduct a fully powered efficacy trial which
will allow for subanalyses. Second, we recruited a convenience
sample of participants, which limits the generalizability of the
findings. Participants were primarily college educated, White,
and women. The lack of diversity may have resulted from
reliance on earned media (eg, news stories) and presentations
on a university campus due to budget constraints. Future studies
will employ methods aimed at recruiting a more diverse sample,
including more males and racial/ethnic groups. We will actively
recruit low-income and racial/ethnic minority participants to
demonstrate feasibility and usability of the See Me Serene app
with these groups. We have used these methods successfully in
previous trials to yield a more representative sample. Third, we
followed participants for only 1 month. Subsequent studies will
follow participants for longer periods to assess the duration of
the intervention effect. We have successfully followed
participants for 6 months in our previous trials [24,25]. Fourth,
this study was conducted during the COVID-19 pandemic,
which caused some delays and logistic challenges with the
collection and return of the saliva samples to determine cortisol
concentrations. However, overall, these challenges (eg,
managing overnight shipping, providing replacement saliva
collection supplies) were overcome, with the result being a large
percentage of saliva samples collected and returned in a manner
acceptable for laboratory analysis. Finally, we could not collect
data from the 9 participants who dropped out of the study
regarding why they did not complete the study or what they
thought about the app. However, a 9% (9/99) dropout rate is
very low compared with that of many mHealth studies which
often have higher dropout rates than in-person studies.

Conclusions
The study results suggest that delivering and testing the See Me
Serene mHealth app is feasible and that the app has the potential
to reduce stress related to COVID-19 and other forms of social
isolation. We learned valuable lessons during the pilot that can
be applied to future studies. There is a great need for
evidence-based and easily disseminable stress-reduction
interventions, as the majority of available stress management
apps are not evidence based. More research is warranted to test
the efficacy of See Me Serene.
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Abstract
Background: Gum infection, known as gingivitis, is a global issue. Gingivitis does not cause pain; however, if left untreated,
it can worsen, leading to bad breath, bleeding gums, and even tooth loss, as the problem spreads to the underlying structures
anchoring the teeth in the jaws. The asymptomatic nature of gingivitis leads people to postpone dental appointments until clinical
signs are obvious or pain is evident. The COVID-19 pandemic has necessitated social distancing, which has caused many people
to postpone dental visits and neglect gingival health. iGAM is a dental mobile health (mHealth) app that remotely monitors gum
health, and an observational study demonstrated the ability of iGAM to reduce gingivitis. We found that a weekly dental selfie
using the iGAM app reduced the signs of gingivitis and promoted oral health in a home-based setting.
Objective: The aim of this mixed methods study is to assess perceptions, attitudes, willingness to pay, and willingness to use
an mHealth app.
Methods: The first qualitative phase of the study included eight semistructured interviews, and the second quantitative phase
included data collected from responses to 121 questionnaires.
Results: There was a consensus among all interviewees that apps dealing with health-related issues (mHealth apps) can improve
health. Three themes emerged from the interviews: the iGAM app is capable of improving health, the lack of use of medical apps,
and a contradiction between the objective state of health and the self-definition of being healthy. Participants were grouped
according to how they responded to the question about whether they believed that mHealth apps could improve their health.
Participants who believed that mHealth apps can enhance health (mean 1.96, SD 1.01) had a higher willingness to pay for the
service (depending on price) than those who did not believe in app efficacy (mean 1.31, SD 0.87; t119=−2417; P=.02). A significant
positive correlation was found between the amount a participant was willing to pay and the benefits offered by the app (rs=0.185;
P=.04).
Conclusions: Potential mHealth users will be willing to pay for app use depending on their perception of the app’s ability to
help them personally, provided they define themselves as currently unhealthy.
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Introduction
COVID-19 and Gingivitis
Gingivitis [1] is a reversible gum inflammation, characterized
by red, swollen, and bleeding gums. More than 80% of the
global adult population is affected by gingivitis periodically
[2]. Usually, it heals within 10 days of at-home oral hygiene
practices that include twice-daily brushing and interproximal
cleaning using dental floss, toothpicks, and mouthwash [3]. In
dental clinics, gingivitis is usually treated in a single cleaning
session where plaque and calculus are removed. Untreated
gingivitis develops into periodontitis [4,5], the irreversible stage
of periodontal disease, in which bacterial toxins and the immune
response to them destroy the tissues that support the teeth.
Treatment for periodontitis is complex and requires multiple
appointments and sometimes surgical intervention. As the
disease progresses, teeth may become mobile or lost [6].
Most people recognize the early signs of gingival inflammation,
namely bleeding while brushing or eating something hard, an
unpleasant odor, or swollen gums [1]. However, because
gingivitis is not painful, appointments tend to be postponed
until the disease is more advanced [3]. Currently, we are in the
midst of a major public health crisis. The COVID-19 pandemic
[7] has necessitated new behaviors and rules to limit the spread
of the infection, such as wearing masks, hand hygiene, and
maintaining 2 m of space between people (social distancing).
Dentistry is a field with close contact between patients and the
clinical team, with a high risk of infection transmission [8].
Keeping in mind that most people only seek dental treatment
when experiencing pain, we assume that because of the current
restrictions, people will come even less, resulting in oral health
deterioration, especially in those with gingivitis.

Remote Patient Monitoring
Remote patient monitoring (RPM) [9] is a term describing
technologies that enable patient-therapist interaction without a
physical meeting, for example, when the patient is at home and
the care provider is elsewhere. RPM eliminates problems of
geographical distance, improves access to treatment, and reduces
the indirect costs of traditional clinical treatment, such as travel
time, fuel, and parking. RPM improves treatment access to
individuals living far from medical centers and to populations
with limited mobility [10]. Furthermore, RPM encourages
people to seek treatment for nonurgent issues that tend to be
postponed because of travel and time issues [11].
Incorporating RPM in the management of chronic diseases
significantly improves patient quality of life, as less time is
spent in the doctor’s office while maintaining contact and
follow-up [12]. RPM is delivered using advanced technologies
that quickly and effectively detect deterioration of the patient’s
condition and update the treating staff and the patient. Early
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warning reduces the number of hospitalizations and
hospitalization days and improves quality of life [13]. The
components [9] of RPM are (1) disease-specific sensors that
monitor physiological and pathological changes; (2) storage of
relevant information accessible to attending physicians; (3) an
encrypted server where personal information is stored securely;
and (4) diagnostic tools, software that facilitates information
retrieval and helps develop therapeutic recommendations based
on the patient’s data.
In dentistry, as far as we know, no work has been done regarding
RPM, and there are currently no technologies for remote oral
health monitoring.

iGAM App
iGAM [14] is a dental mobile health (mHealth) app that
remotely monitors gingival health, and our previous article
described the development process followed by a pilot study to
evaluate the acceptance of remotely monitoring gum health.
The iGAM mHealth app has three main features:
•
•

•

A self-completion questionnaire that deals with knowledge
and attitudes toward oral hygiene habits.
Text accompanied by illustrations describing brushing
techniques as well as short articles about the importance of
maintaining oral health in general and during pregnancy,
the implications of smoking on gum health, and the
connection between gum diseases and general health.
Feature for self-photography of the gums using the rear
camera of the smartphone, that is, the dental selfie.

We performed an 8-week observational study, with 126
participants divided into 2 groups. The first group photographed
their gums weekly, and the second group took only 2 pictures,
one at the start of the study and the second 8 weeks later. We
found that a weekly dental selfie using the iGAM app reduced
the signs of gingivitis and promoted oral health. These findings
were published in part 2 of this series of articles [15].

Health Belief Model and Willingness to Pay for
mHealth Apps
The fact that an mHealth app is capable of improving health
does not guarantee that the public will use it. Some degree of
health literacy and a mobile device with advanced technological
capabilities, availability of storage space, and money are needed.
The Health Belief Model (HBM) [16] is a psychological model
developed in 1950 by social psychologists Hochbaum,
Rosenstock, and Kegels, which tries to explain and predict the
adoption of health behaviors by focusing on the attitudes and
beliefs of the individual.
The HBM has five content categories [17]:
•

Perceived susceptibility—understanding the possibility of
developing a specific disease. Those who estimate that the
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•

•

•

likelihood of getting sick is low deny the possibility that
they will become unwell, whereas those with a high degree
of sensitivity estimate that they are in real danger of getting
sick.
Perceived severity—understanding the severity and
seriousness of a specific disease and its consequences. This
category reflects an individual’s beliefs regarding the
difficulties that illness may cause, such as pain, discomfort,
and financial burden.
Perceived benefits—believing that recommended health
behavior will be beneficial by preventing the disease or
reducing its effects.
Perceived barriers—the costs of or obstacles to performing
the recommended behavior, including tangible costs (eg,
time, money, availability, and skill acquisition) and the
psychological costs associated with performing the behavior
(eg, pain, feeling anxious, pessimistic, and embarrassed).
A low perception of barriers increases the likelihood of
adopting such behavior.
Cues to action—the circumstances that inspire the readiness
to act.

The model assumes that people take action when they perceive
a threat to their health and consider whether the benefits of a
new behavior are greater than the obstacles to performing it.
The more benefits the individual believes there are from the
behavior, the greater the chance of adopting it [18].
The principles of the HBM have been used as a conceptual basis
for many studies. It should be noted that many studies address
only some of their components.
Willingness to pay (WTP) [19] describes the maximum amount
a consumer is prepared to pay for a particular service or product.
It was found that the more the consumer perceives that the
technology promotes health, the more they will be inclined to
pay for it. A study [20] examining the willingness of young
Iranians to pay higher prices for organic food products found
that perceived benefits and barriers were significant predictors
of the WTP. Those believing that consumption of organic food
was beneficial were more willing to purchase organic food at
higher prices. WTP research has two main branches [21]: (1)
RP-revealed preference, where the WTP is estimated by real
market analysis, and (2) SP-stated preference, where the WTP
is estimated by consumer responses to hypothetical scenarios
in which consumers are asked to indicate their preferences. The
second method is used when it is impossible to obtain real data
about consumer preferences, for example, when determining
the demand for a new product. Wong et al [22] used a
cross-sectional study with 1159 participants and asked about
their WTP based on the HBM model. They found that most
participants described the observed benefit from a corona
vaccine as the main reason they would be willing to pay more
for it.
The aim of this mixed methods study is to use qualitative and
quantitative methods to examine attitudes and acceptance of
mHealth apps in general and an app for remotely monitoring
gingivitis (iGAM) in particular. Another goal is to examine the
WTP for mHealth apps as a way to characterize responsiveness
to mHealth app use.
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Methods
Overview
This mixed methods study was conducted between March 2020
and July 2020 at the Department of Community Dentistry
Faculty of Dental Medicine, the Hebrew University, Hadassah
School of Dental Medicine. The protocol was approved by the
Hadassah Research Ethics Committee (institutional review
board, 0212-18-HMO), and written informed consent was
obtained from all participants. There was no payment for
participation. The study was conducted in two phases: a
qualitative study based on semistructured interviews that reached
saturation and highlighted the need for further data that was
gathered in a quantitative study based on answers to
questionnaires.

Qualitative Study Design and Data Collection
A total of 10 individuals from 126 participants in the 8-week
observational study were randomly selected. They were asked
via an SMS text message sent through the app whether they
would participate in a 50- to 60-minute phone interview (the
interview could not be done in person because of COVID-19
social distancing restrictions) to discuss their experience with
the iGAM app and their thoughts regarding mHealth apps.
Approximately 3 days later, a follow-up SMS text message was
sent through the app. Of the 10 people, 8 agreed to the interview
(one did not reply and one had schedule limitations). The
semistructured interview was developed with guidance from
two qualitative research methodology experts (Multimedia
Appendix 1). The questions were divided into four sets: (1)
opening questions—Tell me about yourself, What do you expect
from your cellular phone? Describe your cellular phone use,
etc; (2) questions regarding cellular apps in general and medical
apps in particular: Describe the apps currently on your phone,
How often do you use cellular apps? What sort of mHealth apps
are you familiar with? In your opinion, what is the purpose of
using mHealth apps? (3) Questions related to iGAM mHealth:
describe your expectations of the app before the study, describe
your experience using the app, do you think that using the app
improved your oral health? In your opinion, who would this
app help most? (4) Personal information, age, address, and
occupation.
The interviews were audio recorded and transcribed using
Microsoft Word 2016 (Microsoft Corporation). The primary
author performed a qualitative data analysis. Each interview
was read several times to identify the codes. The list of codes
was grouped into categories based on content similarity,
determined by counting the frequency that the interviewees
talked about them. Examination of the categories enabled the
identification of themes. At the end of the process, all authors
reviewed the themes that emerged from the interviews.

Quantitative Study Design and Data Collection
On completion of the observational study, questionnaires were
sent to all 126 participants via the iGAM app, and an SMS text
message was sent. The participants were told that they were not
obligated to answer the questions and that their answers needed
to be submitted within 3 weeks. A second SMS text message
JMIR Form Res 2021 | vol. 5 | iss. 10 | e26125 | p.48
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reminder was sent a week before the deadline. The questionnaire
included 17 statements (Multimedia Appendix 2) on mHealth
apps in general. The participant had to circle the response by
matching their points of view. The statements were divided into
two sets. The first set dealt with (1) beliefs about the ability of
mHealth to improve health; (2) perceptions regarding the ability
of mHealth to effectively monitor blood pressure, obesity,
physical fitness, and oral health; (3) attitudes regarding searching
for medical information on the internet; (4) personal use of
medical apps; (5) statements about personal perceptions of
health and state of health; and (6) reasons for not using mHealth
apps. The second set dealt with a WTP for medical apps with
costs between US $15 and US $150.

Statistical Methods
Data were analyzed using SPSS Statistics software version 27.0.
The significance level was set at a P value of .05. t tests for
independent samples were used to examine WTP. A Pearson
correlation was conducted to examine the relationship between
the tendency to use apps and the WTP depending on price.
Spearman correlations were conducted to examine the
relationship between the amount the participant is willing to
pay for an app with optimal functions and the tendency to use
the apps and WTP according to the app features. All independent
variables were included in the enter regression test.

Results
Qualitative Results
Eight interviews were conducted after 10 participants in an
8-week study were asked if they were willing to be interviewed.
One interviewee did not respond to the two requests, and the
second interviewee canceled at the last minute and was not
interested in rescheduling. Interviews ranged from 32.25 to
55.75 minutes, with an average of 46.25 (SD 2.5) minutes.
Analysis of the interviewees revealed that one is a physician
aged 33 years with 3 years of experience. Two work as nurses,
one aged 41 years with 10 years of experience and the other
aged 30 years with 4 years of experience. Three were students,
one was a fourth-year dental student aged 26 years and two
were first-year biology students aged 25 and 23 years. One
interviewee aged 32 years worked as a computer engineer with
5 years of experience, and one interviewee was an electronic
technician aged 36 years with 9 years of experience.
A total of three main themes emerged from the interviews: (1)
the iGAM app is capable of improving health, (2) lack of use
of medical apps, and (3) a contradiction between the objective
state of health and self-definition of being healthy.

The iGAM App Is Capable of Improving Health
There was a consensus among all interviewees that apps dealing
with health-related issues (mHealth apps) can improve health;
2 participants added that mHealth apps may be able to improve
access for those in remote areas and be beneficial. An analysis
of interview content revealed that most interviewees considered
health apps to be desirable and be able to improve the provision
of health care by better allocation of resources:
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In my opinion, this device can alert and improve, this
device can say here it’s time to go to the dentist. I
think it’s something that is very very good, it’s first
of all will improve the patient’s health.
I would like to say that this app is good, it will serve
both doctors and patients, both in Israel and in third
world countries, as I told you, with low medicine,
even in countries with advanced but expensive
medicine, in the end it is in everyone’s interest.
I believe this app will have an impact on better health
products.

Lack of mHealth App Use
When questioned about apps installed in addition to those that
came with the device, apps from four content worlds arose: (1)
social apps (WhatsApp, Facebook, and Instagram); (2) apps
related to household management, bank account management,
payments, deliveries, and orders from supermarkets; (3) apps
related to leisure: Netflix, books, holiday booking, etc; (4) and
apps for editing videos and photos. None of the participants
installed additional medical apps on their device, and they did
not use the apps that were already on the phone (eg, the
pedometer).
When asked why there were no medical apps for them, 2
participants answered that they had technical limitations of
phone memory space, and the remaining 6 explained that they
had no need for a medical app as they were healthy:
I have WhatsApp, I have a camera, Facebook, a bank
account, Maccabi, Wizz, booking, cheap vacations,
photos.
I have no medical apps, other than what I got with
the phone, pedometer because I do not need and I
have no place on the phone.
No I do not need; I am healthy.
I do not use for example, speaking of blood pressure,
once I measure myself sporadically and not
consistently and once I understand that I do not need
it because I am a healthy person, it is quite difficult
to say that using the phone would improve my blood
pressure, because I am healthy And feel fine.

The Contradiction Between the Objective State of Health
and the Self-definition of Being Healthy
When the interviewees were asked about their state of health,
they all said that they were healthy. When asked to expand on
the subject, their perception of being healthy may not be
accurate, 3 reported uncontrolled hypertension, 2 reported
episodes of high blood glucose, and 1 reported frequent
headache:
I’m healthy. I’m healthy, uh, my blood pressure
occasionally jumps but it’s normal.
I sometimes feel headaches, occasionally I also get
sugar, it does not say that I am sick.
No, I would not say I have a medical problem, I
measure my blood pressure, and sometimes there are
jumps, it does not mean it is unbalanced.
JMIR Form Res 2021 | vol. 5 | iss. 10 | e26125 | p.49
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Quantitative Results
Descriptive Statistics
Of the 126 participants asked to fill in the questionnaire, 121
responded positively. The 5 remaining individuals were
contacted again (through the app) and did not reply. Of the 121
respondents, 91 (75.2%) were male; the age range was 19-66
years, with an average of 27.65 (SD 8.93) years; and the most
common occupation was student (53/121, 44.2%). The results
were analyzed by dividing the respondents into 2 groups based
on their response to the yes/no question about the belief that
mobile apps can improve health. A total of 13.2% (16/121)
individuals were in group 1 and “lacked faith that apps can
improve health,” and the remaining 86.8% (105/121) were in
group 2 and “believed that mobile apps can improve health.”
Most of the members of both groups responded that they first
seek medical information on the web (12/16, 75% vs 90/105,
85.7%) and then go to a physician (11/16, 69% vs 63/105, 60%;
group 1 versus 2, respectively). In addition, most members of
both groups replied that they do not use mHealth apps to
improve their health (14/16, 87% vs 70/105, 66%); however,
if they had a long-term illness and the app associated with their
illness was free, they would download it to their mobile device
(12/16, 75% vs 97/105, 92.4%, group 1 versus 2, respectively).
If they had to pay 50 NIS (currency of Israel–the New Israeli
Shekel [NIS] $1=approximately 3.5 NIS) on a one-time basis,
most of the group that did not believe that apps can improve
their health would not buy it (9/16, 56%) and if it cost 500 NIS
(US $150), none of this group would purchase it. Overall, 55.2%
(58/105) of the group that believed that mobile apps can improve
health stated that they would pay 50 NIS (US $15) for an app
but not 500 NIS (89/105, 84.8%). When given the option to
purchase an app that is able to (1) detect a health condition, (2)
offer a personalized treatment plan, and (3) inform your personal
physician when problems occur, 44% (7/16) versus 46%
(48/105) of participants from group 1 and 2, respectively, stated
that they would be willing to pay the maximum amount asked:
100 NIS. Most participants believed that apps can be effective
in obesity monitoring (13/16, 81% vs 100/105, 95%) and fitness
monitoring (11/16, 69% vs 96/105, 91%) but not for monitoring
hypertension (10/16, 62% vs 85/105, 80.9%) in group 1 versus
2, respectively. In group 2, 88.6% (93/105; those who believed
that mobile apps can improve health) believed that apps can
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effectively monitor oral health versus 44% (7/16) of those in
group 1 (those who lacked faith that apps can improve health;
Multimedia Appendix 2).
To understand the significance of our findings and based on
consultations with two experts in qualitative research methods,
we used the responses (on a 4-point scale ranging from do not
agree to completely agree) to sets of statements to determine
the variables “Willingness to pay depending on price” and
responses of agree or disagree to “Tendency to use applications”
(on an 8-point scale). (1) “Willingness to pay depending on
price,” based on responses to statements: If I were sick with a
chronic illness, I would download a free medical app related to
the disease; If I were sick with a chronic illness, I would
download a 50 NIS (one-time fee) medical app related to the
disease; If I were sick with a chronic illness, I would download
a 500 NIS (one-time fee) medical app related to the disease. (2)
“Tendency to use applications,” based on responses to
statements: I believe that cell phone apps can improve health;
When I need medical information about myself, I search the
internet first; I use mobile applications to improve my health;
If I were sick with a chronic illness, I would download a free
medical app related to the disease; I have an interest in medical
apps: Hypertension, Obesity, Fitness, Oral health.
The responses to the research variable ”Willingness to pay
depending on price“ were given a score from 0 (do not agree)
to 4 (completely agree), and the average score was 1.87 (SD
1.02). One point was given for each response of agree to the
statements relating to the research variable ”Tendency to use
applications,“ creating a score between 0 and 9. The average
score was 6.02 (SD 1.44). The answers to the question, “If I
were sick with a chronic illness I would pay a maximum amount
of NIS (one-time fee) for an optimal medical app,” describing
an ideal medical app was worded as follows: if you were
diagnosed with a specific chronic disease and there was an app
could monitor your illness and provide information about the
stage of the disease you were in, recommend a reliable treatment
plan, and contact your treating physician when changes in your
health occur, ie, an optimal app—the maximum I would pay
(one-time fee) is (a)10 NIS; (b)50 NIS; (c)100 NIS; and (d) I
have no interest in this type of app—ranged from 0 (no interest
in this type of app) to 4 (willing to pay 100 NIS), with an
average of 2.82 (SD 1.30; Table 1).

Table 1. Means and standard deviations of the study variables.
Research variable

Value, mean (SD)

Willingness to pay depending on price

1.02 (1.87)

Willingness to pay for an optimal app

2.82 (1.30)

Tendency to use app

6.02 (1.44)

Analytical Statistics
Participants responding positively to the question, “when I need
medical information about myself, I use the internet first” (mean
1.97, SD 1.06) showed a significantly greater tendency to use
mHealth apps than those responding differently (mean 1.37,
SD 0.60; t119=−2.407; P=.02; Figure 1). Furthermore,
participants who first searched for medical information on the
https://formative.jmir.org/2021/10/e26125
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internet (mean 6.16, SD 1.48) showed a significantly higher
WTP for an app than those who did not search for information
on the internet (mean 5.31, SD 0.95; t119=−2.372; P=.02; Figure
1).
Participants who believed that mHealth apps can improve health
(mean 1.96, SD 1.01) were significantly more willing to pay
for an app (depending on price) than those who did not believe
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in the efficacy of apps (mean 1.31, SD 0.87; t119=−2.417;
P=.017; Figure 2).
A significant positive relationship was found between the
tendency to use apps and WTP depending on price (r=0.442;
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P<.001). In addition, individuals interested in paying for apps
(mean 6.21, SD 1.32) had a significantly greater tendency to
use apps than those who have no interest in paying (mean 5.58,
SD 1.64; t55,416=−2.035; P=.047; Figure 3).

Figure 1. Average positive responses based on seeking or not seeking medical information on the internet.

Figure 2. Willingness to pay depending on price according to the belief or lack of belief that mobile apps can improve health based on average positive
responses.
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Figure 3. Tendency to use apps according to interest or no interest in paying based on average positive responses.

A significant positive relationship between the amount the
participant was willing to pay for an optimal app and (1) the
propensity to use apps (rs=0.185; P=.04) and (2) the WTP
depending on price (rs=0.478; P<.001) was found. The
regression test for predicting the WTP for an optimal app
showed statistical significance (F1,119=207.272; P<.001) with
an explained variance of 63.5%. Predicting a tendency to use
apps was significant (P<.001); that is, the higher the tendency
to use apps and the WTP depending on price, the higher the
amount the participant is willing to pay for an optimal app.

The question, “If you answered that you have no interest in
medical applications, what is the reason for this?” examined
the reasons for the lack of interest in using mHealth apps. The
regression test showed statistical significance in predicting the
use of available apps. The predictive variable with significance
was “preference for an appointment with a doctor versus a lack
of preference for an appointment with a doctor,” and participants
who preferred to see a physician were less likely to use medical
apps compared with those with the opposite preference (Figure
4).

Figure 4. Tendency to use a medical app depending on willingness to pay. X axis: average positive responses to calculating the variable, “Tendency
to use medical application.” Y axis: price (in New Israeli Shekel).

The predictive variable, “I’m healthy so I do not need medical
apps / other, and I have / I have no interest in paying,” was
found to be statistically significant (P<.001). Participants who
https://formative.jmir.org/2021/10/e26125
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stated that they were healthy and did not need medical apps had
no interest in payment.
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The final four questions examined which medical field
participants would be willing to pay for an app (depending on
price) to monitor them:
1.

2.

Hypertension: those who believed in the effectiveness of
apps to monitor hypertension showed a higher tendency to
use an app in this field (mean 6.65, SD 1.44) than those
who did not believe in their efficacy (mean 4.19, SD 1.44;
t115=−2.488; P=.01; Figure 5). Those who believed (mean
2.01, SD 1.01) in the effectiveness of apps for hypertension
showed a higher WTP depending on price than those who
did not believe in their efficacy (mean 1.46, SD 0.95; Figure
5; t28.971=−8.363; P=<.001; Figure 5).
Obesity: those who believed (mean 6.26, SD 1.13) in the
effectiveness of obesity tracking apps showed a higher
tendency to use an app in this field than those who did not
believe in their efficacy (mean 2.50, SD 1.04; t117=−1.838;
P=.04; Figure 5). Those who believed (mean 1.93, SD 0.99)
in the effectiveness of obesity tracking apps showed a higher
WTP depending on price than those who did not believe in
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3.

4.

their efficacy (mean 1.16, SD 1.17; t119=−7.950; P<.001;
Figure 5).
Physical fitness: those who believed (mean 6.33, SD 1.12)
in the efficiency of fitness tracking apps showed a higher
tendency to use an app in this field than those who did not
believe in their efficacy (mean 3.75, SD 1.48; t117=−7.308;
P<.001; Figure 5). Interestingly, no statistically significant
difference was found between those who believed (mean
1.90, SD 1.02) in the effectiveness of fitness tracking apps
and those who did not believe in their efficacy (mean 1.75,
SD 0.96) regarding WTP depending on price (t117=−.505;
P=.62; Figure 5).
Oral health: those who believed (mean 6.56, SD 0.78) in
the effectiveness of oral health monitoring apps showed a
higher tendency to use an app in this field than those who
did not believe in their efficacy (mean 3.41, SD 1.12;
t18.739=−11.125; P<.001; Figure 5). Those who believed
(mean 2.01, SD 0.97) in the effectiveness of oral health
monitoring apps showed a higher WTP depending on price
than those who did not believe in their efficacy (mean 1.17,
SD 1.01; t115=−3.257; P=.001; Figure 5).

Figure 5. Tendency to use and willingness to pay for medical apps depending on belief in their efficacy.

Discussion
Principal Findings
The purpose of this mixed methods study was to identify the
attitudes, needs, WTP, and perceptions of use in mHealth apps.
This study has two sections. The qualitative part included 8
participants of both sexes with different ages and professions.
The second, quantitative part, was based on the responses of
121 individuals to a questionnaire sent to them after participation
in an 8-week observational study.
The qualitative theme analysis revealed that all the interviewees
believed in the ability of a medical app to improve health
outcomes in general, and the iGAM app for remote monitoring
of gingivitis in particular. The interviewees shared that they do
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not use medical apps because they believe that they are healthy
and have no use for this type of app. Surprisingly, when
questioned about their health, most of the interviewees had
objective problems, such as hypertension and unbalanced blood
glucose. The category analysis showed a contradiction between
self-definition and reality.
A systematic review [23] regarding patient perceptions about
medical app use found that most participants expressed a
positive attitude toward mHealth app use and believed that these
apps can promote health. In addition, a survey [24] of 500
physicians and 1000 app users found that 46% of physicians
welcomed the medical apps into their lives and believed that
they would improve communication between doctors and
patients, and 72% of the physicians felt that medical apps would
improve patient control over their health. Overall, 96% of the
JMIR Form Res 2021 | vol. 5 | iss. 10 | e26125 | p.53
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app users believed that medical apps can improve health. Despite
the statistically significant belief in the health-promoting abilities
of apps, there are barriers preventing app use. Studies [25-29]
show that the major issues discouraging medical apps use are
related to privacy and security. Other obstacles include app
costs and low technological and health literacy [30].

to promote the health of the user. Three components from the
HBM [16] can be applied: the perceived benefits, perceived
barriers, and cues to action are significant predictors of WTP
for mHealth apps.

An Australian qualitative study [31] included interviews with
20 general practitioners and 15 older adult patients. They found
that among the physicians, the barriers to app use were related
to technology, such as fear of prescribing medications through
the app, the amount of time required to learn how to use the
app, secure storage of private patient information, etc. For
patients, the main issues were about ease of use. Interestingly,
we discovered a seemingly novel barrier, namely the individual’s
definition of themselves as healthy, and therefore not needing
a medical app.

•

The data for the quantitative part of the study came from
questionnaires that all participants in our observational study
were asked to answer. There were 2 groups in the 8-week
observational using the iGAM app. One group took weekly
photographs, and the other only took photographs at the
beginning and end of the study. The aim of this quantitative
study was to understand the perceptions of mHealth app users.
86.8% (105/121) of the survey respondents believed that mobile
apps could improve health. Most of the participants were in the
third decade of their lives, men, and students. Studies [26,32-34]
on the characteristics of medical app users have reported similar
findings. The possible selection bias in our study is discussed
below (see the Limitations section).
A significantly higher tendency to use mHealth apps was found
among participants who responded that they first turn to the
internet for medical information. These individuals were also
willing to pay higher prices for apps than those not using the
internet as their first source for clarifying health issues and
believed that medical apps could improve health. Consistent
with the findings of the qualitative part of the study, most of
the respondents noted that they do not currently use mHealth
apps but would if they were sick. When asked the general
question of whether the participant would be willing to pay for
an app related to a disease that they hypothetically have, with
no additional information given about the app’s features, a
statistically significant majority of both groups, 92.4% (97/105)
of the believing group and 75% (12/16) of the nonbelieving
group, would use a free app, but as the price rose, the differences
between the groups became apparent. The believing group was
willing to pay between US $15 (58/105, 55.2%) and US $150%
(16/105, 15.2%), whereas in the nonbelieving group, most (9/16,
56%) were not willing to pay US $15, and none agreed to pay
US $150.
As we changed the questions slightly, by adding app features
making an optimal app, that is, the ability to monitor, offer
treatment suggestions, contact the treating physician, and most
participants in both groups were willing to pay the maximum
amount. This finding contributes to understanding what potential
users are looking for in medical apps that they are willing to
purchase. WTP increased not only with the tendency to adopt
technologies but also with understanding the ability of the app
https://formative.jmir.org/2021/10/e26125

XSL• FO
RenderX

We found two main reasons for the lack of interest in using
medical apps:

•

Individuals who prefer an in-person meeting with their
physician are less inclined to use applications, and their
tendency to pay decreases as the price increases.
Self-defined as healthy: the participants in this study were
relatively young and stated that they were healthy and that
this was the reason for the lack of interest in using medical
apps. Older populations have more diseases, and younger
people tend to be healthier and define themselves as such
[35]. Other factors include the findings that different age
groups perceive health differently and that older people are
more concerned about their health and have more contact
with sick friends and family than young people [36]. This
may be because younger people are preoccupied with
matters, such as starting a family, establishing a career, etc.

When we examined the willingness to use and pay for apps that
monitor hypertension, obesity, and physical fitness, those who
believe that apps can improve health had a significantly higher
propensity to use an app for all these issues. However, when
examining WTP, the results were different. A statistically
significant difference in WTP was only found for monitoring
hypertension, obesity, and oral health monitoring, and no
significant difference was found for fitness tracking. This may
be because of the fact that most smartphones come with free
fitness–related apps [37,38]; therefore, people may be reluctant
to spend money on another similar app.

Limitations
The main limitation of this study is the difficulty of generalizing
the results because of a possible selection bias among the
volunteer participants. First, the participants were young, and
perceptions of wellness and health may be different in older age
groups. Second, most of the participants were students who may
be more comfortable with technology and have a certain level
of health and technological literacy. These issues can be resolved
by including individuals of different ages in the study groups.
It is possible that there was a selection bias regarding the
characteristics of the interviewees (4 out of 8 were involved in
the health sector: 1 physician, 2 nurses, and 1 dental student).
Therefore, we decided that all study participants should complete
the quantitative questionnaire. Nevertheless, there is a need for
further research to examine the acceptance of iGAM mHealth
apps in groups with different levels of literacy. Another potential
limitation is that the qualitative data were coded by one person;
therefore, to increase credibility, an independent expert
examined the process of the entire data analysis and themes.
The fact that all participants defined themselves as healthy is a
substantial limitation of this study. The questionnaire may not
have been sensitive enough, and we may need to include
individuals that classify themselves as sick or unwell or those
taking medication regularly, for example, those treated for high
blood pressure or diabetes. However, we follow the broad
JMIR Form Res 2021 | vol. 5 | iss. 10 | e26125 | p.54
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
definition of health of the World Health Organization, namely
“Health is a state of complete physical, mental and social
well-being and not merely the absence of disease or infirmity,”
and assumed that our qualitative and quantitative methods gave
the participants the leeway needed to define their own health
status and yield results that accurately represent their attitudes
toward the use of medical apps.

Tobias et al

Conclusions
This study found that people believe an mHealth app can be
used to monitor gingivitis to improve gum health. Furthermore,
people are willing to use and pay for an mHealth app depending
on their perceptions of their health requirements, state of health,
and the level of active involvement of the app promoting health
for the particular disease they have.
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Abstract
Background: The COVID-19 pandemic is taking a toll on people’s mental health, particularly as people are advised to adhere
to social distancing, self-isolation measures, and government-imposed national lockdowns. Digital health technologies have an
important role to play in keeping people connected and in supporting their mental health and well-being. Even before the COVID-19
pandemic, mental health and social services were already strained.
Objective: Our objective was to evaluate the 12-week outcomes of the digitally delivered Gro Health intervention, a holistic
digital behavior change app designed for self-management of mental well-being, sleep, activity, and nutrition.
Methods: The study used a quasi-experimental research design consisting of an open-label, single-arm, pre-post intervention
engagement using a convenience sample. Adults who had joined the Gro Health app (intervention) and had a complete baseline
dataset (ie, 7-item Generalized Anxiety Disorder scale, Perceived Stress Scale, and 9-item Patient Health Questionnaire) were
followed up at 12 weeks (n=273), including 33 (12.1%) app users who reported a positive COVID-19 diagnosis during the study
period. User engagement with the Gro Health platform was tracked by measuring total minutes of app engagement. Paired t tests
were used to compare pre-post intervention scores. Linear regression analysis was performed to assess the relationship between
minutes of active engagement with the Gro Health app and changes in scores across the different mental health measures.
Results: Of the 347 study participants, 273 (78.67%) completed both the baseline and follow-up surveys. Changes in scores
for anxiety, perceived stress, and depression were predicted by app engagement, with the strongest effect observed for changes
in perceived stress score (F1,271=251.397; R2=0.479; P<.001).
Conclusions: A digital behavior change platform that provides remote mental well-being support can be effective in managing
depression, anxiety, and perceived stress during times of crisis such as the current COVID-19 pandemic. The outcomes of this
study may also support the implementation of remote digital health apps supporting behavior change and providing support for
low levels of mental health within the community.
(JMIR Form Res 2021;5(10):e31273) doi:10.2196/31273
KEYWORDS
stress; mental health; COVID-19; digital therapy; mHealth; support; behavior; intervention; online intervention; outcome;
wellbeing; sleep; activity; nutrition
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Introduction

Health Atlas 2017 reported a global median of 9 mental health
workers per 100,000 people [25].

The COVID-19 pandemic has created an unprecedented global
health challenge and has strained health care systems worldwide
[1]. To minimize the risk of infection and spread, and to protect
the most vulnerable groups of people and the population at large,
governments across the world have advised people at high risk
to leave their homes for very limited purposes [2].

Face-to-face therapy and guided self-help techniques such as
cognitive behavioral therapy and mindfulness have been shown
to be effective in treating depression and anxiety [26-28].
However, face-to-face therapy traditionally provides
point-in-time support, and there is struggle to scale fast enough
to address growing mental health challenges [29]. With
restrictions in interactions and activities during the COVID-19
pandemic, innovative delivery methods are required to augment
care.

There is risk that the COVID-19 outbreak will create a second
pandemic of mental health crises across health systems and
communities [3]. Prior to the COVID-19 pandemic, mental
health and social services were already stretched. Depression
is the second leading cause of disability worldwide, and by
2030, it is expected to be the leading contributor to the global
burden of disease [4]. Efforts to contain the spread of
COVID-19, including prolonged social distancing and
self-isolation, may trigger or exacerbate social, mental, and
physical health problems, such as anxiety, relationship
breakdowns, domestic violence, substance abuse or withdrawal,
and obesity [5-7]. This could be especially serious for those
with preexisting medical and psychological conditions [8].
Times are unprecedented, and the COVID-19 pandemic has
created global uncertainty. During times of uncertainty, people
are more likely to be stressed, depressed, and anxious [9-12].
In 2014, when an outbreak of the Middle East respiratory
syndrome coronavirus (MERS-CoV) was reported, anxiety
levels were associated with an increased perception of
susceptibility to infection and social avoidance behaviors related
to travel and being in public places [13]. Data originating from
Wuhan city in the Hubei province of China, collected through
the National Health Commission of China, showed that there
was a correlation between the rapidly increasing numbers of
confirmed cases and deaths and psychological problems,
including anxiety, depression, and stress experienced by medical
staff and the public [14].
The unpredictability and uncertainty of the COVID-19 pandemic
and the resulting economic breakdown could increase the risk
of mental health problems and exacerbate health inequalities
[15]. Preliminary findings suggest adverse mental health effects
in previously healthy people and in people with pre-existing
mental health disorders [16]. Health care disparities will
disproportionately affect socially disadvantaged patients,
including those from ethnic minorities who have a relatively
worse access to health care and receive poorer quality care than
their Caucasian counterparts [17].
Approximately 5% of the general population experiences
generalized anxiety disorder (GAD) at least once in their
lifetime, and the estimated lag time to treatment for GAD can
range between 9 and 23 years [18,19]. A key challenge to
delivering interventions is low level of engagement [20,21].
Similarly, depression is the single largest contributor to global
disability, with an estimated 300 million people affected
worldwide [22]. Major depression has been found to impair the
quality of life of people [23], as well as their psychosocial
functioning [24]. However, resources to address these challenges
are limited—for instance, the World Health Organization Mental
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Our study aims to add to the research and evidence base on the
effectiveness and engagement levels of a digital behavior change
app (Gro Health) in the context of the COVID-19 pandemic.
Previous research has shown that when mental health apps are
properly designed, they can be cost-effective and scalable
solutions for the treatment of anxiety, stress, and depression
[30]. Moreover, meta-analyses of randomized controlled trials
have shown that mental health apps can help alleviate symptoms
of anxiety and depression, as well as assist patients to
self-manage their conditions [31-34]. However, there is still
limited research on the effectiveness of mental health apps in
promoting behavior changes and improving health outcomes
[35]. Health apps aiming at lifestyle interventions hold great
promise, but evidence of their use and efficacy amid the
COVID-19 pandemic is sparse [36].
To address this gap, we designed a quasi-experimental study to
evaluate the 12-week outcomes of the Gro Health platform, a
behavior change intervention for self-management of mental
well-being, sleep, activity, and nutrition. The intervention
provides education with modules such as stress management;
building mental well-being and resilience; benefits of
meditation; and guided activities to maintain positive mental
well-being, including guided mindfulness-based meditations,
classical music, 360-degree immersive guided relaxation videos,
and facilitated yoga classes.
The primary study objective was to determine the effectiveness
of delivering mental well-being activities using the Gro Health
app on self-reported symptoms of anxiety (7-item Generalized
Anxiety Disorder scale [GAD-7]), depression (9-item Patient
Health Questionnaire [PHQ-9]), and perceived stress (Perceived
Stress Scale [PSS]) [37-39]. We posited that greater engagement
in the guided activities to maintain positive mental well-being
(eg, yoga Tai Chi, Qi Gong, and guided mindfulness) would
lead to improvements in anxiety, depression, and perceived
stress compared to the baseline.

Methods
Intervention
Gro Health is a digital health intervention that provides
behavioral change support through structured education and
guided activities in the areas of mental well-being, nutrition,
sleep, and activity. The app utilizes a similar behavior change
architecture as the Low Carb Program, which has been
demonstrated to achieve long-term engagement and sustainable
behavior change [21].
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Gro Health provides educational and therapeutic behavioral
change support in the following four therapeutic areas: (1)
mental well-being, (2) sleep, (3) activity, and (4) nutrition. Of
particular interest for this study, engagement with the
well-being/function of the app was examined. The well-being
function of the app provides structured educational modules on
topics such as stress management, building mental well-being
and resilience, and benefits of meditation, delivered via video
and text. These modules are supported with behavior change
tools and resources, such as guided mindfulness-based
meditations, Qi Gong, Tai Chi, classical music, 360-degree
immersive guided relaxation videos, and facilitated yoga classes.
Guided activities are of varying lengths (approximately 7-24
minutes long) and are presented in video and podcast format.
Please see Multimedia Appendix 1 for example screenshots.
On March 1, 2020, the Gro Health app was updated to include
education around minimizing the risk of infection and spread

of COVID-19, in response to the feedback received from app
users. The education syllabus is detailed in Table 1. The digital
platform also provides digital tools for self-monitoring data
activity (eg, steps and distance), body weight, blood pressure,
heart rate, mood, food intake, body weight, and blood glucose
levels. Participants can converse with coaches should they have
questions and speak to peers in a moderated peer-to-peer
community. Weekly automated feedback is provided to users
based on their use of the program through email notifications,
and participants are notified weekly to engage within the app.
Prior studies demonstrate that peer support may help prevent
stress and burnout, anxiety, and symptoms of depression [40-43].
The platform uses artificial intelligence to facilitate conversation
and social support within the peer-to-peer support community
by presenting community discussions to users that match their
interests and demographics, including age, gender, and their
self-selected goal.

Table 1. Syllabus of the COVID-19 educational program within the Gro Health app.
Module number Title

Learning objectives

1

Safety notes

To ensure appropriate clinical safety context is provided and understood

2

Introduction to COVID-19

To understand what COVID-19 is, its origins, and current understandings

3

Symptoms of COVID-19

To define the symptoms of COVID-19 with the latest available evidence.

4

How to stay safe and prevent contracting and
spreading the virus

To understand the protocol around social distancing

5

Washing your hands

To ensure washing hands is efficient and being completed often with the most
effective technique

6

What to do if you feel unwell

To understand the latest protocol for illness during the COVID-19 pandemic

7

If I get infected with coronavirus, will I get better? To share the latest available information about the COVID-19 pandemic, in
particular the recovery rates

8

What to do if you need to go to hospital or see a
doctor

To understand the latest protocol for hospital or doctor appointments during the
COVID-19 pandemic

9

Living in self-isolation

Creating a routine to support social distancing while self-isolating (eg, food delivery services)

10

Managing stress

Understanding steps that can be taken to minimize stress levels during the
COVID-19 pandemic

11

Mindfulness

Utilizing mindfulness-based practices to support well-being

12

Mental well-being

Understanding steps that can be taken to support mental and emotional wellbeing during the COVID-19 pandemic

13

What is meditation?

Understanding what meditation is and how it could be incorporated into a daily
routine

The content and strategies used in the program are reviewed by
primary care physicians and built off prior research and theory
[21]. The program encourages participants to select a goal on
registration (eg, lose weight, improve fitness, healthier life for
family, reduce stress, improve dietary choices, be happier, and
improve a health condition). Participants are periodically
prompted to consider how close they are to attaining their goal.

Study Design
The study used a quasi-experimental research design consisting
of an open-label, single-arm, pre-post intervention. Ethics
approval was obtained from the Royal Holloway, University of
London ethics review board. Participants were not paid for their
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participation and accessed the Gro Health app for free.
Participants downloaded the app and agreed to terms of service
and privacy policy of the Gro Health app, which included
consent to use anonymized data for research purposes. Minimal
de-identified user data required for the analyses were collected.

Study Participants
We collected a convenience sample of 347 participants aged
22-70 years (mean 49.6, SD 9.24 years) who signed up on the
Gro Health app between February 26, 2020, and March 27,
2020. Just over half of participants were female (162/273,
59.3%). All participants were based in the United Kingdom. A
total of 40.3% (110/273) of them had full-time employment,
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68.1% (186/273) were White, and 80.2% (219/273) reported
being obese. An a priori power analysis using G*Power (version
3.1; Heinrich-Heine-Universität Düsseldorf) indicated that a
sample size of 270 people would be sufficient to detect a
medium effect size (r=0.3) with 80% power, using a linear
bivariate regression with α=.05. Thus, our proposed sample

size of N=347 was more than adequate for detecting an effect
of the linear predictor (well-being engagement) separately based
on the outcomes of PHQ, GAD-7, and PSS score changes.
See Table 2 for baseline characteristics and Figure 1 for the
participant flowchart of the study. At the baseline, participants’
mean age was 49.6 (SD 9.2) years.

Table 2. Baseline characteristics of study participants (N=347).
Characteristic

Value

Age (years), mean (SD)

49.6 (9.2)

Gender, n (%)
Male

111 (40.7)

Female

162 (59.3)

Employment, n (%)
Full-time employment

110 (40.3)

Part-time employment

65 (23.8)

Retired

82 (30)

Student

1 (0.4)

Unemployed

15 (5.5)

Figure 1. Participant flow chart used for this study.

Study Measures
Upon sign-up (baseline), participants (ie, app users) were asked
to report their age, gender, health goal, and diagnosis of any
pre-existing health conditions. They were also asked to complete
https://formative.jmir.org/2021/10/e31273
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the following scales: GAD-7, PHQ-9, and PSS. At 12 weeks,
participants were asked to complete the same scales again, in
the same format. User engagement with the Gro Health app was
monitored and recorded as the total number of minutes of active
engagement with the app across the 12-week study period. Of
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the 347 participants that provided full baseline data, 273
(78.67%) completed the follow-up surveys at 12 weeks.

Statistical Analyses
Analyses were performed using the SPSS software (version
22.0; SPSS Inc). First, paired-sample t-tests were performed to
compare mean changes in the three outcome measures (ie,
anxiety, depression, and perceived stress), as measured by
GAD-7, PHQ-9, and PSS, respectively, between the baseline
and the 12-week follow-up. Second, a linear regression analysis
was used to calculate how in-app engagement in the well-being
function of the app (recorded in minutes) predicts participants’
change in mental health status, as well as changes in anxiety,
depression, and perceived stress scores. Change scores for
anxiety were calculated by subtracting follow-up anxiety scores
from baseline anxiety scores, with a positive calculated score
indicating a reduction in anxiety. Change scores for depression
and stress were calculated in the same way. To control for
potential effects of demographics and other health-related
variables, age, gender, and COVID-19 self-diagnosis were
included in the regression as control variables. Occupation status
and ethnicity, included as multicategorical variables, were used
as factors in one-way analysis of variance (ANOVA) with the
three outcome measures. Bonferroni posthoc tests followed up
any significant effects. Relevant statistical assumptions were
assessed prior to the analysis. The normal distribution of the
outcome measures was met, indicating the data was suitable for
parametric analyses. Additionally, the assumptions of
independence and normal distribution of residuals, linearity,
and homoscedasticity were tenable, meaning the data were
appropriate for a linear regression analysis.

Results
Overview
Of the 273 study participants who completed both the baseline
and follow up surveys, 12.1% (n=33) reported that they had
received a positive diagnosis of COVID-19. App engagement
was measured through total minutes of use, an analytic indicator
used in prior studies to evaluate the effective engagement of
digital health apps [44,45]. The mean number of engaged
minutes with the well-being function of the Gro Health app was
36.74 (SD 25.9) minutes, as recorded during the 12-week study
period.
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Changes in Depression
Across the 12-week study period, there was a statistically
significant change in PHQ-9 scores (reduction in score: mean
2.33, SD 2.97), which is a 32.95% reduction from the baseline
mean score of 7.07 (SD 4.62) to the follow-up mean score of
4.74 (SD 3.82) (t272=15.6; 95% CI 2.04, 2.63; P<.001).
As shown in Figure 2, a positive relationship exists between
well-being engagement and change in PHQ-9 scores. This
observation suggests that individuals who engaged for more
time with the app also experienced the greatest reduction in
markers of depression. A simple linear regression was calculated
to predict participants change in PHQ-9 scores based on
well-being engagement, while controlling for demographic and
health-related variables. Demographic variables (eg, age and
gender) and health-related variables (eg, COVID-19 diagnosis)
were first entered into the model as controls, with Gro Health
app engagement entered into a separate block as the predictor
variable. The final model significantly accounted for 19.5% of
the variance in PHQ-9 change scores (R=0.442; R2=0.195;
F1,271=10.74; P<.001). Well-being engagement significantly
positively predicted PHQ-9 change scores (β=.378; t271=6.8;
95% CI 0.026-0.046; P<.001), and it accounted for 14% of
variance in PHQ-9 change scores when controlling for the
demographic and prior COVID-19 diagnosis. For every
additional minute of engagement with the app, PHQ-9 change
scores increased by B=0.036 (unstandardized beta coefficient),
implying that participants’ depression levels decreased when
using the app.
A second linear regression was conducted to evaluate whether
well-being engagement could predict PHQ-9 change scores in
participants with higher levels of depression (n=50), that is,
among app users with scores ≥12 [38]. The regression indicated
that similar to the previous analysis, well-being engagement
significantly positively predicted PHQ-9 change scores (β=.488;
t48=3.654; 95% CI 0.021-0.073; P<.001) and that it accounted
for 21% of variance in PHQ-9 change scores, when controlling
for the demographic and prior COVID-19 diagnosis. For every
additional minute of well-being engagement with the app,
PHQ-9 change scores changed by B=0.047, meaning participants
with higher engagement levels within the app saw a greater
improvement in their PHQ-9 scores.
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Figure 2. Scatter plot showing correlation between total time of engagement with the well-being function of the Gro Health app and pre-post test
difference in PHQ-9 scores. PHQ-9: 9-item Patient Health Questionnaire.

Changes in Anxiety
Across the 12-week study period, there was a statistically
significant change in GAD-7 scores (reduction: mean 2.18, SD
2.26), which is a 31.82% reduction from the mean baseline
score of 6.85 (SD 3.25) to the mean follow-up score of 4.67
(SD 3.08) (t272=15.9; 95% CI 1.91-2.45; P<.001).
As can be seen in Figure 3, a positive relationship exists between
total minutes of app engagement and change in GAD-7 scores,
suggesting that, as expected, those individuals who engaged
more with the app were also those who experienced a greater
reduction in anxiety levels.
A simple linear regression was performed to predict participants
change in GAD-7 scores based on Gro Health app engagement,
while controlling for demographic and health-related variables.
As before, demographic and health-related variables were
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entered into the model first, followed by the Gro Health app
engagement data. The final model significantly accounted for
11.9% of the variance in GAD-7 change scores (R=0.345;
R2=0.11.9; F6,272=5.977; P<.001). Gro Health app engagement
significantly positively predicted GAD-7 change scores (β=.287;
t271=4.938; 95% CI 0.015-0.035; P<.001), and it accounted for
8% of variance in GAD-7 change scores, while controlling for
the demographic and prior COVID-19 diagnosis. For every
additional minute of engagement with the app, GAD-7 change
scores increased by 0.025, implying that participants’ anxiety
levels decreased when using the app. COVID-19 self-diagnosis
(β=.137, t271=–2.3; 95% CI 0.138-1.772; P<.001) predicted
change in GAD-7 scores. Individuals self-diagnosed with
COVID-19 had greater reduction in anxiety scores (measured
by GAD-7: B=0.955) after app engagement than those who
were not self-diagnosed with COVID-19.
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Figure 3. Scatter plot showing correlation between total time of engagement with the well-being function of the Gro Health app and pre-post test
difference in GAD-7 scores. GAD-7: 7-item Generalized Anxiety Disorder scale.

Changes in Perceived Stress
Across the 12-week study period, there was a statistically
significant change in perceived stress scores (mean 4.13, SD
3.03), which was a 23.95% reduction from the mean baseline
score of 17.24 (SD 3.43) to the mean follow-up score of 13.11
(SD 2.87) (t272=22.4; 95% CI 3.77-4.5; P<.001).
As described in Figure 4, a positive relationship exists between
the total minutes of app engagement and change in PS scores,
suggesting that, as predicted, those individuals who engaged
more with the Gro Health app were also those who experienced
a greater reduction in their stress levels.
A simple linear regression was performed to predict participants’
change in perceived stress scores based on Gro Health app
engagement, while controlling for demographic and
health-related variables. Similar to the previous analyses,
demographics and prior COVID-19 diagnoses were entered into
the model first, followed by the Gro Health app engagement
predictor. The final model significantly accounted for 49% of
the variance in perceived stress change scores (R=.70; R2=.49;
F6,272=42.61; P<.001). Gro Health app engagement significantly
positively predicted perceived stress change scores (β=.684;
t271=15.461; 95% CI 0.07-0.091; P<.001), and it accounted for
45.8% of variance in PS change scores, while controlling for
the demographic and prior COVID-19 diagnosis. For every
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additional minute of engagement with the app, perceived stress
change scores increased by 0.081, implying that participants’
stress levels decreased when using the app.
A series of one-way ANOVAs were conducted to explore the
potential effect of employment status on changes in PHQ-9,
GAD-7, and PSS scores. The only significant effect found was
for changes in perceived stress scores (F2,270=4.969; P<.01). A
Bonferroni posthoc comparison revealed that change in
perceived stress scores were significantly greater for retired
participants (mean 5, SD 3.07) than for part-time and full-time
individuals (mean 3.78, SD 3.05; P<.01). Therefore, those who
were retired had greater improvements in perceived stress than
presently employed. A series of one-way ANOVAs were
conducted to explore potential differences in PHQ-9, GAD-7,
and PSS changes scores as a function of ethnicity. The only
significant effect found was for changes in PHQ-9 scores
(F3,269=12.5; P<.001). A Bonferroni posthoc test found that
White participants reported a significantly smaller change in
PHQ-9 scores (mean 1.76, SD 2.25) than did participants of
mixed ethnicity (mean 4, SD 1.52; P<.001) and those of Indian
and Asian ethnicities (mean 3.45, SD 2.88; P<.001). Moreover,
participants of mixed ethnicity had the greatest improvement
in depression levels overall. Overall, Gro Health app
engagement had the greatest impact on reducing stress scores
(ie, change in perceived stress scores).
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Figure 4. Scatter plot showing correlation between total time of engagement with the well-being function of the Gro Health app and pre-post test
difference in PS scores. PS: perceived stress.

Discussion
Principal Findings
The results of this study are consistent with prior research on
the use of digital health interventions for mental health, showing
improvements in the symptoms of perceived stress, depression,
and anxiety [46-48]. Over three-quarters (273/347, 78.67%) of
the participants who signed up for the Gro Health app completed
both the baseline and follow-up surveys. There were statistically
significant interactions between app engagement and change in
mental health scores, with the greatest effect observed in
perceived stress scores.
The findings indicate that digital health solutions such as the
Gro Health app that provide mental well-being resources could
be of significant benefit when provided at scale to help address
the growing mental health crises faced by global health services
in the wake of the COVID-19 pandemic [49,50].
Greater changes in perceived stress scores were reported among
participants who were retired compared to the rest of the
population. The results from this study contradict prior evidence
on the differences in employment status during the COVID-19
pandemic on mental health and well-being. Prior research
evaluating employment and mental health during the initial
stages of the pandemic found that compared to their unemployed
counterparts, individuals who were employed at the start of the
pandemic reported lower levels of mental health distress, higher
levels of psychosocial well-being, better overall quality of life,
and lower levels of overall loneliness, social loneliness, and
https://formative.jmir.org/2021/10/e31273
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emotional loneliness [51]. Further research should explore the
variances in impact of this intervention in different employment
groups.
There were differences in the impact of the app on depression
scores between ethnic groups. For instance, individuals of Indian
or Asian ethnicity reported greater improvements in their
depression scores. This may be due to several factors, including
the fact that mindfulness-based approaches may be more
acceptable due to their grounding benefits in Eastern traditions
[52]. Additionally, these results support prior research
demonstrating that to engage people of various cultures and
ethnicities within digital health solutions, they must be adapted
to satisfy individual needs [53].
Individuals self-diagnosed with COVID-19 had greater reduction
in anxiety scores after engaging with the app compared to those
who were not self-diagnosed. Further research should explore
whether the behavior change techniques provided by the app
may help the longer-term mental health crisis that may occur
in the aftermath of the pandemic both among those with a prior
diagnosis of COVID-19 and those living with “long COVID.”

Limitations
Our study has several limitations. We encouraged participants
to engage in guided activities; however, we did not control for
participants using other functionality of the app alongside the
mental well-being tools. We also measured health outcomes
(ie, PHQ-9, GAD-7, and PSS) by using patient self-report, rather
than measuring those through medical records. However,
previous research has found that these self-reported health
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outcomes can be quite close to actual values [54]. Similarly,
patterns of engaged minutes with the app were not analyzed.
Although outside the scope of this study, further analysis should
examine whether patterns of app engagement impact the levels
of change in mental health scores.

effective in managing depression, anxiety, and perceived stress
levels during times of crisis such as the current COVID-19
pandemic. Future studies with 6- and 12-month post-tests will
provide a stronger assessment of the impact of the intervention
on mental health outcomes.

This was not a randomized controlled trial, so we cannot
compare the 12-week results to a control or standard-of-care
group. Therefore, the results of our trial should be interpreted
cautiously because the study used convenience sampling, a
single-arm design, and pre-post self-reported outcomes.
Criticism for convenience sample use includes the lack of
control over potential intervening variables (such as other
stress-mitigating or mental well-being–boosting activities) that
active participants may have been engaging in. Since the sample
is not representative of the population, these results are not
representative of the entire population. The study results have
low external validity. However, a significant proportion of
participants were from hard-to-reach populations (eg, retired,
unemployed, and ethnic groups) or those diagnosed with type
2 diabetes, hypertension, or high cholesterol. Individuals with
these health conditions are more at-risk of COVID-19 and its
complications, which makes this sample of particular interest
[55].

Further research should explore the most appropriate
mechanisms by which such digital health interventions can be
scaled to help manage and mitigate the mental health demands
that will inevitably follow a global pandemic of the magnitude
of COVID-19 [49,50]. Additional research should also evaluate
the use of the intervention in patients diagnosed with
long-COVID. Emerging evidence suggests 20% of patients
diagnosed with COVID experience symptoms of long COVID,
including anxiety, breathlessness, and fatigue [56]. Furthermore,
studies should explore whether the behavior change techniques
recommended by the Gro Health app could also help alleviate
the symptoms or burden of long COVID.

The sample contained 33 participants who self-reported a
COVID-19 diagnosis. As the research context is set in the
pandemic, analysis of covariance (ANCOVA) was conducted
to evaluate whether app use had a greater effect on those who
had COVID-19. Mixed results were obtained from these
analyses. When app engagement time was controlled, a
statistically significant difference was observed with regard to
GAD-7 scores (P=.004) between the two groups, but not with
regard to PHQ-9 and PSS scores.
Despite several limitations, the study suggests a digital platform
that provides remote mental well-being support can be extremely

Although our design does not support causal conclusions, further
research should investigate the particular in-app guided activities
that might have an impact on users’ perceived stress, depression,
and anxiety scores. In addition, it is important to conduct further
research into identifying for which participants self-guided
digital interventions may be sufficient in supporting mental
well-being, and those who may need triaging to receive
additional face-to-face or intensive support.

Conclusions
A digital platform providing remote mental well-being support
(Gro Health) can be effective in managing depression, anxiety,
and perceived stress during times of crisis, such as the current
COVID-19 pandemic. Further research should investigate how
best to implement such digital health solutions at scale to
mitigate the burden on national health services during
pandemics.
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Abstract
Background: There is limited evidence in Africa on the design and development of mobile health (mHealth) applications to
guide best practices and ensure effectiveness. A pragmatic trial for HIV pre-exposure prophylaxis roll-out among key populations
in Tanzania is needed.
Objective: We present the results of the development of a mobile app (Jichunge) intended to promote adherence to pre-exposure
prophylaxis (PrEP) among men who have sex with men (MSM) and female sex workers (FSW) in Tanzania.
Methods: A participatory design approach was employed and guided by the information system research framework. MSM
and FSW were the target populations. A total of 15 MSM and 15 FSW were engaged in the relevance and design cycles, while
the piloting phase included 10 MSM and 20 FSW.
Results: The relevance cycle enabled the description of the existing problem, provided the compatible app features for the target
population, and identified the need to develop an mHealth app that provides health services in a stigmatizing and discriminating
environment. User involvement in the app’s design and evaluation provided an opportunity to incorporate social, cultural, and
community-specific features that ensured usability. In addition, the participants suggested valuable information to inform the
app, text message services, medication registration, and chat platform designs.
Conclusions: The participatory design approach in the development of mHealth apps is useful in identifying and validating
population-specific functional features, improve usability, and ensuring future health impacts. Through this participatory process,
the Jichunge app took end-user needs, perspectives, and experiences into account, eliciting enthusiasm regarding its potential
role in supporting pre-exposure prophylaxis adherence for HIV and related behavioral change promotion.
Trial
Registration:
International
Clinical
Trials
Registry
Platform
PACTR202003823226570;
https://trialsearch.who.int/Trial2.aspx?TrialID=PACTR202003823226570
(JMIR Form Res 2021;5(10):e23204) doi:10.2196/23204

https://formative.jmir.org/2021/10/e23204

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 10 | e23204 | p.70
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Mauka et al

KEYWORDS
mHealth application; participatory design; HIV; pre-exposure prophylaxis; Africa; female sex workers; sex and gender minorities

Introduction

[22], mHealth apps offer an opportunity to promote adherence
to PrEP in the country.

As part of a pragmatic trial in Tanzania, this paper describes
the process of developing a mobile health (mHealth) application
to improve adherence to pre-exposure prophylaxis (PrEP)
against HIV among men who have sex with men (MSM) and
female sex workers (FSW).

The reported increase in mobile apps usage for health calls for
the documentation of best practices in the development process
of these interventions. Such evidence can guide future
development and increase the effectiveness of mHealth apps in
promoting health. Various development approaches have been
evaluated in Asia and the United States, several of which have
underlined the critical importance of end-user involvement in
the design and development process [23-25]. End-user
involvement is paramount when developing mHealth apps
targeting populations that face a high level of stigma and
discrimination, such as MSM and FSW. While mobile apps
have increasingly come into use among stigmatized and
criminalized people in sub-Saharan Africa, there is limited data
on the development process to inform best practices in the region
and among these populations [26]. This paper aims to present
the development process of an mHealth app (Jichunge app) for
PrEP adherence among MSM and FSW in Tanzania.

Over the last decade, there has been a steady increase in global
mobile phone ownership, including sub-Saharan Africa, which
has led to remarkable growth in mobile device use in curative
and preventive health care service delivery [1,2]. Short
text–based messaging was the mainstay of mobile health
communication in the past. However, smartphone applications
with increased functionality have become more commonplace
in recent years. They have been used to prevent disease and
promote health, including sexual and reproductive health [3-7].
mHealth apps have been reported to be useful in disease
self-management, customized to clients’ and local needs, and
providing on-demand interventions as well as communitywide
health promotion [8,9].
Among other things, mHealth apps have been used to improve
drug adherence in HIV care by reminding clients to take a
particular medication, providing health education, and
counseling and services [10-12].
A systematic review on mHealth apps in low-income and
middle-income countries has reported increased use of various
apps focusing on patient care, supporting the health system, and
general population health [13,14].
In 2015, the World Health Organization recommended PrEP
for HIV prevention among at-risk populations [15]. Like other
parts of the world, poor adherence to medication among the
high-risk population has been a significant challenge to
implementing PrEP intervention in Africa [16-18]. In 2018,
Tanzania initiated plans for a PrEP roll-out, but suboptimal
adherence due to stigma, stock shortages, forgetfulness in taking
daily pills, or attending clinics for medication refills pose a
challenge to its effectiveness [19,20].
Since more than half of the mobile subscribers in Tanzania have
access to the internet [21], and social network usage is common
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Methods
Design
A participatory design approach guided by a framework
reminiscent of the information system research framework (ISR)
was employed in the Jichunge app development [27]. ISR
emanates from design science and system engineering
commonly used to develop complex information systems [28].
The framework urges end-users' greater inclusion and active
participation in designing and evaluating application systems
[23,29]. The ISR framework consists of three overarching user
participatory design cycles. The relevance cycle determines
end-user requirements; the design cycle involves prototype
development and evaluation; the rigor cycle focuses on assessing
underpinning theories (Figure 1). This paper focuses on the
relevance and design cycles that are critical in end-product
acceptability and usability. Therefore, user involvement was
paramount in these undertakings. We supported end-user
involvement in the conceptualization, design, and testing by
considering their views, perspectives, comments, and
suggestions at different levels of the participatory continuum
[30].
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Figure 1. The information system research framework. KB: Knowledge Base.

Population
MSM (men who regularly or occasionally have sex with men)
and FSW (women who exchange sex for money or goods) living
in Dar es Salaam, Tanzania, participated in this study as
members of the target population or end-users. Eligibility
involved being at least 18 years and a resident of Dar es Salaam,
the largest metropolitan city in Tanzania. The resident was
defined as having an address and having lived in the city for
the past 6 months preceding the study.
Additionally, at each stage of development, the app was
reviewed by a team of experts in HIV behavior and research in
key populations. The prototype evaluators involved a
multidisciplinary team consisting of PhD students, medical
researchers, epidemiologists, biostatisticians, public health
specialists, and clinical research coordinators.

Participant Sampling and Recruitment
Purposive sampling was used to enroll members of the target
population (participants) into the study. Based on the
investigators' previous knowledge of working with the target
populations, participants were recruited based on their potential
to provide rich information on the issues related to PrEP use,
challenges, and opportunities. Moreover, different strata of the
population by age and geographical location in the city, mobile
phone ownership, leadership position within target population
grassroots organizations, and economic structures were critical
in providing diverse views on PrEP and mobile phone use to
address health challenges among the target population.

Development Process
Relevance Cycle
The study gathered and synthesized information related to the
Jichunge app's relevance to the target populations through the
relevance cycle step. Firstly, the investigators consulted
members of the target populations for problem definition and
justification of the app's relevance, including need and potential
challenges. End-users’ consultation aimed to explore their views
https://formative.jmir.org/2021/10/e23204
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on adherence to PrEP and whether a mobile app would be
relevant in addressing those challenges. Secondly, using
investigators' experience working with these population
subgroups [31-34], a detailed and appropriate literature review
was conducted to validate the challenges in PrEP adherence
raised and explore the proposed Jichunge app's needs to address
PrEP adherence among the members of the target populations.
Furthermore, researchers reviewed literature on mobile phone
access and usage involving the target population, using available
social media platforms to inform the design and assess future
application challenges and opportunities.

Design Cycle
Creating an App Prototype
In creating the app prototype, consultation with target
populations led to the consideration of developing an app that
accommodates both iOS and Android smartphone operating
systems available in Tanzania. Due to the potential for limited
mobile data among the key population, users recommended
developing an application that allows access to app features
such as notification messages (reminding them to take their
medication) even in the absence of mobile data. Similarly, the
app should enable the client to register daily pills taken for drug
adherence, monitoring, and virtualizing the pill calendar even
when the user lacks mobile data. An app's development with
these innovations was led by a company based in Norway with
vast software development experiences [35].
Stage I of Testing the Prototype and Modifications:
Prototype Preliminary Reviews
The initial prototype was installed into investigators’ mobile
phones as a demonstration version with the essential functions.
Next, the investigators reviewed the various app functionalities
and evaluated their relevance per planned use among the
intended study populations.
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Stage II of Testing the Prototype and Modifications: Target
Populations Design Inputs
Various external outlooks and logos were designed (Figure 2)
and shared with 15 members from each end-user group (MSM
and FSW) in informal, exploratory individual and small group

Mauka et al
discussions. The participants were FSW and MSM with a mean
age of 26 years (IQR 20-48), the majority (18/30; 60%) had
completed primary school, and 6.6% (2/30) had a college
diploma. In addition, most of the participants (21/30; 70%) were
self-employed.

Figure 2. Proposed and designed logos.

User involvement at this design stage aimed to receive user
perspectives, ensure their needs are met, and explore anticipated
challenges to inform the app design. End-users’ discussion
topics in small groups included the app name, layout, and
functions. Figure 3 illustrates the sample outlooks and app name

https://formative.jmir.org/2021/10/e23204

XSL• FO
RenderX

as proposed by end-users. All suggestions provided by the
end-users were submitted to the software developer for app
modification. The intended outcome was to develop an outlook
and application name, which is original, user-friendly, and
stigma and discrimination-free.
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Figure 3. Previous outlook and name of the app. PrEP: pre-exposure prophylaxis.

Rigor Cycle
Piloting of the Jichunge App
The pilot was carried out in Dar es Salaam, where the app will
be rolled out and evaluated. FSW and MSM end-user
populations were recruited through their peers to participate in
the app's piloting phase.
We conducted 2 focus group discussions (FGD) before and after
using the app to explore participants’ perceptions, experiences,
and challenges associated with using the Jichunge app. The
FGDs involved 20 members of the HIV at-risk populations (10
FSW and 10 MSM). The participants' median age was 27 years
(IQR 21-44), the majority (12/20; 70%) had completed primary
school, and 65% (13/20) were self-employed. Two PhD students
led the FGDs, one as a facilitator and the other as a notetaker.
A demonstration of the app’s functionalities and operations was
performed for the users, and they were later invited to discuss
those functionalities, including expectations regarding the app
use. Each of the FGDs took an average of one hour.
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Following the FGDs, the Jichunge app was provided to the
participants. The app is only available by invitation to ensure
that only the target populations can access it and maintain
confidentiality. Participants were registered in the web-based
portal during the installation, using their mobile phone numbers
as illustrated in Figure 4. The installation process took 10 to 20
minutes, depending on the phone type and internet connectivity.
After installation, participants were given 2 weeks to use the
app, and they had the opportunity to communicate with a doctor,
one of the researchers, and a designated peer educator. During
this period, they were also able to consult the research team and
the software company.
At the end of the second week, participants were invited for the
second round of FGDs. Two FGDs, one for MSM and one for
FSW, were conducted. Discussions focused on their experiences,
perspectives, and challenges regarding using each of the app’s
functionalities and features. Suggestions for improvement were
also presented to the software developer for improvement.
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Figure 4. Jichunge app web-based admin portal.

Usability Measures
The usability was quantitatively measured through user statistics
of various app features recorded in the app web-based server.
Data were extracted from the web-based server into Microsoft
Excel, then entered into Stata (version 13.1; StataCorp) for
analysis. The mean number of visits to each of the 9 app features
per day was estimated and used to measure and monitor the
app's usability.

Data Analysis
All qualitative data from FGDs and informal exploratory
discussions were done in Swahili, the language spoken by all
Tanzanians. Data from FGDs were recorded and transcribed
verbatim. Field notes were taken during the exploratory
individual or small group discussions. Data were later translated
to the English language before conducting a content analysis.
We applied an open coding approach during the initial data
collection stage, where emerging subthemes were identified.
Various emerging and related subthemes were subsumed into
broader themes relevant to the app's design, functions, and
usability. These themes were later summarized and discussed
by at least 2 researchers. Relevant quotes for each of the themes
were summarized and used in the manuscript. Descriptive
analysis was done for quantitative data. Proportions were
calculated for categorical variables, and mean or median were
estimated for continuous variables as deemed appropriate. The
study was approved by the National Health Research Ethics
committee, Tanzania (NIMR/HQ/R.8a/Vol.IX/3454).
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Results
Relevance Cycle
The results are presented based on the ISR framework cycles
adopted in the Jichunge app development process. End-users’
consultation revealed that the high demand for developing and
implementing innovative approaches that can assist key
populations in health-related matters, including improving
uptake and adherence to PrEP. Members of the target population
enthusiastically received the idea and expressed their willingness
to support such development. Users indicated the need to have
a culturally and legally sensitive application that would provide
anonymity and safety and yet offer a high level of desired
functions to accommodate such anonymity. Following users’
suggestions, the investigators proposed indistinct terms to label
the target population groups in the app. The literature review
indicated limited access to health services among HIV at-risk
populations, including FSW and MSM in the African setting
[33]. Access to health information and services among these
populations in mainstream public health facilities is associated
with many difficulties due to stigma and discrimination. Poor
adherence to PrEP among at-risk populations was also reported
and threatened the effectiveness of this preventive intervention
[26,34,36].

Jichunge App Main Functionalities
The final prototype of the Jichunge app has 10 various
functionalities or features, as presented in Textbox 1. The
outlook of the app features to the users is displayed in Figure
5. The Jichunge app can provide information on the participant’s
level of adherence to daily PrEP pills, allow gamification and
winning of prizes, register pills taken, allow setting up of timed
JMIR Form Res 2021 | vol. 5 | iss. 10 | e23204 | p.75
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user, provide a platform for real-time communication between
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the user with a peer educator or a health care worker, provide
health education, and allow participation in various quizzes.

Textbox 1. A summary of the Jichunge app’s main functionalities. PrEP: pre-exposure prophylaxis.
Levels and points: Shows a person’s level of adherence per month.
Gamification: Provides a virtual view of the medication registration progress and displays a winning trophy that automatically enters the user in
gamification, allowing them to win various prizes, including mobile airtime, data, and others.
Drug registration: The user registers each time they take the medication for records.
Medication time reminder: The user can set up a personal time to be reminded to take the medication daily.
Notification: It notifies the user to take and register the medication per the medication reminder.
Communication with peers (WhatsApp feature): It offers the users an opportunity to communicate in real-time with a trained peer educator about
PrEP and other health service-related opportunities and challenges. They are also able to discuss different social issues of relevance to the key population
for HIV.
Communication with a health care provider (WhatsApp): It offers users an opportunity to communicate in real-time with a health care provider
(doctor) on PrEP and other health-related issues.
Discussion forum (chat room feature): A platform where users can chat with peers anonymously using autogenerated aliases.
Educational materials (WordPress feature): The Jichunge app will contain educational documents and pictorial presentations providing information
on learning about PrEP and common questions regarding PrEP. This platform provides users with information on PrEP-related issues.
Jichunge quiz: Users can take a quiz and have a chance to win airtime.

Figure 5. Final outlook and functionalities of Jichunge app. PrEP: pre-exposure prophylaxis.
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Rigor Cycle
Participants’ Reported Experiences Using the Jichunge
App
Overall, participants expressed their satisfaction with the
Jichunge app and expressed their readiness to continue app use.
Some reported having proposed the app’s usefulness to their
peers who were not part of the pilot study. Participants praised
the reminder messages as being extremely useful. Even if they
did not have internet connectivity or airtime to receive the
message, one participant stated:
I have never received the message but, since I like to
use the phone, once I see the app’s logo, I remember
to take medicine. [FSW FGD, participant 1]
Access to educational content about PrEP and other HIV-related
information was of most interest to the participants. In addition,
the app served as a reference and source of information
whenever misunderstandings among members of the at-risk
population arose.
…I learn and know more about PrEP, you find many
things, considering there are things we are asked in
the group. If there is a question that has been asked
and you don’t know the answer, you go there (into
the app), check, and come back to tell your
colleagues. [MSM FGD, participant 1]
Both MSM and FSW were excited about the app. They reported
that the outlook (logo) of the app, its features, and built-in
anonymity (members only) make it secure and confidential,
protecting their discussions and identities. An FSW from the
FGD narrated.
…This is going to keep our secrets because they will
not be able to just get it like eh! this WhatsApp. For
us, it looks like a baby app, the logo leaf, we are
mothers, so this is good and secretive. [FSW FGD;
participant 6]

Mauka et al
Users who provided feedback generally expressed positive
attitudes and acceptability of the app design and functions.
Suggestions for app improvement included redesigning the
discussion forum to match the WhatsApp platform, with which
many study participants were acquainted. Users also had some
suggestions on the features that should be improved, including
the appearance of chat forums on its appearance and showing
current online users.
…This discussion forum is not somehow
appealing…Once you enter, you should at least know
how many are online…Sometimes you don’t see the
message of other people. [MSM FGD, participant 3]
Moreover, users proposed changes in the gamification score
indicators to resemble everyday objects in their environments,
such as a ladder, speedometer, or a trophy used in football
games. End-users endorsed the app's name, Jichunge, a Swahili
word meaning “protect yourself.” Population-specific and
sensitive language translation from English to Swahili
(Tanzania’s national language) was also incorporated in the
app.

Usability Measures
The Jichunge app pilot study recorded 68 pill registrations
during the first 7 days, and on average, half of the users (10/19,
52%) registered the medicines taken per day. A third of the
users (6/19, 31.6%) had complete registration of their daily pill
taking. There were variations in daily pills registrations among
the 19 participants, with 6 (31.6%) registering during the first
day and 12 (63.2%) on the second day, followed by 8 (42.1%),
11 (57.9%), 10 (52.6%), 11 (7.9%), and 12 (63.2%) during
subsequent days (Table 1). The users used, on average, 1 out
of 9 app features per day. The features visitation rates were
highest for WhatsApp (100/270, 37.0%) and WordPress
(102/270, 37.8%). WhatsApp’s platform provided secure
communication with a peer educator or a doctor, while
WordPress contained educational materials about PrEP (Figure
6).

Table 1. Number of pill registrations per day during the first week of February 2020.
Day

Pill registrations per day (N=19), n (%)

1

6 (31.6%)

2

12 (63.2%)

3

8 (42.1%)

4

11 (57.9%)

5

10 (52.6%)

6

11 (57.9%)

7

12 (63.2%)
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Figure 6. The number of App features used per day 3-10 February 2020 (N=270).

Discussion
Main Findings
This paper presents results from a participatory design approach
in developing the Jichunge mobile app to improve adherence
to PrEP among MSM and FSW in Tanzania. The app includes
various functionalities that encourage not only adherence to
PrEP but also HIV preventive behaviors. The final version of
the application offers 10 unique features, as presented in
Textbox 1. The development process, focusing on the relevance
and design cycles of the ISR framework, ensured optimal
end-user participation in the design and evaluation. MSM and
FSW are stigmatized and discriminated against in the
sub-Saharan region and Africa as a whole. Their behaviors are
deemed illegal, limiting access to population-specific health
services [26,34,36]. Therefore, innovative approaches are needed
to facilitate access and adherence to health-related services such
as PrEP for HIV prevention. Studies have indicated that mobile
applications developed with adequate consideration of intended
users’ needs and preferences are more likely to be utilized [37].
Hou et al [38] also stressed the importance of user-centered
involvement in developing relevant mHealth apps and ensure
usability. The user participatory approach provides an
opportunity to validate proposed app features and identify
relevant functional features for inclusion in the final design to
ensure effectiveness [27,39]. In the Jichunge app, users provided
https://formative.jmir.org/2021/10/e23204
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critical inputs on the design, including logo, app name, and
features. The participants suggested several modifications, such
as text delivery format, gamification, and improvements in the
discussion forum. A user-accepted outlook (logo) may go a long
way in impacting service use by merely visualizing their phone’s
logo. An appealing logo stresses the importance of a
user-friendly app’s appearance in eHealth and mHealth
technologies [3].
As expected, the high usability of the application was observed
on the daily medicine registration feature. Given that this was
the first time these populations in Tanzania used an mHealth
application, the results are promising. Moreover, they indicate
the potential for future optimal usability. Therefore, an
innovative interactive mHealth application may go a long way
in strengthening access to health information and access to
health services among these populations.
The discussion forum suggested an improvement to include
virtualization of other online members, which was considered
in the final design to provide a sense of community engagement
[40].
Among the lessons learned during the introduction and
onboarding of participants into the app was ensuring wireless
internet connectivity, which reduces participants' internet costs.
Moreover, to ensure that participants have a better opportunity
to learn more about the app, promotional posters, app
functionality fliers, and demonstration videos should be
JMIR Form Res 2021 | vol. 5 | iss. 10 | e23204 | p.78
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considered alongside verbal descriptions [41,42]. Finally, in a
limited resource setting, planning for mobile application
intervention may be hindered by outdated versions of mobile
phones, which may not be compatible with most modern
applications.

Limitations
The results of this study should be interpreted in light of the
following limitations. Firstly, the usability measurement was
done through the number of visits to each feature by the user.
However, we acknowledge that visit statistics for some features,
such as educational resources, may not indicate detailed (quality)
reading. It would be more informative to have measures such
as design layout, comprehension of learning, and application
performance.
Secondly, at both the app design and pilot stage, we had
exploratory interviews with only 30 participants and conducted
2 focus group discussions involving 20 participants. Although
these participants' sociodemographic characteristics did not
differ from that of the user population in the city, we
acknowledge that the participants may not represent the views
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and perspectives of the entire population of FSW and MSM.
We used strategic peer-led recruitment (respondent-driven
sampling) as the recommended recruitment method in
stigmatized, criminalized, and hard-to-reach populations.
Thirdly, the app's reporting of drug use may be affected by a
desirability bias, where people may decide to register treatment
administration without taking the tablet. Similarly, there could
be people who have used the tablet but did not register. As in
many desirability-prone studies, confirmatory measures such
as pill counts and biological markers are recommended and
planned in our future trial using the Jichunge app.

Conclusions
The participatory design approach in mHealth app development
helps assess and cooperate end-users’ experiences and
perspectives and identify potential challenges to guide future
app usability. The Jichunge app accounted for the sociocultural
and legal context of the target populations eliciting enthusiasm
with the potential to impact adherence to PrEP for HIV
prevention and general risk-free behavioral promotion.
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Abstract
Background: Subclinical (ie, threshold) social anxiety can greatly affect young people’s lives, but existing solutions appear
inadequate considering its rising prevalence. Wearable sensors may provide a novel way to detect social anxiety and result in
new opportunities for monitoring and treatment, which would be greatly beneficial for persons with social anxiety, society, and
health care services. Nevertheless, indicators such as skin temperature measured by wrist-worn sensors have not been used in
prior work on physiological social anxiety detection.
Objective: This study aimed to investigate whether subclinical social anxiety in young adults can be detected using physiological
data obtained from wearable sensors, including heart rate, skin temperature, and electrodermal activity (EDA).
Methods: Young adults (N=12) with self-reported subclinical social anxiety (measured using the widely used self-reported
version of the Liebowitz Social Anxiety Scale) participated in an impromptu speech task. Physiological data were collected using
an E4 Empatica wearable device. Using the preprocessed data and following a supervised machine learning approach, various
classification algorithms such as Support Vector Machine, Decision Tree, Random Forest, and K-Nearest Neighbours (KNN)
were used to develop models for 3 different contexts. Models were trained to differentiate (1) between baseline and socially
anxious states, (2) among baseline, anticipation anxiety, and reactive anxiety states, and (3) social anxiety among individuals
with social anxiety of differing severity. The predictive capability of the singular modalities was also explored in each of the 3
supervised learning experiments. The generalizability of the developed models was evaluated using 10-fold cross-validation as
a performance index.
Results: With modalities combined, the developed models yielded accuracies between 97.54% and 99.48% when differentiating
between baseline and socially anxious states. Models trained to differentiate among baseline, anticipation anxiety, and reactive
anxiety states yielded accuracies between 95.18% and 98.10%. Furthermore, the models developed to differentiate between social
anxiety experienced by individuals with anxiety of differing severity scores successfully classified with accuracies between
98.86% and 99.52%. Surprisingly, EDA was identified as the most effective singular modality when differentiating between
baseline and social anxiety states, whereas ST was the most effective modality when differentiating anxiety among individuals
with social anxiety of differing severity.
Conclusions: The results indicate that it is possible to accurately detect social anxiety as well as distinguish between levels of
severity in young adults by leveraging physiological data collected from wearable sensors.
(JMIR Form Res 2021;5(10):e32656) doi:10.2196/32656
KEYWORDS
social anxiety; wearable sensors; physiological measurement; machine learning; young adults; mental health; mHealth; new
methods; anxiety; wearable; sensor; digital phenotyping; digital biomarkers
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Introduction
Background
Social anxiety is a fear of social situations in which the
individual is exposed to possible scrutiny by others [1], and
high levels of social anxiety are associated with a low quality
of life in various domains [2,3]. Even when not clinically
diagnosable (ie, subclinical or threshold social anxiety), it can
greatly affect young people’s lives. Fehm et al [4] showed that
young adults with social anxiety who do not receive treatment
are at risk of developing social anxiety disorder (SAD) and
comorbid mental health problems such as depression, both of
which cause further adverse life impairments [3,5]. SAD is one
of the most common anxiety disorders [6]. One UK study in
2000 [7] revealed that the annual health care cost per person
with SAD was £609 (US $834.59), with annual productivity
losses and social security benefits adding to £1920 (US
$2631.22) per person with SAD, whereas those with SAD and
a comorbidity incurred even higher costs. Nevertheless, many
individuals do not receive treatment owing to limited availability
or lack of awareness of social anxiety among health care
professionals [3,4,8]. Some may not even seek treatment owing
to a fear of being negatively evaluated by health care
professionals [8]. Thus, it is imperative to empower both
individuals and health care professionals in early detection of
social anxiety before it potentially escalates into SAD and other
related problems.
Common methods for assessing social anxiety involve using
subjective measures, usually in a clinical setting. Owing to the
rising prevalence of social anxiety, however, it is becoming
evident that traditional approaches are inadequate and
unsustainable for health care services [4,5,9]. In recent years,
increasing focus has been given to technological advances that
might help in the early detection and subsequent intervention
for anxiety-related problems. In terms of social anxiety,
objective methods used to assess symptoms include monitoring
physiological changes typically caused by anxiety such as an
elevated heart rate (HR), increased electrodermal activity (EDA),
variation in skin temperature (ST), and trembling [1,10-12].
Nevertheless, despite extensive and promising research into
stress and emotion detection based on physiological indices
applicable to social anxiety collected from wearable sensors
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(Table 1), there has been little effort to predict social anxiety
particularly using this approach. This might be ascribed to the
recent shift in attention toward social anxiety reported by
Heimberg and Butler [13], owing to widening of the diagnostic
criteria and leading to a rise in those who fit the criteria for
social anxiety.
Although not without its problems, detection via wearable
sensors has the potential to underpin solutions addressing the
growing needs of individuals with social anxiety and
complement traditional therapeutic approaches. If subclinical
social anxiety could reliably and validly be detected using
wearable sensors, initial treatment could subsequently transition
to digital self-help solutions to aid social anxiety at earlier stages
when treatment is less extensive and costly [7]. Furthermore,
self-help solutions may be a more appropriate method of
treatment as individuals with social anxiety often feel nervous
to seek treatment in clinical settings [8]. Detecting social anxiety
using evidence-based objective methods could also complement
current therapeutic approaches.

Prior Work
Emotion Detection Using Machine Learning
A rise in wearable devices has further enabled researchers to
investigate methods for the detection of emotion and stress
states [14,15], with many studies reporting high-accuracy
detection levels (Table 1). To detect emotional states using
physiological data, researchers have executed data collection
experiments that invoke the state to be detected, with tasks
including hyperventilation and watching emotional films
[16,17].
After data collection, a supervised machine learning (ML)
approach is commonly used owing to the classification nature
of the investigations [16-18]. In supervised ML, the training
data are labeled in accordance with the correct class as the
classification algorithms learn by example. Table 1 shows an
overview of ML approaches focusing on emotion and stress
detection. The most dominant and successful algorithm in
studies involving recognition of states using physiological data
is Support Vector Machine (SVM). Classifiers such as Decision
Tree, Random Forest, and K-Nearest Neighbours (KNN) have
also been frequently used and are reportedly effective.
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Table 1. Studies on the recognition of emotion and stress states by using physiological indicators.

a

Study

Classification algorithms

Physiological data

Detection

Reported accuracy, %

[16]

SVMa, Decision Tree, KNNb, Naïve Bayes, Random Forest, Neural Network, Zero K

HRc, STd, EDAe

Stress

65.8-100%

[18]

SVM

EDA, BVPf, PDg

Stress

57.1-80%

[19]

SVM, Decision Tree, KNN, Naïve Bayes

EDA, BVP, PZTh, EEGi, ECGj, EMGk Emotion

17-91.3%

[20]

SVM

BVP, ST, EDA, PD

Stress

61.5-90.1%

[21]

KNN

HRVl

Stress

79.2-94.6%

SVM: Support Vector Machine.

b

KNN: K-Nearest Neighbours.

c

HR: heart rate.

d

ST: skin temperature.

e

EDA: electrodermal activity.

f

BVP: blood volume pulse.

g

PD: pupillary distance.

h

PZT: piezoelectric response.

i

EEG: electroencephalogram.

j

ECG: electrocardiogram.

k

EMG: electromyography.

l

HRV: heart rate variability.

Physiological Indicators of Social Anxiety
Classical psychological experiments commonly use impromptu
public speaking tasks to elicit a social anxiety response
[1,11,22,23]. These experiments are often split into stages that
measure three responses: baseline, anticipatory, and reactive
anxiety (where the nature of the speaking task is announced
beforehand to provoke an anticipatory anxiety response)
[1,11,23]. In conjunction, respondents are typically asked about
their anxiety levels through self-reports [24]. Although
self-reports are an important way of gauging individual
perceptions of social anxiety, this approach is not without its
problems, including a high level of subjectivity.
A more objective way to measure social anxiety is using
physiological indicators. Social anxiety activates the sympathetic
nervous system (SNS) [25]. HR and ST are modulated by both
the parasympathetic nervous system (PNS) and SNS divisions
of the autonomic nervous system (ANS), whereas EDA is
modulated by the SNS alone. Therefore, EDA, HR, and ST are
seen as markers of SNS activation and can be considered as
potential indicators of social anxiety [26-29].
Studies investigating physiological responses to social anxiety
further illustrate the potential to use EDA, HR, and ST as
indicators [10-12]. Despite the potential for these indicators,
however, their responses are complex, and a few studies have
indicated minor differences in SNS arousal for individuals with
social anxiety compared to control groups [22,23,30].
Furthermore, although ST has been explored as a social anxiety
marker [12], wrist ST measurements have not been explored
systematically. To our knowledge, this is the first study to
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explore wrist ST as an indicator of experimentally induced
social anxiety.

Research Aims and Objectives
This study aimed to investigate whether social anxiety in young
people with subclinical social anxiety can be detected using
physiological data (based on HR, ST, and EDA) recorded from
an existing multi-sensor wearable. The study aims to explore
if models can be trained to differentiate (1) between baseline
and socially anxious states, (2) among baseline, anticipation
anxiety, and reactive anxiety states, and (3) between social
anxiety among individuals with social anxiety of differing
severity. This study also aims to explore the predictive capability
of the singular modalities.

Methods
Recruitment
Young adult participants were recruited using posters around
Imperial College London. The initial sample comprised 13
individuals who self-identified as shy or socially fearful. An
exclusion criterion was created to ensure that only young adults
with subclinical social anxiety were recruited, as described in
Figure 1. To assess participants’ social anxiety levels, the
self-reported version of the Liebowitz Social Anxiety Scale
(LSAS-SR) was initially used (mean 64.33, SD 13.12, range
38-80). In total, 13 individuals attended the experiment. One
participant who showed up for the experiment was known to
the experimenter and had their data subsequently excluded
owing to likely bias. The final study sample thus comprised 12
participants (58% female; mean age, 19.75 years, SD 1.76 years;
67% Asian, 25% White, and 8% Mixed race).
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Figure 1. Flow diagram explaining the study recruitment process. LSAS-SR: self-reported version of the Liebowitz Social Anxiety Scale, SAD: social
anxiety disorder.

Measures

avoidance subscales were .69 and .69, respectively, with an
overall Cronbach α of .83.

LSAS-SR

Social Phobia Screening Questionnaire

We used the self-report version of the LSAS-SR owing to its
well-established validity and reliability in a large amount of
previous literature [24]. The LSAS-SR allows for the
classification of individuals into differing severity groups, as a
higher overall LSAS-SR score is seen to correspond with greater
social anxiety severity [24,31]. Furthermore, the LSAS-SR
examines both affective aspects (ie, quantifying how anxious
participants feel) using the fear subscale and behavioral aspects
(ie, gauging to what extent they avoid various social situations)
using the avoidance subscale. Each subscale consists of 24
items, with response items ranging on a 4-point scale from “none
(0)” to “severe (3)” for the fear subscale, and “never (0)” to
“usually (3)” for the Avoidance subscale. Prior studies indicate
a high level of reliability of the LSAS-SR (Cronbach α=.95
[24]). In this study, the Cronbach α values for the fear and

To cross-validate the LSAS-SR, we also used the Social Phobia
Screening Questionnaire (SPSQ), which comprises 8 questions
about how much fear individuals feel in various social situations,
including speaking in front of a group of people, going to a
party, and being alone with someone unfamiliar [32]. This
measure has shown good validity in prior research [32]. It can
be used with or without additional questions that allow an
estimation of whether individuals reach the clinical cut-off for
SAD and has been used in previous research to indicate
subclinical social anxiety levels [33]. The response items ranged
from “none (1)” and “some (2)” to “a lot (3)” (Cronbach α=.74).
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Ethics
The University Ethics Committee approved all the procedures
and measures used in the study. Throughout the procedure,
participants were reminded that their participation was voluntary
and that they could withdraw their data at any time until used
for statistical analysis. The collected data were anonymized and
stored in a password-protected folder.

Data Collection
The data were collected using the E4 Empatica research-grade
multi-sensor wristband wearable. The device was selected as it
simultaneously monitors various types of physiological data at
predetermined sampling rates [34]. However, only HR, EDA,
and ST data were explored in this study as they could be
considered social anxiety markers [26-29]. E4 Empatica has
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not yet been used in many studies of this nature, although other
multi-sensor wrist-worn wearables have demonstrated
effectiveness [16,17].
Using the default sampling rates of the E4 [35], EDA was
measured in microSiemens (μS) at 4 Hz using stainless steel
electrodes positioned on the inner side of the wrist. HR was
measured in beats per minute (BPM) at 1 Hz using data derived
from a photoplethysmography sensor. ST was measured in °C
at 4 Hz using an infrared thermophile [35]. The data were
collected throughout the duration of the experiment, an example
of which is shown in Figure 2. The full data set and code needed
to recreate the classification models and reproduce the results,
as well as functions that enable further experimentation, is
available in a designated GitHub repository (Multimedia
Appendix 1).

Figure 2. A participant’s physiological data sample during the experimental stages. BPM: beats per minute.

Experimental Protocol
The experiments had an approximate duration of 30 minutes.
Similar to previous studies [1,11,23], the experiment was split
into 3 stages involving relaxation (baseline), task preparation

(anticipation anxiety), and performance (reactive anxiety), as
responses might differ across these stages [25]. Figure 3
illustrates the experimental stages. The timestamps for the stages
were also recorded for labeling purposes. The experimental
protocol is listed below.

Figure 3. The stages of the impromptu speech task.
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First, the wearable was attached to the participant’s wrist. The
procedure commenced with a 10-minute baseline period. During
this time, participants were offered magazines and ocean sounds
were played to create a calming effect.
Second, the nature of the task was then announced, and the
participant was given 5 minutes to prepare a 3-minute speech
on a selected subject from a choice of topics chosen on the basis
of their anxiety-inducing potential. These included “Is Brexit
good or bad, and why?,” “Intelligence is not enough,” and “The
history of Western Europe until the 2000s.”
Third, a “judging” panel comprising experimenter confederates
entered the room, and the participant performed the speech
while being timed.
Finally, the participant was debriefed, and the wearable was
removed.

Shaukat-Jali et al

Data Preprocessing
The HR data were first upsampled to 4 Hz, similar to ST and
EDA. A Moving Average Filter (Equation 1) was then applied
to the data to remove noise [17] and reduce the risk of model
overfitting [36,37].

Where w refers to window size, Input[i] refers to original time
series signal and Output[i] refers to processed time series signal.
An EDA range correction method (Equation 2) was applied to
each participant’s EDA (E) data, see Figure 4 [38]. This
removed inter-individual differences, particularly as
physiological activation is believed to be better indicated by
the variation within the EDA range rather than the range itself
[39].

Figure 4. Participants' data before and after range correction.

Following this, the labels were allocated on the basis of the
experiment timestamps, assuming the suspected states were
invoked. Classification investigation (1) examined whether
models can be trained to classify baseline and socially anxious

states. Therefore, the participants’ data were split into the
respective classes and labeled using the experiment timestamps
(Figure 5).

Figure 5. Labeling arrangement for classification investigation (1).

Classification investigation (2) focused on whether models can
be trained to differentiate among baseline, anticipation anxiety,
and reactive anxiety states. Therefore, the data were divided

into the 3 respective classes using the timestamps and labeled
as shown in Figure 6.

Figure 6. Labeling arrangement for classification investigation (2).
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Finally, classification investigation (3) examined whether
models could be trained to differentiate between anxiety
experienced by individuals with differing levels of social
anxiety. Therefore, the data were collected from participants

Shaukat-Jali et al
within differing ranges of LSAS-SR scores, including anxiety
category 1 (LSAS-SR:50-64) and anxiety category 2
(LSAS-SR:65-80) and was subsequently labeled (Figure 7).

Figure 7. Labeling arrangement for classification investigation (3).

The first 2 minutes from the baseline period were disregarded
to account for acclimatization, and the recording was discarded
after the task as it was not needed. All participant data were
then combined.
The features were standardized to have zero mean and unit
variance, which is a widely used scaling approach as algorithms
such as Radial SVM assume features are centered around zero
[36,40]. For each feature, the mean (µ) and the standard
deviation (σ) were extracted from the raw training feature
values. The training data were then standardized using equation
(3), and the same transformation was applied to the test data
[37].

Classification
The investigations were framed as supervised learning tasks
owing to their classification nature. Four classification
algorithms were explored: SVM, Random Forest, Decision Tree,
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and KNN. Furthermore, for classification investigation (2), a
“One Vs. Rest” strategy was utilized as the investigation
involved a multi-class data set.
The trained models were evaluated using 10-fold
cross-validation. The method involves dividing the data set into
k-folds with 1 fold for testing and the others for training.
Confusion matrices were also utilized to calculate the average
classification accuracy for each class.

Results
Study Descriptives
All study descriptives are shown in Table 2. In this sample,
women had higher mean levels for all study variables than men
(though the differences were nonsignificant, which is likely
owing to the small sample). This is uncharacteristic, as women
typically have a higher risk to develop anxiety and higher mean
levels of social anxiety than men [41]. However, the
self-reported LSAS scores were highly correlated with SPSQ
scores (r=0.63; P=.05).
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Table 2. Descriptives for all study variables by gender.
Gender

Participants, n

Score, mean (SD)

Women

7

1.3095 (0.33666)

Men

5

1.5917 (0.11562)

Women

7

1.1845 (0.34766)

Men

5

1.3583 (0.25786)

Women

7

1.2470 (0.33190)

Men

5

1.4750 (0.15548)

Women

7

1.3469 (0.36288)

Men

5

1.7429 (0.29277)

Liebowitz Social Anxiety Scale fear subscale

Liebowitz Social Anxiety Scale avoidance subscale

Liebowitz Social Anxiety Scale avoidance subscale overall score

Social Phobia Screening Questionnaire

Combined Modalities
For classification investigation (1), the yielded accuracies were
between 97.54% and 99.48%, as shown in Table 3. For
investigation (2), the accuracies were between 95.18% and

98.10%, as shown in Table 4. Additionally, for investigation
(3) the yielded accuracies were between 98.86% and 99.52%,
as shown in Table 5. In each classification investigation, Radial
SVM outperformed other classifiers (Tables 3-5).

Table 3. Cross-validation results for classification investigation (1).
Classifier

Overall performance, %

Baseline state accuracy, %

Social anxiety state accuracy, %

Radial Support Vector Machine

99.48

99.40

99.52

K-Nearest Neighbours

99.08

99.12

99.05

Decision Tree

97.54

99.04

96.59

Random Forest

97.96

99.38

97.13

Table 4. Cross-validation results for classification investigation (2).
Classifier

Overall performance, %

Baseline state accuracy, %

Anticipation anxiety state
accuracy, %

Reactive anxiety state
accuracy, %

Radial Support Vector Machine

98.10

99.30

98.37

95.52

K-Nearest Neighbours

97.61

98.99

97.28

95.78

Decision Tree

96.63

99.39

96.86

91.36

Random Forest

95.18

99.27

95.99

85.99

Table 5. Cross-validation results for classification investigation (3).
Classifier

Overall performance, %

Anxiety category 1 accuracy, %

Anxiety category 2 accuracy, %

Radial Support Vector Machine

99.52

100

99.03

K-Nearest Neighbours

98.86

99.35

98.36

Decision Tree

99.04

100

98.09

Random Forest

99.34

100

98.70

There were common class misclassification patterns among all
classifiers. For investigation (1), the models were less able to
classify anxious states (Table 3). For investigation (2), reactive
anxiety was misclassified the most and often mistaken for
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anticipation anxiety (Figure 8). Additionally, in investigation
(2), the baseline class was most accurately classified, as shown
in Table 4. For investigation (3), the models were not as
effective at classifying anxiety category 2 (Table 5).
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Figure 8. Confusion matrix from classification investigation (2) using the Decision Tree.

Singular Modalities
The singular modality results are shown in Table 6 and Figure
9. In classification investigation (1) EDA yielded 80.46% and
was shown to have the highest predictive capability. EDA was
also shown to have the highest classification accuracy of 70.02%

for investigation (2), whereas ST was the most effective
modality for investigation (3) with an accuracy of 89.47%. For
each classification investigation, HR was observed to be the
least effective modality. Furthermore, KNN generally
outperformed other classifiers (Table 6).

Table 6. Highest cross-validation results per single modality.
Modality

Classifier with the highest performance

Overall performance, %

Heart rate

K-Nearest Neighbours

68.18

Skin temperature

K-Nearest Neighbours

76.30

Electrodermal activity

K-Nearest Neighbours

80.46

Heart rate

K-Nearest Neighbours

53.91

Skin temperature

K-Nearest Neighbours

68.32

Electrodermal activity

K-Nearest Neighbours

70.02

Heart rate

K-Nearest Neighbours

72.00

Skin temperature

K-Nearest Neighbours

89.47

Electrodermal activity

Random Forest and Decision Tree

75.66

Classification investigation 1

Classification investigation 2

Classification investigation 3
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Figure 9. Accuracies per modality. EDA: electrodermal activity, HR: heart reate, KNN:K-Nearest Neighbours, ST: skin temperature, SVM: Support
Vector Machine.

Discussion

all investigations, which is possibly owing to the classifier’s
ability to formulate complex decision boundaries [37,43].

Principal Findings

Finally, certain classes were commonly misclassified, which
could be explained by class imbalances owing to the different
durations of each stage during the data collection sessions. Class
imbalances can cause classifiers to bias toward larger classes
[44].

Combined Modalities
This study aimed to determine if ML models could be trained
to (1) classify baseline and socially anxious states, (2)
differentiate among baseline, anticipation anxiety, and reactive
anxiety states, and (3) classify social anxiety with differing
severity levels of social anxiety. High accuracies were obtained
when differentiating between baseline and socially anxious
states, suggesting that it is possible to detect social anxiety using
HR, ST, and EDA. These high accuracies are likely due to
physiological differences between baseline and socially anxious
states and have also been shown in previous research [10-12].
The models also yielded high accuracies when classifying
among baseline, anticipatory, and reactive states. The classifiers’
ability to differentiate between reactive and anticipatory anxiety
might be due to the varying responses during these stages. It is,
therefore, likely possible to detect the nature of social anxiety
experienced on an individual basis.
The models also yielded high accuracies when differentiating
between marked and moderate social anxiety. This demonstrates
the possibility to identify social anxiety levels using
physiological indices, implying that individuals with differing
severity levels of social anxiety exhibit diverse physiological
responses. This is in line with prior research indicating that
individuals with greater social anxiety exhibit responses
consistent with greater threat [10].
The results also indicated that higher modeling accuracies were
yielded when all modalities were combined [42]. Research
shows that models created using singular modalities may be
underfit owing to lack of data [37]. This is likely because each
physiological index contains varying information that enables
classifiers to differentiate among certain classes, thus providing
measurement granularity. Furthermore, when modalities were
combined, Radial SVM outperformed the other classifiers in
https://formative.jmir.org/2021/10/e32656

XSL• FO
RenderX

Singular Modalities
Each modality had varying predictive capabilities, despite the
complexity of the physiological indicators used in the study.
EDA was the most effective singular modality when
differentiating between baseline and social anxiety states
(including anticipatory and reactive states). This is possibly
because EDA comprises the sum of phasic and tonic components
that change following stimuli, which is likely because sweat
glands responsible for EDA variation are entirely controlled by
the SNS, whereas HR and ST are mediated by both the PNS
and SNS [26,27,29]. Thus, EDA represents an accumulation of
information that could indicate social anxiety [27].
ST was the most effective modality when differentiating
between anxiety experienced by individuals with differing
severity levels of social anxiety. This might be because
individuals with greater social anxiety exhibit differing amounts
of blood flow to the skin. This surprising finding highlights the
predictive capability of ST collected around the wrist and
suggests that it could be viewed as a novel social anxiety marker.
HR showed the lowest effectiveness in all investigations, which
might be explained by HR being mediated by the PNS and SNS
[26,27]. The comparatively low recognition accuracies may
also be a result of HR being sampled at the lowest rate.
Furthermore, KNN was the most effective classifier when the
modalities were singular, which is likely because KNN can
formulate complex decision boundaries between classes.
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Limitations

Comparison With Prior Work

Despite these promising results, these findings are preliminary.
The sample size was small, with the COVID-19 pandemic
preventing further data collection. Prior to the COVID-19
pandemic, we intended to collect test data in “real-world”
settings to evaluate the models’ ability to detect social anxiety
in practice. Instead, the models were evaluated using a subset
of data from the experiment. Although this approach is often
used in ML studies [16,17], it does not offer a realistic indication
of model generalizability. Therefore, given the small sample
size, our results need to be interpreted cautiously.

Despite its limitations, this study has extended previous work
and applications focusing on supervised machine learning in
the field of physiological anxiety detection. This experiment
was informed by existing study protocols, such as using an
impromptu speech task, which is a cornerstone of experimental
work invoking social anxiety [11,22,23]. Additionally, the study
utilized the LSAS-SR measure, which is a widely used measure
demonstrating good psychometric properties in previous
research [24], and the social anxiety self-reports were
cross-validated using another well-known indicator of
subclinical social anxiety (SPSQ [32]). Overall, our findings
also align with those of prior studies indicating that EDA is a
“directed and undiluted” representation of the SNS [27].
Although prior work has focused on EDA as an indicator,
physiological measurement from the anatomical site of the wrist
had not been explored in a social anxiety context.

Additionally, classifiers may have been biased toward certain
classes owing to the moderately differing class sizes
(Multimedia Appendix 2). This may have accounted for the
high accuracies but reduced model generalizability [44]. Like
other studies of a similar nature (such as affect recognition
studies using physiological data [45]), it was difficult to establish
the ground truth of the data with respect to the presence and
nature of social anxiety. Therefore, labeling was assumed to be
aligned with the experimental protocol.
Furthermore, the physiological responses from the individuals
could have been influenced by external factors such as caffeine
and alcohol consumption [46,47], though this was not mitigated
in the current study design. It is also important to note that EDA
measurements can be affected by environmental conditions such
as humidity and room temperature [27]. Although the
experiments took place in the same room, these variables were
not monitored and controlled. In sum, all of these limitations
remain challenges for future research.

Conclusions
This study examined whether social anxiety could be detected
in young adults using physiological data (HR, ST, and EDA)
from wrist-worn sensors. The findings indicate that it is possible
to detect social anxiety and its severity using this approach.
Future work in this area has the potential to identify novel
methods of detecting and monitoring subclinical social anxiety
in young adults, which could help counteract development into
SAD. As mental health provision is transitioning toward digital
interventions, it is crucial that they are evidence-based and can
target individuals with subclinical levels of social anxiety. The
ability for future interventions to detect social anxiety before it
escalates further could have great social and economic benefits
for health care, society and those who experience its
consequences.
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Abstract
Background: Nigeria has the world’s largest malaria burden, accounting for 27% of the world’s malaria cases and 23% of
malaria mortality globally. This formative study describes the operational process of the mass distribution of long-lasting
insecticide-treated nets (LLINs) during a campaign program in Nigeria.
Objective: This study aims to assess whether and how digital data collection and management tools can change current practices
and help resolve major implementation issues.
Methods: Qualitative data on the technical features and operational processes of paper-based and information and communication
technology (ICT)–based systems in the Edo and Kwara states from June 2 to 30, 2017, were collected on the basis of documented
operation manuals, field observations, and informant interviews. During the LLIN campaign in Edo State, we recruited 6 local
government area focal persons and monitors and documented daily review meetings during household mobilization (9 days) and
net distribution (5 days) to understand the major program implementation issues associated with the following three aspects:
logistic issues, technical issues, and demand creation. Each issue was categorized according to the expected degree (low, mid,
and high) of change by the ICT system.
Results: The net campaign started with microplanning and training, followed by a month-long implementation process, which
included household mobilization, net movement, net distribution, and end process monitoring. The ICT system can improve
management and oversight issues related to data reporting and processes through user-centered interface design, built-in data
quality control logic flow or algorithms, and workflow automation. These often require more than 50% of staff time and effort
in the current paper-based practice. Compared with the current paper-based system, the real-time system is expected to reduce
the time to payment compensation for health workers by about 20 days and produce summary campaign statistics for at least 20
to 30 days.
Conclusions: The ICT system can facilitate the measurement of population coverage beyond program coverage during an LLIN
campaign with greater data reliability and timeliness, which are often compromised due to the limited workforce capacity in a
paper-based system.
(JMIR Form Res 2021;5(10):e23648) doi:10.2196/23648
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Introduction

Methods

Background

Study Setting

Nigeria has the world’s largest burden of malaria, accounting
for 27% of the world’s malaria cases and 23% of malaria
mortality globally [1]. The disease continues to be a pressing
public health challenge, responsible for 60% of the country’s
outpatient visits and 30% of hospitalizations [1]. Long-lasting
insecticide-treated nets (LLINs) have played an important role
in the remarkable reduction in the number of malaria cases and
deaths worldwide over the past decade. Sleeping under a net
has been shown to reduce all-cause mortality in children younger
than 5 years by about 20% and malarial illnesses among children
younger than 5 years and in pregnant women by up to 50% [2].
Studies demonstrating the effectiveness [3-6] and
cost-effectiveness [7,8] have contributed to substantial success
in scaling up this intervention in malaria-endemic African
countries over the past decades [9]. However, more progress is
required to improve sustained coverage [10] as well as access
and use from an equity perspective [11].

In Nigeria, Catholic Relief Services (CRS) is working in
partnership with the National Malaria Elimination Program
(NMEP) to distribute LLINs to prevent malaria through a
program funded by the Global Fund to Fight AIDS,
Tuberculosis, and Malaria [22]. Together with NMEP and state
ministries of health, CRS implemented malaria LLIN
replacement campaigns between April and November 2017 in
6 Southeast Nigerian states: Kwara, Ondo, Imo, Edo, Osun, and
Adamawa. Among the 6 states, we collected data from Edo
State—in all 18 local government areas (LGAs)—using the
traditional paper-based intervention, and from Kwara State with
a pilot ICT-based intervention in 1 LGA (Oyun). According to
the 2016 census, Edo State consists of approximately 4 million
people [23], and Kwara State consists of approximately 3 million
people [24]. One LGA generally consists of approximately 16
to 30 wards, and the size of a ward varies, consisting of 500 to
8000 households per ward [25].

Mobile phone technology coupled with electronic geographic
information systems (GISs) has made data collection processes
easier and more accurate and has become a powerful tool for
managing data in the context of malaria prevention and control
[12-15]. Modernized high-resolution mapping technologies and
satellite imagery can help locate target populations and provide
reliable estimates of populations at risk. This can also facilitate
the identification of issues pertinent to health service delivery
and produce data that can guide better intervention strategies
so that scarce resources can be allocated in a cost-effective
manner, especially in low-income countries [16]. Such systems
allow government health officials in capital cities to better plan
interventions in remote rural areas. This, in turn, promises a
better assessment approach for trends and correlations to
improve the planning, monitoring, and surveillance of public
health programs in resource-limited countries.

Research Participants

Objectives
The use of digital data collection and management tools based
on information and communication technology (ICT) can
promote supply chain management [17-19] and sustainable and
effective use of LLINs [20,21]; however, there is not enough
evidence or guidelines that describe the specific features,
processes, and consequences of how the ICT system could
change the current practice. From the perspective of
management decision-making, the goal of this study is to
describe the detailed process and system of mass distribution
LLIN campaign programs and identify major challenges and
resolution approaches in the paper- and ICT-based systems. The
study findings will discuss whether and how a digital data
collection and management tool can potentially improve the
management, monitoring, and evaluation of the program.
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One researcher (YJ) and 2 technical staff members (OA and
EE) conducted structured in-depth interviews with 10 CRS
program managers and 26 local stakeholders (eg, local partner
organizations, government officers from NMEP, CRS local
staff) working in Edo and Kwara states. We conducted field
observations of the paper-based system in Edo State. We
recruited 1 LGA focal person and 1 monitor from 6 LGAs and
documented daily review meetings during the household
mobilization (9 days) and net distribution (5 days) campaign
from June 2 to June 30, 2017. We could not conduct field
observations of the ICT system in the Kwara State, as the
campaign schedule had to be changed owing to delayed mobile
phone procurement. Thus, we conducted informant interviews
with 2 field managers in Kwara and 2 technical staff who
developed the Red Rose system to understand the system
characteristics, operational procedure, challenges, and resolution
approaches of the ICT-based system.

Data Collection and Analyses
We reviewed the documented operation manuals and conducted
informant interviews to map out operational processes and
identify the technical features of paper- and ICT-based systems
(Figure 1). On the basis of the documented contents during
LGA- and state-level review meetings, we categorized the major
program implementation issues discussed during the meetings
into the following three campaign activity components: (1)
logistic issues, (2) technical issues, and (3) demand creation
activity and identified typical resolution approaches in
paper-based campaigns. Each issue was then reviewed and
categorized into low, middle, and high levels based on the
expected degree of change by the ICT system (Multimedia
Appendix 1).
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LLIN Campaign Structure and Processes
The campaign consisted of multiple levels of staff and a set of
activities, including planning, LLIN logistics, training, demand
creation, household mobilization, net distribution, and in or end
process monitoring. First, during the macroquantification stage,
the required number of LLINs for each LGA was determined
on the basis of the working assumption of “a 1.8 person-per-net
ratio” [26], a set of simple formulas for calculating
administrative coverage, and data from a population-based
survey or census. On the basis of the required numbers of
LLINs, a logistic plan, including net procurement for each LGA,
was developed. Microplanning at the state level determined the
number and location of each settlement in the LGA.
Next, the training took place at the state, LGA, ward, and
community levels as a cascade or training of trainers model.
Through existing social and community networks, media jingles,
community sensitization, and demand creation, activities were
implemented to increase community awareness of the LLIN
campaign and improve demand for and use of nets. Then,
household mobilization took place through door-to-door visits,
in advance of the net distribution, to encourage active
participation in the campaigns, register households, issue net
cards based on the number of household members (ie, 1 net card
to be issued per 2 people but a maximum of 4 net cards to be
issued per household), and provide information about collecting
and using the LLINs. Household registration teams wrote
information about the LGA or ward names of the household,
the designated location of distribution point (DP), and the
pick-up date on the net cards when they issued them to the
households. Each registration team registered 24 to 35
households per day. On the scheduled dates, beneficiaries
brought their net cards to their designated DP. At the DP, their
net cards were exchanged for a net. Monitors randomly visited
8 to 10 households per day during the household mobilization
period and 2 to 4 DPs during the net distribution period to check
the net card and net distribution status during the campaign.
In parallel, the review meetings were conducted during the
household mobilization activities (9 days) and net distribution
activities (5-7 days) to monitor daily performance and address
any challenges. The meetings were held at LGA and state levels.
At the LGA level, ward or DP supervisors gathered at a meeting
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and reported campaign progress in their catchment areas to an
LGA focal person. After the meeting, LGA focal persons and
monitors gathered for a state-level meeting to report the progress
and discuss major issues with state supervisors and a committee
that consisted of government officers from NMEP, CRS program
staff, and local partner organizations. An end process evaluation
(also known as a rapid assessment) was carried out to check the
net distribution status by the independent monitors 2 days after
distribution in all LGAs using the two-stage cluster sampling
(ie, 4-4-10 principle: a convenient sampling of 4 wards in each
LGA, 4 communities in each ward, and 10 households in each
community, respectively). All the data from the process were
submitted directly to the state data manager for validation and
compilation. The information retrieved was used to prepare the
state debriefing presentation, state campaign report, and
postcampaign behavior change communication priorities.

Results
Data Flow of the LLIN Campaign
The net campaign started with microplanning and training
followed by a month-long implementation, including household
mobilization, net movement, net distribution, and end process
monitoring (Figures 1 and 2). In paper-based systems, training
attendance was checked by training attendance sheets filled by
participants, and payments were manually processed based on
the records (Figure 1). For paper-based registration, the
household mobilization team consisted of 2 people who visited
households for registration. At each household visit, one
household mobilizer filled out the Household Registration Sheets
(Form I-3, as presented in Figure 1) and another household
mobilizer completed the Net Cards Distribution Daily Summary
Sheet (Form I-4a). Once registered, households were given net
cards based on the number of household members (1 net card
per 2 household members, but a maximum of 4 net cards per
household). At the end of the day, ward supervisors collated
the net card distribution summary sheet (Form I-4b). Then, LGA
supervisors completed the LGA Nets cards distribution summary
sheets (Form I-4c) at the LGA and collated them into the LGA
LLIN Summary Sheet (Form I-8c) at the state level at the end
of the campaign.
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Figure 1. Operation process and data flow of the paper-based system of the long-lasting insecticide-treated net campaign in Edo State. DP: distribution
point; HH: household; ICC: inventory control card; LGA: local government area.

Figure 2. Operation process and data flow of the information and communication technology–based system of the long-lasting insecticide-treated net
campaign in Kwara State. DP: distribution point; HH: household; ICC: inventory control card; LGA: local government area.

On the basis of the summary data at the end of the household
mobilization activities, net positioning was planned for each
designated DP (which takes an additional 5-7 days). In terms
of net logistics, inventory control card forms were used to track
the net inventory stock status by DP supervisors and were
submitted to the LGA supervisor. Waybill forms were used to
record net movement information such as types of vehicle,
amount of nets, date of delivery, and sender or recipient of the
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nets. During net distribution, distributors filled the Daily Net
Collection Tally Sheets (Form I-7) and DP supervisors filled
out the DP net collection summary sheets (Form 1-8a) at the
end of the day. Then, LGA supervisors filled out the LLIN and
Net Card Aggregation Summary Sheets (Form I-8b) at the end
of the net distribution and LGA LLIN summary sheets (Form
I-8c) based on I-4c and I-8b forms from all LGAs.
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At the end of the distribution, the DP supervisor calculated the
total number of LLINs distributed over the 5-day distribution
period and the 2 additional days, as well as the number of LLINs
remaining in the DP storage, to the ward supervisor using the
inventory control card form. Net distributors recorded these
forms, and ward supervisors and LGA supervisors collated the
data. Data clerks at the state level then finally entered the data
into computers. In addition, independent monitors filled in
in-process monitoring forms during household mobilization
(Form I-9a) and net distribution (Form I-9b) periods. At the end
of the net distribution, the independent monitors filled the
end-process monitoring forms. Overall, these processes took
approximately 20 to 30 days from the initiation of household
registration activities in the current paper-based practice.
The ICT system included the use of a technology platform—Red
Rose software loaded onto Android phones that can function
in real time whether it is connected or disconnected to the
internet network (Figure 2). The overall campaign operation
processes and staffing structures were similar to those of the
paper systems. The Red Rose platform was used throughout the
campaign, including for tracking attendees at different training
events, mobile money payments, household mobilization, net
distribution, in-process monitoring, and end-process monitoring
surveys. Portable power banks or wireless network adapters
were provided for network connectivity. During training,
biometric sensors tracked the participants’ check-in or check-out
times, and the participation records were automatically
processed for a payment schedule. Similar to the paper system,
the household mobilization team consisted of 2 people who
visited households for registration. Once registered, households
were given identifiable net cards based on the number of
household members. The net cards were associated with a set
of unique information, including household ID, household
register ID, household phone number, mobilization date,
designated DP, geocoordinate, and time data at the event of
household registration and net distribution. Each net card was
preprinted with an individual machine-readable quick response
(QR) code, scanned using Android phones to ease tracking and
prevent errors that may arise from manual entry. These QR
codes were scanned by mobile phones in every transaction of
the net card distribution and collection during household
registration and net distribution. In this way, each net card
distributed was entered into and tracked by the Red Rose
platform. The number of LLINs that a household receives was
automatically calculated when the number of people in the
household was entered into the Android device. At each DP, a
DP supervisor recorded the net stock position in the Red Rose
platform. When LLINs were handed to beneficiaries, each net
card was scanned, and the stock position was automatically
updated. The progress of net card distribution and collection,
as well as stock positions, was viewed regularly on customized
and interactive dashboards. The application had built-in anomaly
detection algorithms for inactive net cards if the net cards were
not registered or assigned to different DPs. Once these data
were entered by household mobilizers and net cards were
scanned by net distributors, each data point was automatically
synchronized based on a unique net card ID (QR code) and
calculated for summary data for DP, ward, LGA, and state levels
in real time.
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Program Implementation Issues
As described in Table S1 in Multimedia Appendix 1, the
characteristics of paper-based systems have a high dependence
on individual capacity (ie, how an individual performs his or
her task and the capacity of supervisors to effectively monitor
activities across a wide geographic area), which are inherently
exposed to several potential risks [19]. For example, during
microplanning, there was a lack of reliable, up-to-date
population figures of census units or village-level population,
which resulted in gaps and discrepancies in household
registration or net distribution planning [27]. During the training,
participants’ attendance checks and bank verification for
payment took a long time (at least a month), which might reduce
staff motivation. During the LLIN campaign, most issues were
identified through staff reporting during review meetings or
through oversight visits by supervisors. The reporting system
also had multiple levels of reporting, with exposure to errors in
data entry and requiring additional manual scrutiny. Although
the system required a large volume of hard copies of reports
and forms, which often require more than 50% of staff time and
effort in data entry, the reporting and processing of information
flow was one-way and not actionable. As a result, effective
monitoring was complicated and laborious, often done merely
by occasional checks (spot checks) by supervisors to monitor
attendance and performance of staff; even if these were
identified, there were limited mechanisms to ensure that the
issues were correctly resolved. Although campaign staff were
generally highly committed to their work, willing to serve the
community, and had good knowledge of national guidelines,
these attributes were not enough to overcome various
implementation challenges, coupled with shortages of qualified
workforce in resource-limited settings.
Of the identified operational issues, the ICT system mostly
influenced the technical issues, in particular household
mobilization and net distribution activities compared with
logistic issues and demand creation issues. The ICT system has
the potential to improve management and oversight through
user-centered interface design, built-in data quality control logic
flow or algorithms, workflow automation, and visualized
interactive dashboards. The data linked to GIS information and
an automated alert system could help supervisors detect issues
and take immediate actions to resolve them. For example, when
supervisors reviewed the satellite maps and discovered
households that were not provided with net cards, they could
guide them to visit the missing household. This allowed us to
identify the target population more closely, without missing
settlements or households. Real-time workforce performance
data improved management and facilitated monitoring and
supervision during household mobilization and net distribution.

Data Outputs
At the end of each phase of activities, each level’s supervisor
reported, collated, and produced a summary of the data in the
respective catchment areas indicating the total number of
households (or individuals) reached, total number of LLINs
needed, and total net cards distributed. The coverage estimates
were generally high, ranging between 69% (estimated program
coverage of 142,635/206,717 based on population size in
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Orhionmwon) and 99% (152,841/154,385 in Owan east) across
18 LGAs in Edo State (Figure S1 in Multimedia Appendix 1).
The supervisors also provided DP data on the total number of
net cards received, the total number of LLINs distributed, and
the total number of LLINs remaining at the end of the
distribution phase. These coverage measures (ie, household
registration rate and net redemption rate) were compared across
LGAs. In addition, end-process monitoring produced various
snapshots of the overall campaign performance, based on the
sampled household, in terms of net use rate, net retention rate,
and net redemption rate across LGAs.
In the ICT-based system, various visual dashboards (diagrams
and maps) generated from the collected data provided a
comprehensive projection of the performance and coverage data
according to the geographical location in close to real time
(Figures 3-5). The Red Rose interactive visualization dashboard
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system allowed data to be tabulated, analyzed, merged, sorted,
and filtered interactively to assist exploratory analyses and
examine performance progress. Depending on the choice of
parameters, users could decide the various visual outputs based
on their interests, such as workforce performance or
geographical coverage (Figure 4). The data could be accessed
in real time so that any anomalies or gaps could be addressed
during the campaign, not at the end of the campaign. These
included workforce performance level by showing the number,
location, and time of household mobilization or net distribution
of health workers, percentages of household mobilization or
net distribution by geographical level or location, and the service
coverage level on the satellite maps (Figures 4 and 5). It also
allowed additional functions, such as presenting the names of
high-performance workers based on the number of household
registrations (Figure S2 in Multimedia Appendix 1).

Figure 3. Interactive visualized dashboards of the information and communication technology system in Kwara State (mobilization or distribution by
time and cluster).
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Figure 4. Interactive visualized dashboards of the information and communication technology system in Kwara State (mobilization density on the map
for Oyun local government area, Kwara State).

Figure 5. Interactive visualized dashboards of the information and communication technology system in Kwara State (distribution points on the map).

Discussion
Principal Findings
The LLIN campaign with paper-based systems revealed several
challenges in terms of data reliability, validity, and timeliness
coupled with limited workforce capacity. Although the
ICT-based system would have implementation issues similar
to those in the current paper-based system, it can better manage
the issues related to the data reporting system and processes,
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which comprise significant staff time and effort in the current
paper-based practice. Consequently, staff could spend more
resources and time addressing issues related to LLIN supply
chain management and demand creation. The information
collected by the ICT system is accurate and verifiable through
personal identification, geocode, and time data, which allows
real-time
monitoring
and
effective
management
decision-making. It can reduce any missed settlements and
households based on satellite maps during the household
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mobilization period and promote net card redemption during
the net distribution period. Accordingly, ICT enables a system
that provides a measure of accurate targets and ensures
population coverage (ie, the denominator of the service coverage
measure is likely the actual number of households identified by
the GIS-based system and registered by staff) beyond program
coverage (ie, the denominator of the service coverage measure
is limited by the number of households registered by the staff)
with greater confidence and transparency.

Strengths
Many previous studies have demonstrated the effectiveness and
cost-effectiveness of LLIN in preventing malaria infection and
reducing associated morbidity and mortality [28-30]. Mass
campaigns of LLIN have thus been the primary vector control
strategy for malaria-endemic countries over the past decades,
with universal campaigns every 3 years, which has been the
norm since 2009 [31]. Although LLIN coverage dramatically
increased with mass distribution campaigns, the coverage gaps
started to appear almost immediately after the campaign through
net deterioration or loss of nets [32,33]. Studies also
demonstrated remaining gaps in geographical heterogeneity,
household net access or ownership [34], and equity gaps in
terms of LLIN coverage as well as prevention effectiveness of
LLIN [35,36]. The ICT system allows a verifiable transaction
system through the net card that connects information of people
(ie, households), place (ie, geographical location), and products
(ie, nets); this integrated system can be used as push and pull
mechanisms to identify and address the gaps (ie, missed
households or net redemption and ensuring appropriate net use)
in the service delivery process [37]. Moreover, the systematic
platform and information can be also used to guide targeted
strategies and improve performance for other complementary
continuous distribution channels (eg, antenatal care clinics and
the expanded program on immunization) even after the mass
campaign as well as the next cycle of mass campaigns in 3 years,
which can also benefit other population-based surveillance and
intervention programs, in addition to malaria [38]. Our study
described the detailed process and system of the LLIN campaign
and addressed contextual barriers and facilitators to implement
the campaign based on the paper- and ICT-based systems.
Because establishing effectiveness or innovation itself does not
guarantee its scale-up and routine use, our study provides
important insights and potential research agenda of
implementation science not only to the traditional paper-based
practice but also to the future ICT-based program design,
implementation, and evaluation [39].

Implications
When the system functions well at scale, we expect the
ICT-based system to promote various supply- and demand-side
factors in health systems in resource-limited settings. From the
supply side, it can enhance workforce capacity and productivity
by improving attendance at training, providing supervisors with
better tools to monitor the activities of field staff, reducing the
time required for tabulating paper forms, and automating certain
processes to minimize human errors. It can also improve
oversight
and
promote
data-driven
management
decision-making, which allows implementation challenges to
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be resolved in a timely manner. On the basis of the automation
of data entry and reporting, resources can be invested more in
behavior change communication campaigns and to deliver nets
to hard-to-reach areas for effective, sustainable, and equitable
net use [17,32]. The accurate household mapping and
village-level population estimates can be important data at a
local level that provide accurate denominator estimates for other
public health services [40]. From the demand side, spatial
analysis can enable campaign staff to select accessible DPs, so
people spend less time traveling, and with more efficient
operations to scan net cards quickly, people can also spend less
time waiting to receive the nets. Furthermore, once clients’
mobile phone numbers are registered during the household
registration, server systems can send SMS text messages to
clients about the proper and sustained use of LLINs [20,32].
Some previous studies in sub-Saharan African countries also
introduced digital health applications in LLIN campaigns for
demand creation strategies by using SMS to raise awareness
and eVoucher systems to monitor net distributions and reduce
fraud [41]. Overall, we expect ICT to contribute to improving
health outcomes through more efficient and accountable
processes to ensure that all nets reach the intended users.

Recommendations
As an ICT system holistically changes the overall program
process and dynamics, rather than simply expediting the current
process, it requires new roles and practices of the major
stakeholders [42]. First, implementing organizations need to
develop new operations and training manuals and policies that
define new roles and management responsibilities of staff. These
may include identifying who are going to be responsible for
tracking and analyzing all the data that came in through the ICT
system, what was the daily set of tasks or standard checks to
review the data, and what specific actions were taken as a result
of reviewing these data, and in what time frame. It may also
require new process or performance indicators beyond net
coverage to ensure better quality and equity. Second,
international and national stakeholders should foster enabling
conditions and collaborations for microplanning, supply chain
management, and workforce capacity based on a shared data
platform [18,19]. For effective supervision using visual
dashboards, investment in and installation of monitoring screens
for the LGA-level meetings and computer system (or tablets)
for the DP managers and improving electricity and network
connectivity would be important in local centers. Furthermore,
integration of the data collected from mobile phones into the
national health information system is important for evaluating
the progress and impact of the program at scale [40,43,44].
Finally, the technical organization should continuously promote
the improvement of optimized workflow automation, a
well-functioning logic flow, user-centered interface design, and
interactive data dashboard. Ultimately, it is critical to ensure
and foster effective use of data at each level of management
capacity and policy making [45].

Limitations
This study has several limitations. The study sites (6 LGAs) in
Edo State were selected on the basis of operational convenience.
As we could not conduct a similar field observation in the Kwara
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State due to an operational delay, alternative approaches, such
as informant interviews and documentation reviews, were used
to understand the ICT system by staff involved in the ICT pilot,
based on their knowledge of the Red Rose platform and
experience testing the system in Kwara State. Thus, although
this formative study illustrates how the ICT system can
potentially and positively change current practices and
processes, there may be new challenges in adopting and scaling
up this new system. For example, intensive learning processes
may be required for staff regarding new data entry methods,
workflow, and new management responsibilities. In this regard,
future studies can consider observation and qualitative studies
during implementation and identify challenges or unintended
consequences (eg, additional training or resource requirements,
system integration, stakeholder coordination) through field
observations during the adaptation and scaling-up process.
Future studies may also use implementation research methods,
such as the normalization process theory [46] or dynamic
sustainability framework [47], to understand the factors and
conditions that contribute to the adoption, scale-up, and
sustainability of ICT-based systems. Future studies may measure
explicit quantitative or qualitative comparisons of the
performance between paper and ICT systems from the aspects
of the organization (ie, efficiency: time or cost savings in
program implementation), health workers (ie, satisfaction or
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accountability: timely compensation, productivity), and
community (ie, equity: equitable net distribution).

Conclusions
To conclude, our study shows that high program coverage
estimates in a paper-based system may not be a sufficient
measure to ensure effective and sustainable universal coverage
of LLINs, given the existing gaps in data reliability and
timeliness, coupled with limited workforce capacity. The
systematic functions and various technical features available in
the ICT system can improve the impact and quality of LLIN
campaigns by reducing staff time and resources in the data
reporting system and processes. Accordingly, it can facilitate
the measurement of true population coverage beyond program
coverage with greater confidence and transparency. The ICT
system can facilitate effective service delivery, promote
workforce capacity and performance, and enhance the
transparency and accountability of public health systems in
resource-constrained settings. Continued efforts are necessary
to develop new operations and training manuals and policies
and to foster enabling conditions and collaborations for supply
chain management and workforce capacity. Our findings and
lessons may provide useful insights for developing,
implementing, and evaluating future ICT systems for malaria
vector control and other public health campaigns.
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Abstract
Background: The design and conduct of research to develop, test, and evaluate complex health care interventions is challenging.
Although the existing literature describes key challenges associated with the design and conduct of definitive (evaluation) trials,
there is a lack of information concerning specific challenges associated with the intervention development phase and setup of
feasibility studies. In particular, the literature is scarce concerning the challenges associated with conducting digital health care
research, such as research on internet-administered interventions and research using digital features to support the execution of
study procedures (eg, recruitment, consent, retention, and data collection and management). This study is conducted in the context
of the intervention development and feasibility study setup phases of an internet-administered, guided, low-intensity cognitive
behavioral therapy–based intervention for parents of children previously treated for cancer.
Objective:
The aim of this study is to explore the challenges experienced during the development phase of the
internet-administered intervention and digital features to support the execution of the study procedures and a feasibility study
setup.
Methods: To explore the key challenges experienced, we conducted a document analysis of written records from all study
meetings held by the research team (meeting minutes) between June 7, 2018, and January 10, 2020, guided by a thematic analysis
approach. Furthermore, discussion groups with members of the research team were held to develop a more detailed understanding
of the key challenges experienced. Methods and results are reported in accordance with the relevant items from the Standards for
Reporting Qualitative Research checklist.
Results: Six main themes were identified: decision-making and communication, expertise, external constraints, flexibility,
planning and scheduling, and technical constraints.
Conclusions: Significant challenges were experienced during the intervention development and setup phases of the feasibility
study. Implications are discussed to inform future design, conduct, and planning of internet-administered intervention development
and feasibility studies, especially within the context of digital health care research.
(JMIR Form Res 2021;5(10):e26266) doi:10.2196/26266
KEYWORDS
parents; internet-administered cognitive behavior therapy; low intensity CBT; feasibility study; challenges; digital healthcare
research
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Introduction
Background
Clinical trials are essential to inform evidence-based health care
[1]. However, clinical trials are costly and resource-intensive
for both researchers and funders [2], and approximately 85%
of research investment is wasted [3]. Examples of research waste
include asking the wrong research questions [4], using
inappropriate study designs and methods [5,6], poor and biased
reporting [7], and underreporting [8]. There are a number of
inefficiencies related to clinical trial conduct that can lead to
research waste, especially given that the design and efficient
conduct of clinical trials is challenging [9] and operationally
complex [10,11]. Challenges include the creation and
management of trial procedures and materials; communication
with multiple stakeholders; ethical and regulatory requirements;
the recruitment, training, and turnover of trial personnel; budget
management; the recruitment and retention of trial participants;
and data monitoring and assurance of data quality [10-14].
While numerous barriers have been identified in the successful
conduct of clinical trials [12], there has been less focus on
sharing experiences and lessons learned by trial teams [10].
Publications tend to focus on trial outcomes, with little reporting
on trial conduct [11]. Consequently, there is scarce evidence to
inform decisions concerning the management of clinical trials
[1]. Furthermore, in contrast to the literature focused on the
conduct of definitive (evaluation) trials, there is a lack of
literature concerning the challenges of conducting intervention
development research and pilot and feasibility studies, following
the Medical Research Council (MRC) framework for the
development and evaluation of complex interventions [15].
Indeed, there is limited guidance on how to design and conduct
feasibility studies, leading to poor study design and reporting
[16,17]. Given that many preparatory development [18,19] and
clinical, methodological, and procedural uncertainties require
testing [20] before progressing to a definitive trial, development
and feasibility phases are substantial works in and of themselves,
with findings often underreported [16,17].
In the context of this feasibility study (ENGAGE study: ISRCTN
57233429; ISRCTN 18404129) [21], the internet-administered
low-intensity cognitive behavioral therapy (LICBT) intervention
(the EJDeR intervention) is delivered on the U-CARE-portal,
hereafter referred to as the Portal [22]. The Portal is designed
to deliver internet-administered cognitive behavioral therapy
interventions and support the execution of study procedures,
for example, randomization, web-based informed consent, and
data collection [23]. Digital technologies (eg, technologies using
the internet) are facilitating the delivery of health care worldwide
[24,25]. Indeed, internet-administered interventions have been
posited as a solution to the global mental health crisis and to
help overcome significant barriers to treatment access (eg,
geographical and resource barriers) [26]. The promise of digital
technologies to deliver mental health care interventions has
been further amplified by the current COVID-19 pandemic [27],
given the negative psychosocial consequences of the pandemic
itself [27,28] and the ability to facilitate access to mental health
care [29]. However, while the evidence base for
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internet-administered
psychological
interventions
is
well-established [30], many publicly available interventions
delivered via digital technologies are not evidence-based [31].
Furthermore, digital technologies are being increasingly
incorporated into the design and execution of health care
research, for example, to facilitate recruitment, enhance
retention, and collect data [24,25,32,33]. The use of digital
technologies in health care research has intensified during the
COVID-19 pandemic in an attempt to continue health care
research in the absence of in-person contact [34]. Digital health
care research is associated with reduced trial costs, improved
trial efficiency [35,36], and recruitment of more diverse
populations [25,34]. As such, the use of digital features to
execute health care research is likely to continue to grow beyond
the pandemic [34]. However, at present, challenges related to
the conduct of digital health care research are less well
documented [25,32] and focus on topics such as patient privacy
and confidentiality, adequate infrastructure, data accuracy and
integrity, and user acceptability [25,37,38]. Some challenges
are beginning to be addressed by the development of new ethical
and regulatory standards and increased provision of guidance
for investigators in the use of digital technologies [25,37,38].
However, the literature remains in its infancy, and there is a
need for researchers to publish their experiences in conducting
digital health care research [25].

Context: The ENGAGE Feasibility Study
Globally, approximately 300,000 children are diagnosed with
cancer each year [39], and cancer remains a leading cause of
death in children worldwide [40]. Typically, parents are the
primary source of support for children with cancer and report
significant negative psychological [41-43] and socioeconomic
impacts [44-47]. Mental health difficulties are reported after
cancer treatment [42,43,48] and years after the end of treatment
[42,49]. However, parents of children treated for cancer report
an unmet need for psychological support [50-52]. To improve
access to evidence-based psychological support, innovative
solutions are being developed worldwide [53]. One such solution
is the provision of guided internet-administered LICBT, which
may help improve access to psychological support for parents
of children treated for cancer.
Given the promise of internet-administered LICBT, we have
adopted the MRC complex interventions framework [15] to
develop an internet-administered LICBT intervention (the
EJDeR intervention) tailored to the specific needs of parents of
children previously treated for cancer [54]. Significant previous
research [41,42,49,55-57] has informed the development of the
EJDeR intervention alongside multiple stakeholders, including
parent research partners (PRPs), clinical psychologists, software
developers, and pediatric oncologists. The EJDeR intervention
is delivered on the Portal and includes written, film, audio
content, videoconferencing, and in-portal email guidance from
an e-therapist [54].
The objectives of this study are to explore the challenges
experienced during (1) the development phase of the
internet-administered intervention and digital features to support
the execution of the study procedures and (2) a feasibility study
setup [21,58]. To explore the key challenges experienced, we
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conducted a document analysis of written records from all study
meetings held by the research team (meeting minutes) between
June 7, 2018, and January 10, 2020, guided by a thematic
analysis approach. Furthermore, discussion groups with
members of the research team were held to develop a more
detailed understanding of the key challenges experienced.

Methods
The methods and findings are reported in accordance with
relevant items from the Standards for Reporting Qualitative
Research checklist [59].

Qualitative Approach and Research Paradigm
A document analysis [60] of study meeting minutes was guided
by a thematic analysis approach [61]. Document analysis was
considered suitable given that it allows an examination of
contextual and background information to provide historical
insights into the challenges experienced by the ENGAGE
research team and provides a way of tracking challenges over
time [60].

Researcher Characteristics and Reflexivity
Document analysis was primarily conducted by 2 members of
the research team (MK and JW). MK is a female research
assistant with a Bachelor of Sport Science who joined the
research team toward the end of the study setup phase and was
therefore able to conduct the analysis from an outsider
perspective. MK was trained in using thematic analysis by JW.
JW is a female researcher with a PhD in psychology with
experience in conducting qualitative research. JW is a
coinvestigator, supervisor of the study coordinator, and research
assistant in the research team and has been a member of the
research team from the beginning of the study setup phase. All
manuscript authors are, or have been, members of the research
team.

Context
All meeting minutes were taken by the ENGAGE study
coordinator, or a substitute, and meetings were held at the
Department of Women and Children’s Health, Uppsala
University, Uppsala, Sweden. In most cases, all core members
of the research team were in attendance, including the principal
investigator (LVE), researchers (JW and HG), study coordinator
(KN), Portal development team coordinator (YHS), and research
assistants (JH and MK). Occasionally, wider research team
members, such as software developers, licensed psychologists,
and student interns, attended meetings. Meetings were held
weekly and scheduled for 2 hours. Meeting minutes were
circulated to research team members for approval after the
meeting and saved on a shared folder and thus visible to all
research team members.

Ethical Issues
Ethical approval was not deemed necessary as the study
analyzed documentary data only.
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Data Collection
All meeting minutes (N=78) from ENGAGE study meetings
conducted between June 7, 2018, and January 10, 2020, were
included to account for meetings concerning the development
of the intervention, the development of digital features to support
study execution, and the concurrent setup of the feasibility study.
The number of meeting minute pages ranged from 1 to 6 and
the word count range was 85-2350. Meeting minutes were
designed to document (1) progress toward specific study
milestones, (2) problems or challenges arising, (3) decisions,
and (4) actions moving forward.

Data Analysis
Given that documents cannot be considered to be completely
accurate recordings of past events [60], throughout the analysis
process, MK and JW actively reflected upon the meaning of the
meeting minute content and how this was related to challenges
experienced by the research team. Guidelines for conducting a
reflexive thematic analysis followed [61]. An inductive approach
was adopted with codes and themes driven by the data [62].
The analysis of meeting minutes took place between January
and May 2020. Meeting minutes were read multiple times by
MK to enable familiarization with the data set as a whole. MK
identified initial codes across the data set to begin organizing
the data. To enhance rigor, initial codes were discussed in
weekly meetings with JW. After initial coding across the data
set was complete, MK sorted initial codes into initial main
themes and subthemes within main themes, with continued
weekly discussions with JW to establish initial consensus and
refine the main themes and subthemes [61]. Next, the initial
thematic map (Figure 1) was presented to the research team
(HG, JH, JW, KN, LVE, MK, and YHS) for feedback in a
face-to-face discussion group held on February 14, 2020 (120
minutes). During the discussion group, the initial thematic map
was presented, and discussions were held concerning whether
the initial main themes and subthemes reflected the main
challenges experienced. One major discussion concerned
whether the Portal was a main theme or an element of all the
main themes.
Subsequently, a refined thematic map (Figure 2) was developed
by MK with continued weekly discussions with JW and applied
across the data set to ensure a good fit to the data. A second
face-to-face discussion group (120 minutes) was held on March
5, 2020, to present the refined thematic map to the research
team (HG, JH, JW, KN, LVE, MK, and YHS) for further
discussion and feedback.
On the basis of feedback received in the second discussion
group, the main themes and subthemes were further revised by
MK and JW, and a final thematic map was developed with six
main themes and no subthemes (Figure 3). The thematic map,
alongside descriptions of each main theme, was sent to the wider
research team via email for final feedback and approval,
including the provision of salient examples of challenges
missing from descriptors.
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Figure 1. Initial thematic map. Ovals represent main themes and rectangles represent subthemes within main themes. Solid gray lines illustrate
connections between main themes and subthemes. Dotted green lines illustrate where main themes and subthemes overlap with other main themes and
subthemes.

Figure 2. Refined thematic map. Ovals represent main themes and rectangles represent subthemes within each main theme. Solid lines illustrate
connections between main themes and subthemes.

Figure 3. Final thematic map.

Trustworthiness
To enhance the trustworthiness of the analysis, a number of
strategies were adopted as follows: (1) member-checking with
research team members to test that the main themes and detailed
descriptors were recognized [63], (2) use of thematic maps to
explore the main theme and subtheme connections during the
analysis process, (3) repeated returning to the whole data set to
check the adequacy of each thematic map, and (4)
member-checking and (5) peer debriefing with initial codes and
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subsequent thematic maps reviewed and discussed by MK and
JW throughout the analysis process.

Results
Overview
The thematic analysis resulted in a three-step process, an initial
thematic map (Figure 1), a refined thematic map (Figure 2), and
a final thematic map (Figure 3). Textbox 1 presents the content
of the final main themes.
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Textbox 1. Final themes and descriptors of challenges.
Descriptors of challenges identified in main themes
•

•

•

Decision-making and communication
•

Involving all members of the research team in making certain decisions. Considering the different preferences of research team members

•

Communicating between the research team and the portal development team concerning technical requirements, time estimation, and planning

Expertise
•

Identifying and recruiting study personnel with the necessary expertise and experience to design and set up the feasibility study

•

External constraints

•

Uncertainties regarding time taken for tasks to be completed by contracted personnel outside of the research team and time taken for public
authorities to make decisions and provide approvals

Flexibility
•

•

•

Changing intervention requirements, elements of the study protocol, and associated study documentation

Planning and scheduling
•

Identifying required tasks to complete

•

Estimating time to complete tasks

•

Deciding the order in which tasks should be completed, especially concerning task interdependency

Technical constraints
•

Managing within the constraints of available technical resources and known limitations of the Portal

•

Identifying necessary technical requirements on the Portal

Decision-making and Communication
Decision-making was a significant challenge during the
development of the intervention and digital features to support
study execution, and the feasibility study setup phase, resulting
in time inefficiencies and a delay to study start. A particular
challenge was related to occasions in which the entire research
team was involved in the decision-making process. Group
decision-making resulted in the time taken for the principal
investigator or a researcher to make a final decision being longer
than was always necessary. A tension was identified concerning
the desire to build and maintain a supportive team environment
versus the need for research team members with more
experience and leadership responsibilities to make quick
decisions. This resulted in examples from the meeting minutes
of the group decision-making process taking weeks, or
sometimes months, before a final decision was made by the
principal investigator. Group decision-making was particularly
challenging when research team members had different
preferences, opinions, and different levels of experience and
expertise, resulting in difficulties in reaching a consensus. One
example was deciding on a name for the intervention, whereby
several opinion polls were made over a number of weeks before
a final decision was made.
Communication was also identified as a challenge that
contributed to difficulties in the decision-making process.
Challenges regarding communication were particularly
exacerbated in situations where research team members had
different areas of expertise. A prevalent example concerned
communication between researchers and the Portal development
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team. For example, during the development of the intervention
and digital features to support study execution, the research
team had many technical requirements. However, sometimes,
there was a mismatch between researchers and the Portal
development team in their understanding of technical
requirements (eg, how interactive homework exercises were
presented on the Portal). Furthermore, difficulties were identified
concerning time estimation and subsequent planning. For
example, the Portal team at times underestimated the length of
time to deliver a technical requirement, or technical requirements
were changed by the research team, subsequently impacting the
study time plan. In addition, researchers sometimes held
unrealistic expectations concerning delivery time for a new
requirement, negatively impacting the study time plan.
Difficulties with communication were more prevalent in the
study setup phase. During the study setup phase, a software
developer from the Portal team began to attend research team
meetings, helping to avoid misunderstanding and clarifying
requirements.

Expertise
Identifying personnel with the required research and clinical
expertise was challenging. One challenge related to the
recruitment of research team personnel with the correct
competencies and experience, for example, prior experience of
trial management, design and conduct of feasibility studies,
and/or experience of internet-administered intervention
development. For example, multiple recruitment rounds were
held to recruit a postdoctoral researcher to work full-time in the
study; however, no candidates with the correct expertise were
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found. In addition, retention of research team personnel (eg,
research assistants) was raised as a difficulty, for example, staff
turnover was experienced due to short-term temporary contracts
and the uncertainty of future employment being tied to study
funding. As such, difficulties were experienced needing to
replace temporary personnel and provide training to new
research team members, taking significant time and further
impacting the study time plan. This was especially problematic
as it was difficult to recruit research assistants with prior
experience of working in similar research environments, and
thus the need for training was understandably greater.

the research team needing to respond to the authority to further
justify the use of an opt-out procedure. Additional delays were
experienced by external companies and contractors, for example,
not working at full capacity during the summer of 2019 (eg,
taking a summer vacation). Another delay related to external
factors was experienced when Uppsala University upgraded
their servers, resulting in members of the Portal team being
allocated to mitigate risks to the Portal during the upgrade and
thus unable to prioritize technical requirements for the study
and intervention.

Another challenge related to expertise concerned the further
development and refinement of the intervention material.
Difficulties were experienced in identifying a licensed
psychologist with specific experience in writing LICBT
interventions in Swedish to finalize the intervention material.
Ultimately, 2 English-speaking experts in LICBT were engaged
in later iterations of the intervention material after feedback
from PRPs. However, this resulted in the need for translation
into Swedish, back-translation into English, and cultural
adaptation of the intervention material, which further delayed
intervention development.

A further challenge was related to the development of the
intervention and digital features to support study execution and
the feasibility study setup taking place concurrently, and the
subsequent need for flexibility. For example, during the
intervention development phase, multiple changes and continued
improvements were made to the intervention content, language,
and overall design (eg, font, color palette, logo design,
professional illustrations, and layout). However, any change to
language and design had a subsequent impact on other study
components, for example, participant information sheets. It was
perceived that there were many interrelated moving parts and
any detail changed in the intervention or feasibility study
resulted in a snow-ball effect on multiple other intervention and
study components. A further example relates to study
documentation. While refining the intervention, specific study
terminology was still under development, for example,
intervention name, e-therapists being referred to in the study as
parent guides, the structure of the intervention, module, and
chapter titles. During the feasibility study setup phase, study
documentation was under development (eg, case report forms,
data management, SMS text message and email reminder
protocols and reminder content, standard operating procedures,
and the study handbook). However, each terminology change
resulted in revisions to all study documentation. Another
example related to the study information video, which had to
be rerecorded after numerous changes were made to the study
information sheets based on changes to terminology used in the
intervention. Research team members raised that these
challenges seemed related to setting up a feasibility study when
the intervention had not yet been finalized. The research team
needed to be flexible and adaptable during this process and keep
track of any detail and subsequent impact on other elements of
the intervention and feasibility study.

Challenges were also experienced when expectations for the
required expertise changed. One example is related to
illustrations for the EJDeR intervention, where illustrations
were initially developed by a research team member with some
experience in using design software. However, it was later
decided to engage an external company with specialist
experience of developing illustrations for websites and mobile
devices. This decision was made to enhance the quality of the
EJDeR intervention alongside considerations concerning
resource allocation, as illustration design is time consuming
and the skillset of the member of the research team was better
used elsewhere.

External Constraints
During the development of the intervention and digital features
to support study execution and feasibility study setup phases,
the research team liaised with public authorities (eg, the Swedish
Ethical Review Authority, the Childhood Cancer Registry, and
the Swedish Tax Agency), external companies (eg, professional
illustrators), and external contractors (eg, licensed psychologists
and e-therapists). One challenge relates to the time taken by
public authorities to make decisions and provide approval. A
specific example related to the submission of an ethical
amendment to the Swedish Ethical Review Authority regarding
the implementation of a study within a trial [58] embedded in
the ENGAGE feasibility study. The study within a trial was
approved; however, the authority raised concerns regarding
previously approved parts of the study design (eg, an opt-out
recruitment procedure involving telephone reminders to parents
who do not actively decline study participation). Raising
concerns regarding a previously approved application was
potentially because the Swedish government replaced regional
ethical review boards with a single national review authority
during the study setup phase, meaning applications and requests
for amendment were no longer necessarily reviewed by the
same local authority. This resulted in additional delays, with
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Planning and Scheduling
Another challenge is related to the overall timeframe and
associated planning and scheduling of tasks. For example, given
the aforementioned challenges with delays in intervention
development, meeting minutes documented difficulties
scheduling specific events, such as training e-therapists, or
presenting the intervention to PRPs for feedback. On several
occasions, e-therapist training was rescheduled due to delays
in intervention development; for example, finalizing the written
intervention material and some technical features, such as
videoconferencing, taking longer than initially anticipated to
develop and test. Furthermore, time for task completion was
often underestimated, which was discussed at times as being
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related to expertise. This could be observed by how several
research team personnel had no prior experience of working
within a similar research environment, resulting in some tasks
taking longer than anticipated. Planning and scheduling were
also described as generally difficult given the interrelatedness
of intervention development and feasibility study setup tasks.
For example, any changes made to the intervention affected the
entire planning chain.
A further complexity regarding planning and scheduling related
to the different project management tools used by the research
team versus the Portal team. For example, the research team
used a Gantt chart, mainly focused on research-associated tasks,
alongside Microsoft To Do, to enable task breakdown and
allocation of tasks between research team members. However,
the Portal team used Atlassian Jira Software Server Version
8.5.1, a software development tool used by agile teams to plan,
track, and release software features. At times, this was
experienced as a challenge as while the research team tracked
overall technical feature development in the Gantt chart, this
was at times out of sync with more detailed software
development planning in Jira Software Server. During the study
setup phase, the developer team began to report updates to the
research assistant responsible for the Gantt chart each week,
which improved planning. However, research team members
discussed how a more integrated solution may have facilitated
scheduling and planning, especially because of the detail and
complexity involved in the development of new digital features
for both the intervention and support study execution.

Technical Constraints
A challenge frequently mentioned in meeting minutes pertained
to the availability of technical resources, such as the Portal
team’s time and the existing functionality of the Portal. The
existing Portal did not have all the digital features required to
deliver the internet-administered intervention or to support the
execution of the feasibility study. Meeting minutes documented
numerous new or adjusted intervention features, for example,
(1) color palette change, (2) e-therapist notifications via email
and SMS text message when participants send internal messages
or submit chapters or homework exercises, (3) font selection,
(4) intervention display to allow e-therapists to tailor the
intervention, (5) carrousel feature to enhance library navigation,
(6) printable PDF documents of homework exercise, (7)
tab-based intervention view, and (8) videoconferencing. Meeting
minutes also document new digital features required to support
study execution, for example, (1) character limitation removed
for SMS text messages sent via the Portal; (2) customized study
registration process, including the use of recruitment ID to
identify the source of recruitment; (3) individual preferences
for reminders (eg, email, SMS text message, post, or telephone);
(4) new home page to facilitate study sign-up and log-in for
existing participants; (5) newsletter scheduling based on parents’
progress in the study; (6) opt-out procedure for participants
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declining study participation; (7) personalization of reminders
(eg, use of first name); (8) reporting features on intervention
use, newsletters, reminders, and suicide alerts; and (9)
study-specific technical help-texts throughout the Portal.
Some new digital feature requirements were known from study
conception (eg, included in the grant application and study
protocol), for example, the newsletter, individualized reminders,
and opt-out procedure. However, other digital requirements,
especially in relation to the intervention, were not planned and
arose during the intervention development phase. During the
discussion groups, it was raised that as it was very difficult to
know all Portal requirements in advance, there was a need for
good communication between the research team and Portal
team. Some research team members discussed how their lack
of prior knowledge of the Portal, especially in relation to how
interventions were delivered, resulted in underestimations or
differing expectations concerning the amount of technical and
aesthetic changes required. Furthermore, the research team did
not always have a clear understanding of how much work might
be involved in developing a new technical feature or changing
an existing feature. Meeting minutes also listed several occasions
when new digital features, or requested changes to existing
digital features, took longer than anticipated to develop and test.
One reason for the difficulties in time estimations is related to
the existing software architecture of the Portal. As such, the
development of new digital features, or making changes to
existing digital features, could have unintended or unanticipated
consequences on other existing features on the Portal, and
subsequently impact other studies running on the Portal.

Discussion
Principal Findings
This paper describes the challenges experienced during the
development phase of the internet-administered intervention
and digital features to support the execution of the study
procedures and setup of the ENGAGE feasibility study. To
summarize the main findings, a document analysis of meeting
minutes adopting a thematic analysis approach and subsequent
research team discussions resulted in six main themes as follows:
(1) decision-making and communication, (2) expertise, (3)
external constraints, (4) flexibility, (5) planning and scheduling,
and (6) technical constraints.

Comparison With Prior Work
To provide an overview of prior work exploring challenges
experienced in traditional and digital health care research and
software development projects, we present each of the main
themes and descriptors of challenges identified alongside similar
research findings from others (Table 1). We included 10
publications [64-73] in Table 1, which have not yet been
mentioned.
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Table 1. Final main themes, descriptors of challenges identified, and a summary of similar research findings.
Main themes

Descriptors of challenges identified in main themes

Similar research findings from others

Decision-making and
communication

•

Involving all members of the research team in making
certain decisions
Considering the different preferences of research team
members
Communicating between the research team and Portal
development team concerning technical requirements,
time estimation, and planning

•

Identifying and recruiting study personnel with the
necessary expertise and experience to design and set
up the feasibility study

•

Uncertainties regarding time taken for tasks to be
completed by contracted personnel outside of the research team and time taken for public authorities to
make decisions and provide approvals

•

Changing intervention requirements, elements of the
study protocol, and associated study documentation

•

•
•

Expertise

External constraints

Flexibility

•

•

•

•
•
•
•
•

•
•

•

•
•
Planning and scheduling •
•
•

Identifying required tasks to complete
•
Estimating time to complete tasks
•
Deciding the order in which tasks should be completed,
especially concerning task interdependency
•
•
•
•

Technical constraints

•
•

Managing within the constraints of available technical •
resources and known limitations of the Portal
Identifying necessary technical requirements on the
•
Portal
•

One interesting challenge was identified in relation to the group
decision-making process affecting the study timeframe. Research
concerning cultural expectations and decision-making indicates
that, within the Swedish culture, there are high expectations for
shared authority and decision-making between managers and
personnel [64]. Generally, the workplace is less hierarchical
with decisions and responsibilities shared and decisions made
in larger groups [65]. However, research suggests that more
unilateral or directive decision-making may be required when
there are significant time pressures and critical deadlines and
with more novice team members [74]. While adopting group
decision-making processes may help to maintain good
relationships and is more in line with cultural expectations, this
was at tension with the need for more unilateral and directive
decision-making, given the time critical nature of the research.
Indeed, one reason for failing clinical trials may pertain to a
lack of structured business-like trial management [12].
A related challenge concerned the difficulties in recruiting
experienced study personnel. Difficulties with recruitment and
inadequate training of study personnel have been identified in
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Challenges in communicating between the principal
investigator and the research team [9]
Cultural interference in group decision-making [64,65]
Insufficient time from the principal investigator [9]
Lack of arena for solving conflict [66]
Misunderstanding project goals [67]
Difficulties with communication between software
personnel and nontechnical personnel (eg, different
perceptions, knowledge, and experience) [66,68]
Limited access to project personnel with the relevant
expertise and knowledge [9,25,37,68]
Poor retention of personnel [69]
Time needed to train personnel [9,25]
Time taken for ethical and regulatory approval from
public authorities [69,70]
Lack of adequate regulatory and legal guidance
[23,25,37,38]
Adaptations needed to allow digital tools to be used in
research [25,36]
Complexities of study documentation development [9]
Lack of understanding of requirement complexity [68]
Conflicting priorities [68]
Complexities of forecasting and planning project budgets [71]
Poor or unrealistic project planning [9,68]
Need to involve multiple stakeholders in the planning
[25,37,38]
Time taken to develop high-quality documents and data
collection tools [68]
Use of collaboration tools [66]
Shared an understanding of software requirements
[23,66,68]
Data privacy and security [23-25,37,38,72,73]
Access to adequate infrastructure [23,25,37,38]

the literature as a key inefficiency in successful trial delivery
[9]. Despite multiple recruitment attempts, it was not possible
to recruit a postdoctoral researcher with the required
competencies to work on the study. However, competent trial
management by a dedicated trial manager responsible for
day-to-day operations is essential for efficient trial conduct.
Indeed, once funding is awarded, the trial manager, rather than
the principal investigator and coinvestigators, has been
suggested to be the most important research team member to
successfully deliver a clinical trial [75]. Furthermore, it is
suggested that some trials fail not due to the study design but
rather problems with trial management [76,77]. In the context
of the ENGAGE feasibility study, no research team member
working on the study on a full-time basis had experience of
similar research environments and advanced training in research
methodology. Those in senior roles with advanced training and
expertise in research methodology (eg, the principal investigator
and coinvestigator) were key to organizing, planning, and
decision-making; however, their time was spread across multiple
studies and competing responsibilities. This light project
management approach has been demonstrated to lead to team
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members’ expectations being unfulfilled and commitment of
the team may decrease [78].
In countries such as the United Kingdom, there has been an
increased emphasis on efficient clinical trials to reduce research
waste, for example, by the establishment of the UK Trial
Managers’ Network for trial managers on academic-led
noncommercial trials. To the best of our knowledge, there is no
specific trial management professional career structure within
academic settings in Sweden, which may account for some of
the difficulties recruiting a postdoctoral researcher with the
required competencies. An added complexity in the Swedish
context is the employment projection law (LAS § 5a 1982:80),
which stipulates that personnel can be employed on a fixed-term
contract for a maximum of 2 years and must be offered a
permanent position thereafter to remain in employment.
However, given the time-limited nature of health care research
and uncertainty concerning continued funding, this often results
in research personnel only being employed for a maximum
2-year fixed-term contract. Subsequently, it is difficult to
maintain experienced research staff for the duration of the trial
funding periods. However, even in countries such as the United
Kingdom, where trial management is more established within
academic settings, barriers are experienced, such as a lack of
clarity around career structures, progression, and professional
status, lack of training opportunities, lack of professional
accreditation, and staff retention due to lack of funding and
instability of short-term contracts [11,12,79].
A further key challenge related to both the development phase
of the internet-administered intervention and digital features to
support the execution of study procedures and setup of the
feasibility study, occurring concurrently. Complex health care
intervention development and refinement involves a number of
iterative and interacting stages [19]. The development of
interventions using internet-based technologies is complex, and
specific challenges have been identified in relation to their
development (eg, iterative development life cycles, relationship
between academics and developers, and characterization of
intervention components and essential features) [80,81].
Furthermore, feasibility studies are complex and can involve a
number of iterative phases and the testing of multiple procedural,
methodological, and clinical uncertainties [17]. In the present
context, a number of challenges were related to the
interrelatedness of the intervention and subsequent feasibility
study, for example, further development, refinement, and
adaptation of the intervention resulted in multiple changes to
associated documentation for the feasibility study. The
development of high-quality study documentation is a difficult
and lengthy process [9], and the focus on intervention
development meant allocating resources away from the
preparation of study documentation. As such, working on
intervention development concurrent with the feasibility study
setup may have added to the complexity of already complex
research processes.
In addition, while a significant phased approach to intervention
development had already taken place [41,42,49,54], a structured
approach was not adopted regarding the technical development
of the intervention. Given the complexity of the development
of internet-administered interventions [80,81], it may have been
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beneficial to adopt a specific development model designed to
inform the development of health care interventions using
internet-based technologies, such as the Behavioral Intervention
Technology model [82]. Adopting a more structured approach
to technical development may have facilitated the
communication of technical requirements to the Portal team.
Indeed, challenges relating to communication between the
research and Portal team may have been experienced, given that
requirements were requested from those unfamiliar with
software programming, and software developers are unfamiliar
with research methodologies and LICBT interventions [23].
The Portal team adopts agile software development, therefore
working with software requirements in short iterations [83] with
a need for frequent, quick, and short-term decisions [84].
However, this approach can cause challenges when there is a
need for collaborative decision-making with multiple
stakeholders with varying backgrounds, expertise, and goals
[66]. Barriers to efficient communication and development of
shared knowledge may be related to a lack of understanding of
each other’s field (eg, different educational backgrounds,
technical knowledge, and experience), difficulties with clients
describing functional requirements, and difficulties with
software developers communicating time expectations with
clients in a direct manner [68]. A lack of shared understanding
between software development teams and end-clients can result
in unrealistic planning and frequent changes in planning [66].
In addition, transforming study procedures normally conducted
in-person to digital form is a complex procedure requiring
significant planning, time, and expertise [25,36]. However,
involving a member of the Portal team in the weekly research
team meetings significantly improved the development of shared
knowledge and understanding and helped to overcome some of
the aforementioned challenges. Indeed, more active engagement
between software developers and the end client has been posited
as a helpful strategy to facilitate communication [68].
Another noteworthy challenge is related to the constraints of
the Portal. Health care interventions delivered by digital
technologies have evolved rapidly over the past two decades
[85]. However, this also means that technology becomes quickly
outdated [86], given the technological advancements and
changing end-user expectations. However, rapid technical
evolution is not easily compatible with traditional research
approaches such as randomized controlled trials (RCTs) [85],
and translating traditional clinical trial procedures to digital
form may require the complete re-engineering of trial design
and processes [36]. The Portal was developed to support
traditional health care research, for example, RCTs and
observational
studies,
and
multiple
RCTs
of
internet-administered cognitive behavioral therapy interventions
have been conducted on the Portal [87-90]. The Portal was
originally designed to deliver two internet-administered
cognitive behavioral therapy interventions [87,88]; however,
over time, the Portal has been developed to support the needs
of different studies and has experienced a continuous flow of
technical requirements from researchers since its conception in
2010 [22,23]. However, the time taken to design and conduct
traditional health care research is not in line with fast-paced
technical advances [91]. Therefore, when using digital
technologies for intervention delivery and the execution of study
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procedures, careful planning is required as technology may
change [25,32]. Multiple requests for new digital features and
changes to existing features were required for both the
intervention and the execution of study procedures; however,
challenges were experienced relating to the legacy software
architecture of the Portal. For example, new feature requests or
changes to existing features can result in unanticipated negative
impacts on existing features used by ongoing studies. This
highlights a key challenge for research environments using
internet-based technologies, especially in a context where new
digital features and complex configurations are added over time
[23]. Appropriate technical infrastructure (eg, having the
appropriate hardware, software, and technical expertise) has
been highlighted as a significant challenge in conducting
successful digital health care research [38].

Limitations
Meeting minutes were written independently to the objective
of the analysis, and therefore may not provide sufficient detail
to reveal all the challenges experienced by the research team.
As is common in document analysis, documents are often
uneven in length, providing more detailed information about
some topics than others [60]. As such, there is a potential that
some challenges experienced were missed in the analysis as
less focus was placed on them when writing meeting minutes;
however, we attempted to overcome this limitation by
member-checking through two group discussions. An additional
limitation relates to selectivity bias [60], and it is difficult to
separate the analysis from the context of the research team, for
example, biases and opinions held by research team members.
Attempts to limit selectivity bias were made by the analysis
being primarily conducted by a new member of the research
team who had not been present in any of the meetings wherein
minutes were analyzed.
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resource-intensive. Recommendations for improving efficiency
include (1) the development of networks to share good practice
and training opportunities for trial staff, especially in the area
of complex digital health care interventions; (2) the employment
of advanced research methodology–educated, senior dedicated
trial personnel who can be responsible for the day-to-day
operations; (3) the completion of the intervention development
phase (including technical requirements) before the feasibility
study setup; and (4) the integration of members of the software
development team into the research team to improve
communication and develop shared knowledge and
understanding. We hope that our experiences may be useful for
others who are planning to conduct future research within the
development and feasibility phases of the MRC complex
intervention framework, especially for internet-administered
interventions and research using digital features to support the
execution of study procedures. Publishing challenges
experienced during intervention development [19] and trial
setup and conduct [11] may help to reduce future research waste,
improve the quality of digital health care research, and add to
the emerging literature concerning challenges experienced by
integrating digital technologies into health care research [25].
Despite experiencing a number of challenges, the ENGAGE
feasibility study commenced recruitment on July 3, 2020, and
recruitment targets were successfully met by October 14, 2020,
well within the projected 6-month recruitment period [21].
Furthermore, preliminary posttreatment follow-up data indicated
that retention targets were successfully met. While delays to
study start were experienced, taking a careful and
detail-orientated approach to intervention development and
feasibility study setup may have helped facilitate meeting
recruitment and retention targets and will hopefully enhance
efficiencies across subsequent phases of our planned research,
for example, a definitive (evaluation) trial.

Conclusions
The development and feasibility testing of health care
interventions using digital technologies is time- and
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Abstract
Background: Mind-body interventions have the potential to positively impact the symptom burden associated with primary
biliary cholangitis (PBC). Interventions are more likely to be effective if they are informed by a theoretical framework. The
Behaviour Change Wheel (BCW) and the behaviour change technique taxonomy version 1 (BCTv1) provide frameworks for
intervention development.
Objective: This study describes how theory has guided the development of a 12-week multicomponent mind-body wellness
intervention for PBC.
Methods: The steps involved in developing the BCW intervention included specifying the target behavior; explaining barriers
and facilitators using the Capability, Opportunity, Motivation, and Behaviour and the theoretical domains framework; identifying
intervention functions to target explanatory domains; and selecting relevant behavior change techniques to address intervention
functions. Qualitative data from patients with inflammatory bowel disease using an earlier version of the program and feedback
from a PBC patient advisory team were used to guide intervention development.
Results: Barriers and facilitators to intervention participation associated with capability, opportunity, and motivation were
identified. Intervention functions and behavior change techniques were identified to target each barrier and facilitator.
Conclusions: The Peace Power Pack PBC intervention was developed to help individuals with PBC manage their symptom
burden. The theoretical frameworks employed in this intervention provide direction on targeting antecedents of behavior and
allow standardized reporting of intervention components.
Trial Registration: ClinicalTrials.gov NCT04791527; https://clinicaltrials.gov/ct2/show/NCT04791527
(JMIR Form Res 2021;5(10):e29064) doi:10.2196/29064
KEYWORDS
liver disease; meditation; yoga; breathwork; behavior theory; COM-B model; behaviour change wheel; behaviour change taxonomy;
internet; digital

Introduction
Primary biliary cholangitis (PBC) is a female predominant
chronic liver disease estimated to affect between 9000 and
11,000 Canadians [1]. Despite the relatively low prevalence of
PBC, global incidence and prevalence rates have been reported
to be on the rise [1]. PBC is associated with symptoms including
https://formative.jmir.org/2021/10/e29064
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pruritus and fatigue, which can lead to social isolation and
emotional dysfunction [1-3]. Fatigue, defined as a persistent
state of exhaustion, inability to perform usual routines, and a
decreased capacity for physical and mental work, has been
reported as the most common and debilitating among these
symptoms [4-7]. Individuals with PBC also commonly
experience a low health-related quality of life (HRQOL), with
1 study concluding that 35% of individuals with PBC had an
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(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
impaired HRQOL compared to 6% of healthy controls
[6]. Current medical therapies are ineffective at improving
PBC-related symptoms or impacting quality of life [5,6,8].
Building upon the recognized need for novel interventions [6,9],
our team was approached by patients and the Canadian PBC
Society to develop self-care tools to manage symptom burden.
Although to our knowledge, mind-body wellness interventions
have never been trialed in PBC, interventions of this nature
have been found to improve fatigue and HRQOL in other
chronic diseases [10-12].
The use of a clear theoretical framework during the design of
an intervention has been associated with increased adherence
rates, and sustained changes to health-related behaviors [13-15].
The Behaviour Change Wheel (BCW), a framework synthesized
from 19 individual models of behavior, has been used to guide
development of several acceptable and effective theory-based
interventions [16-18]. At the core of the BCW is the Capability,
Opportunity, Motivation and Behaviour (COM-B) model, which
describes the key antecedents to the target behavior. The BCW
then outlines intervention functions that can be used to facilitate
behavior change [16]. This process is further enhanced by the
behavior change technique taxonomy version 1 (BCTv1), which

Watt et al
details standardized active intervention ingredients that can be
implemented to target intervention functions [19]. Optimally,
theory would also extend to the evaluation of behavior change
and maintenance.
This paper describes how theory has guided the development
of a 12-week multicomponent mind-body wellness intervention
for PBC (ClinicalTrials.gov NCT04791527) using several
theoretical constructs: BCW guidelines [16], the COM-B model
[16], the theoretical domains framework (TDF) [20], and the
BCTv1 [19]. Development of the intervention involved the
following steps, which were informed by the BCW guidelines:
(1) specify the target behavior; (2) explain barriers and
facilitators to the target behavior by using the COM-B model
and the TDF; (3) identify intervention functions to target
explanatory domains; and (4) select relevant behavior change
techniques to address intervention functions.

Methods
The following sections outline the processes (methods) for each
of the 4 steps of intervention development. An outline of the 4
steps of intervention development can be found in Figure 1.

Figure 1. Steps involved in intervention development. BCT: behavior change technique; COM-B: Capability, Opportunity, Motivation and Behaviour;
TDF: theoretical domains framework.

The target behavior was determined through a review of the
literature on adherence to behavioral health interventions, and
in consultation with the Canadian PBC Society.

impaired quality of life [22,23]. These interviews were coded
and thematically analyzed by 2 independent coders [21]. A
COM-B characteristic and a TDF domain were then identified
for each barrier and facilitator of behavior mentioned by those
participants.

Step 2: Explain Barriers and Facilitators to Behavior
Using the COM-B and TDF

Step 3: Identify Intervention Functions to Target
Explanatory Domains

Domains from the COM-B model and the TDF were selected
to explain barriers and facilitators to the target behavior. The
COM-B model outlines that for a behavior to occur, an
individual must have the capability, opportunity, and motivation
to perform the behavior. Capability is composed of
psychological capability (knowledge), and physical capability
(physical skills); opportunity is composed of physical
opportunity (environmental resources) and social opportunity
(cultural milieu); and motivation includes reflective motivation
(evaluations, plans) and automatic motivation (emotions,
impulses) [16]. As the COM-B model provides a relatively
general understanding of behavior, the TDF, which outlines 14
processes involved in behavior change, is often used to provide
further specification of behavioral determinants [20]. To identify
barriers and facilitators driving health-related behavior, we
conducted qualitative interviews with individuals who had
participated in the previous iteration of the intervention carried
out in a separate chronic disease group (ie, individuals with
inflammatory bowel disease [IBD]) [21]. Similar to PBC,
individuals with IBD experience high rates of fatigue and

Intervention functions were selected to address each barrier and
facilitator to behavior. The BCW specifies 9 standardized
intervention functions that can be used to address barriers and
facilitators to behavior change [16]. The BCW guide then
outlines intervention functions that are appropriate for each
TDF domain [24]. The web-based nature of the program and
characteristics of the target population (ie, chronic fatigue) were
considered when selecting intervention functions.

Step 1: Specify the Target Behavior
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Step 4: Specify Intervention Content by Selecting
Relevant BCTs
Behavior change techniques were selected to allow standardized
implementation of intervention functions. Following the
procedure outlined by Jennings et al [13] and Tombor et al [25],
BCTs were specified for each of the intervention functions
identified in step 3.
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Results
Results Overview
The Peace Power Pack PBC (PPPPBC) intervention was
co-developed with a patient advisory team from the Canadian
PBC society. The web-based intervention is described in
Multimedia Appendix 1. The intervention is 12 weeks in
duration with each week featuring: (1) a video detailing a core
practice of mindful movement (yoga, tai chi, and low-intensity
exercise divided into a standing stream and a chair stream),
energizing breathwork practices, and guided meditation
(increasing in length from 20-30 minutes over the course of the
program); (2) an introductory video describing a weekly positive
psychology theme (3-5 minutes); and (3) an interactive positive
psychology activity related to the theme for the week (3-5
minutes). All programming is hosted on the investigator’s
website [26]. Throughout the duration of the study, participants
will receive standardized weekly motivational emails, weekly
10-minute motivational interviewing check-ins, and will be
invited to participate in weekly group sessions with fellow
participants. The following section outlines the outcomes
(results) for each of the 4 steps of intervention development
previously outlined.

Step 1: Specify the Target Behavior
Adherence to the video-based program at least 3 days a week
was selected as the primary target behavior, with a gradual
increase in the video duration over the course of the 12 weeks.
Based on feedback from the Canadian PBC society, this target
behavior was chosen with the intent to balance the intervention
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dose with likelihood of adherence. Available evidence suggests
that higher levels of adherence to behavioral health interventions
leads to improved outcomes in a dose-dependent manner [27].
High levels of fatigue in individuals with PBC have been
associated with a decreased sense of self-efficacy for a particular
behavior [28] and inability to adhere to a target could lead to
further reductions in self-efficacy. To ensure participants are
aware of the anticipated study commitment, the target will be
advertised to participants interested in enrollment.

Step 2: Explain Barriers and Facilitators to Behavior
Using the COM-B and TDF
A comprehensive list of barriers and facilitators, along with the
associated COM-B and TDF domains is provided in Table 1.
The most common barriers to program participation described
by the individuals with IBD were difficulty fitting the program
into daily routine, and finding that the movement portion of the
program was not matched with the ability level [21]. Perceived
facilitators to program participation included accessible
presentation of content on the host website and contact with
program facilitators/fellow participants. Of the 14 domains of
the TDF, 9 were associated with barriers and facilitators to
intervention participation: behavior regulation, physical skills,
environmental context and resources, memory attention and
decision processes, social influences, goals, beliefs about
capabilities, beliefs about consequences, and reinforcement.
The most common TDF domains were social influences
(check-ins with program facilitators and other participants
enhancing accountability), and behavioral regulation (fitting
the program into daily routine).
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Table 1. Use of behavior change techniques in developing an intervention for people living with primary biliary cholangitis.
Enabler

Barrier

Interactions with program facilitators enhanced accountability

COM-Ba/TDFb/IFc

Behavior change technique

Implementation of a behavior change
technique

•

•
•

•

•
•

COM-B: reflective motivation
TDF: goals
IF: persuasion

•

1.5 Review behavior goal(s)
1.6 Discrepancy between current behavior and goal
3.1 Social support (unspecified)

•
•

Able to integrate in
everyday routine

Difficulty integrat- •
ing program into
daily routine
•
•

COM-B: psychological capability
TDF: behavioral
regulation
IF: enablement,
persuasion

•
•
•
•

1.4 Action planning (Future
consideration
1.6 Discrepancy between current behavior and goal
2.2 Feedback on behavior
15.3 Focus on past success (self-belief)

•

•

•

•

Access to accommodations to physical activity program where
needed

Insufficient access •
to accommodation
to physical activity •
program
•

Interaction with others
in program associated
with increased motivation

•
•
•

Desire to feel better

•
•
•
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COM-B: physical capability
TDF: skills
IF: enablement

•
•

COM-B: social •
opportunity
TDF: social influences
IF: persuasion,
modeling
COM-B: reflective motivation
TDF: goals
IF: persuasion

•
•

1.5 Weekly adherence vs target adherence goal were discussed during
check in
1.6 Weekly adherence vs target adherence goal were discussed during
check in
3.1 Weekly check ins employed motivational interviewing techniques to
support program adherence
1.4 In week 1, participants watched
an interactive video prompting them
to plan their performance of the target behavior (adherence to the program at or above the set minimum
adherence goal). This included committing to a personal adherence goal
at or above the set minimum, and
writing down (1) potential obstacles
to meeting their adherence goal; and
(2) actions that could be taken to
avoid or overcome these obstacles.
1.6 The host website recorded weekly
participation (indicated by accessed
content). At the top of the website,
the user’s current weekly participation was presented beside the user’s
adherence goal.
2.2 The host website recorded weekly
participation (indicated by accessed
content). At the top of the website,
the user’s current weekly participation was presented.
15.3 In week 1, participants watched
an interactive video that prompted
them to think about instances in
which they successfully adhered to
a goal.

4.1 Instruction on how to per- •
form a behavior
6.1 Demonstration of the behav- •
ior

4.1 Instruction for accommodations
were provided
6.1 Demonstration of accommodations were provided

•

3.1 Participants were invited to
weekly live group sessions in which
they had the opportunity to participate in program practices with peers

5.1 Information about health
•
consequences
5.2 Information about emotional consequences
•

5.1 Introductory videos provided information about health consequences
associated with participating in the
program
5.2 Introductory videos provided information about health consequences
associated with participating in the
program

3.1 Social support (unspecified)
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COM-Ba/TDFb/IFc

Difficult to partici- •
pate when feeling
unwell due to disease
•
•

Able to navigate web- Difficulty navigatsite
ing website

•
•
•

COM-B: physical capability,
psychological
capability
TDF: environmental context
and resources
IF: environmental restructuring

Behavior change technique

Implementation of a behavior change
technique

•

•

12.1 Restructuring of the
physical environment

•

COM-B: psycho- •
logical capability
TDF: memory
•
attention and decision processes
IF: training

4.1 Instruction on how to per- •
form a behavior
6.1 Demonstration of the behavior (comparison of a behavior)

•

•

Web-based format enhanced accessibility

•
•

Physical move•
ment was too difficult
•
•

•

Feeling better/good
after participating in
intervention

Uncertain about
benefit

•
•

•

12.1 Restructuring the physical •
environment

12.1 Web-based format was maintained

COM-B: physi- •
cal capability
TDF: physical
•
skills
IF: enablement, •
training, environmental restructuring

4.1 Instruction on how to per- •
form a behavior
6.1 Demonstration of the behavior (comparison of a behavior)
12.1 Restructuring of the
•
physical environment

4.1 Within each stream, the mindful
movement videos featured description of how to perform each specific
posture/exercise
6.1 Within each stream, the mindful
movement videos featured demonstration of how to perform each specific
posture/exercise
12.1 Two streams of mindful movement were implemented, which were
differentiated by difficulty

COM-B: reflective motivation
TDF: beliefs
about capabilities
IF: environmental restructuring

•

12.1 Restructuring of the
physical environment

•

12.1 Two streams of mindful movement were implemented, which were
differentiated by difficulty

COM-B: reflective motivation
TDF: beliefs
about consequences, reinforcement
IF: persuasion

•

5.1 Information about health
•
consequences
5.2 Information about emotional consequences
9.1 Credible source
•

5.1 Introductory videos provided information about health consequences
associated with participating in the
program
5.2 Introductory videos provided information about health consequences
associated with participating in the
program
9.1 Introductory videos featured
health care professionals discussing
potential benefits associated with
participating in the program

•
•

•
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4.1 Individuals received an introduction to the online platform via zoom,
in which the research assistant provided instruction on accessing the intervention. Written instructions were
also forwarded to all participants in
an email.
6.1 Individuals received an introduction to the online platform via zoom
in which the research assistant
demonstrated accessing the intervention

COM-B: psycho- •
logical capability
TDF: environmental context
and resources
IF: environmental restructuring

•

Physical move•
ment was not difficult enough
•

12.1 Short meditations were provided
that could be completed when individuals are not feeling as well
12.1 All mindful movement was low
intensity
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Barrier
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COM-Ba/TDFb/IFc

Fear of getting in- •
jured during physical activity
•
•

Repetition in physical
activity program
helped build routine

•
•

•
a

COM-B: reflective motivation
TDF: beliefs
about consequences
IF: education,
environmental
restructuring

Behavior change technique

Implementation of a behavior change
technique

•
•

•

COM-B: psycho- •
logical capability
TDF: memory,
attention, and decisional processes
IF: enablement

9.1 Credible source
12.1 Restructuring of the
physical environment

•

8.3 habit formation

•

9.1 Welcome video featured a health
care professional explaining that
mindful movement was designed to
be safe for PBC.
12.1 Various streams of mindful
movement were available, separated
by difficulty. Adaptations were
available within mindful movement.
8.3 Routine varied but structure was
conveyed through repetition of the
same type of activity from week to
week (eg, 1 day of each week was
dedicated to a breath program, 1 day
a flow day)

COM-B: Capability, Opportunity, Motivation and Behaviour.

b

TDF: theoretical domains framework.

c

IF: intervention functions.

Step 3: Identify Intervention Functions to Target
Explanatory Domains
The intervention functions persuasion, environmental
restructuring, and education were used to target theoretical
domains relating to motivation. The intervention functions
persuasion, enablement, training, and environmental
restructuring were selected to target theoretical domains related
to capability, and the intervention functions persuasion and
modelling were selected to target theoretical domains related
to opportunity. See Table 1 for a full outline of the intervention
functions selected for each domain.

Step 4: Specify Intervention Content by Selecting
Relevant BCTs
The comprehensive list of selected BCTs along with a
description of how they were operationalized can be found in
Table 1. Examples of how selected BCTs were translated into
each of the general intervention components are detailed in the
following.

Implementation of BCTs Into Core Practice
To address the behavior barrier “physical movement was too
difficult,” the BCTs “including instructions on how to perform
a behaviour,” “demonstration of the behaviour,” and
“restructuring of the physical environment” were employed.
These were operationalized by including short videos to describe
and demonstrate each exercise featured in the mindful movement
routines, and through restructuring the program to include
participant choice between a chair versus a standing stream of
mindful movement.

Implementation of BCTs Into Positive Psychology
The BCTs “action planning” and “focus on past successes” were
integrated into the positive psychology portion of the program
to help address the barrier “integrating the program into daily
routine.” Specifically, an interactive positive psychology activity
at the beginning of the program was created to prompt
https://formative.jmir.org/2021/10/e29064
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participants to set their adherence goal, schedule their behavior,
consider potential barriers and facilitators to behavior, and think
about past successes with behavior change.

Implementation of BCTs Into Weekly Communications
To address the behavior facilitator “interactions with others
enhances accountability,” we selected the BCTs “social support
(unspecified),” “review behaviour goals,” and “discrepancy
between current behaviour and goal.” During the weekly phone
check-ins, a program facilitator will implement these BCTs by
providing social support through brief weekly motivational
interviewing touchpoints, revisiting the participant’s initial
goals, and discussing weekly adherence versus initial adherence
goals.

Discussion
Principal Findings
The PPPPBC intervention was developed to provide individuals
with PBC a tool to help better manage their symptom burden.
The intervention was designed to optimize participation by
enhancing a participant’s physical capability (ie, enable
participation in a stream of mindful movement), psychological
capability (ie, enable self-regulation), automatic motivation (ie,
help participants build a routine), reflective motivation (ie,
building intention to participate in wellness practices), and social
opportunity (ie, connect with peer models). Owing to the
web-based nature of this intervention, we were not able to alter
the individual’s physical environment and therefore did not
target physical opportunity. Capability, opportunity, and
motivation were targeted through the intervention functions
persuasion, education, modeling, enablement, environmental
restructuring (restructuring of intervention platform), and
training. Additionally, 13 BCTs from the BCT taxonomy v1
were chosen to deliver the intervention content.
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Utility of a Theoretical Framework

Limitations

Informing behavioral interventions by theory not only provides
a means to increase the efficacy of these interventions, but also
allows researchers to standardize reporting of the active
ingredients of interventions through BCTs. Current guidelines
for reporting behavioral interventions are largely focused on
reporting intervention delivery rather than intervention content
[29,30]. Consequently, few reports detail active components of
existing behavioral interventions and often use different
language to describe active components. This presents a barrier
to evaluating and replicating aspects of interventions that
effectively bring about behavioral change. Experts in behavioral
medicine have reported a low level of confidence in their ability
to replicate effective behavioral interventions, which is likely
linked to poor reporting of these interventions [19]. The current
intervention is among a small number of multicomponent
behavioral interventions to report on theoretically informed
intervention development in a standardized manner [30]. In
addition, this is the first known mind-body intervention tailored
to PBC. This report provides a basis for (1) better consensus to
be reached around a standardized approach to employing
behavior change theory to inform an intervention and (2)
evidence to be synthesized around which BCTs are effective in
the context of an intervention. Both of these factors will allow
for replication of successful aspects of implementation and
successful active components. Importantly, after study rollout
is complete, subsequent qualitative and quantitative assessment
of behavior change will be necessary to determine successful
components of the intervention.

This project is not without limitations that should be
acknowledged. The qualitative feedback used to inform barriers
and facilitators to participating in the intervention was provided
by participants with IBD, with no large-scale data collection
occurring from individuals with PBC. Given the similarity of
the symptom burden experienced with IBD and PBC (eg,
fatigue, depression, anxiety, stress) the barriers and facilitators
provided in the interviews were deemed to be applicable to
PBC. To further mitigate this limitation, we worked with an
advisory team of patients with PBC to better understand how
intervention design needed to be tailored to meet the specific
needs of this population (eg, providing a chair stream within
the mindful movement to accommodate for potential fatigue
and mobility restrictions).

Conclusions
To our knowledge, the PPPPBC intervention is unique in that it
is a mind-body wellness program designed for individuals with
PBC, and in that it has taken a structured approach to
considering theory in design and evaluation. Development was
informed by the BCW [16] and BCTs [19]. Application of these
frameworks was guided by feedback from our patient advisory
team. Further standardized reporting of complex interventions
conducted in different contexts, along with subsequent
assessment of behavior change, is necessary to determine how
contextual variables influence the effectiveness of different
BCTs.
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Abstract
Background: The experience of infertility and its treatment engenders considerable stress and is often described as an emotional
rollercoaster. A mobile health (mHealth) app may be a novel solution to address the psychoeducational and psychosocial support
needs of fertility patients because of its potential to reduce stress and increase patient empowerment. There are a few fertility-related
apps that provide information and support to both men and women undergoing fertility treatment; however, none have documented
their development and evaluation process.
Objective: This study aims to describe the development and evaluation process of a bilingual mHealth app, Infotility, designed
to meet the psychoeducational and psychosocial support needs of men and women undergoing fertility treatment.
Methods: To develop the Infotility app, we adhered to the Medical Research Council guidelines for the development and
evaluation of complex interventions. First, we conducted literature reviews and needs assessment surveys of fertility patients and
health care providers who informed the content and design of the app. Second, we tested the intervention with a small group of
end users who provided feedback on the design and appropriateness of the app’s content. Third, we evaluated the uptake and
usability of the app using a pre-post study design. Finally, we updated the app’s content based on participants’ feedback and
searched for partners to disseminate the app to the broader public.
Results: This study is the first to describe the development and evaluation process of an mHealth app for men and women
undergoing fertility treatment. The app met its goal in providing fertility patients with a clinician-approved, portable resource for
reliable information about medical and psychosocial aspects of infertility and its treatments and a confidential peer support forum
monitored by trained peer supporters. Participants rated the engagement, functionality, information, and esthetics of the app
positively, with an overall app quality mean score of 3.75 (SD 0.53) and a star rating of 3.43 (SD 0.75), with a total possible score
and star rating of 5.00.
Conclusions: By documenting the systematic development and evaluation of the mHealth app for men and women undergoing
fertility treatment, this paper can facilitate the replication of the study intervention and the development of similar mHealth apps.
(JMIR Form Res 2021;5(10):e28136) doi:10.2196/28136
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mHealth app; mHealth development process; infertility; intervention design; mobile phone
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Introduction

is related to patient trust, perceived ease of use, and increased
understanding [28].

The Negative Psychological Consequences of Infertility

Almost 70% of Canadian adults aged 18 years and older report
owning a smartphone, and the rates of internet use and
smartphone ownership continue to increase worldwide [29].
Therefore, mHealth may be an effective way to target patient
populations who traditionally experience barriers to accessing
formal health care services, such as men, immigrants, ethnic
minorities and people with stigmatized illnesses [30-33]. Given
its potential to reduce stress, increase patient empowerment,
and provide user-friendly information to a broad range of the
population, an mHealth app may be a novel solution to address
fertility patients’ psychoeducational and psychosocial support
needs.

Infertility is defined as the inability to achieve pregnancy after
12 months of unprotected sexual intercourse or the inability to
reproduce either as an individual or as a couple [1]. Estimates
suggest that 11%-16% of Canadians experience infertility in
their lifetimes [2]. Infertility is a challenging experience, with
infertile individuals demonstrating higher levels of stress,
anxiety, depressive symptomatology, and stigma compared with
their fertile counterparts [3-5]. Although infertile women tend
to feel more stigmatized by infertility and report higher levels
of depression and self-blame compared with infertile men [4],
men do experience physical and emotional stress, particularly
after treatment failure [6]. However, even in cases of male factor
infertility, the focus of treatment is usually on the woman’s
body, which may make men feel excluded from the fertility
treatment process and suspend their own emotional needs to
meet the support needs of their female partners [7]. Fertility
patients may also experience stress because of the physically
arduous, costly, and time-consuming nature of treatment [3].
Although infertility is stressful, many patients do not present
with clinical diagnoses of psychological disorders and often do
not seek formal mental health services [8-10]. Fertility patients
may benefit from alternative options for support such as
psychoeducational materials, practical information about
treatment and test procedures, and peer support.
Reviews of psychosocial interventions for fertility patients
indicate that they are effective at reducing depressive
symptomatology, anxiety, and stress associated with infertility
[11-13]. Research suggests that patients desire more information
from their health care providers about the emotional and
psychological aspects of infertility and about treatment and test
procedures [14]. Patients also demonstrate an unmet need for
information about accessing psychological support services
[15,16] and express interest in online peer support [17]. In
addition to the clinical setting, fertility patients often search for
web-based health information [18]. However, existing
web-based resources for fertility patients often do not meet the
standards of readability and accuracy, nor do they contain
information about male infertility [19].

Documenting the mHealth App Development Process
To the best of our knowledge, there are a few fertility-related
apps that provide information and support to both men and
women undergoing fertility treatment, but none have
documented their development and evaluation process. Improved
documentation of app development will allow future researchers
to develop similar mHealth apps. It will also help in knowledge
transfer, which may be especially useful for the more innovative
aspects of mHealth, such as design principles, the presentation
of information, and technical features.
Accordingly, this study describes the development process for
Infotility, a bilingual mHealth app designed to meet the
psychoeducational needs of both men and women undergoing
fertility treatment. Infotility contains information about
treatments and test procedures, financial and legal aspects of
fertility treatment, fertility health and risks to fertility, mental
health and wellness, and a confidential forum monitored by
peer supporters. In developing this intervention, we adhered to
the Medical Research Council (MRC) guidelines for the
development and evaluation of complex interventions [34]. As
recommended, we used both quantitative (surveys) and
qualitative (focus groups or interviews) methods during the
development and evaluation of the intervention. We outline the
development of the Infotility app based on the following
recommended steps from the MRC guidelines:
1.

Mobile Health Interventions
Mobile health (mHealth) is the provision of health services and
information using a mobile device, such as a smartphone
[20,21]. Generally, mHealth interventions have a positive effect
on users and can help patients with treatment adherence and
symptom monitoring [20,22]. Those interventions that include
psychoeducation, online peer support, and cognitive-behavioral
or mindfulness-based therapies can improve clinical outcomes
among users with a variety of health conditions [23-25].
Evidence suggests that mHealth can foster behavioral changes
[20,26]. mHealth apps also have the potential to increase patient
involvement and feelings of control over the treatment process
[27] and provide more personalized care to users. The interactive
and multimedia nature of mobile devices also allows for
innovation in the presentation of information. This is an
important aspect of health-related interventions; visual appeal
https://formative.jmir.org/2021/10/e28136
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2.
3.
4.

Development of the intervention: literature review of
existing interventions, needs assessments to determine
stakeholders’ perspectives on the content of the intervention
Feasibility and piloting: testing procedures, estimating
recruitment and retention, and determining sample size
Evaluation of the intervention: pre-post study exploring
fertility patients’ experiences using the app
Implementation: dissemination, surveillance and monitoring,
and long-term follow-up

Methods
Development of Infotility
Existing Sources of Web-Based Information and Support
for Fertility Patients
To determine whether there were existing mHealth apps that
provided fertility information to both men and women, we
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reviewed the Apple iTunes and Google Play stores between
October and December 2016, using the keywords
fertility/fertility and infertility/infertilité. The search revealed
numerous menstrual tracking apps and 2 sperm home testing
kit apps, Trak: Sperm Health and Fertility (Sandstone
Diagnostics) and YO Sperm Analyzer (Medical Electronic
Systems). In a further search of the gray literature, we found
that one menstrual cycle app, Glow, was developing a
component for men that would include fertility-related
information, but this was not yet available for review [35]. Our
research team did not find any English or French language
mHealth apps that addressed both male and female reproductive
health concerns.
As part of a project to assess fertility-related information geared
specifically for men, our research team performed an analysis
of fertility-related health information found on the websites of
fertility clinics and major North American organizations [19].
We assessed the quality and readability of information presented
on the websites of 28 Canadian fertility clinics and 13 North
American organizations such as the Mayo Clinic and
RESOLVE. Quality ratings were assessed using the DISCERN
instrument [36]. The quality of information found on the North
American organizations’ websites was deemed good, and the
quality of information on the fertility clinic websites received
a grade of fair. Furthermore, the North American organizations’
websites required an average reading level of 12.9 years of
education, and the fertility clinic websites required an average
level of 14.3 years, far above the grade 5-8 reading level
recommended for health information material [37,38]. The
results of this analysis served as a proof of concept for Infotility,
indicating a lack of web-based sources of high-quality
information about reproductive health that might be easily
understood by the general population.
In parallel, our research team conducted an internet search to
review how infertility blogs and forums offered social support,
how they were managed, and what information and features
were available to users. Some of the reviewed web-based
platforms offering peer support were RESOLVE, Reddit,
Association Infertilité Québec, and Fertility Matters Canada.
The search showed that infertility forums posted public (openly
visible) and private (member log-in required) conversations on
a variety of subjects surrounding the experiences of infertility.
Moderators or administrators were available to provide feedback
on some conversations (or threads) between users. Users were
required to make an anonymizing username and icon (ie, one
that did not identify them), and many forums had rules related
to posting, such as the prohibition of using derogatory terms or
naming specific professional or clinics. Most sites also offered
freely available informational content, such as their own
description of fertility or pregnancy, explanations of terms or
procedures used during infertility treatment, and tools for
tracking ovulation. Fertility forums existed in French or English,
and some, such as Reddit [39], provided content geared
specifically to men.
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Needs Assessment Surveys
Overview
Contextual inquiry involves assessing the needs and preferences
of end users (the population that will use the mHealth app) and
key stakeholders (those involved in the creation, evaluation,
and distribution of the mHealth app). For Infotility, end users
are men and women undergoing fertility treatment and the key
stakeholders are patient advocates and health care providers
(HCPs) in the field of reproductive health. Identifying their
needs and values (and later, evaluating whether the needs and
values were met) allows for improved buy-in and increased
potential for app distribution. To execute a thorough contextual
inquiry and use a patient-centered approach to app development,
our research team undertook needs assessment surveys of
fertility patients and HCPs. All survey questions were designed
by our research team, including expert clinicians in the field of
reproductive health. To our knowledge, this is the first study to
document such a process for a fertility-related app, although
mHealth interventions for other conditions have used techniques
such as interviews, expert panel consultation, and focus groups
to better understand their target populations [40,41].
Needs Assessment Surveys of Fertility Patients’ Use of and
Desire for mHealth Apps
A diverse sample of fertility patients was recruited from fertility
clinics in Montreal and Toronto to complete the needs
assessment survey. A total of 659 patients completed a
web-based survey asking them about their experiences of, and
preferences for, fertility-related information disseminated
through clinical, web-based, and mobile modalities. The
sociodemographic characteristics of the survey sample are given
in Multimedia Appendix 1. Dawadi et al [15] provided a more
detailed description of methods and measures. The results of
the needs assessment survey showed that most participants had
searched the internet for fertility-related information,
underscoring the importance of web-based health resources in
addressing the informational needs of fertility patients [42].
Moreover, most participants did not report using a fertility
mobile app, but the majority were interested in using one [43].
This finding served as another proof of concept for Infotility,
as the discrepancy between use of and interest in using a fertility
app suggested a lack of publicly available, good-quality
web-based resources for fertility patients.
Participants were also asked about their preferred fertility app
features. The five most endorsed features were as follows: being
easy to understand, including a glossary of medical terms,
providing information on fertility health care coverage,
providing information on reproductive health, and being free
of charge [43]. These findings informed our choice of content
topics and features of Infotility.
The needs assessment survey also examined the fertility patients’
interest in online peer support and their preferences for various
features of an online peer support forum [17]. The majority of
the participants expressed interest in using online peer support
and endorsed a monitored peer support forum that is accessible
on a mobile device, allows participants to connect with peers,
contains links to external resources, and is monitored by a health
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professional. These results affirmed our decision to include a
peer support forum in the Infotility app and informed the design
of the forum.
Needs Assessment Surveys of Health Care Providers
To obtain the perspectives of those who have frequent contact
with fertility patients in a variety of capacities, our team
conducted a needs assessment survey of fertility HCPs, including
physicians, nurses, mental health and wellness professionals,
and administrative staff. Eligible participants were recruited at
6 sites in Montreal and Toronto, and a total of 127 participants
completed a web-based survey. The survey asked fertility HCPs
about features they believed a fertility mobile app should include
and the types of information that fertility patients typically
requested.
The majority of HCPs thought that patients would be interested
in using a high-quality mobile app that provides fertility-related
information and support. With respect to the app features, the
ones that were most highly endorsed by HCPs included being
easy to understand, providing information that promotes
reproductive health, containing a glossary of medical terms,
and offering links to stress reduction tools [44]. Most of the
features endorsed by HCPs were also identified by the surveyed
fertility patients as most desirable in a mobile fertility app.
The survey also showed that HCPs most frequently provided
patients with information on tests and procedures, medications,
and explanations of conditions [45]. Comparing these findings
with the results of the needs assessment survey of fertility
patients demonstrated potential discrepancies between the types
and amount of information provided by HCPs and those that
fertility patients would have liked to receive. For example, many
patients wanted to receive information on insurance and
regulations but were less likely to obtain this information from
HCPs. On the basis of these findings, our team decided to
include detailed information on fertility laws, regulations, and
health care coverage in the Infotility app.
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Literature Review, Content Development, and Expert
Input
To write the content for the Infotility app, our research team
conducted a literature review on the topics related to infertility
by searching web-based scholarly databases (eg, PubMed,
PsycINFO, and Medline) for scientific literature published from
2000 to 2017. We also consulted gray literature, such as articles
published in popular news media (eg, The New York Times)
to capture personal experiences of fertility patients.
On the basis of the literature review as well as the responses
from the needs assessment surveys, our team developed a range
of content categories for the Infotility app. For each content
topic, we created brief summaries of the scholarly and gray
literature and collated this information into reports. These reports
were then sent to members of the team and advisory committee
who specialized in the content area and fertility patients for
feedback. For example, a section on the causes of male factor
infertility was sent to a urologist, whereas a section on the
psychosocial aspects of infertility was sent to a clinical
psychologist specializing in fertility counseling. These
specialists ensured the clinical relevance and accuracy of the
content. The summaries, once approved, formed the basis for
the app content, which was edited and presented in clear and
accessible language.
The final approved content for the Infotility app included a
variety of informational topics such as content related to
reproductive health, the psychosocial challenges of infertility,
and the legal and financial aspects of fertility treatment (a
detailed list of content topics are included in Textbox 1).
As the app was targeted to both female and male users, our
research team made a concerted effort to identify content that
expressed the experiences of both men and women undergoing
fertility treatment. We did so by tailoring the language and
information of certain content sections (eg, sections on nutrition
and exercise) to be different for men and women.
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Textbox 1. Content categories and articles of the Infotility app.
How to get pregnant
•

Reproduction 101

•

All about eggs and ovulation

•

Tracking your ovulation

•

Frequently asked questions about getting pregnant

Causes and diagnoses
•

Female factor infertility causes

•

Risks to female fertility

•

Masturbation

•

Other ways to provide a sperm sample

•

Causes of male infertility

•

Risks to male fertility

•

Am I at risk for other health problems?

Treatment options
•

Ovulation induction

•

Intrauterine insemination

•

In vitro fertilization

•

Sperm, embryo, or egg donation

Using a donor or surrogate
•

When to consider using donor eggs, sperm, embryos, or surrogate

•

Preparing for donation

•

Pros and cons of donation

•

Challenges of egg, sperm, and embryo donation

•

Medical steps and additional information

Genetic testing
•

How does genetic testing work?

•

What are the tests?

Multiple pregnancy losses
•

Causes and treatments of multiple pregnancy losses

Stopping treatment
•

Why do people stop treatment?

•

If you decide to stop treatment

Fertility laws and health care coverage
•

Assisted Human Reproduction Act

•

What expenses are covered?

•

Surrogacy and gamete donation laws

•

On embryos as property and human life

Your relationships
•

Keeping your couple healthy

•

How do I talk about infertility?
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Physical well-being
•

Exercise and fertility

•

Nutrition for fertility

•

Environmental risks to fertility

Mental well-being
•

Taking care of your body and mind

•

Dealing with pregnancy loss

Working with your health care team
•

Choosing the clinic that’s right for you

•

Preparing for medical appointments

•

Questions you may want to ask your doctor

•

Getting a second opinion: When and why?

In addition, our research team developed a glossary of key
fertility-related terms using the International Committee for
Monitoring Assisted Reproductive Technology and the World
Health Organization Revised Glossary on Assisted Reproductive
Technology Terminology as a reference [46]. We then added or
removed certain terms based on their presence in the Infotility
app content and edited the glossary to ensure its readability.
To serve the bilingual population of Montreal, Quebec, the app
had to be available in both English and French. Therefore, once
finalized, the written content was translated into French. The
reading level of the content was assessed to ensure acceptability
and appropriateness for the target audience. The English content
was assessed using the Flesh Kincaid grade level [47], and the
French content was evaluated using a web-based tool
specifically designed to assess French written information using
the Gunning Fog index [48,49]. Both measures are valid and
reliable indexes commonly used to assess the grade level of
educational knowledge required to understand written
information. The measures indicated that the English content
was written at an eighth-tenth grade reading level, whereas the
French content was at the 12th grade level. This is slightly above
the common guidelines recommending that health information
material be written at a reading level of grade 5-8 [37,38].
However, previous literature has found that people seeking
fertility treatment have, on average, higher education levels than
other patient populations [50,51], and our needs assessment
survey found that the majority of fertility patients in our sample
had a university degree or higher [42]. Taking this into
consideration, the reading level of the Infotility app is consistent
with more flexible recommendations that content be developed
at a reading level 1 to 3 grades lower than the mean education
level of the target population [52].
In addition to providing information on the psychosocial and
medical aspects of infertility in both English and French, the
Infotility app integrated an online peer support forum Connect
that allowed users to confidentially post about their experiences,
communicate with each other via discussion posts, and ask
private questions of a peer supporter. Screenshots of the peer
support forum are provided in Multimedia Appendix 2. Peer
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supporters were current or former fertility patients who
completed a training program developed by our research team.
Training involved three components: (1) reviewing a peer
support manual approved by an expert on peer support manuals
[16], (2) watching a training webinar containing practice
questions and a discussion of ideal responses, and (3) responding
to hypothetical discussion posts followed by feedback from the
research team. The peer support manual explained the role of
a peer supporter [53], outlined strategies for providing
web-based support to participants, and provided basic
information about infertility and definitions of common medical
terms. Our research team recruited and trained peer supporters
to communicate with users via the forum and through private
messages. Each peer supporter was asked to monitor the forum
between 2 and 4 hours per week. The forum was also monitored
by members of the research team to ensure that there were no
posts that promoted specific products or clinics, gave medical
advice to another participant, or indicated that a participant was
distressed or considering self-harm. The team members also
monitored the responses provided by peer supporters and were
available to answer their questions. A study by Grunberg et al
[53] provided a full description of methods.

App Design and Operationalization
To pick a name for the app and the peer support forum, members
of the research team were polled, and the suggested names were
voted on. Ultimately, the name Infotility was chosen for the app
and the name Connect was chosen for the forum as both are
short, unique, and easy to remember. Moreover, Infotility
reflected the main purpose of the app, that is, providing
information to fertility patients, and Connect embodied the spirit
of the forum—connecting people via the internet. As the app
had to be bilingual, these names were also chosen because they
had suitable French equivalents—Infotilité and Connecte.
To design a user-friendly mHealth app, members of our research
team participated in a 2-day workshop organized by an
independent app design company. During this workshop, we
completed a number of design activities, including persona
development (representation of a typical user), brand
conceptualization, journey mapping of the user, and the creation
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of hypothetical wireframes (screen blueprints). We then supplied
the ideas generated at the workshop to a different app design
company with which we collaborated in the development of the
app’s user experience (overall experience a user has with the
app), user interface (how the app interface functions and how
the user interacts with it), and information architecture (how
the app’s content is structured). Figures 1 and 2 show examples
of the interface and architecture of the app. The process of
designing Infotility was informed by the principles of
user-centered design, which focuses on the needs of the user at

Kruglova et al
all phases of development [54]. With the understanding that the
amount of information available to fertility patients can be
overwhelming, we ensured that app users were able to choose
the information they wished to have presented to them first.
The information was further divided into digestible chunks and
was tied together with an appealing theme to keep the app
cohesive. The major organizing sections of the app were What
you need to know, focusing on informational aspects of going
through infertility and its treatment, and What you can do,
focusing on actionable items, such as exercising for fertility.

Figure 1. Dashboard of the Infotility app.

https://formative.jmir.org/2021/10/e28136

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 10 | e28136 | p.139
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Kruglova et al

Figure 2. The article on genetic testing.

Our research team also worked with the app design company
to create a theme and a mascot unique to Infotility. For the
mascot, we chose a sperm whale. Once a color scheme and font
were approved, the app design company produced graphics that
either complemented or replaced the text in accordance with
the guidance provided by the research team, which often
included the whale mascot in different scenarios. Examples of
the Infotility mascot and graphics are given in Multimedia
Appendix 3. The intention of these graphics was to break up
long blocks of text into smaller paragraphs to make the
information easier to read and more appropriate for viewing on
a mobile screen. In addition, although men and women had to
use different log-in credentials to access the app because certain
topics were sex-specific (eg, tips on how to provide a sperm
sample for men), we created a feature called the flip side, which
allowed users to view the opposite sex’s app content. When a
user clicked the flip side function, the app pages were animated
to flip to see the opposite sex’s information.
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Feasibility and Piloting
An interactive prototype of the Infotility app was made available
on a web-based platform. This prototype allowed us to discuss
the flow and organization of information. Once the organization
was approved, the app company consulted 2 male end users and
3 female end users who had undergone or were undergoing
fertility treatment. These users provided feedback on the
usability of Infotility and the design and appropriateness of the
content. On the basis of this feedback, our research team
adjusted the design, language, and tone of the app.
The sample size for the evaluation of the intervention was
informed by guidelines for pilot studies of web-based
interventions, which recommend at least 20 users [55]. To
account for attrition and explore differences between men and
women, we aimed to have at least 50 men and 50 women
successfully finish the study by using the Infotility app for 8
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weeks and completing questionnaires both before and after using
the app.

participants’ experiences using the Infotility app, including the
peer support forum Connect, are presented.

Evaluation of Infotility

Measures

The primary goal of the study is to create an app that is user
friendly, provides peer support, and contains reliable and
easy-to-understand information about all aspects of infertility
and its treatment. In the final steps of the study, we evaluated
the uptake and usability of the Infotility app using a pre-post
study design.

Google Analytics was used to collect data on how participants
used the Infotility app during the 8-week study period. We
gathered several key performance indicators to assess the
frequency and patterns of app use, including the number of page
views and total time spent on the app.

Participants and Procedures
Fertility patients were recruited from fertility clinics in Montreal
and Toronto from October 2018 to December 2018 to test the
Infotility app. Eligible participants met the following criteria:
they were aged ≥18 years, were in a heterosexual relationship,
read English and/or French, had access to the internet, and
identified as male or female. In the initial stages of recruitment,
we limited our inclusion criteria to only those undergoing in
vitro fertilization for the first time. However, based on
recommendations from our clinician partners, we expanded the
inclusion criteria to recruit any fertility patients at any stage of
treatment. There was great interest in the study among patients,
and in the interest of being inclusive to all those who wished to
participate, we did not limit the number of people who consented
to participate in the study, even after our goal of 50 women and
50 men was achieved. This also allowed us to recruit a diverse
sample and mitigate participant dropouts. When we felt we had
a sufficient number of participants enrolled in the study to
account for attrition over the 8-week study period, we stopped
recruitment and determined April 30, 2019, as the study end
date.
A total of 969 people (336/969, 34.6% men and 633/969, 65.3%
women) were approached by recruiters. Furthermore, 661
(220/661, 33.2% men and 441/661, 66.7% women) agreed to
be screened for eligibility, 505 (164/505, 32.4% men and
341/505, 67.5% women) were eligible to participate, and 387
(124/387, 32.0% men and 263/387, 67.9% women) consented
to participate in the study. Before being given access to the
Infotility app, participants were asked to complete a number of
intake questionnaires measuring demographic characteristics,
fertility treatments and diagnoses, fertility-related quality of
life, psychological distress, and lifestyle habits, which took
approximately 30 minutes to complete. Of the 387 who
consented, 26% (65/250) men and 74% (185/250) women
completed the intake questionnaires and visited the Infotility
app at least once. Participants’ sociodemographic characteristics
are given in Multimedia Appendix 4. Participants were given
access to Infotility for 8 weeks and could use the app as much
or as little as they liked during the study period. Once using the
app, participants could choose whether to access the peer support
forum. After 8 weeks of using Infotility, of the 250 participants
who used the app, 22.1% (38/172) men and 77.9% (134/172)
women completed the follow-up questionnaires measuring
participants’ evaluations of and experiences using the app, in
addition to the same measures administered at intake.
Participants who completed the study were sent a Can $25 (US
$32) gift card. For the purposes of this paper, data evaluating
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Participants were sent the user version of the Mobile Application
Rating Scale (uMARS) to evaluate their satisfaction with the
app and whether their needs and preferences were met [40]. The
uMARS includes four subscales asking users to rate the app’s
quality of engagement, functionality, esthetics, and information
[56]. Each item is measured on a Likert scale from 1-5, with
higher scores representing higher quality ratings. The total scores
for each subscale were generated by summing the individual
items of the subscale and dividing it by the number of items in
the subscale. The total app quality mean score was calculated
by adding the scores from the four subscales together and
dividing by four. There are four additional items of the uMARS
that can be averaged to give an app subjective quality mean
score. The research team chose the uMARS because it is a valid
(α=.90) and reliable (test-retest reliability after 3 months =
0.63-0.85) measure of user satisfaction with mHealth apps and
tailored toward the experiences of patients rather than
professionals who work in technology or health care [56]. Three
additional open-ended questions were developed by our research
team to be administered after completing the uMARS, asking
participants to describe (1) any topics or features that were not
included in the app that they would have liked to be included,
(2) what they liked best about the app, and (3) what they liked
least about the app.
The Peer Support Evaluation Inventory (PSEI) was used to
evaluate user satisfaction with the peer support forum. The PSEI
was developed by our research team and adapted from a measure
by Dennis [57]. The PSEI includes four subscales measuring
supportive interactions, relationship qualities, perceived benefits,
and satisfaction, with support received from the peer support
forum. Each item is measured on a Likert scale from 1-4, with
higher scores representing higher levels of user satisfaction with
the peer support forum. The total scores for each subscale were
generated by summing the individual items of the subscale and
dividing by the number of items in the subscale.

Research Design and Analytic Strategy
Quantitative analyses were used to evaluate whether we
achieved our goals of making the Infotility app useful and
accessible to a sample of participants undergoing fertility
treatment. Descriptive statistics of the uMARS and PSEI
subscales present participants’ overall ratings of the Infotility
app and peer support forum. Bivariate analyses were used to
determine whether there were any associations between the
uMARS scores and app use. Qualitative responses to the three
open-ended questions were read by 2 researchers, and common
themes about the strengths and weaknesses of the app were
identified and presented as supplementary data to the
quantitative findings.
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Results
Quantitative Findings
On average, participants visited approximately 34 pages and
spent 22 minutes on the Infotility app. Participants rated the
engagement, functionality, information, and esthetics of the app
positively, with an overall app quality mean score of 3.75 (SD
0.53) and a star rating of 3.43 (SD 0.75), with a total possible
score and star rating of 5.0. When asked whether they would
recommend the app to other people who might benefit from it,
49.7% (94/189) responded “definitely” or “there were many
people I would recommend this app to.” When asked how many
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times they would use the app in the next 12 months, 5.7%
(11/191) said they would use it more than 50 times, 25.6%
(49/191) said 10 to 50 times, 42.9% (82/191) said 3 to 10 times,
19.3% (37/191) said 1 to 2 times, and 6.2% (12/191) said they
would not use it. When asked if they would pay for the app,
approximately 50.2% (95/189) said “Definitely not,” and 2.1%
(4/189) said “Definitely yes.” A subsample of 106 Infotility
users used the Connect forum. On average, Connect users rated
the supportive interactions of peer supporters 2.91/4 (SD 0.84),
the relationship qualities 2.95/4 (SD 0.49), their perceived
benefits 2.92/4 (SD 0.74), and their satisfaction with support
received 2.89/4 (SD 0.82; Table 1).
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Table 1. App use and user ratings of the Infotility app and the Connect peer support forum (N=250).
Characteristics

Value, n (%)

Mean (SD)

Range

Total page views

250 (100)

33.93 (35.14)

1.00-270.00

Time spent on app (minutes)

250 (100)

22.07 (29.98)

0.00-193.18

Total app quality

167 (66.8)

3.76 (0.53)

2.40-5.00

Engagement subscale

186 (74.4)

3.33 (0.64)

1.40-5.00

Functionality subscale

188 (75.5)

3.96 (0.65)

1.75-5.00

Esthetics subscale

190 (76)

3.73 (0.66)

1.67-5.00

Information subscale

174 (69.6)

3.97 (0.61)

2.00-5.00

App use (Google Analytics)

uMARSa

Would you recommend this app to people who might benefit from it? (n=189)
Not at all

9 (4.7)

N/Ab

N/A

Very few people

23 (12.1)

N/A

N/A

Maybe

63 (33.3)

N/A

N/A

There are many people I would recommend this app to

51 (26.9)

N/A

N/A

Definitely

43 (22.7)

N/A

N/A

How many times do you think you would use this app in the next 12 months if it were relevant to you? (n= 191)
None

12 (6.2)

N/A

N/A

1-2

37 (19.3)

N/A

N/A

3-10

82 (42.9)

N/A

N/A

10-50

49 (25.6)

N/A

N/A

>50

11 (5.7)

N/A

N/A

Definitely not

95 (50.2)

N/A

N/A

2

36 (19.0)

N/A

N/A

3

37 (19.5)

N/A

N/A

4

17 (8.9)

N/A

N/A

Definitely yes

4 (2.1)

N/A

N/A

1

2 (1)

N/A

N/A

2

12 (6.4)

N/A

N/A

3

87 (46.7)

N/A

N/A

4

74 (39.7)

N/A

N/A

5

11 (5.9)

N/A

N/A

Supportive Interactions subscale

98

2.91 (0.84)

1.00-4.00

Relationship Qualities subscale

91

2.95 (0.49)

2.00-4.00

Perceived Benefits subscale

90

2.92 (0.74)

1.00-4.00

Satisfaction With Support Received subscale

86

2.89 (0.82)

1.00-4.00

Would you pay for this app? (n= 189)

What is your overall (star) rating of the app? (n= 186)

PSEIc

a

uMARS: user version of the Mobile App Rating Scale.

b

N/A: not applicable

c

PSEI: Peer Support Evaluation Inventory.
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Table 2 presents the correlations between the indicators of app
use and the uMARS ratings of the app. Participants’ scores on
the functionality subscale were positively correlated with the
number of page views (r=0.150; P=.04 for n=182) and the
amount of time spent on the app (r=0.185; P=.01 for n=182).
In addition, scores on the engagement subscale were correlated
with the amount of time spent on the app, with a P value

approaching significance, (r=0.142; P=.06 for n=180). This
means that participants who felt the app functioned well and
was easy to learn and navigate visited more pages and spent
more time on the app, and participants who felt the app was
more engaging spent more time on the app. Participants’ scores
on the esthetics and information subscales were not significantly
correlated with app engagement.

Table 2. Pearson correlations between user ratings and engagement of the Infotility app.
uMARSa subscale

a

Total page views

Total time spent on the app

r

P value

r

P value

Engagement subscale

0.046

.54

0.142

.06

Functionality subscale

0.150b

.04

0.185b

.01

Esthetics subscale

0.096

.19

0.128

.08

Information subscale

0.051

.51

0.081

.30

uMARS: user version of the Mobile App Rating Scale.

b

Significant at α=.05.

Qualitative Feedback
Qualitative responses to the three open-ended questions
administered at follow-up highlight some important findings
about the strengths and limitations of the Infotility app. Overall,
participants expressed that they appreciated the app: the
“information is clear and easy to find” (Participant #03-0046),
“it’s a good tool to help and inform about infertility” (Participant
#03-0014), and using the app was “more reassuring than
googling a question” (Participant #03-0120). Some participants
had suggestions for ways to improve the app, such as including
more interactive features, communication with medical
professionals, and informative videos:
An app usually should have some sort of interactive
feature that brings you back, such as a fertility
medication tracker, symptoms tracker, etc.
[Participant #03-0283]
It would be nice if this app was different, in the way
that, it was live and interactive with specialists
[Participant #03-0248]
I think I would be happy to see short videos with the
doctors of the clinic giving advices or telling a bit
about their experience and statistics in infertility
treatment [Participant #03-0052]
There was also a desire for more in-depth information that was
updated and customized to individual participants and personal
testimonies from others:
No newsfeed feature. Update dashboard with new
content/information based on my preferences. Why?
To draw my attention, make me want to log in more
often. I would see the same info each time I open the
app. I would only log in if I’m looking for something
in particular. [Participant #03-0038]
There is a need for medical information that may or
may not apply to you. Maybe cases? Personal stories?
What happens to other people? [Participant #03-0104]
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Finally, many participants expressed that the peer support forum
was their favorite part of the app and that using it reduced
feelings of isolation, helped them manage stress, and provided
valuable information. The Connect forum was perceived as
confidential and safe, and peer supporters helped keep
conversations respectful and on track [58].

Discussion
Principal Findings
To the best of our knowledge, this is the first study to describe
the development and evaluation process of an mHealth app
providing information and support to both men and women
undergoing fertility treatment. The Infotility app was developed
by our research team and was informed by extensive literature
reviews and needs assessment surveys of fertility patients and
HCPs. The content of Infotility was reviewed and approved by
physicians, nurses, psychologists, and experts in the field of
fertility to ensure its clinical relevance and accuracy. Infotility
was designed by an app design company who worked alongside
our team to ensure that the app was user friendly and esthetically
pleasing. In addition to providing over 40 articles on the
psychosocial and medical aspects of infertility, the Infotility
app included a confidential peer support forum monitored by
trained peer supporters.
In developing the Infotility app, our team adhered to the MRC
guidelines for the development and evaluation of complex
interventions, which provided a structured framework on how
to approach the development, piloting, evaluation, and
implementation phases of the study. By providing a complete
description of all the steps of the app development process, this
study can facilitate future replications of the study intervention
and the development of similar mHealth apps.

Development of the Intervention
The needs assessment surveys of fertility patients and HCPs
were a crucial step in identifying the informational and
psychosocial needs of the end users of Infotility. By recruiting
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a large and sociodemographically diverse sample, we were able
to gain insights into fertility patients’ experiences searching the
internet for fertility-related information and their preferred
features of a fertility app. Furthermore, obtaining the
perspectives of fertility HCPs provided valuable insights into
the types of information fertility patients most often requested
and whether their needs were met.
The results of the needs assessment surveys guided our team
throughout the entire development process of Infotility with
respect to both its content and design. These results were
especially helpful when deciding whether to include certain
features on the app, which are costly and time consuming to
develop. For example, the peer support forum and the detailed
medical glossary were features of the Infotility app that took
much time to develop and design. Despite this, we felt justified
in including them on the app and confident in dedicating the
time and resources to develop them based on the overwhelming
evidence from our needs assessment surveys that these features
would be beneficial to fertility patients. Furthermore, needs
assessment surveys can provide insights into what you should
not spend time and resources developing when the target
audience informs you that they do not feel the need for certain
features or topics. For example, we decided not to include
celebrities’ stories of dealing with infertility because they were
rated as one of the least desired features by the surveyed fertility
patients and HCPs. The results from the needs assessment
surveys allowed our team to feel confident and justified
throughout the entire app development process.

Feasibility and Piloting
The second stage of the MRC guidelines involves pilot-testing
to determine the feasibility of complex interventions. This study
assessed the feasibility of recruitment and retention of male and
female participants and evaluated fertility patients’ satisfaction
with the Infotility app using the uMARS and qualitative
interviews.
Recruitment of patients in waiting rooms of fertility clinics
proved feasible: of 969 people approached by recruiters, 505
(52.1%; 64/505, 32.4% men and 341/505, 67.5% women) were
eligible to participate and 39.9% (387/969; 124/387, 32.0% men
and 263/387, 67.9% women) consented to participate in the
study. However, recruitment of participants in fertility clinics
might have excluded those with lower socioeconomic status
who may not be able to afford fertility treatment. Nevertheless,
within the limits of recruiting individuals who seek fertility
treatment, we were able to obtain a sample that was diverse
with respect to participants’ household income (with about 30%
below the median Canadian family income), ethnicity,
immigrant status, and religion (Multimedia Appendix 4).
Recruitment at fertility clinics might also have limited the
sample size by excluding men and women who were not seeking
fertility treatment but could have, however, benefited from the
fertility-related information included in the app. Furthermore,
this study only included heterosexual people; future studies
should consider including single and nonheterosexual people
to explore the experiences and psychoeducational needs of a
more diverse population. In addition, the lag time between the
needs assessment surveys and the launch of recruitment and
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data collection could have impacted the feasibility of the app
intervention, as informational and support needs of end users
may have evolved. Researchers planning to create similar tools
should be cognizant of the inherent complexity of the
development of an mHealth app and potential unanticipated
delays during the process.
It is also worth noting that in line with the previous research
regarding the lack of male participants in reproductive research
[59], our team experienced difficulties in achieving the
recruitment target of men and retaining those who agreed to
participate in the study. For example, men were more likely to
discontinue at some point throughout the study than women.
Future studies should carefully consider the issues of recruitment
and engagement of men to ensure that the psychoeducational
needs of men with fertility concerns are addressed.

Evaluation of the Intervention
The evaluation of an mHealth intervention before disseminating
it to a larger population or to the general public is necessary to
ensure that it will be beneficial to its end users and successful
in its proposed objectives. The pre-post study design proved to
be effective in capturing fertility patients’ experiences
interacting with the Infotility app, including the peer support
forum Connect. In general, participants enjoyed using Infotility
and rated the informational side of the app and the peer support
forum positively. The results showed that those who spent more
time on Infotility were also those who rated the app higher on
functionality (ie, how well the app functions and how easy it is
to navigate) and engagement (ie, customization and
interactivity). Our findings suggest that when developing
mHealth apps, researchers and medical professionals should
make the app engaging through interactive features and feedback
and implement quality assurance procedures to address any
technical issues that, if not resolved, may affect the level of
trust among users and lead to user discontinuation [60].
The collection of both qualitative and quantitative data for the
pre-post app evaluation provided nuanced and in-depth
information about the app users’ experiences using Infotility
and what they felt the strengths and weaknesses of the app were.
In addition, tracking participants’ actual app use data through
Google Analytics was highly informative and allowed our team
to examine participants’ self-reported data within the context
of the pages they accessed on the app.
By tracking participants’ actual app use data through Google
Analytics, we were also able to gain insights into the amount
of time participants spent on Infotility and whether they visited
the app multiple times throughout the 8-week study period. Data
showed that most participants used the app within the first 2
weeks of the study period, which might help explain the high
attrition rate of the study. Although high attrition is common
in studies of mHealth interventions [61], our findings suggest
that using a study period of less than 8 weeks in future studies
may help reduce attrition while providing sufficient information
about participants’ app use.
Careful analysis of participants’ app use along with their
qualitative and quantitative feedback is critical to improving
user experiences of future versions of the mHealth app. For
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example, future iterations of Infotility could be improved by
including more interactive features that bring you back (eg,
informative videos), more in-depth information on certain topics
that were not extensively covered in the app, and summaries of
current research in accessible language. Implementation of these
features will help make future versions of the Infotility app more
comprehensive and interactive, thereby potentially improving
the rates of app engagement and user satisfaction.

Implementation
Finally, the evaluation of the Infotility app through a pre-post
study design was necessary to facilitate the fourth stage of the
MRC guidelines, which is implementation that includes
dissemination, surveillance, and long-term follow-up.
Conducting repeated reviews of scientific literature is necessary
to keep the content of Infotility accurate and up to date. Upon
completion of the study, the entire content of the app was
reviewed and edited by our research team based on feedback
from the participants and by a knowledge translation consultant
with expertise and personal experiences in the fertility field.
Changes were made through a content management system,
which is a user-friendly and accessible program that allowed
our team to edit the app content in real time, without the need
to outsource this task to the app company.

Kruglova et al
As this study is now complete, our team will search for partners
that can maintain and disseminate Infotility to the broader public.
We will identify potential app host partners, such as nonprofit
health care organizations and health research institutes, whose
strategic plan’s objectives fit the mission of Infotility. We will
then contact these organizations with a proposal and an
estimated budget required to keep Infotility up to date, including
the costs of literature and policy reviews, summarizing the
information in lay terms, content translations and integration,
and technical costs associated with domain registry and website
hosting. On the basis of the results of the pre-post study, we
can confidently conclude that fertility patients in Quebec and
Ontario appreciated and enjoyed using the Infotility app, which
will make the app more attractive to potential partners. Building
a long-term partnership will help ensure that the Infotility app
continues to provide accurate and reliable information to fertility
patients.

Conclusions
Overall, the Infotility app succeeded in its goal to provide men
and women undergoing fertility treatment with information and
support through a user-friendly, credible, and single-source tool.
The development and evaluation of Infotility highlighted the
important aspects of the app creation process, which may be
beneficial for researchers and medical professionals who wish
to create similar mHealth apps in the future.
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Abstract
Background: Traditional in-person psychotherapies are incapable of addressing global mental health needs. Use of computer-based
interventions is one promising solution for closing the gap between the amount of global mental health treatment needed and
received.
Objective: Although many meta-analyses have provided evidence supporting the efficacy of self-guided, computer-based
interventions, most report low rates of treatment engagement (eg, high attrition and low adherence). The aim of this study is to
investigate the efficacy of an adjunctive treatment component that uses task shifting, wherein mental health care is provided by
nonspecialist peer counselors to enhance engagement in an internet-based, self-directed, evidence-based mindfulness intervention
among Chinese university students.
Methods: From 3 universities across China, 54 students who reported at least mild stress, anxiety, or depression were randomly
assigned to a 4-week internet-based mindfulness intervention (MIND) or to the intervention plus peer counselor support (MIND+),
respectively. Be Mindful delivers all the elements of mindfulness-based cognitive therapy in an internet-based, 4-week course.
Participants completed daily monitoring of mindfulness practice and mood, as well as baseline and posttreatment self-reported
levels of depression, anxiety, stress, and trait mindfulness. We screened 56 volunteer peer counselor candidates who had no
former training in the delivery of mental health services. Of these, 10 were invited to participate in a day-long training, and 4
were selected. Peer counselors were instructed to provide 6 brief (15-20 minute) sessions each week, to help encouraging
participants to complete the internet-based intervention. Peer counselors received weekly web-based group supervision.
Results: For both conditions, participation in the internet-based intervention was associated with significant improvements in
mindfulness and mental health outcomes. The pre-post effect sizes (Cohen d) for mindfulness, depression, anxiety, and stress
were 0.55, 0.95, 0.89, and 1.13, respectively. Participants assigned to the MIND+ (vs MIND) condition demonstrated significantly
less attrition and more adherence, as indicated by a greater likelihood of completing posttreatment assessments (16/27, 59% vs
7/27, 26%; χ21=6.1; P=.01) and a higher percentage of course completion (72.6/100, 72.6% vs 50.7/100, 50.7%; t52=2.10; P=.04),
respectively. No significant between-group differences in daily frequency and duration of mindfulness practice were observed.
Multilevel logistic growth models showed that MIND+ participants reported significantly greater pre-post improvements in daily
stress ratings (interaction estimate 0.39, SE 0.18; t317=2.29; P=.02) and depression (interaction estimate 0.38, SE 0.16; t330=2.37;
P=.02) than those in the MIND condition.
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Conclusions: This study provides new insights into effective ways of leveraging technology and task shifting to implement
large-scale mental health initiatives that are financially feasible, easily transportable, and quickly scalable in low-resource settings.
The findings suggest that volunteer peer counselors receiving low-cost, low-intensity training and supervision may significantly
improve participants’ indices of treatment engagement and mental health outcomes in an internet-based mindfulness intervention
among Chinese university students.
(JMIR Form Res 2021;5(10):e25772) doi:10.2196/25772
KEYWORDS
mindfulness; mental health; social support; internet-based intervention; treatment outcome; university students; smartphone;
mobile phone

Introduction
Background
Approximately 1 in 5 adults in the United States experiences
mental illness annually [1], with young adults (aged 18-25 years)
reporting the highest prevalence. In economic terms, these
problems cost the United States more than US $193.2 billion
each year, both in direct (eg, treatment) and indirect (ie,
productivity loss at workplace, school, and home) expenses [2].
Globally, 3 out of 4 people report that they prefer therapy to
psychopharmacology; however, despite the existence of
empirically supported behavioral interventions targeting serious
mental illness conditions, nearly two-third of US adults with
these conditions do not receive services [3,4]. In short, there is
a large gap between treatment needed and treatment received
for mental disorders, and the mental health treatment gap is
larger in low- and middle-income countries (LMICs) than in
higher-income countries [5]. In China, more than 1 in 4
university students reported being depressed; moreover, although
4 out of 10 people worldwide suffer from a psychiatric illness
at some point in their lives, nearly half of the world’s population
lives in a country with less than 1 psychiatrist per 100,000
people [6,7]. The reasons for these treatment gaps are
multifaceted and include factors such as stigma, perceived
helpfulness of treatments, and convenience. However,
insufficient human resources and mental health infrastructure
are arguably the greatest contributors.
Traditional psychotherapy training models (ie, 2-7 years of
graduate school) and psychotherapies (one-on-one and in-person
sessions) are incapable of singularly closing the global mental
health gap in LMICs. Fundamentally, new approaches are
needed to increase access to effective mental health care in an
economic, feasible, and scalable manner to address global needs
[8], and computer- and web-based interventions are promising
solutions to closing the large gap between mental health
treatment required and treatment received. In addition to
addressing concerns of physical accessibility to treatment
providers, web-based interventions accessed privately from the
household allow individuals to avoid the perceived stigma
associated with seeking mental health services [9]. Although
not every country prioritizes the enhancement of their mental
health infrastructure, most countries prioritize the development
of their telecommunications infrastructure.
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Mindfulness- and Acceptance-Based Interventions
Mindfulness- and acceptance-based interventions have been
successfully used to address clinical dysfunction across a range
of physical and mental health disorders. Specifically, systematic
reviews and meta-analyses have demonstrated mindfulness and
acceptance to be beneficial in treating physical health conditions,
such as chronic pain [10], as well as mental health problems
including depression [11,12], substance use disorders [13],
eating disorders [14], anxiety [12,15], stress [16], and general
psychological health [17]. A recent meta-analysis explored the
efficacy of mindfulness-based interventions delivered through
the internet [18]. Overall pre-post, between-group effects (Hedge
g) were reported for stress (g=0.51), depression (g=0.29),
anxiety (g=0.22), well-being (g=0.23), and mindfulness
(g=0.32), all with nominal statistical significance thresholds of
P<.50 [18]. Overall, the results of this meta-analysis provide
promising initial evidence for the efficacy of mindfulness-based
interventions delivered through the internet.

Existing Barriers to Treatment
Although technology-based mindfulness interventions can be
effective, treatment engagement is a key barrier to the
implementation of these approaches. High attrition and low
adherence rates are commonly observed in research and practice.
Nonadherence can diminish the effectiveness of interventions
[19-21]. For example, although PTSD Coach, an app developed
and used by the Department of Veteran’s Affairs, was
downloaded more than 150,000 times, fewer than 15% of the
people used it within 1 week [22].
Adherence is especially relevant in mindfulness training because
regular practice is thought to be essential for developing
mindfulness skills. In their meta-analytic review of web-based
mindfulness interventions, Spijkerman et al [18] reported
adherence rates between 39.5% and 92%, when adherence was
deﬁned as completion of all sessions. However, adherence rates
were only reported for 33% (5/15) of the studies that were
included in the review.
Although many web-based mindfulness interventions have been
shown to be effective, about half of the published studies did
not report treatment engagement outcomes, and of those that
did, most reported low engagement (high attrition and low
adherence). Researchers have repeatedly noted that in spite of
the effectiveness of web-based interventions, it is a consistent
challenge to reliably measure the amount and quality of
mindfulness practice with which people engage [23,24].
Moreover, previous approaches to improve the scale and scope
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of mental health care systems in LMICs have largely failed
because of budgetary constraints, lack of cost estimates, and
logistical breakdowns, inhibiting the development of suitable
infrastructure [25]. Novel, feasible, and scalable approaches are
needed to not only improve treatment implementation but also
treatment engagement. As an emerging platform for the
provision of mental health interventions, web-based
interventions need more quantitative data to evaluate factors
associated with treatment efficacy, as well as the feasibility and
acceptability of these approaches. Treatment attrition and
adherence rates are two important indices of treatment feasibility
that can be assessed in mobile interventions and correlated with
factors that can be used to promote patient retention. Given the
axiom that the development of viable mindfulness skills requires
discipline and regular practice, further research is needed to
explore the existing barriers to adherence to develop strategies
for enhancing treatment engagement.

engagement in a mindfulness intervention for stress and
depression among Chinese undergraduate and graduate students.
Individuals were randomly assigned to a brief (4-week),
self-guided, web-based, mindfulness intervention (MIND), or
the intervention plus support from nonspecialist peer counselors
(MIND+). Peer counselors were instructed to engage in brief
(15-20 minutes) weekly meetings with MIND+ participants via
text or phone call during the course of treatment, with the
intention of supporting and encouraging participants to complete
the internet-based intervention. It was hypothesized that at
posttreatment, participants randomly assigned to MIND+ (vs
those assigned to MIND) would show (1) less attrition (higher
completion rates of assessment), (2) greater adherence (higher
percentage of course completion), (3) greater reductions in stress
and depression levels, and (4) greater increases in mindfulness.

Existing Research

Participant Overview

Previous research indicates that providing therapist support has
a positive inﬂuence on adherence and enhances the effectiveness
of web-based psychological interventions [26-28]. Spijkerman
et al [18] reported larger effect sizes for mindfulness and stress
for web-based mindfulness interventions with therapist guidance
(g=0.89 and g=0.43, respectively), than for those interventions
without guidance (g=0.19 and g=0.22, respectively). Although
offering therapist guidance may potentially improve adherence
and treatment outcomes, it is costly and may restrict the
scalability of the intervention, particularly in LMICs. To
overcome these barriers, some web-based interventions provide
automated support, which has preliminary evidence supporting
its efficacy [29-31]. For example, Oinas-Kukkonen and
Harjumaa [32] suggest that system design and automated support
may even be as effective as human support.

Participants were 54 currently enrolled university students
(undergraduate, master’s, and doctoral programs) from 36
universities across China. Their mean age was 23.5 years (SD
3.17), and 74% (40/54) identified as female. Out of the 54
participants, 29 (54%) were master’s students, 21 (39%) were
undergraduate students, and 4 (7%) were doctoral students. All
participants reported having passed an English proficiency test:
11% (6/54) reported passing the College English Test (CET;
level 4); 72% (39/54), the CET (level 6); and 17% (9/54), the
Test of English as a Foreign Language. All participants denied
currently receiving formal mental health treatment; 80% (43/54)
reported no history of mental health treatment, 11% (6/54)
reported formerly receiving therapy, 4% (2/54) reported
formerly receiving medication, and 6% (3/54) reported formerly
receiving both treatment and medication. Out of the 54
participants, 47 (87%) reported no previous mindfulness
training, and 3 (6%) reported practicing mindfulness meditation
in the past year.

Task Sharing
Task sharing or task shifting, wherein mental health care is
provided by nonspecialist peer counselors (eg, nurses,
clergymen, teachers, community leaders), has recently been
investigated as a promising strategy to overcome human
resource shortages in LMICs. In this model of care, peer
counselors receive training, supervision, and oversight from
mental health care professionals (eg, psychiatrists, psychologists,
and clinical social workers). Task shifting has been shown to
be effective in the treatment of mental health problems [33,34],
and in enhancing treatment engagement (eg, HIV medication
compliance [35], child and maternal health care [36], and
noncommunicable disease management [including depression]
[37]). Thus, a task-shifting model shows promise as an
alternative strategy to therapist guidance or peer support for
enhancing treatment engagement and outcomes in self-guided,
web-based mindfulness interventions.

Objectives

Methods

Participant Recruitment
Participants were recruited via WeChat blogs, student club
listservs, and university websites’ listing of available jobs and
research opportunities. Interested individuals completed a
web-based screening assessment. Eligible students were
contacted by the study coordinator, who conducted phone
interviews and orientation to the study procedures. Students
who provided proof of student status and emergency contact
information received a link to the baseline assessment measures.
Students who completed the web-based baseline assessment
measures were randomly assigned to a brief, 4-week
internet-based mindfulness intervention (MIND), or to the
intervention plus peer counselor support (MIND+). The
inclusion and exclusion criteria have been provided in Textbox
1.

The aim of this study is to examine whether an adjunctive,
task-shifting component (MIND+) enhances treatment
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Textbox 1. Participant inclusion and exclusion criteria.
Inclusion criteria
•

Is currently enrolled in a university in China (undergraduate, graduate, or doctoral)

•

Has a smartphone and regular access to the internet

•

Demonstrates the ability to read and understand Mandarin

•

Reports passing at least College English Test (level 4)

•

Experiences at least mild depression and anxiety

Exclusion criteria
•

Is aged <18 years

•

Does not provide proof of current student status and emergency contact

•

Currently experiences manic or psychotic symptoms

•

Expresses suicidal or homicidal ideation during the intake phone interview

Peer Counselor Overview
Overview
Peer counselors included 4 currently enrolled female students
at 3 different universities in Beijing. At the time of recruitment,
their mean age was 27.5 years (SD 6.8), including 1
undergraduate (psychology), 1 master’s (business), and 2
doctoral (nursing) students. None of the peer counselors reported
formal training or experience in mindfulness practice or the
provision of mental health services. All participants reported
having passed at least the CET (level 6).

Peer Counselor Recruitment
Web-based advertisements were posted on university research,
student club, and mindfulness listservs. A total of 56 candidates
responded to the web-based survey, expressing interest in

participating in the study as peer counselors. Those who met
the inclusion criteria were contacted via telephone to screen for
the exclusion criteria and confirm their understanding of the
study and willingness to participate in the in-person training
and orientation. Volunteer peer counselor candidates who met
all the inclusion criteria were invited to the in-person training
and orientation. After this training, participants were contacted
via telephone to once again assess their willingness to engage
in the study. We selected 4 individuals as peer counselors based
on their English proficiency, reported level of enthusiasm for
the project, and the researchers’ assessment of their nonspecific
factors. Each individual was given access to the internet-based
intervention and a 6-week period to complete the course. After
completing the course, peer counselors were paired with study
participants who were randomized to the MIND+ group. The
inclusion and exclusion criteria for peer counselors have been
illustrated in Textbox 2.

Textbox 2. Peer counselor inclusion and exclusion criteria.
Inclusion criteria
•

Is currently enrolled in a university in Beijing (undergraduate, graduate, or doctoral)

•

Has a smartphone and regular access to the internet

•

Demonstrates the ability to read and communicate in Mandarin and English

•

Is willing to provide brief (15-20 minute) peer-support chats per week per participant

•

Is willing to participate in web-based group supervision for 1 hour per week

•

Is willing to complete the internet-based mindfulness intervention

Exclusion criteria
•

Is aged <18 years

•

Reports previous or current format training in mindfulness or psychotherapy

•

Reports current treatment (psychotherapy or medication) for a mental health problem

•

Is unable to attend the day-long, in-person training in Beijing

Peer Counselor Training
The in-person training took place for 8 hours in Beijing. All
lectures and discussions were conducted in Mandarin. Peer
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counselor candidates listened to lectures on topics related to
peer counseling and the current research project. The candidates
were given opportunities to practice using the skills in dyads
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and to receive coaching and feedback from the first author and
research assistants.

supervision from the study coordinator on an as-needed basis,
or in case of a participant emergency.

Training was didactic and experimental and included (1)
mindfulness theory and practice (2 hours), (2) orientation to the
study and role of a peer counselor (1.5 hours), ethics,
confidentiality, and mandated reporting (30 minutes), (4) lunch
break and personal introductions (1 hour), (5) fundamentals of
counseling listening skills (30 minutes), (6) validation
techniques (1.5 hours), and (7) motivational interviewing (1
hour).

The Be Mindful Internet-Based Intervention

Peer Counselor Supervision Meetings
Weekly group supervision was attended by the research
coordinator (MR), 2 research assistants, and the 4 peer
counselors. Meetings were conducted in Mandarin and via a
videoconferencing
software
(Zoom;
Zoom
Video
Communications) after peer counselors were matched with their
first participant. The structure of the supervision meetings was
modeled after the elements of dialectical behavior therapy
consultation team meetings [38]. The meetings began with a
brief mindfulness practice and a discussion of the observations.
Team members took turns leading the mindfulness practice.
Next, issues were addressed according to the following
hierarchy: (1) life-threatening behaviors or concerns, (2) therapy
interfering behaviors, and (3) quality of life–related issues. Team
members presented consultation questions and supported each
other using peer counseling techniques (eg, validation and
motivational interviewing), in an effort to enhance capabilities
and motivation. Supervision was framed for peer counselors
for both clinical consultation and peer support. The study
coordinator (MR) provided 5- to 10-minute didactic lessons on
the common challenges faced by peer counselors. Peer
counselors also used a group chat on their mobile devices to
provide each other with ongoing updates and support. They
were offered the opportunity to schedule additional individual

The Be Mindful course is an internet-based mindfulness training
program produced by Wellmind Media, with support from the
UK-based charity Mental Health Foundation. Be Mindful
delivers all the elements of mindfulness-based cognitive therapy
in an internet-based course that can be completed in 4 weeks.
It can be accessed through their website [39], where its
development and design are fully detailed. To date, 7
peer-reviewed papers have been published reporting study
results based on the Be Mindful course (for full details, visit the
website [40]). The course can be accessed on a computer, laptop,
tablet, or smartphone. The course is self-guided, that is there is
no contact with mindfulness teachers or other course
participants. An overview of the course content is presented in
Table 1.
When this study was conducted in May 2018, the Be Mindful
course website reported that over 20,000 people had taken the
course since 2011. The participants in this study were able to
complete the course for free. Project staff received technical
support and administrative access to randomize participants,
track progress (eg, participant log-ins, module completion, and
date of completion), and download data. All materials on the
course were translated into Mandarin, including the videos,
audio recordings, and homework assignments. Each week, the
research coordinators emailed materials to the participants after
they were ready to progress to the next chapter in the course.
Furthermore, 6 weeks after initial enrollment, participants
received an email thanking them for their participation and a
link inviting them to complete the posttreatment assessment. If
they did not complete the survey within 1 week, they were
contacted via text message, WeChat, and email over the course
of the next week. Participants were paid upon completion of
the posttreatment questionnaire packet.

Table 1. Be Mindful course content and assignments by week.
Chapter and title

Content

Materials and homework assignments

Before; Getting Started

Orientation to the course and format

3 videos (>6 min total); assignments: stress assessment, reflection on goals, and motivation for practicing

Week 1; Stepping out of Automatic Pilot Introduction to the concept of mindfulness

4 videos (>12 min total); 1 audio file (30 min); assignments:
events diary, body scan, routine activity, and mindful meal

Week 2; Reconnecting with Body and
Breath

Awareness of thoughts and feelings

3 videos (>17 min total); 2 audio files (19 min total); assignments: difficult thoughts checklist, event awareness, mindful
movement, and mindful breathing

Week 3; Working with Difficulties

Acknowledging difficult thoughts and emotions without judgment or attachment

3 videos (>9 min total); 1 audio file (22 min); assignments:
stress awareness, sitting meditation, and breathing space

Week 4; Mindfulness in Daily Life

Awareness of (1) personal patterns, (2) asso- 3 videos (>11 min total); assignments: list of four helpful
ciations to changes in mind and body, and (3) and unhelpful strategies, activity awareness, breathing space,
stress indicators
and chosen practice

After; Going Forward

Reflecting on lessons learned
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3 videos (>5 min total); assignments: stress assessment, letter
to yourself, and review additional resources
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Institutional Review Board Approval, Consent, and
Compensation
Participants were compensated for completing the baseline
questionnaire packet, posttreatment questionnaires, and for
responding to each daily assessment; the total amount that the
participants could make from this course was approximately
US $28. This study received institutional review board approval
from the Psychology Research Ethics Committee at the Beijing
Institute of Technology, and all participants electronically signed
a digital informed consent form.

The MIND+ Condition
Participants randomized to the MIND+ condition (n=27)
completed the same procedures as those in the MIND condition
(n=27). However, those in the MIND+ condition were informed
by the study coordinator via email that they were paired with a
peer counselor who would provide them support and
encouragement. Participants were instructed to contact their
peer counselor within a week to schedule a time to chat. Peer
counselors were instructed to contact their participants if they
did not hear from them within 5 days. Peer counselors were
encouraged to provide brief (15-20 minutes) weekly meetings
to support and encourage participants in their completion of the
internet-based intervention.

Daily Reporting
Daily assessments were completed using the Qualtrics software.
Participants rated their state mindfulness and mood (stress,
depression, and happiness) on a 5-point Likert scale (1=very
low, 5=very high). Daily questionnaires also assessed
participants’ self-reported frequency and duration (in minutes)
of mindfulness practice the previous day. Links to questionnaires
expired within 4 hours if not completed.

Self-report Questionnaires
A self-report questionnaire packet was completed at screening,
baseline, postintervention, and at the 1-month follow-up after
the end of the intervention.
The Demographic Data Survey-Modified is a self-report measure
used to obtain demographic information (gender, age, university,
year in school, and field of study), as well as self-report data
about the patient’s English proficiency, meditation experience
(previous training and current practice), psychiatric diagnostic
and treatment history, and emergency contact information.
The 7-item Generalized Anxiety Disorder (GAD-7)
questionnaire is a 7-item measure of the severity of anxiety
symptoms in the last 2 weeks [41,42]. The Cronbach α reliability
coefficient for the GAD-7 in this sample was .87.
The Patient Health Questionnaire-9 (PHQ-9) is a 9-item measure
of the severity of depression symptoms in the last 2 weeks
[43,44]. The Cronbach α reliability coefficient for the PHQ-9
in this sample was .85.
The Five-Factor Mindfulness Questionnaire (FFMQ), originally
developed by Baer, is a 39-item measure of trait mindfulness
that is organized into 5 subscales (Observing, Describing,
Nonjudging of inner experience, Nonreactivity to Inner
Experience, and Acting with Awareness), with 7 or 8 items in
https://formative.jmir.org/2021/10/e25772
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each subscale [45,46]. Only the full-scale FFMQ score was used
in the analyses. The Cronbach α reliability coefficients for the
total scale at baseline and posttreatment were .72 and .89,
respectively.
The Depression Anxiety Stress Scale is a 21-item measure
comprising 3 subscales (Depression, Anxiety, and Stress) of 7
items each, which provide indices of depression [47]. The
Cronbach α reliability coefficients for depression, anxiety, and
stress in this sample were .82, .74, and .77, respectively.
Perceived Stress Scale (PSS) is a 14-item measure of perceived
stress in the last month [48]. The Cronbach α reliability
coefficient for the PSS in this sample was .893.

Statistical Analyses
All analyses were conducted in SAS (version 9.4, SAS Institute).

Coding of Time
To capture any nonlinear changes across the study, the phases
were coded as follows: early study (days 1-11), mid study (days
12-23), and late study (days 24-35).

Retention
First, a chi-square analysis was used to test the hypothesis that
participants randomly assigned to MIND+ (vs those assigned
to MIND) would show less attrition as indicated by higher
completion (vs noncompletion) rates of posttreatment
assessment (yes or no).

Adherence
Second, independent samples, two-tailed t tests were used to
test the hypotheses that participants randomly assigned to
MIND+ (vs those assigned to MIND) would show greater
program adherence, as indicated by more frequent use of the
course (higher number of total log-ins) and a higher percentage
of the course completed.

Psychosocial Outcomes
Three multilevel models (identical to those used for the number
of minutes of mindfulness practice mentioned above) were used
to test the hypothesis that the randomization to the MIND+
condition would result in a greater increase in mindfulness
across the trial, and greater decrease in depression and stress
levels across the trial. Time was also alternatively defined by
examining contrasts of the beginning of the study (days 1-11)
with both the middle (days 12-23) and end (days 24-35) of the
study.
Model fitting was accomplished using the −2 log likelihood
model to determine model fit. Random slopes were retained
when this improved the model fit. Person-standardized daily
values (today’s value minus overall person mean, divided by
overall person SD) were used for graphical depictions of
continuous outcomes to depict only the within-person changes
in the outcome across the study, consistent with multilevel
modeling results.

Effect Size
The size of group differences in each outcome, or change over
time in each outcome, was estimated using Cohen d. For
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multilevel modeling outcomes, Cohen d was calculated for the
group means of difference between scores on days in the early
study phase and the late study phase.

Results

Randomization

Figure 1 shows a flow chart illustrating participant flow from
recruitment to study completion. Table 2 provides descriptive
statistics for demographics and key study variables for both the
total sample and for each condition.

The randomization sequence was sourced through random.org
[49], an automated, web-based randomization service that
generates randomness using atmospheric noise. Using
random.org, two 25-person blocks were used to randomize the
participants into 2 equally-sized groups.

Participant Flow and Descriptive Statistics

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow chart.
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Table 2. Descriptive statistics in the full sample and by condition (N=54).
Variable

Total sample (N=54)

MIND (n=27) MIND+ (n=27) Comparisons

Sex (female), n (%)

40 (74)

18 (67)

22 (81)

X21=1.5; P=.21; φa=0.17

Age (years), mean (SD)

23.53 (3.17)

23.77 (3.72)

23.29 (2.56)

t52=0.55; P=.58; Cohen d=0.15
X22=3.2; P=.20; Cramer V=0.24

Mindfulness experience, n (%)
Previously practiced

4 (7)

2 (7)

2 (7)

Currently practice

3 (6)

3 (11)

0

Never practiced

47 (87)

22 (81)

25 (93)
X22=4.6; P=.10; Cramer V=0.29

English language competence, n (%)
CETb level 4

7 (13)

6 (22)

1 (4)

CET level 6

38 (70)

16 (59)

22 (81)

TOEFLc or IELTSd

9 (17)

5 (19)

4 (15)

Pretreatment

10.63 (5.0)

9.70 (4.7)

11.56 (5.3)

t52=−1.38; P=.17; Cohen
d=−0.37

Posttreatment

7.11 (4.8)

7.42 (5.4)

6.78 (4.2)

t45=0.45; P=.65; Cohen d=0.13

Pre-to-post change

−3.23 (5.29)

−2.38 (5.08)

−4.13 (5.46)

t45=1.14; P=.26; Cohen d=0.33

Pretreatment

8.65 (4.1)

8.33 (4.0)

8.96 (4.2)

t52=−0.57; P=.57; Cohen
d=−0.15

Posttreatment

5.96 (4.2)

5.83 (3.3)

6.09 (5.1)

t45=−0.21; P=.83; Cohen
d=−0.06

Pre-to-post change

−2.77 (3.97)

−2.62 (3.69)

−2.91 (4.32)

t45=−0.25; P=.80; Cohen
d=−0.07

Pretreatment

6.45 (3.8)

5.73 (2.8)

7.15 (4.6)

t52=−1.39; P=.17; Cohen
d=−0.38

Posttreatment

3.96 (3.0)

3.79 (3.0)

4.13 (3.1)

t45=−0.38; P=.70; Cohen
d=−0.11

Pre-to-post change

−2.40 (3.84)

−2.62 (3.69)

−2.87 (4.32)

t45=0.83; P=.41; Cohen d=0.24

Pretreatment

6.38 (3.2)

6.19 (3.1)

6.56 (3.4)

t52=−0.42; P=.57; Cohen
d=−0.11

Posttreatment

4.72 (2.7)

4.79 (3.0)

4.65 (2.3)

t45=0.18; P=.86; Cohen d=0.05

Pre-to-post change

−1.47 (3.44)

−1.29 (3.26)

−1.65 (3.22)

t45=0.36; P=.72; Cohen d=0.10

Pretreatment

8.91 (3.4)

8.31 (3.5)

9.48 (3.3)

t52=−1.27; P=.21; Cohen
d=−0.35

Posttreatment

6.70 (3.6)

6.33 (2.9)

7.09 (4.3)

t45=−0.71; P=.48; Cohen
d=−0.21

Pre-to-post change

−2.17 (3.79)

−2.0 (3.78)

−2.34 (3.86)

t45=0.31; P=.76; Cohen d=0.09

Pretreatment

115.46 (10.3)

116.27 (8.9)

114.65 (11.6)

t52=−0.57; P=.57; Cohen d=0.16

Posttreatment

119.96 (14.8)

121.63 (12.8)

118.22 (16.7)

t45=0.79; P=.44; Cohen d=0.23

Patient Health Questionnaire-9, mean (SD)

7-item General Anxiety Disorder, mean (SD)

DASS-21e depression, mean (SD)

DASS-21 anxiety, mean (SD)

DASS-21 stress, mean (SD)

Five-Factor Mindfulness Questionnaire, mean (SD)
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Variable

Total sample (N=54)

MIND (n=27) MIND+ (n=27) Comparisons

4.87 (13.18)

6.04 (9.84)

3.59 (16.21)

t44=0.63; P=.53; Cohen d=0.18

Completed course, n (%)

23 (43)

7 (26)

16 (59)

X21=6.1; P=.01; φ=0.34

Percentage of course completion, mean (SD)

61.66 (39.37)

50.74 (37.40)

72.59 (38.88)

t52=2.10; P=.04; Cohen d=−0.57

Number of log-ins, mean (SD)

15.72 (12.35)

13.92 (9.30)

17.51 (12.39)

t52=−1.07; P=.28; Cohen
d=−0.33

Pre-to-post change

a

Rodriguez et al

φ=phi coefficient (ie, mean square contingency coefficient).

b

CET: College English Test.

c

TOEFL: Test of English as a Foreign Language.

d

IELTS: International English Language Testing System.

e

DASS-21: Depression Anxiety and Stress Scale.

Hypotheses and Data
Hypothesis 1 predicted that participants randomly assigned to
MIND+ (vs those assigned to MIND) would show less attrition,
as indicated by a greater likelihood of completing the
posttreatment assessment (as a dichotomous, between-person
variable). A chi-square analysis comparing dichotomous
condition assignment (MIND vs MIND+) and posttreatment
assessment (completed vs not completed) revealed a greater
number of completers in the MIND+ condition (χ21=6.1; P=.01).
Hypothesis 2 predicted that participants randomly assigned to
MIND+ (vs MIND) would show greater program adherence,
as indicated by a higher percentage of course completion as a
continuous, between-person variable. An independent samples
t test indicated a higher mean percentage of course completion
in the MIND+ condition than in the MIND condition (mean
61.66%, SD 39.37; mean difference 21.85, 95% CI 42.69-1.010;
t52=2.10; P=.04).

Hypothesis 3 predicted that participants randomly assigned to
MIND+ (vs those assigned to MIND) would show more robust
improvements in stress, depression, and mindfulness levels
across the trial (as continuous, daily within-person variables).
The results of the multilevel models testing this hypothesis are
presented in Tables 3-14. Consistent with successful
randomization, there were no condition effects on the baseline
levels of stress, depression, or mindfulness. Both stress and
depression decreased linearly as the number of study days
increased, and this linear effect did not differ by condition.
There were no linear effects of study days on daily mindfulness,
and this effect did not differ by condition. For the daily
outcomes of stress and depression, those randomized to MIND+
demonstrated a significantly greater decline from study phase
1 to phase 3. Graphs depicting daily outcomes
(person-standardized) over time and phase are presented in
Figures 2-4.

Table 3. Covariance parameters for the interactive effect of condition and time (study day) predicting daily self-reported stress.
Estimate (SE)

Z valuea

P value

0.513 (0.192)

2.68

.004

−0.006 (0.005)

−1.18

.24

Study day

0.000 (0.000)

2.20

.01

Residual (VCc)

0.556 (0.029)

19.19

<.001

Parameter
Intercept
Covariance (I,S)

a

b

The Z value represents the test value of the z distribution on which statistical significance is determined for this analysis.

b

Covariance between the random parameters for intercept and slope in the multilevel model.

c

VC: variance component (method for structuring the covariance matrix).

Table 4. Fixed effects for the interactive effect of condition and time (study day) predicting daily self-reported stress.

a

Effect

Estimate (SE)

t test (df)

P value

Intercept

2.998 (0.185)

16.24 (34.1)

<.001

Conditiona

−0.279 (0.268)

−1.04 (35.2)

.30

Study day

−0.022 (0.006)

−3.90 (39.4)

<.001

Condition X study day

0.009 (0.008)

1.08 (40.3)

.29

Condition is coded as a dichotomous variable, where 0=MIND only and 1=MIND+.
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Table 5. Covariance parameters for the interactive effect of condition and time (study phase) predicting daily self-reported stress.

a

Parameter

Estimate (SE)

Z valuea

P value

Intercept

0.460 (0.112)

4.12

<.001

Study phase (3 vs 1)

0.340 (0.036)

9.55

<.001

Residual (VCb)

0.601 (0.031)

19.53

<.001

The Z value represents the test value of the z distribution on which statistical significance is determined for this analysis.

b

VC: variance component (method for structuring the covariance matrix).

Table 6. Fixed effects for the interactive effect of condition and time (study phase) predicting daily self-reported stress.

a

Effect

Estimate (SE)

t test (df)

P value

Intercept

2.580 (0.167)

15.48 (62.4)

<.001

Conditiona

0.118 (0.230)

0.51 (62.2)

.61

Study phase (2 vs 1)

−0.268 (0.111)

−2.42 (360)

.02

Study phase (3 vs 1)

−0.285 (0.112)

−2.54 (272)

.01

Condition X phase (2 vs 1)

0.093 (0.151)

0.62 (344)

.54

Condition X phase (3 vs 1)

−0.234 (0.113)

−2.07 (266)

.04

Condition is coded as a dichotomous variable, where 0=MIND only and 1=MIND+.

Table 7. Covariance parameters for the interactive effect of condition and time (study day) predicting daily self-reported depression.
Estimate (SE)

Z valuea

P value

0.566 (0.191)

2.97

.002

−0.007 (0.005)

−1.49

.14

Study day

0.000 (0.000)

2.19

.01

Residual (VCc)

0.505 (0.027)

18.92

<.001

Parameter
Intercept
Covariance (I,S)

a

b

The Z value represents the test value of the z distribution on which statistical significance is determined for this analysis.

b

Covariance between the random parameters for intercept and slope in the multilevel model.

c

VC: variance component (method for structuring the covariance matrix).

Table 8. Fixed effects for the interactive effect of condition and time (study day) predicting daily self-reported depression.

a

Effect

Estimate (SE)

t test (df)

P value

Intercept

2.439 (0.189)

12.94 (38.1)

<.001

Conditiona

−0.160 (0.273)

−0.59 (39.1)

.56

Study day

−0.013 (0.005)

−2.40 (39.2)

.02

Condition X study day

0.008 (0.008)

1.01 (40.1)

.32

Condition is coded as a dichotomous variable, where 0=MIND only and 1=MIND+.

Table 9. Covariance parameters for the interactive effect of condition and time (study phase) predicting daily self-reported depression.
Parameter

Estimate (SE)

Z valuea

P value

Intercept

0.422 (0.104)

4.08

<.001

0.359 (0.035)

10.29

<.001

0.544 (0.028)

19.30

<.001

Study phase (3 vs 1)
b

Residual (VC )
a

The Z value represents the test value of the z distribution on which statistical significance is determined for this analysis.

b

VC: variance component (method for structuring the covariance matrix).
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Table 10. Fixed effects for the interactive effect of condition and time (study phase) predicting daily self-reported depression.

a

Effect

Estimate (SE)

t test (df)

P value

Intercept

2.164 (0.160)

13.55 (61.5)

<.001

Conditiona

0.117 (0.221)

0.53 (61.3)

.60

Study phase (2 vs 1)

0.025 (0.106)

0.23 (362)

.82

Study phase (3 vs 1)

−0.063 (0.108)

−0.58 (271)

.56

Condition X phase (2 vs 1)

−0.162 (0.145)

−1.12 (347)

.26

Condition X phase (3 vs 1)

−0.280 (0.128)

−2.19 (265)

.03

Condition is coded as a dichotomous variable, where 0=MIND only and 1=MIND+.

Table 11. Covariance parameters for the interactive effect of condition and time (study day) predicting daily self-reported mindfulness.
Parameter

Estimate (SE)

Z valuea

P value

Intercept

0.395 (0.134)

2.95

.002

Covariance (I,S)b

−0.006 (0.004)

−1.64

.10

Study day

0.000 (0.000)

2.49

.006

0.526 (0.025)

21.09

<.001

c

Residual (VC )
a

The Z value represents the test value of the z distribution on which statistical significance is determined for this analysis.

b

Covariance between the random parameters for intercept and slope in the multilevel model.

c

VC: variance component (method for structuring the covariance matrix).

Table 12. Fixed effects for the interactive effect of condition and time (study day) predicting daily self-reported mindfulness.

a

Effect

Estimate (SE)

t test (df)

P value

Intercept

2.561 (0.164)

15.61 (40.5)

<.001

Conditiona

0.007 (0.237)

0.03 (42.0)

.98

Study day

0.002 (0.005)

0.30 (41.2)

.76

Condition X study day

0.007 (0.008)

0.93 (42.1)

.36

Condition is coded as a dichotomous variable, where 0=MIND only and 1=MIND+.

Table 13. Covariance parameters for the interactive effect of condition and time (study phase) predicting daily self-reported mindfulness.

a

Parameter

Estimate (SE)

Z valuea

P value

Intercept

0.300 (0.073)

4.13

<.001

Study phase (3 vs 1)

0.211 (0.037)

5.75

<.001

Residual (VCb)

0.565 (0.027)

21.26

<.001

The Z value represents the test value of the z distribution on which statistical significance is determined for this analysis.

b

VC: variance component (method for structuring the covariance matrix).
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Table 14. Fixed effects for the interactive effect of condition and time (study phase) predicting daily self-reported mindfulness.

a

Effect

Estimate (SE)

t test (df)

P value

Intercept

2.732 (0.139)

19.69 (69.6)

<.001

Conditiona

−0.142 (0.191)

−0.74 (69.3)

.46

Study phase (2 vs 1)

0.023 (0.100)

0.23 (405.0)

.82

Study phase (3 vs 1)

0.123 (0.099)

1.24 (324.0)

.22

Condition X phase (2 vs 1)

−0.084 (0.136)

−0.62 (383.0)

.54

Condition X phase (3 vs 1)

−0.053 (0.136)

−0.39 (314.0)

.69

Condition is coded as a dichotomous variable, where 0=MIND only and 1=MIND+.

Figure 2. Daily (A) and phase (B) means for outcome daily self-reported stress.
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Figure 3. Daily (A) and phase (B) means for outcome daily self-reported depression.
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Figure 4. Daily (A) and phase (B) means for outcome daily self-reported mindfulness.

Discussion
Principal Findings
The aim of this study was to investigate the efficacy of an
adjunctive treatment component that uses task-shifting (ie,
nonspecialist peer counselors) to enhance engagement in a
self-directed, web-based mindfulness intervention for stress and
depression among Chinese undergraduate and graduate students.
The results indicated that participants assigned to the MIND+
(vs those assigned to the MIND) condition showed significantly
less attrition and more adherence, as indicated by a greater
likelihood of completing posttreatment assessments and a higher
percentage of course completion, respectively. In addition,
individuals in the MIND+ condition reported significant
improvements in daily ratings of stress and depression levels
across the trial compared with individuals in the MIND
condition. These findings suggest that volunteer peer counselors
receiving brief training and weekly supervision may significantly
improve participants’ indices of treatment engagement and
mental health outcomes in an internet-based mindfulness
intervention among college and graduate students in China.
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Unique Contributions of This Study
This study makes several unique contributions to the literature.
First, an internet-based platform was used to deliver a
mindfulness intervention in a sample of individuals from a
non-Western LMIC. There have been no publications of results
from randomized controlled trials investigating the efficacy of
a self-guided, web-based, mindfulness intervention in China.
Second, this study uses a task-shifting informed approach aimed
at increasing retention and adherence to an existing
evidence-based intervention. There have been no publications
of results from randomized controlled trials investigating the
efficacy of an adjunctive, web-based, peer support intervention
component intended to enhance treatment engagement in a
self-guided, web-based, mental health intervention in an LMIC.
Furthermore, only 3 studies have been published on task shifting
in mental health services of any type in China [50-52].
Accordingly, the results of this study advance the literature in
this area, providing promise in the use of task shifting to
improve mental health outcomes in China, the world’s most
populous country.
Third, this study explored the effects of a very low-intensity,
low-cost task-shifting intervention. Nonspecialist peer
JMIR Form Res 2021 | vol. 5 | iss. 10 | e25772 | p.164
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counselors received only 1 day of in-person training with
ongoing web-based, group supervision once per week.
Furthermore, each participant in the MIND+ group only received
a mean of 4.69 peer counseling sessions (SD 2.04; range 0-7),
lasting an average total of 120.85 minutes (SD 66.53; range
12-345) per MIND+ participant. All peer counselors maintained
full-time student status and part-time jobs throughout the course
of volunteering for this study. Peer counselors reported
completion of responsibilities for this study (including
supervision, peer counseling, and documentation) and required,
on average, less than 2 hours per week, when supporting 2
patients at the same time.
Fourth, this study contributes new insights into the selection,
supervision, and evaluation practices for task-shifting initiatives.
According to a recent systematic review of 137 studies from 48
countries employing task shifting to deliver evidence-based
mental health services in LMICs, fewer than 1 in 5 studies
reported providing supervision on a weekly or biweekly basis
[53]. In this study, nonspecialist peer counselors were evaluated
for knowledge (questionnaires), application (group supervision
discussions), competence (role-plays during training and in
group supervision), and quality of care (including patients’
evaluations, pre to postsession changes in participants’
self-reported mood and motivation, and 2 session audio
recordings).

Completion Rates in This Study Versus Those in
Comparators
Completion rates in this study (7/27, 26% for MIND and 16/27,
59% for MIND+) appear to be lower than those in previous
studies. In comparison, Querstret et al [54] reported 73.7%
(87/118) of participants completing the web-based program.
Krusche et al [55] reported 29.39% (1497/5094) of participants
completing the course and follow-up assessments; however,
only 11% (3/27) of MIND participants and 15% (4/27) of
MIND+ participants completed both.
One explanation for the lower completion rates in this study is
that participants completed the course in their second language.
Of the 43 participants who completed the posttreatment
assessment, when asked the degree to which language was a
barrier in completing the course, 16 (37%) indicated not at all,
and 17 (40%) reported a little. However, 9% (4/43) of
participants indicated that language was very much a barrier to
completion. It is also possible that language was more of a
barrier for the 11 participants who did not complete the
posttreatment assessment. However, follow-up analyses did not
reveal an association between language proficiency and course
completion or engagement. Specifically, follow-up analyses
revealed that self-reported baseline English proficiency and
posttreatment perception of language as a barrier to completion
were not significant predictors of treatment completion.
Another explanation for this difference is that participants in
the studies by Krusche et al [55] and Querset et al [54] were
paying US $60-$90 for participation; therefore, they were
perhaps more motivated. Before the start of the study, 26%
(14/54) participants reported being very motivated to learn and
practice mindfulness, and 44% (24/54) reported being extremely
motivated. However, across both groups, baseline self-reported
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energy to learn and practice mindfulness was predictive of
failure to activate the Be Mindful course (r=0.288; P=.04) and
total login count (r=0.300; P=.03).
Participants assigned to the MIND+ (vs those assigned to the
MIND) condition showed significantly less attrition, as indicated
by a greater likelihood of completing the posttreatment
assessments in the internet-based course. MIND+ participants
also demonstrated a nonsignificant trend toward lower rates of
nonuse attrition (P=.05), defined as never responding to the
daily assessment or not responding for at least the last 3 weeks
of the study. These findings suggest that a low-cost,
low-intensity task-shifting component is promising as a feasible
and scalable approach for enhancing retention in web-based
evidence-based treatments. Previous research suggests that
personalizing the contact (eg, provision of therapist name and
photo vs a virtual therapist or personalized vs standardized
messaging) is associated with lower rates of treatment
termination [28,56]. Apart from strategies that involve human
support, future research can also continue to explore automated
strategies to provide more personalized treatment experience
in self-guided, internet-based mindfulness interventions.

Unique Findings of This Study
Participants assigned to the MIND+ (vs those assigned to
MIND) condition showed greater program adherence, as
indicated by a higher percentage of the course completed.
However, there were no between-group differences in attrition,
as indicated by (1) more frequent log-ins to the course, (2) a
less robust decrease in daily self-reports of mindfulness practice,
or (3) a less robust decrease in daily self-reports of minutes of
mindfulness practiced over the course of the treatment. Overall,
these data suggest that the MIND+ task-shifting component
increased participants’ likelihood of completing the program
but not necessarily their likelihood to be more actively engaged
in the program (ie, more frequent log-ins) or to report higher
frequency or duration of mindfulness practice.
It is worth noting that participants in this study presented with
mean baseline PSS (stress), GAD-7 (anxiety), and PHQ-9
(depression) scores of 23.27 (SD 4.28), 9.90 (SD 3.98), and
11.31 (SD 5.06), respectively. These means are higher than the
scores provided in published population norms for the PSS
(between 11.9 and 14.7) [57], GAD-7 (between 2.7 and 3.8)
[58,59], and PHQ-9 (approximately 3.3) [42]. Instead, the
participants in this study would, on average, be considered
highly stressed [59,60], moderately anxious [41,61], and
moderately depressed [42].
Although participants were randomized to study conditions, the
MIND+ group participants reported significantly higher mean
baseline PSS scores than those of the MIND group participants.
PSS was the only baseline measure with significant
between-group differences in this study. However, it is possible
that this difference in stress helps in explaining why MIND+
participants completed more modules but did not report more
frequent and longer-lasting mindfulness practice than MIND
participants. On the other hand, it is possible that MIND+
participants reported more stress because they were assigned
to the condition with a peer counselor, and they felt more
pressure to complete the course. Existing research suggests that
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positive, high-quality social support can enhance resilience to
stress and reduce depressive symptomology and medical
morbidity and mortality [62,63]. Nevertheless, future research
could explore the mechanisms by which peer support enhances
adherence, including factors such as social desirability,
expectation, and compliance.
Enrollment in this study was associated with a significant
increase in reported trait mindfulness, as indicated by the FFMQ
scores. This was true across both groups, with no significant
between-group differences. Further analyses should explore
whether changes in mindfulness mediate the effects of
interventions on depression, anxiety, and stress. The results of
Querstret et al [54] showed that although the intervention
worked to increase levels of the describing and nonjudging
facets of mindfulness, only Acting with Awareness mediated
the effects of the intervention on mental health outcomes.
This study improves upon previous studies of daily practice in
relation to the Be Mindful internet-based course. Krusche et al
[55,64] asked participants to rate their mindfulness activities
once per week using a high (every day or most days), medium
(sometimes), and low (rarely or never) scale [64]. In the 2013
study, 51.65% (141/273) of participants reported practicing
sometimes, and in the 2012 study, 55% (55/100) of participants
reported practicing sometimes. This study improves upon this
approach by collecting daily data and having participants record
the number of minutes practiced per day. However, future
research would benefit from collecting separate data for formal
and informal mindfulness practice, or by collecting data in real
time (eg, asking participants to report immediately before and
after mindfulness practice).

Significance of These Findings
The results of this study indicate that participation in the
internet-based intervention was associated with significant
improvements in pre to posttreatment stress outcomes. The
pre-post effect size (Cohen d) for stress among the completers
was 1.13. This was equivalent to those reported in previous
studies of the Be Mindful course [55], web-based interventions
[65,66], and in-person mindfulness interventions [17,67,68].
These findings are significant because stress has been shown
to be associated with a wide range of physical and mental health
problems [69,70], including autoimmune diseases, depression,
substance abuse, and suicidal behavior. Research suggests that
the prevalence of stress among college students, particularly
Chinese students [71], is increasing [72]. Students from
Confucian Asian countries (eg, Japan, Korea, and China) report
higher levels of stress, anxiety, and self-doubt than students
from European regions [73]. Moreover, compared with their
Korean and Japanese counterparts, Chinese college students
reported the highest number of stressors and the highest levels
of stress, along with passive and ineffective coping [74,75].
The pre-post effect sizes (Cohen d) for anxiety (GAD-7) and
depression (PHQ-9) among completers were 0.89 and 0.95,
respectively, which are equivalent to those reported in previous
studies of the Be Mindful course and in-person mindfulness
interventions [17,55,66].
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In addition, individuals in the MIND+ condition reported
significant improvements in daily ratings of stress and
depression across the trial compared with individuals in the
MIND condition. These findings suggest that volunteer peer
counselors receiving brief training and weekly supervision may
significantly improve participants’ indices of treatment
engagement and mental health outcomes in an internet-based
mindfulness intervention among college and graduate students
in China. It is worth noting that these differences between groups
were not linear across the course of the study. The benefits of
assignment to the MIND+ group appear late during the
treatment, that is, between phases 2 and 3. In the middle of the
study, MIND+ participants did not report less anxiety or
depression, and they did not report practicing more than the
MIND-only participants. Therefore, one explanation for the
benefit of the program was weekly contact with peer counselors.
Another explanation is that they received more content during
the intervention. The effect size of the internet-based course on
stress, depression, and anxiety scores suggests that this treatment
is effective for Chinese students, regardless of whether they
have contact with peers or a therapist.
MIND+ participants did not report significant improvements
in daily ratings of state mindfulness across the trial compared
with participants in the MIND-only condition. Instead, there
was a main effect of treatment on improvements on daily
mindfulness ratings. Similarly, there were no between-group
differences in pre-post FFMQ scores, although there was a
moderate main effect of mindfulness (FFMQ) among completers
(Cohen d=0.55). These outcomes suggest that the effect of
having peer support did not increase reported mindfulness as
measured in daily assessments or in pre-post measures.
Furthermore, it is unlikely that the effect of practice and change
in trait mindfulness did not mediate the change in daily reports
of stress and depression over the course of the treatment.

Study Limitations
This study has several limitations. First, the sample was small,
achieving 80% power to detect only moderately-sized group
differences (ie, Cohen d=0.78 or larger). The sample also
consisted of a nonclinical sample of English-speaking university
students. Before these findings can be generalized, this research
should be replicated among participants using the internet-based
intervention in their native language and among larger, more
diverse samples. Related to this, the significant effects described
here would not survive correction for the number of tests
performed in this study; nonetheless, we believe that it is
important to share our findings with the field. Second, there
were insufficient follow-up data to be able to analyze whether
the effects of treatment were sustained over time. Data related
to peer counselors’ communication with participants were not
included in these analyses. It is possible that the frequency and
duration of peer counseling influences the effect of treatment
conditions on engagement and mental health outcomes. Future
studies should explore and detect the possible dosage effects.
Moreover, future research would benefit from having more
objective indicators of study, practice, and mindfulness
meditation. For example, one patient might report practicing
mindfulness once a day, but it could be a 45-minute body scan,
and another could report practicing 35 times because they could
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have noticed their thoughts or body sensations that many times
throughout the day. Finally, the exclusion of candidates who
expressed suicidal ideation might have led to an underestimation
of the overall treatment effect, because the cohort most severely
affected by depression was not considered in the study.

Conclusions
This study provides preliminary support for the effectiveness
of a 4-week, internet-based mindfulness course for the reduction

Rodriguez et al
of self-reported symptoms of stress, depression, and anxiety
among English-speaking university students in China. The
effects were compared with those reported in other mindfulness
courses delivered on the web and in-person. Furthermore, these
results highlight the potential of leveraging task shifting to
enhance treatment engagement in self-guided evidence-based
treatments. The combination of these approaches may represent
a financially feasible, easily transportable, and quickly scalable
way to provide mental health services in low-resource settings.
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Abstract
Background: Need for cognition (NFC) is among the most studied personality traits in psychology. Despite its apparent relevance
for engaging with technology and the use of information, it has not been studied in the context of self-monitoring systems and
wearables for health. This study is the first to explore the relationship between NFC and commercial self-monitoring systems
among healthy users.
Objective: This study aims to explore the effect of NFC levels on the selection of self-monitoring systems and evaluation of
system features of self-monitoring and feedback, as well as perceived credibility and perceived persuasiveness. We also assessed
perceived behavior change in the form of self-reported activity after adopting the system.
Methods: Survey data were collected in October 2019 among university students and personnel. The invitation to respond to
the questionnaire was addressed to those who had used a digital system to monitor their physical activity for at least two months.
The web-based questionnaire comprised the following 3 parts: details of system use, partially randomly ordered theoretical
measurement items, and user demographics. The data were analyzed using structural equation modeling. The effect of NFC was
assessed both as 3 groups (low, moderate, and high) and as a continuous moderator variable.
Results: In all, 238 valid responses to the questionnaire were obtained. Individuals with high NFC reported all tested system
features with statistically significantly higher scores. The NFC also had some effect on system selection. Hypothesized relationships
with perceived credibility gained support in a different way for individuals with low and high NFC; for those with low NFC,
credibility increased the persuasiveness of the system, but this effect was absent among individuals with high NFC. For users
with high NFC, credibility was related to feedback and self-monitoring and perhaps continuously evaluated during prolonged
use instead of being a static system property. Furthermore, the relationship between perceived persuasiveness and self-reported
activity after adopting the system had a large effect size (Cohen f2=0.355) for individuals with high NFC, a small effect size for
individuals with moderate NFC (Cohen f2=0.107), and a nonsignificant path (P=.16) for those with low NFC. We also detected
a moderating effect of NFC in two paths on perceived persuasiveness but only among women. Our research model explained
59.2%, 63.9%, and 47.3% of the variance in perceived persuasiveness of the system among individuals with low, moderate, and
high NFC, respectively.
Conclusions: The system choices of individuals seem to reflect their intrinsic motivations to engage with rich data, and
commercial systems might themselves be a tailoring strategy. Important characteristics of the system, such as perceived credibility,
have different roles depending on the NFC levels. Our data demonstrate that NFC as a trait that differentiates information processing
has several implications for the selection, design, and tailoring of self-monitoring systems.
(JMIR Form Res 2021;5(10):e23968) doi:10.2196/23968
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Introduction

serving as an argument, cue, determinant of the extent of
elaboration itself, or source of bias [21,22].

Theoretical Background

The personal relevance of the argument is one of the strongest
variables exerting an effect on the motivation to elaborate. Petty
and Cacioppo [23] regard this construct as the personal meaning
and intrinsic importance of an issue that people expect “to have
significant consequences for their own lives” [24]. Behavior
change approaches that aim to increase the personal relevance
of information provided, thereby creating a more optimal
environment for persuasion [25,26], are tailoring and
personalization strategies. The effectiveness of these strategies
is presumably based on increased involvement in, and
engagement with, the subject matter [27], both possible
outcomes of increased personal relevance [28]. Tailoring might
use any part of the system, but most often, informational content
is tailored to contain more relevant information for particular
groups of users. To summarize, tailoring improves the fit
between the user and the system, and it usually focuses on
motivation to elaborate the information provided.

Monitoring oneself in terms of behavior is one of three
subfunctions in self-regulation models [1] and is elementary to
behavior change. Self-monitoring is a behavior change technique
(BCT) that refers to keeping a record of specified behavior
related to a target behavior change domain or outcome of
behaviors, such as weight loss [2]. Increasing numbers of
individuals are turning to their smartphones and additional
sensing devices such as wearables to collect data on their own
behavior and to facilitate their personal self-regulation needs.
Self-monitoring
improves
self-awareness;
increases
self-knowledge; and makes habitual, often unconscious,
behavioral patterns more visible. Although many benefits of
self-monitoring can also be attained with nondigital approaches,
technology has increased its potential [3,4]. Currently,
self-monitoring is the most common BCT among mobile apps
designed to support physical activity [5] and health behavior
change [6] and in health interventions [7], and it is the core
function of activity trackers [8,9].
BCTs derived from self-regulation theory [10] and control
theory [11,12] are generally considered effective.
Self-monitoring combined with other elements of self-regulation,
such as prompting intention formation and goal setting,
providing feedback, and reviewing goals, is considered the most
effective technique for achieving more physical activity and
healthier eating [13]. Many self-monitoring systems have
implemented theory- and evidence-based techniques [14] and
present a viable and useful approach to support self-regulation
toward healthier behaviors [15].
Self-monitoring is also a persuasive feature because of its ability
to influence thinking and is part of the persuasive systems design
(PSD) model [16]. Self-monitoring systems are, indeed,
persuasive systems implementing persuasion, “a deliberate
attempt to change attitudes or behaviors or both” [17]. A general
theory of attitude change, the elaboration likelihood model
(ELM) [18,19], is a cognitively oriented model of persuasion
that explains how an influence process may affect attitude and
behavior change. The ELM is based on the concept of message
elaboration through central or peripheral routes that represent
different levels and types of information processing: when
presented with a message, individuals may process information
through careful consideration (central route) or more
automatically (peripheral route), relying on effortful analysis
instead of simple decision rules [20]. Any piece of information,
regardless of whether it is a rigorously designed motivational
message or a small detail in the implementation of software or
the environment of the persuasion event, can change the
elaboration mode in a situation. This multiple roles notion
suggests that situational factors also affect the likelihood and
extent of elaboration, and any variable can influence it by
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Tailoring is based on the assumption that target audiences differ
in terms of the selected tailoring trait. There are rather stable
individual differences in the intrinsic motivation to engage in
extensive thinking and enjoy effortful cognitive activities, such
as the need for cognition (NFC) [29]. The implications of the
extensive studies on this personality trait are that individuals
with high NFC have stronger information-seeking habits [30]
and that they are in general more influenced by argument quality
than peripheral cues [31]. They are also more motivated to
process messages that they perceive as complex [32] and are
more easily persuaded using cognition-based messages [33].
There are some preliminary indications that NFC affects how
individuals interact with, and use, software, which implies that
information processing and NFC itself affect both behaviors
and actions. For example, those with high NFC use adaptive
user interface features more frequently [34] and prefer
personalized content and choose more preference-matched offers
compared with individuals with low NFC [35]. These examples
from existing studies support the relevance of NFC to interactive
systems such as self-monitoring systems that provide
considerable amounts of information to process.
One might expect that individuals who adopt and continue to
use self-monitoring systems are inherently interested in
information and are able to base their attitudes and behaviors
accordingly. However, research has not addressed these
assumptions, and it is not known how NFC is associated with
the selection of systems or the evaluation of system features.
In this study, we aim to fill this gap by exploring how individual
differences in NFC influence the evaluations of self-monitoring
system features in commercial systems for physical activity.
Our survey sample comprised individuals who use these systems
volitionally and have selected their systems themselves. In this
setting, we examine whether users with different levels of NFC
select their systems similarly or evaluate self-monitoring features
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validated in several studies using both web-based and mobile
apps. All the relationships among the constructs, represented
by the arrows (Figure 1), are assumed to be positive.

Research Model
We built a research model on the relationships among elements
based on the PSD model [16]. These relationships have been
Figure 1. Research model and hypotheses.

Feedback and Perceived Persuasiveness
Feedback on behavior or on outcomes of behaviors can be
considered good if it is delivered at the right time, is personally
relevant, and is actionable [36]. On the basis of these
assumptions, our feedback construct was created to measure
these general functional qualities of feedback features rather
than the actual content in terms of argument quality or wording.
The connection between elaboration and persuasion refers to
any change that results from exposure to communication [18],
that is, the feedback the system provides to the user. Feedback
features, regardless of being status information with numbers
or words or instructions on how to reach the goal, form the
arguments for persuasive attempts. Therefore, we expect the
following relationship between feedback and subjective
persuasiveness evaluation:
H1: Feedback functionality is positively related to the perceived
persuasiveness of the system.

Feedback and Self-Monitoring
Feedback is an essential part of self-monitoring activity. It
provides information for both setting realistic goals and
evaluating goal attainment [10]. Feedback features can be
implemented in many forms, and actual feedback can be
provided through numbers, messages, and graphics. Some
wearables also have sound, vibration, or lights that communicate
the user’s current status. Feedback is often obtained by taking
quick glances at a device [37], but some devices do not have
https://formative.jmir.org/2021/10/e23968
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screens at all and provide feedback only through a mobile app
(eg, basic pedometers, some activity wristbands, and smart
rings). In any case, looking at data does not necessarily mean
that they have been understood and reflected on [38]. According
to the study by Michie et al [2], feedback and self-monitoring
are categorized as different techniques, and both can target either
behaviors or outcomes of behaviors. We followed this approach
by developing our own construct for both techniques but aimed
to keep them as general principles without specifically focusing
on behaviors or their outcomes. This approach enables the
evaluation of several systems by using the same constructs and
is also congruent with system design practice: both
self-monitoring and feedback can be designed and implemented
in many different ways, and either might be dysfunctional in
terms of the persuasiveness and behavior change support of the
system.
Self-monitoring combined with feedback or other
self-regulation– or control-theory–driven techniques such as
giving feedback is considered effective for physical activity
support [13]. The positive relationship between dialog support
and the primary task features of the PSD model—feedback and
self-monitoring features developed from these constructs of the
model—has also been reported elsewhere [38-41]. We set the
following hypothesis to evaluate the theorized and previously
reported relationship between feedback and self-monitoring:
H2: Feedback functionality
self-monitoring features.

is

positively

related

to
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Self-Monitoring and Perceived Persuasiveness
Self-monitoring is a BCT where an individual monitors and
records their own behavior (eg, number of steps per day) or
outcomes of behaviors (eg, weight; Michie et al [2]).
Self-monitoring is a functionality that has been shown to affect
continuance intention through its perceived usefulness [15] and
potential to disrupt unwanted habits [42,43]. Its ability to evoke
self-adjustment actions when information about the monitored
factor is presented has its roots in a phenomenon known as
reactivity, referring to changes in behavior that occur because
of merely being monitored by someone else. The reactivity
effects of monitoring seem to be similar when a person is
self-monitoring [44]. However, self-monitoring activity itself
is not perceived as strongly motivating in cases where users
have not chosen to start it based on personal motivations [45].
In addition, the notoriously high abandonment rates of
self-monitoring tools imply that mere self-monitoring does not
always increase the persuasiveness or desirability of a device.
These findings imply that the persuasive nature and reactivity
of self-monitoring might be based on certain pre-existing
motivations to understand oneself or on behavior-change goals
[46] or that the practicalities of actual self-tracking are often
too difficult to maintain in the long term.
However, self-monitoring is often referred to as a persuasive
feature [17,47] and is included as one of the primary task support
features in the PSD model [16]. Previous research has shown
that primary task support features increase the perceived
persuasiveness of a system [39,40]. Because of the personal
relevance of the self-monitoring data and self-selected nature
of continued use of the system, we expect that self-monitoring
features do influence the persuasiveness of the system. Hence,
we set the following hypothesis:
H3: Self-monitoring is positively related to the user’s perceived
persuasiveness evaluation.

Perceived Credibility and Self-Monitoring
The credibility of the system is the core of the process. Users
must trust the system to provide accurate information in terms
of progressing toward, and reaching, their goals, as well as
understanding their current status. High credibility is mandatory
for a system that instructs or advises its users, reports
measurements, and provides information and analysis. All these
characteristics are typical of self-monitoring systems. If users
trust the system, they are more likely to consider the advice
provided and follow the recommendations. Therefore, the act
of self-monitoring is highly dependent on the perceived
credibility of the system. Alternatively, the system might be
abandoned. The perceived credibility construct refers to
trustworthiness, believability, and reliability, all relevant for
the subjective evaluation of credibility. Therefore, we
hypothesize as follows:
H4: The perceived credibility of the system has a positive
influence on self-monitoring features.

Perceived Credibility and Perceived Persuasiveness
In persuasive communication, source credibility refers to the
effects of the credibility of the message source. The nature of
https://formative.jmir.org/2021/10/e23968
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source credibility is perceived, that is, it refers to a subjective
evaluation of several source-related context variables that have
been shown to alter persuasion outcomes, for example, in child
obesity campaigns [48]. However, the literature usually denotes
source credibility as comprising expertise and trustworthiness
[49-52]. A credible source is usually more persuasive and
influential and is evaluated more favorably [53]. Credibility
refers to an object of interest (the system in this case) and the
trust of the message recipient: whether (or not) the recipient
trusts the system [54]. The trustworthiness and precision of the
information provided by the device are important in terms of
its effectiveness and overall evaluations of the system [55].
Although trust in a service provider is a somewhat larger
phenomenon in the context of self-monitoring systems that often
entail both device and software, the findings in the field of health
information systems indicate that credibility forms through
interaction with the system or service [56] and transforms into
trust with prolonged use [57]. Issues that might endanger the
credibility of the system include poor style and errors [54],
which signal a lack of expertise and a decrease in trust.
Our construct queries the trustworthiness of the system,
believability of the measurements, and expertise as impressions
that the system was built by professionals. The relationship
between perceived credibility and perceived persuasiveness has
previously been reported as significant and positive [39,40] in
terms of the PSD model constructs that we have used as the
baseline for our items. On the basis of existing studies on how
the credibility of systems is developed and how self-monitoring
systems should perform, we offer the following hypothesis:
H5: Perceived credibility has a positive relationship with
perceived persuasiveness.

Perceived Persuasiveness and Subjective Activity Change
The study by Lehto [58] defines perceived persuasiveness as
“individuals’ favorable impressions toward the [behavior change
support systems].” Therefore, it has an attitudinal component.
The construct is created to measure subjective rather than
objective persuasiveness, which is a variable that requires
measuring actual behavior or attitude changes. The measurement
items of the construct encourage thinking about the system’s
influence, for example, by inviting metacognitive processing,
which has been connected to high message elaboration
conditions [59]. Previous studies have reported that the
perceived persuasiveness of a system has a positive influence
on continuance intention, intention to use, and intention to adopt
health behavior change support systems [39,40]. We hypothesize
that the salience of these self-evaluative thoughts positively
influences self-reported activity:
H6: Perceived persuasiveness has a positive influence on
self-reported level of activity after adopting a self-monitoring
system.

NFC as Moderator
Personal Relevance of Overall Feedback
In the context of the volitional use of self-selected systems used
for self-monitoring, we have assumed that the personal relevance
of overall feedback is rather high. The data collected are always
JMIR Form Res 2021 | vol. 5 | iss. 10 | e23968 | p.174
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personal behavioral data, and the insights gained through the
information that the data provide are similar to personalized or
tailored messages because they are based on the user’s own
measurement data. However, not all information is of the same
relevance, depending on an individual’s goals, current situation,
or more long-standing lifestyles.
Feedback and Perceived Persuasiveness
The feedback construct was created to measure the general
functional qualities of feedback features instead of their actual
content in terms of argument quality or wording. Previously,
quantified types of motivation to use self-monitoring systems
had been connected to both affective and informational feedback
[60]. In the context of wearable trackers and smartphone apps
with sensors, we consider the content of the feedback to be
cognitive in nature as well. Cognition-based messages have
been identified as more persuasive and attention-enhancing
among individuals with high NFC than among individuals who
have a high need for affect [33] and individuals with low NFC.
This effect has also recently been demonstrated using
neuroscientific methods [61]. Feedback can also be categorized
as an assessment type of information, which has recently been
linked to individuals with high NFC [62]. Therefore, we expect
that NFC moderates the relationship between feedback and
perceived persuasiveness, leading to the following hypothesis:
H7: NFC moderates the relationship between feedback and
perceived persuasiveness. The positive influence of feedback
is stronger for individuals with high NFC because of the
informative nature of feedback in self-monitoring systems.
Self-Monitoring and Perceived Persuasiveness
The tendency demonstrated by NFC is heavily geared toward
cognitive functions. NFC correlates positively with objectivity
and refers to a tendency to rely on empirical information and
rational consideration [63]. Messages based on cognition were
more persuasive than affective messages among individuals
with high NFC compared with individuals with low NFC; NFC
also influenced receptivity to cognition-based messages but not
to affect-based messages [33]. These results imply that the
informative nature of a system’s self-tracked, sensor-based
information that supports self-monitoring activities should
appeal especially to individuals with high NFC. NFC has also
been connected to intrinsic motivation, and it predicts intrinsic
enjoyment and both self-perceived and behavioral motivation
to engage in cognitive, effortful elaboration [64]. We
hypothesize that NFC has a similarly positive influence on
self-monitoring activity that provides data, information, and the
opportunity to engage in conscious processing in terms of
information related to the self:
H8: NFC moderates the relationship between self-monitoring
and perceived persuasiveness.
Perceived Credibility and Perceived Persuasiveness
The role of source credibility, often in the form of source
expertise, in persuasion is crucial in ELM and NFC research.
It is considered a peripheral cue, and therefore individuals with
low NFC should be more susceptible to processing such
information. However, according to the multiple roles postulate,
a variable such as credibility “...can have the same impact on
https://formative.jmir.org/2021/10/e23968
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judgements by different processes in different situations” [21].
Therefore, the credibility indicators of the system can also be
processed in both ways. For example, the social influence
strategy of authority [65], which is often referred to as a
peripheral credibility cue, might also be processed through the
central route among individuals with high NFC [66]. In general,
credible sources are more persuasive; however, studies have
indicated that peripheral cues are considered less meaningful
when the argument is strong and personally relevant. In our
research setting, we consider arguments to be mainly strong
and personally relevant, which might partly suppress the effect
of credibility. To evaluate the relevance of the aforementioned
assumptions, we set the following hypothesis to address the role
of NFC:
H9: NFC moderates the relationship between perceived
credibility and perceived persuasiveness.

Methods
Measurement Instrument
We adapted scales that have been validated in several previous
studies. Feedback, self-monitoring, perceived credibility, and
perceived persuasiveness are all based on existing constructs
developed to evaluate a PSD model [16]. The first two of these
constructs were modified slightly to provide more details
regarding self-monitoring system features. Therefore, they have
also been named according to the PSD model principle instead
of according to the category from which they are derived (dialog
support and primary task support). Self-reported activity is a
single-item measure developed for this study to query the
subjective evaluation of perceived change in physical activity.
To measure NFC, we used a shortened version of the NFC scale
assessed in the study by Chiesi et al [67]. A detailed list of the
measurement items and their exact wordings as used in this
study are presented in Multimedia Appendix 1 [29,39-41,67].

Data Collection
The questionnaire was implemented with the Webropol survey
and reporting tool and sent to both students and employees of
the University of Oulu, Finland, using mailing lists. The
introductory text for the survey indicated that the respondents
should be using a digital system that enables them to monitor
their physical activity but that it does not have to be for that
purpose only. We targeted users who had used the system for
at least two months, which was also mentioned in the survey
invitation. There were no other requirements or restrictions for
participation, and the survey was fully anonymous.
The questionnaire consisted of 3 parts. The first part queried
which systems the respondent used and how long they had used
them to monitor their activity. The question regarding the
estimation of current physical activity level compared with
activity level before using the system was presented before the
second part, which presented the theoretical measurement items.
The final part collected respondent demographics. A detailed
list of measurement items is presented in Multimedia Appendix
1. In terms of measurement items, 2 constructs were included
on each page of the survey, and the pages were in the same fixed
order for all respondents. The items for the 2 constructs on each
JMIR Form Res 2021 | vol. 5 | iss. 10 | e23968 | p.175
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page were randomly ordered. All the constructs were measured
on a 7-point Likert scale, and the single-item measure for the
subjective evaluation of the increase in physical activity was a
scale of 5 statements that used typical 5-point Likert wordings.

using SPSS software (version 26.0; IBM Corp) and SmartPLS
software (version 3.0; SmartPLS GmbH) [70].

During the 1-week survey period in October 2019, 261 responses
were received. All the questions were mandatory; therefore, no
data were missing. We removed cases that reported the use of
systems that did not match our criteria (self-monitoring of
physical activity). In addition, outlier responses were removed
if they had a high likelihood of being faulty, such as when all
the questions on a page (consisting of 2 constructs) had the same
extreme value and the other values did not reflect similar
evaluations of the system. It should be noted that we did not
remove outliers based only on the values themselves, but also
on highly inconsistent responses in general. The final sample
consisted of 238 valid responses.

Demographic Information and Use of Systems

The choice of analysis method was structural equation modeling
(SEM), namely partial least squares SEM (PLS-SEM).
PLS-SEM is especially suitable for explorative research with
non–normally distributed data [68,69]. It is also able to analyze
complex models with a relatively small sample size [69].
However, for our model, the minimum sample size was achieved
for the full sample and all subgroups that we derived from the
sample. According to the study by Hair et al [69], the minimum
sample should be 10 times the largest number of structural paths
directed at a particular latent construct in the structural model,
which in our model was 30. The collected data were analyzed
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Results
The final sample consisted of 238 valid responses. The basic
demographics of the participants are presented in Table 1. The
respondents were primarily women. Of the 238 respondents,
144 (60.5%) were aged below 30 years, 180 (75.6%) had an
undergraduate or higher degree, and 99 (41.6%) had used a
monitoring system for more than 2 years.
Altogether, the respondents used more than 20 different services,
and 29.8% (71/238) provided the name of the specific tracker
they used in addition to a mobile app (adding a tracker was not
mandatory because many services can be used without an
additional tracker). A few respondents used several devices
such as the Ōura Ring (Ōura Health Oy), Vivofit (Garmin Ltd),
or Polar M400 (Polar Electro) for activity tracking and a specific
sports watch for measuring training sessions. The most used
system was the Polar Flow app (92 users), which is used to
support the use of Polar activity trackers and heart rate monitors.
Many of these apps can be used with several different trackers,
as is the case for apps such as Polar Flow (Polar Electro), Suunto
(Amer Sports Oyj), Garmin (Garmin Ltd), and Fitbit (Fitbit
LLC). Multimedia Appendix 2 illustrates the basic
self-monitoring and feedback features of the 8 most common
systems.
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Table 1. Sample characteristics (N=238).
Variable and category

Participant, n (%)

Gender
Women

137 (57.6)

Men

100 (42)

Other

1 (0.4)

Age groups (years)
19-29

144 (60.5)

30-39

48 (20.2)

40-49

27 (11.3)

≥50

19 (8)

Service use time (months)
2-6

41 (17.2)

6-12

40 (16.8)

12-24

58 (24.4)

24-36

41 (17.2)

>36

58 (24.4)

Service (app name)
Polar Flow

92 (38.7)

Apple Health

19 (8)

Sports Tracker

19 (8)

Suunto app

17 (7.1)

Ōura

16 (6.7)

Garmin Connect

14 (5.9)

Fitbit

13 (5.5)

Samsung Health

10 (4.2)

Education
High school diploma

47 (19.7)

Vocational degree

11 (4.6)

Bachelor’s degree

82 (34.5)

Master’s degree

68 (28.6)

Doctor’s degree

30 (12.9)

Analysis of Distributions and Group Characteristics

(most individuals fall in the moderate-level category), but our
sample was too small for such a grouping.

In this section, we present the results of the statistical analysis
of the collected data. First, we analyzed whether our results
differed in relation to the NFC scores or other groups possibly
relevant for this study. To study the distribution among the
levels of NFC scores, we divided our sample into 3
proportions—low, moderate, and high NFC—using visual
binning. The upper limit of the cut point was included in the
group, and this resulted in groups with 84, 78, and 76
individuals, respectively. This three-group approach is partly
aligned with the recommendation for system design and message
tailoring provided in the study by Nikoloudakis et al [71]. This
recommendation, however, prefers categorization using SD
because it correctly identifies the nature of the measurement

We also tested whether our theoretical measures were distributed
equally across other groups such as the self-monitoring systems
that the respondents used, duration of system use, age group,
education, or gender. There were significantly different
distributions among the NFC subgroups, genders, and systems
used. The Kruskal-Wallis test showed that the NFC subgrouping
significantly affected how individuals responded in terms of
self-monitoring (Kruskal–Wallis H2=7.576; P=.02), feedback
(Kruskal–Wallis H2=8.639; P=.01), perceived credibility
(Kruskal–Wallis H2=17.463; P<.001), and perceived
persuasiveness (Kruskal–Wallis H2=16.786; P<.001). In all the
aforementioned tests, individuals with high NFC reported
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significantly higher mean scores than those in the low or
moderate subgroups. For self-monitoring and feedback, pairwise
comparison revealed a significant difference between the lowand high-NFC groups (P=.048 and P=.01, respectively).
Perceived credibility and perceived persuasiveness differed in
pairwise comparisons between both low and high (P<.001 and

P=.001, respectively) and moderate and high (P=.02 and P=.001,
respectively). The distributions of NFC were not significantly
different for the self-reported activity levels. The frequencies
of responses in the NFC subgroups are presented in Figure 2.
Overall, 58.8% (140/238) of the respondents perceived that their
activity was higher than before they started using the system.

Figure 2. Self-reported activity after adopting the system in the need for cognition groups.

Women evaluated their systems significantly higher in terms
of perceived persuasiveness (Kruskal–Wallis H2=7.485; P=.02).
The duration of system use, age group, and education all

exhibited the same distributions across the subgroups. Table 2
presents the basic statistics of the full sample and the groups
that showed differences, namely, the gender and NFC subgroups.

Table 2. Means (SDs) for variables per full sample and subgroups.
Variables

Value, mean (SD)
Full sample (N=238)

a

Women (n=137)

Men (n=100)

NFCa group
Low (n=76)

Moderate (n=78)

High (n=84)

Self-monitoring

4.96 (1.20)

5.01 (1.24)

4.90 (1.15)

4.83 (1.17)

4.78 (1.26)

5.29 (1.11)

Feedback

4.83 (1.24)

4.83 (1.28)

4.82 (1.19)

4.65 (1.17)

4.69 (1.25)

5.17 (1.25)

Perceived credibility

5.33 (0.97)

5.35 (1.03)

5.29 (0.88)

5.06 (0.97)

5.29 (0.89)

5.66 (0.95)

Perceived persuasiveness

5.31 (1.16)

5.47 (1.13)

5.09 (1.18)

5.10 (1.17)

5.12 (1.17)

5.72 (1.04)

NFC

4.94 (0.91)

4.93 (0.96)

4.95 (0.84)

4.00 (0.57)

4.97 (0.15)

5.95 (0.45)

Self-reported activity

3.65 (0.85)

3.80 (0.76)

3.45 (0.94)

3.57 (0.83)

3.71 (0.81)

3.67 (0.93)

NFC: need for cognition.

The distributions of measured theoretical constructs
(self-monitoring, feedback, perceived credibility, and perceived
persuasiveness) were the same across all 8 self-monitoring
systems used. However, the distribution of NFC scores differed
across the 8 systems (H7=21.709; P=.003). NFC differed
significantly in one pairwise comparison, with the difference
between Sports Tracker (Sports Tracking Technologies) and
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Ōura Ring users (P=.02) in terms of adjusted,
Bonferroni-corrected values. Figure 3 shows the means and
distributions of the NFC scores among the 8 most used systems.
Sports Tracker users scored the lowest (mean and overall). Their
NFC levels were similar to those of the users of the platform
services Apple Health and Samsung Health. Dedicated health
trackers (Polar, Suunto, Ōura, Garmin Connect, and Fitbit)
scored marginally higher overall.
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Figure 3. Distributions of need for cognition scores among users of top eight self-monitoring systems.

Structural Equation Modeling
Measurement Model
PLS-SEM analysis comprises 2 steps. First, the measurement
model is assessed by analyzing the relationship of each indicator
with its corresponding construct. All our constructs were
reflective. Internal consistency reliability was measured using
Cronbach α and composite reliability, as presented in Table 3.
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Composite reliability varies between 0 and 1, with higher values
indicating higher levels of reliability. It is generally interpreted
in the same way as Cronbach α, and values between 0.70 and
0.90 can be regarded as satisfactory [72]. In our data, composite
reliability was acceptable for all the constructs after we followed
the instructions provided in the study by Hair et al [73] and
removed some items. The full set of our original and final
measurement items is presented in Multimedia Appendix 1,
with references to relevant studies and item loadings.
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Table 3. Properties of latent variables, including Cronbach α, composite reliability, and average variance extracted.

a

Variables

Cronbach α

CRa

AVEb

NFCc

CREDd

PEPEe

FEEDBf

SELFMg

NFC

.845

0.889

0.616

0.785 h

—i

—

—

—

CRED

.862

0.901

0.645

0.241

0.803

—

—

—

PEPE

.862

0.906

0.706

0.237

0.645

0.840

—

—

FEEDB

.805

0.885

0.720

0.185

0.521

0.563

0.848

—

SELFM

.773

0.868

0.687

0.168

0.589

0.657

0.670

0.829

CR: composite reliability.

b

AVE: average variance extracted.

c

NFC: need for cognition.

d

CRED: perceived credibility.

e

PEPE: perceived persuasiveness.

f

FEEDB: feedback.

g

SELFM: self-monitoring.

h

The variables in italics show the square root of average variance extracted and interconstruct correlations.

i

Not applicable.

Discriminant validity was assessed using the Fornell-Larcker
criterion: the values in italics in Table 3 showing the square
root of average variance extracted should be higher than the
interconstruct correlations. We omitted one item each from the
self-monitoring and feedback constructs to tackle a
heterotrait-monotrait ratio that was initially above 0.9. These
omissions resulted in a satisfactory heterotrait-monotrait ratio
level. The loading of each item of the constructs and the
cross-loadings that validate the discriminant validity of our
constructs are presented in Multimedia Appendix 3.

Structural Model and Hypothesis Testing
The second part of PLS-SEM, evaluation of the structural model,
represents the underlying theory of the path model and allows
for the determination of how well the empirical data collected
supports the theory-derived hypotheses. The key results are
obtained by defining the path coefficients and explained
variances (R2 values). We followed the recommendation
provided in the study by Hair et al [73] and opted not to use the
goodness-of-fit criterion for PLS-SEM. We used the complete
bootstrapping method with 5000 resamples and parallel
processing with no sign changes. The CI method was the
two-tailed bias-corrected and accelerated bootstrap (default
setting). For the moderation hypotheses, we generated
interaction terms with NFC as a continuous moderator and used
the product indicator calculation method and mean-centered
product term generation as recommended in the study by Hair
et al [73].
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The results of the hypothesis testing for the research model are
presented in Table 4. All the basic hypotheses were supported
by the full sample. Effect size (Cohen f2) was considered large
if it was above 0.35. Nonsignificant (below 0.02) effect sizes
have been removed from the table. There was no significant
relationship between feedback features and perceived
persuasiveness of systems for men, which was the only
hypothesis not supported for both genders. Analysis of the 3
NFC groups revealed that feedback had a positive influence on
perceived persuasiveness only for individuals with high NFC.
Perceived credibility had a positive effect on perceived
persuasiveness in all the groups except the one with individuals
with high NFC, with a large effect size for the moderate-NFC
group. Finally, perceived persuasiveness was positively related
to self-reported activity evaluations for all groups except the
one with individuals with low NFC, with a large effect size only
for individuals with high NFC. To summarize, of the 6 basic
hypotheses analyzed, 3 indicated significant differences among
the NFC groups. The relationship between feedback and
self-monitoring was the most stable path, with all group
hypotheses supported with P<.001. The respondents also
reported their perceived physical activity level compared with
their activity level before using the system. There was a
significant relationship between perceived persuasiveness and
self-reported activity for all groups, except for individuals with
low NFC. However, the relationship had a large effect size only
for individuals with high NFC.
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Table 4. Results of hypothesis testing for the full sample and representative groups (N=238).
Hypothesis and group

Path

t test (df)

P value

Cohen f2

Support

H1: Feedback functionality is positively related to the perceived persuasiveness of the system
Full sample

0.140

2.188 (8)

.04

0.023

Yes

Women

0.158

1.931 (8)

.05

0.028

Yes

Men

0.161

1.677 (8)

.13

0.032

No

Low NFCa

0.018

0.162 (8)

.90

—b

No

Moderate NFC

0.159

1.628 (8)

.36

0.045

No

High NFC

0.218

2.047 (8)

.03

0.049

Yes

H2: Feedback functionality is positively related to self-monitoring features
Full sample

0.499

8.200 (8)

<.001

0.385

Yes

Women

0.503

5.811 (8)

<.001

0.421

Yes

Men

0.502

7.057 (8)

<.001

0.356

Yes

Low NFC

0.662

8.735 (8)

<.001

0.844

Yes

Moderate NFC

0.447

3.669 (8)

<.001

0.277

Yes

High NFC

0.414

4.494 (8)

<.001

0.283

Yes

H3: Self-monitoring is positively related to the user’s perceived persuasiveness evaluation
Full sample

0.348

4.494 (8)

<.001

0.125

Yes

Women

0.234

2.361 (8)

.02

0.054

Yes

Men

0.478

4.325 (8)

<.001

0.271

Yes

Low NFC

0.406

3.065 (8)

.003

0.146

Yes

Moderate NFC

0.354

3.486 (8)

<.001

0.205

Yes

High NFC

0.400

2.631 (8)

.01

0.127

Yes

H4: The perceived credibility of the system has a positive influence on self-monitoring features
Full sample

0.329

5.013 (8)

<.001

0.167

Yes

Women

0.348

3.862 (8)

<.001

0.202

Yes

Men

0.306

3.564 (8)

<.001

0.133

Yes

Low NFC

0.212

2.368 (8)

.02

0.087

Yes

Moderate NFC

0.306

2.363 (8)

.02

0.123

Yes

High NFC

0.451

4.619 (8)

<.001

0.336

Yes

H5: Perceived credibility has a positive relationship with perceived persuasiveness
Full sample

0.352

4.870 (8)

<.001

0.168

Yes

Women

0.446

5.620 (8)

<.001

0.279

Yes

Men

0.220

1.848 (8)

.07

0.070

Yes

Low NFC

0.443

3.596 (8)

<.001

0.312

Yes

Moderate NFC

0.476

6.023 (8)

<.001

0.475

Yes

High NFC

0.132

0.921 (8)

.36

0.019

No

H6: Perceived persuasiveness has a positive influence on self-reported level of activity after adopting a self-monitoring system
Full sample

0.335

5.484 (8)

<.001

0.127

Yes

Women

0.260

3.331 (8)

.001

0.072

Yes

Men

0.372

4.026 (8)

<.001

0.162

Yes

Low NFC

0.182

1.420 (8)

.16

0.034

No

Moderate NFC

0.311

2.745 (8)

.006

0.107

Yes
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Path

t test (df)

P value

Cohen f2

Support

0.511

6.429 (8)

<.001

0.355

Yes

H7: NFC moderates the relationship between feedback and perceived persuasiveness. The positive influence of feedback is stronger for individuals with high NFC because of the informative nature of feedback in self-monitoring systems
Full sample

–0.048

0.851 (8)

.40

0.025

No

Women

–0.066

1.421 (8)

.16

0.052

No

Men

0.027

0.360 (8)

.72

0.007

No

H8: NFC moderates the relationship between self-monitoring and perceived persuasiveness
Full sample

–0.040

0.822 (8)

.41

0.016

No

Women

–0.083

2.875 (8)

.004

0.074

Yes

Men

0.047

0.634 (8)

.53

0.015

No

H9: NFC moderates the relationship between perceived credibility and perceived persuasiveness

a

Full sample

–0.090

1.363 (8)

.17

0.051

No

Women

–0.098

2.077 (8)

.04

0.080

Yes

Men

0.126

0.871 (8)

.38

0.124

No

NFC: need for cognition.

b

Nonsignificant values are omitted.

Two of the three moderation hypotheses were supported, but
only for women. Moderator path coefficients were negative for
women and positive for men. Simple slopes were drawn for the
supported hypotheses for women. In terms of perceived
persuasiveness of the system, self-monitoring features made no
difference to those with high NFC (Figure 4); however, for
women with low NFC, high self-monitoring increased the

perceived persuasiveness of the system. For both women with
low NFC and women with high NFC, high perceived credibility
of the system increased the perceived persuasiveness of the
system (Figure 5). However, this effect was stronger for
individuals with low NFC, although it reached levels of
persuasiveness similar to those among women with high NFC
when the credibility was high.

Figure 4. Simple slope showing the need for cognition moderation effect for self-monitoring’s influence for perceived persuasiveness among women
(hypothesis H8). NFC: need for cognition.
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Figure 5. Simple slope showing the need for cognition moderation effect for perceived credibility’s influence for perceived persuasiveness among
women (hypothesis H9). NFC: need for cognition.

Analysis of R2 values (Table 5) indicated that, altogether,
feedback, self-monitoring, and perceived credibility explained
54.4% of the variance in the perceived persuasiveness of the
system. This value peaked among individuals with moderate
NFC, where self-monitoring and perceived credibility explained
approximately 64% of the perceived persuasiveness construct.
For individuals with high NFC, feedback and self-monitoring

explained 47.3% of perceived persuasiveness. Variance in the
self-monitoring construct was best explained for individuals
with low NFC (63.8%) and least for the moderate-NFC group
(41.1%). Finally, the single-item construct, self-reported activity,
was significant only for men with high NFC and the high NFC
group. Overall, both exogenous constructs (perceived
persuasiveness and self-monitoring) revealed more differences
within the NFC groups than between the genders.

Table 5. Variances explained as percentages (R2; N=238).
Construct

Variance (%)
Full sample, variance

Men, variance

NFCa group, variance
Low

Moderate

High

Perceived persuasiveness

54.4

54.5

59.4

59.2

63.9

47.3

Self-monitoring

52.8

54.7

51.8

63.8

41.1

58.2

11.3

b

b

b

26.2

Self-reported activity
a

Women, variance

6.8

14

3.8

9.7

NFC: need for cognition.

b

Nonsignificant value.

Discussion
Principal Findings
This study explored the relationship between the individual trait
of NFC and commercial self-monitoring systems. In addition,
it aims to understand whether this trait shows promise in
designing systems for self-monitoring. We found that the
respondents evaluated all studied features significantly
differently based on their level of NFC, and, to some extent,
there were differences in their system choices. Perceived
credibility did not contribute to persuasiveness for individuals
with high NFC; for these individuals, high persuasiveness was
https://formative.jmir.org/2021/10/e23968
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constructed based on self-monitoring and feedback. For
individuals with low and moderate NFC, perceived credibility
also influenced the persuasiveness of the system. There was no
relationship between perceived persuasiveness and self-reported
activity level among individuals with low NFC, but the effect
was large for individuals with high NFC. In addition, it seems
that the individuals’ system choices reflected their intrinsic
motivations to engage with rich sources of data, exemplified
by an overall lower level of NFC among users of smartwatch
systems and a higher level of NFC among dedicated fitness
device users.
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SEM revealed several differences among the NFC groups. Our
study reports that feedback features increased the perceived
persuasiveness of the system only for individuals with high
NFC, and the effect was small. Previous research indicated that
NFC is a trait that might motivate individuals to seek feedback.
The recent study by Vaughan-Johnston and Jacobson [62]
reported 2 studies that focused on preferences for different types
of self-relevant feedback. NFC was related to an assessment
type of feedback, and this relationship was stronger for
individuals with high NFC. In our study, the relationship
between feedback and self-monitoring features, in contrast, was
strong among all NFC subgroups, and the effect size for
individuals with low NFC (0.844) was exceptionally large.
These results are in line with previous research suggesting that
individuals with low NFC tend to take feedback more literally
[74], without extensive elaboration; therefore, feedback and
self-monitoring features form the strongest connection among
those with low NFC. On the basis of this insight, it seems that
individuals with high NFC do not accept feedback as is but use
it as a data source to elaborate on the issue.
There was a prominent difference among the NFC groups in
terms of the role of perceived credibility in forming the
persuasiveness of the system. This relationship was strong in
both the low- and moderate-NFC groups but nonexistent in the
high-NFC group. This is in line with previous research that
states that individuals with low NFC are more susceptible to
persuasion using peripheral cue variables such as the 2
dimensions of credibility: expertise and trustworthiness
[53,75,76]. Overall, the influence of perceived credibility on
the users’ evaluation of a primary task type of feature, in this
case self-monitoring, was stronger for individuals with high
NFC, implying that the overall perception of source credibility
for individuals with high NFC might be mediated through their
evaluation of self-monitoring tasks rather than through more
general credibility cues such as trustworthiness or source
credibility.
Perceived persuasiveness is usually explained by the direct
effect of self-monitoring, which lends support for its innate
persuasive nature and ability to evoke goal-directed actions.
This was strongest for individuals with moderate NFC and
weakest for individuals with high NFC, for whom the direct
effect of perceived credibility was lacking. Individuals with
high NFC seemed to derive persuasiveness also from direct
interaction with the feedback features instead of more peripheral
source credibility variables. In general, both credibility and
persuasiveness evaluations were high in the full sample,
indicating positive attitudes toward these systems in general.
In addition, these scores were significantly higher among
individuals with high NFC, which is to be expected based on
the nature of the NFC trait. Considering the length of time our
respondents had used these systems, prolonged use itself
suggests user satisfaction. The repetitive nature of the interaction
with the system might also contribute to high persuasiveness
because (moderate) repetition has been identified as
elaboration-enhancing and persuasive [77-80]. Repeating weak
arguments would most likely not support long-term engagement
with the system; therefore, our findings might suggest that,
overall, users of these systems perceive the messages that the
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systems deliver as strong arguments, which increases the
perceived persuasiveness in prolonged use. However, perceived
behavior change, measured by self-reported activity after
adopting the system, is not related to perceived persuasiveness
among individuals with low NFC.
Although NFC is considered gender-neutral [30], our moderation
hypotheses resulted in significant moderation only for women.
To our knowledge, gendered moderation has not been previously
reported. There were no significant differences in the systems
the women used or in NFC values, but the women evaluated
their systems as significantly more persuasive than the men.
For women with low NFC, the evaluation of self-monitoring
clearly increased the persuasiveness of the system such that a
high rate of use of the self-monitoring feature resulted in a more
persuasive system. There was no similar effect for women with
high NFC, who rated persuasiveness very similarly, regardless
of how they perceived self-monitoring. The same finding was
present also for hypothesis H3. Altogether, self-monitoring and
credibility features increased the perceived persuasiveness for
women with low NFC to the same degree as for their high-NFC
counterparts, which could imply that these features can improve
attitudinal responses toward these systems.

Comparison With Prior Work
There is very little previous research to compare our findings
with, in terms of NFC and use of self-monitoring technologies.
The only study available [81] used a short German version of
an NFC scale with 4 items [82]. The German version is based
on the original 34-item scale [29], and we used a 10-item scale
[67] that discarded 2 of the items in the German scale. One item
included in the German scale was removed from our SEM
analysis because of low loading, leaving our study to share only
one item with the study by Attig et al [81]. Our study is, to our
knowledge, the first to report a significant relationship between
NFC and commercial self-monitoring tools. When we compared
our study with previous research on tailoring in the health
domain, we found that a few studies had used three-item
questionnaires [83,84]. All these 3 items were included in our
questionnaire, which showed good internal consistency, but 2
of them were discarded from the SEM analysis because of
insufficient loadings.
Self-monitoring systems that are designed specifically for
self-tracking and that collect several different metrics and
present a complex set of indicators to the user to reflect upon
(in this study, examples of such systems are Polar, Suunto, and
Ōura) seem to be favored by users with high NFC. Exploring
new or different systems can itself be considered a cognitively
engaging activity [85], and a tendency to seek support and
solutions for personal health issues from sources such as
measuring devices fits well with previous research on
individuals with high NFC. Users of self-monitoring apps
without a dedicated fitness or activity tracker, exemplified by
Apple Health, Sports Tracker, and Samsung Health, scored
generally lower in terms of NFC. This might be a result of
self-tracking mainstreaming through smartwatches and mobile
sensors. Many individuals end up tracking their activity without
a specific aim to do so because the functionalities are available
through multipurpose devices. The wide range of NFC scores
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for Fitbit, which has tracking devices for both low and high
ends of technical and functional requirements, also supports the
idea that NFC might function at the system selection level, and
tailoring system features and content might not be the most
obvious tailoring targets. In terms of volitionally used
self-selected systems and the information they present to users,
the subjective nature of complexity [32] poses interesting
questions regarding preferred systems, especially because
individuals with high NFC restrain themselves from engaging
in effortful mental work when a message is perceived to be
simple.
There is surprisingly little published research on NFC as an
individual difference affecting system use. We identified
differences in system evaluations in terms of NFC in every
software feature construct that we measured. This implies that
differences in subjective evaluations of features might indeed
be a facet that allows access to differences in information
processing among NFC groups. There are several possible
explanations for why individuals with high NFC seem to
evaluate their systems more favorably in terms of persuasive
features. Previous research has indicated that individuals with
high NFC are less supportive of punitive measures [86], and
the study suggests that this might be due to their tendency to
form complex attributions for human behavior. This would be
based on their innate motivation to engage in effortful thinking
about the causes of human behavior in general. This could apply
to the complexity of human behavior around physical activity.
Perhaps individuals with high NFC do not expect simple and
actionable insights to guide their behaviors, as individuals with
low NFC do, but instead value data and raw information that
they can use in their own thinking process. The extensive
amount of information provided by these systems may also
allow for greater task complexity, which individuals with high
NFC prefer [32]. If self-monitoring systems feed their enjoyment
in working out their own behavior with data, it might be
intrinsically motivating and persuasive for them.
Alternatively, or in addition, individuals with high NFC might
also have a significant amount of affinity for technology
interaction [85]. The data that the systems provide smoothen
their system evaluations, and individuals with high NFC accept
more discrepancies or shortcomings from their systems.
Individuals with high NFC might also form stronger engagement
with the device concerned because of their interest in data: the
more a monitoring system is used, the more data are collected
for further elaboration. Positive evaluations of the system might
also be consistent with a high amount of system use, but our
data or findings do not address this issue because we did not
measure system use frequency. To summarize our findings,
higher levels of NFC were associated with higher system
evaluations; for perceived credibility and persuasiveness, this
trend is so strong that it separates the high-NFC group from
both lower-NFC groups. This finding cannot be explained
merely by differences among the systems because there was
only one pair of systems (Sports Tracker vs Ōura) that differed
from each other in terms of the NFC levels of the users.
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Practical Implications
NFC has been studied widely for several decades, and its basic
characteristics are well established. However, in the context of
systems design, it is usually considered a trait for tailoring or
personalization. Our results, based on systems that individuals
with different levels of NFC had selected themselves, imply
that targeting NFC might not be feasible for all types of systems.
This is because the selection procedure might have excluded
some systems from certain levels of NFC. For example, simple
ones with basic functions might not be perceived as worth a
further look by individuals with high NFC. Therefore, there is
no need to tailor these systems for individuals with high NFC.
This selection process might be influenced by brand image and
communication, peers, peer reviews, and social media, which
are not always controllable by those in charge of product
development. However, practitioners might want to consider
whether their marketing and product information communication
fits with a desire to engage with problem solving and an interest
in rich data. Similarly, products that seem to persuade users
with high NFC might be equally useful and interesting to
individuals with lower levels of NFC when accompanied by
strong credibility cues and clearly designed self-monitoring
features. For example, the very strong relationship between
feedback and self-monitoring among individuals with low NFC
implies that they might appreciate actionable and unambiguous
support from the system and wish not to rely on their own
cognitive work. The extensive communication of advanced
product characteristics might not resonate well with their goals,
and they may then choose other systems.
Our results also indicate that regardless of the NFC level,
perceived credibility is important for the persuasiveness of these
systems. It is, however, constituted slightly differently based
on the level of NFC. For individuals with high NFC, its impact
is transferred through self-monitoring activity and feedback
features and might be more akin to a continuous evaluative
process to validate the arguments that the system presents case
by case. For individuals with low NFC, strong credibility might
be more akin to an indication that the system is overall a good
choice and should be used because its impact mainly targets
overall persuasiveness instead of self-monitoring activity itself.
Although our work does not allow elaboration likelihood or
strength considerations, the results may be an indication of the
use of source credibility as a cue for peripheral processing or
as a variable whose validity is evaluated in daily activities
through more effortful processing.

Limitations and Directions for Future Research
Our results should be interpreted against the background of
some limitations. Our sample was collected in a university
setting using only English. Although university students in
Finland, including native Finnish students, are generally fluent
in English, this might have biased our sample toward those with
higher-than-average NFC because (high) NFC is positively
correlated with verbal information processing [30]. We aimed
to decrease this bias by including the upper limit value in the
NFC groups that we formed with visual binning. This resulted
in relatively larger groups of individuals with moderate and
high NFC.
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The self-selection of systems also has implications for the
generalizability of our findings. Most likely, our sample
comprised individuals who are interested in health technology
and, overall, have higher-than-average satisfaction with their
systems. Our findings are therefore relevant for natural use
settings but less so for studies where users cannot choose their
systems freely or use them fully voluntarily. Consequently, we
consider that our work advances the field of self-help tools used
outside of the health care sector and without moderation by an
outside party. The levels of NFC in the general population in
Finland and in other commercial system users would help to
address the amount of self-selection bias in our study and guide
future data collection. It is also noteworthy that we did not
measure self-selection but assumed that individuals more often
select and buy these devices themselves. In addition, our
participants were considered healthy individuals because health
status information was not collected. However, a limitation of
our data is that these issues were not addressed in the
questionnaire or recruitment. Future studies might focus on
individuals with different chronic conditions to understand if
NFC has a relationship with some health issues.
In self-monitoring systems, feedback features are often
embedded in self-monitoring activity itself, for example, as a
chart that is updated according to progress during the day.
Therefore, it is possible that the self-monitoring construct we
used also embeds some of the influence of feedback, although
the constructs are independent. Although we phrased the
questions in a way that would reflect more prominent feedback
features, it is possible that the otherwise theoretically sound
approach to defining feedback and self-monitoring as separate
BCTs is not fully applicable to self-monitoring systems. Future
research should develop new scales to measure theory-based
characteristics of feedback and self-monitoring in relation to
both behaviors and outcomes of behaviors to shed additional
light on the relationship among these BCTs [2] in actual,
implemented systems.
In addition, the use of several different types of physical activity
self-monitoring systems might have caused additional
heterogeneity in our results. We did not find statistically
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significant differences among the top 8 systems in terms of
theory-driven system features, but this might be due to the low
numbers of users in several systems. Although these types of
commercial systems are currently rather similar in their feature
sets [38] and we measured only the basic features, some trends
might have been partly caused by the details of different
systems. Future studies should seek to replicate our findings
with single self-selected system users or compare different
software implementations in behavior change features. Such
studies could also go deeper into implementation details and
analyze where the actual differences among NFC levels, and
especially among genders in terms of NFC, arise. For example,
previous studies have suggested that the differences may lie in
visual perception [87], or they may be due to the differences in
elaboration style or interaction with, and perception of, the
features themselves [88,89].

Conclusions
Our study reported insights into a widely studied personality
trait, the NFC, among users of commercial self-monitoring
tools. In contrast to most of the research in the field of
persuasion that focuses on this trait for attitude or behavior
change, we used it to understand how individuals choose and
use systems in a natural use environment. NFC does affect both
the selection and use of systems, but the nature of the findings
indicates that extensive aims to tailor content based on this trait
might not always be a feasible approach. Instead, some features
can also enable individuals with low NFC to benefit from these
systems. However, the availability of different commercial
systems might itself be a tool for tailoring, and individuals
choose systems based on their innate characteristics.
Regardless of the apparent relevance of NFC to engaging with
personally relevant data collection with self-monitoring tools,
this paper is, to our knowledge, the first to report the role of
NFC among self-monitoring users of wearables. Our data
demonstrate that NFC as a trait that differentiates information
processing has several implications for the selection, design,
and tailoring of self-monitoring systems and their use in health
interventions.
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Abstract
Background: The transition from high school to college can exacerbate mental health problems in young adults yet barriers
prevent seamless mental health care. Existing digital support tools show promise but are not yet designed to optimize engagement
or implementation.
Objective: The goal of the research was to test acceptability and effects of an automated digital Mobile Support Tool for Mental
Health (MoST-MH) for young adults transitioning to college.
Methods: Youths aged 18 years and older with a current mental health diagnosis preparing to transition to college (n=52; 85%
female [45/52], 91% White [48/52]) were recruited from a primary care (n=31) and a mental health clinic (n=21). Participants
were randomized 2:1 to either receive MoST-MH (n=34) or enhanced Usual Care (eUC; n=18). MoST-MH included periodic
text message and web-based check-ins of emotional health, stressors, negative impacts, and self-efficacy that informed tailored
self-care support messages. Both eUC and MoST-MH participants received links to a library of psychoeducational videos and
were asked to complete web-based versions of the Mental Health Self-Efficacy Scale (MHSES), College Counseling Center
Assessment of Psychological Symptoms (CCAPS), and Client Service Receipt Inventory for Mental Health (C-SRI) monthly for
3 months and the Post-Study System Usability Scale (PSSUQ) at 3-months.
Results: MoST-MH participants were sent a median of 5 (range 3 to 10) text message check-in prompts over the 3-month study
period and 100% were completed; participants were sent a median of 2 (range 1 to 8) web-based check-in prompts among which
78% (43/55) were completed. PSSUQ scores indicate high usability (mean score 2.0). Results from the completer analysis
demonstrated reductions in mental health symptoms over time and significant between-group effects of MoST-MH compared to
eUC on depressive symptom severity (d=0.36, 95% CI 0.08 to 0.64). No significant differences in mental health self-efficacy or
mental health health care use were observed.
Conclusions: In this pilot trial, we found preliminary evidence that MoST-MH was engaged with at high rates and found to be
highly usable and reduced depression symptoms relative to eUC among youth with mental health disorders transitioning to college.
Findings were measured during the COVID-19 pandemic, and the study was not powered to detect differences in outcomes
between groups; therefore, further testing is needed.
Trial Registration: ClinicalTrials.gov NCT04560075; https://clinicaltrials.gov/ct2/show/NCT04560075
(JMIR Form Res 2021;5(10):e32271) doi:10.2196/32271
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Introduction
Mental health disorders are common among young adults.
Internationally, 20% of college students meet criteria for a
mental health diagnosis, and 83% of these individuals have
onset prior to college matriculation [1]. Nationally, 31% of US
college students report having a mental health diagnosis [2],
and rates of mental health disorders in young adults have been
increasing [3]. Mental health disorders can have significant
negative impact on young adults including lower grade point
averages and higher rates of college attrition [4]. Mental health
disorders can also put a young adult at greater risk for physical
health problems [5] and suicide [6].
The transition from high school to college is a critical period
where mental health support is lacking yet urgently needed.
New stresses related to academics, finances, and relationships
are heightened upon college initiation [7]. These stressors can
worsen mental health symptoms and precipitate suicidal ideation
[8]. Concurrently, the transition from pediatric to adult health
services that frequently occurs at this juncture means that young
adults often leave the providers with whom they have built
longitudinal trusting relationships. Compounding this are stigma
[9], scheduling difficulties [10], and lack of in-person resources
to accommodate the mental health needs of all students [11,12].
For these reasons, novel approaches to supporting college
students with mental health self-management are urgently
needed.
Digital technology could assist young adults who are
transitioning to college by providing rapid and efficient access
to mental health support. In a systematic review of 19 studies
(n=11 randomized controlled trials [RCTs]) of digital mental
health interventions for college students, findings suggest that
they can be effective for improving depression, anxiety, and
psychological well-being [13]. Another recent systematic review
focused on mobile mental health interventions for college
students found that they reduce psychological symptomatology
associated with stress, depression, anxiety, and general student

mental health [14]. Despite these promising findings, most of
these interventions addressed only a single mental health
disorder. Also, many of these interventions incorporated some
form of human support, making broad and cost-efficient
implementation problematic. Finally, it is widely understood
that, to date, longitudinal engagement with mental health digital
interventions has been poor [15], limiting durability of effects.
To address these barriers, we developed an automated Mobile
Support Tool for Mental Health (MoST-MH). MoST-MH was
iteratively designed and refined by a multidisciplinary team
with expertise in psychology, psychiatry, primary care, and
digital interventions with integral feedback from a college
student ambassador. MoST-MH was intended to provide support
independent of mental health diagnosis type (ie, transdiagnostic)
and designed to minimize the burden of intensive digital
interactions using a stepwise algorithm which adapts frequency
of interaction to the needs of the youth. MoST-MH is an
ecological momentary intervention [16] in that it provides
support in the context of a young adult’s current state and needs.
Specifically, MoST-MH incorporated periodic text message
mental health check-ins, triggering web-based check-ins (when
mental health was rated low) to understand stressors, negative
effects, and self-efficacy, which informed self-efficacy support
strategies and prompted links to psychoeducational videos
focused on college and mental health. Figure 1 outlines the
design of MoST-MH.
In this paper, we present pilot randomized trial findings of
MoST-MH where we examined intervention engagement,
acceptability, and estimates of effects of MoST-MH compared
to enhanced usual care (eUC). We hypothesized that youth
would engage with MoST-MH at high rates over the first 3
months of college and that they would report high levels of
usability. We also hypothesized that youth who received
MoST-MH, as compared with youth who receive eUC, would
report greater mental health self-efficacy, lower symptom
severity, and higher rates of follow-through with mental health
care at 3 months.

Figure 1. Mobile Support Tool for Mental Health design diagram.
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Methods
Study Design
We conducted a pilot randomized trial among youth with a
current mental health disorder or recent mental health care
preparing to transition to college. Design and a priori hypotheses
were registered at ClinicalTrials.gov (NCT04560075). As this
was a pilot study, we were not powered to detect significant
differences in mental health outcomes between groups. All
participants completed written informed consent. Study
investigators and outcome assessors were blinded to allocation
to treatment arms. All procedures were approved by the
institutional review board at the University of Pittsburgh.

Participants
Participants were recruited from one primary care (n=31) and
one mental health clinic (n=21) in Pittsburgh, PA, from August
to October 2020. We chose to recruit from health care sites
because we view the ultimate implementation to be initiated by
care providers who are able to identify individuals with mental
health needs prior to leaving for college. The youth’s care
providers identified potentially eligible youth and asked the
youth about interest in participating in the study; interested
youth were texted or emailed a web link that provided
information about the study. If they were interested, they
contacted the research team via telephone, where enrollment
criteria were confirmed. Inclusion criteria included age 18 years
or older, current mental health diagnosis documented in their
electronic medical record or received mental health services
within 3 months per self-, parent-, or clinician-report, graduated
high school, plan to attend college or higher education within
6 weeks, and own a personal mobile phone with text messaging.
We excluded non-English–speaking individuals given that
intervention materials were in English only.

Randomization
We used block randomization whereby two-thirds of participants
were randomly assigned to receive MoST-MH and one-third to
receive eUC. Blocks balanced the groups based on recruitment
site. Random assignment allocation occurred following
completion of baseline assessments.

MoST-MH Intervention
MoST-MH aimed to enhance an individual’s mental health by
raising awareness of current symptoms, stressors, and impact
of stressors and boosting self-efficacy by prompting
evidence-based strategies taken from positive psychology,
cognitive behavioral therapy, and dialectical behavioral therapy.
MoST-MH used text messaging as the primary communication
modality given its ubiquity and preferential role for
communication among youth [17] as well as its proven
effectiveness to deliver other forms of health support [18].
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MoST-MH incorporated web-based check-ins when mental
health was rated as suboptimal to collect more detailed
information to help guide tailoring of support and because
lengthy checklists would have been cumbersome using text
messaging. The MoST-MH intervention software was run by
the Office of Academic Computing at the University of
Pittsburgh Medical Center.
Upon allocation, MoST-MH participants were prompted to text
a unique keyword to a study phone number to initiate the
program. Once program was initiated, participants received a
series of welcome messages describing what to expect over the
intervention period and ways to reduce breach of privacy (eg,
“Welcome to MoST-MH. Over the next 3 months we’ll be
checking in by text message. Set up a password on your phone
and erase messages you do not want anyone to see after reading
them”). Participants were instructed that they could drop out of
the MoST-MH program at any time by texting Quit.
Starting on the day of enrollment, MoST-MH participants
received mental health check-ins via text message: “How would
you rate your emotional health this past week?” If they replied
excellent, very good or good, they received a positive feedback
text message and link to video library. The brief 2-minute videos
were created by the study team and included psychoeducation
about mental health self-care during college. If they replied fair
or poor, they were sent a link to complete a web-based check-in.
When the web link opened, a page displayed a checklist of
common stressors [7] and negative effects. The student was
asked a self-efficacy question: “To what extent do you feel you
can manage your stressors and negative effects with supports
and skills you have?” If they reported high self-efficacy
(completely), they received positive feedback and a web link
to a library of mental health videos and the program was timed
to check in with them in a month.
If they reported low self-efficacy (somewhat, a little, or not at
all), they received a text message from a skills library and the
link to the videos and were asked if it was ok to check in next
week. On subsequent MoST-MH check-ins, their reports of
stressors and negative effects were compared to the prior
assessment and feedback incorporated relative improvement or
unresolved stressors/effects. If the ability to self-manage
stressors or negative effects was still reported as suboptimal,
the individual was prompted to consider making an appointment
for seeking mental health care: “Your doctor or another health
professional can help. Would you be willing to reach out to
them to set up an appointment?” If they were willing, they were
provided with a link to resources to assist. Throughout all
program queries, missing responses were reprompted once only.
To ensure safety, if an individual reported poor mental health
and low self-efficacy 2 weeks in a row, they were prompted to
seek formal mental health care. Figure 2 demonstrates a sample
communication exchange.
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Figure 2. Mobile Support Tool for Mental Health example exchange.

Enhanced Usual Care
The eUC participants received a web link to a library of the
same psychoeducational videos provided to the MoST-MH
group. eUC received no text message or web-based mental
health check-ins.

Measures
MoST-MH engagement was assessed using text messaging and
web-based responses. Mental health symptom severity and
health care use were assessed using self-report measures
collected monthly for 3 months. Each monthly assessment
battery was estimated to take 15 minutes to complete and were
completed on a smartphone, laptop, tablet, or desktop.
Participants in both groups were sent text message reminders
every 3 days up to 3 times prompting them to complete their
web-based follow-up assessment batteries. Participants were
eligible to receive a total of $100 for participation in the study,
including $20 for completing each monthly assessment battery.
Participants were not compensated for completing text messages
nor web-based assessments.
MoST-MH usability was measured via the Post-Study System
Usability Scale (PSSUQ) [19] at 3 months only. The PSSUQ
includes 19 items, each rated on a 7-point Likert-type scale
ranging from 1 (strongly agree) to 7 (strongly disagree). The
psychometric factors of the PSSUQ are overall usability, system
usefulness, information quality, and interface quality. The lower
the score (to a limit of one), the higher the perceived usability.
Mental health self-efficacy was measured using the 6-item
self-report Mental Health Self-Efficacy Scale (MHSES) [20],
which asks participants to rate each statement on a 10-point
Likert scale ranging from 1 (not at all confident) to 10 (totally
confident) whereby higher scores indicate higher self-efficacy:
“On an average day in the next month, how confident are you
that… (1) You can keep your stress, anxiety, or depression from
https://formative.jmir.org/2021/10/e32271
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interfering with the things that you want to do? (2) You can do
the different tasks and activities needed to manage your stress,
anxiety, or depression so as to reduce your need to see a doctor?
(3) You can do things other than just taking medicine to reduce
how much your stress, anxiety, or depression affects your
everyday life? (4) You can make your days at least moderately
enjoyable? (5) You will have moderate amounts of time where
you do not experience stress, anxiety, or depression? (6) You
will be able to effectively manage any stress, anxiety, or
depression that you do experience?”
Symptom severity was measured using the College Counseling
Center Assessment of Psychological Symptoms (CCAPS) [21]
which has 62 items with 8 distinct subscales of psychological
symptoms for college students: (a) depression (13 items), (b)
generalized anxiety (9 items), (c) social anxiety (7 items), (d)
academic distress (5 items), (e) eating concerns (9 items), (f)
family distress (6 items), (g) hostility (7 items), and (h)
substance use (6 items). Items are scored on a 5-point Likert
scale from 0 (not at all like me) to 4 (extremely like me),
whereby higher scores indicate higher symptom severity.
Mental health treatment use was measured using the brief
self-report Client Service Receipt Inventory for Mental Health
(C-SRI) [22] including outpatient, inpatient, and medication
management services.

Data Analysis
To determine whether any significant differences between
groups existed at baseline, independent t tests were conducted
on continuous baseline variables (ie, age, MHSES, CCAPS),
and chi-square analyses were conducted on categorical or
nominal variables (ie, gender, race, ethnicity, college plans and
living situation, site of recruitment, C-SRI mental health care).
We tested the hypothesis that youth would engage with
MoST-MH at high rates (>80% response rate) by calculating
text message and web check-in completions within and between
JMIR Form Res 2021 | vol. 5 | iss. 10 | e32271 | p.194
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individuals. We tested the hypothesis that youth would report
high levels of usability with MoST-MH (mean PSSUQ rating
≤2) by computing PSSUQ ratings at 3-month follow-up. We
explored the effect of MoST-MH as compared with eUC on
mental health self-efficacy (MHSES), symptom severity
(CCAPS), and mental health care services use (C-SRI) using
mixed effect (general estimating equation [GEE]) models. Mixed
effects models using GEE are recommended for analysis of
repeated-measures data and can properly account for missing
data [23]. To understand for whom the intervention may work
better or worse, we explored associations between patient factors
(sex, race, planned college attendance, baseline CCAPS scores)
and engagement, usability, and mental health outcomes using
univariate GEE models. Primary analyses were conducted using
listwise deletion. For sensitivity analyses, we conducted
intention-to-treat analyses using multiple imputation procedures
where missing CCAPS outcome data were assumed to be
missing at random. A simulated dataset with 20 imputed

Suffoletto et al
outcomes was generated. All analyses were conducted using
Stata (version 15.0, StataCorp LLC).

Results
Overview
Figure 3 shows the participant flow throughout the study. A
total of 98 youths were referred to the study, 73 were reached
for screening, and 52 completed informed consent. The resultant
sample was randomized via computer algorithm to receive either
instructions to initiate MoST-MH (n=34) or eUC (n=18) after
completion of online questionnaires at baseline. A total of 49/52
(94%) of participants completed 1-month follow-up assessment
batteries, 47/52 (90%) completed 2-month follow-up assessment
batteries, and 45/52 (87%) completed 3-month follow-up
assessment batteries. There were no differences in attrition by
sex, race, college living plans, or treatment arm.

Figure 3. Consolidated Standards of Reporting Trials diagram. eUC: enhanced usual care; MoST-MH: Mobile Support Tool for Mental Health.

Participants
Table 1 shows the demographics of the sample of MoST-MH
and eUC participants. Most identified as female (45/52, 85%)
and White (48/52, 91%). The majority of the sample (45/52,
84%) was planning on attending a 4-year college, although with
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a wide variety of plans for college living situation. There was
a higher percentage of White youths and individuals planning
on living on campus in the MoST-MH arm compared to eUC.
For that reason, we included race and planned college living
situation (in addition to sex) as covariates in all models.
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Table 1. Participant characteristics.
Characteristic

eUCa (n=18)

MoST-MHb (n=34)

P value

Age (years), mean (SD)

18.7 (0.48)

18.7 (0.42)

.47

Sex, female, n (%)

18 (100)

27 (79)

.08

Race, n (%)

.04

White

15 (83)

33 (97)

—c

Black

0

1 (3)

—

More than one

3 (17)

0

—

1 (6)

2 (6)

.53

Hispanic, n (%)
College plans, n (%)

.48

4 year

15 (83)

30 (88)

—

Community

2 (11)

1 (3)

—

Professional/trade

1 (6)

1 (3)

—

Other

0

2 (6)

—

Plans for living, n (%)

.02

On campus, dorms (roommate)

6 (33)

25 (74)

—

On campus, dorms (by self)

3 (17)

2 (6)

—

Off campus

3 (17)

1 (3)

—

At parents

6 (33)

6 (18)

—

Site of recruitment, n (%)

a

.66

Primary care

10 (56)

21 (62)

—

Mental Health clinic

8 (44)

13 (38)

—

eUC: enhanced usual care.

b

MoST-MH: Mobile Support Tool for Mental Health.

c

Not applicable.

MoST-MH Engagement
Participants were sent a median of 5 (range 3-10) text message
check-ins over the study period (depending on their risk level),
and 100% of the text message queries were completed. The 21
participants who reported poor MH via text message at least
once over the study period received a median of 2 (range 1 to
8) web-based check-ins. Of the 55 times when a web check-in
was prompted, 43 (78%) were completed. We did not find that
sex, race, or college living plans were significantly associated
with web check-ins. No MoST-MH participants dropped out
(ie, texted Quit).
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The median number of stressors reported per check-in was 2
(range 0 to 5); the median number of negative effects reported
per check-in was 3 (range 0 to 8). There were higher mean
stressors reported in female compared to male participants
(beta=0.49, 95% CI 0.21to 0.76). The most common stressors
were related to school and finances; the most common negative
effects were feeling worn out and low motivation. Table 2 shows
the percentage of check-ins with a given stressor and negative
effects reported. Self-management self-efficacy was rated as
high 9% (4/43) of the time and low 91% (39/43) of the time.
We did not find that patient factors (ie, sex, race, college plans)
were significantly associated with self-efficacy. Higher baseline
anxiety scores were associated with lower self-efficacy
(beta=–0.32, 95% CI –0.55 to –0.08).
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Table 2. Frequency of reported stressors and negative effects for Mobile Support Tool for Mental Health participants (n=34).
Characteristic

Value, n (%)

Stressors
School

22 (51)

Finances

16 (37)

Relationships with friends/roommates

12 (28)

Relationships with family

11 (26)

Romantic relationships

9 (21)

Other

3 (7)

Negative effects
Feeling worn out

28 (65)

Low motivation

24 (56)

Trouble focusing on schoolwork

22 (51)

Poor sleep

20 (47)

Unhealthy eating habits

18 (42)

Feeling like you are overreacting

14 (33)

Feeling like you don’t have people to talk to

13 (30)

Using alcohol or drugs to manage emotions

5 (12)

Other

1 (2)

Intervention Usability
Using the PSSUQ completed at the 3-month follow-up, overall
mean usability score was 2.0 (SD 1.6). For subscale rating,
mean score for system usefulness was 1.9 (SD 1.7), information
quality was 2.2 (SD 1.5), and interface quality was 1.9 (SD 1.7).
We did not find that patient factors (ie, sex, race, college plans)
or baseline mental health scores were significantly associated
with usability.

Mental Health Self-Efficacy
Using the MHSES, there were no significant improvements in
either treatment arm over time for mental health self-efficacy
as measured. In GEE analysis, there were no significant time
by treatment effects of MoST-MH compared to eUC. We did
not find that patient factors (ie, sex, race, college plans) or
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baseline mental health scores were significantly associated with
self-efficacy.

Mental Health Symptom Severity
Using the CCAPS, in the MoST-MH arm, mental health
symptom severity was reduced from baseline to 3 months in all
subscales save substance abuse. In eUCs, reduced symptoms
over 3 months occurred for general anxiety, family distress, and
hostility only. Table 3 and Figure 4 show the mean scores on
CCAPS subscales across treatment and time. In GEE analysis,
there was a significant time effect such that at 1 month,
depression scores were lower than baseline (beta=–.28, 95% CI
–0.53 to –0.04) and time × treatment effect such that MoST-MH
had lower depression scores relative to eUC by 3 months
(beta=–0.34, 95% CI –0.67 to –0.03). In sensitivity analyses
with imputed CCAPS outcome data, no significant effects of
treatment were seen.
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Table 3. Mental health symptoms over time by treatment.
CCAPSa subscale

BLb (eUCc n=18, MoSTd

MH n=34), mean (SD)

1 m (eUC n=17, MoSTMH n=32), mean (SD)

2 m (eUC n=15, MoSTMH n=32), mean (SD)

3 m (eUC n=12, MoSTMH n=27), mean (SD)

Depression
eUC

1.81 (0.99)

1.57 (1.00)

1.85 (1.02)

1.83 (1.11)

MoST-MH

1.43 (0.95)

1.36 (0.96)

1.24 (0.94)

1.12 (0.94)

eUC

2.22 (0.95)

2.02 (1.07)

2.24 (0.99)

1.96 (0.93)

MoST-MH

1.82 (1.05)

1.82 (1.05)

1.70 (1.15)

1.42 (0.99)

eUC

2.37 (0.93)

2.15 (0.95)

2.39 (1.02)

2.39 (0.90)

MoST-MH

2.11 (0.93)

2.06 (1.07)

1.92 (1.07)

1.81 (1.03)

eUC

1.90 (0.88)

1.76 (0.96)

2.13 (0.90)

2.12 (1.11)

MoST-MH

1.42 (1.02)

1.45 (1.06)

1.39 (1.06)

1.31 (0.98)

eUC

1.51 (1.06)

1.61 (1.11)

1.72 (1.13)

1.55 (0.97)

MoST-MH

1.37 (0.89)

1.22 (1.03)

1.21 (0.97)

1.01 (0.86)

eUC

1.58 (0.81)

1.41 (1.00)

1.13 (0.83)

1.10 (0.71)

MoST-MH

1.28 (0.85)

1.13 (0.96)

1.18 (0.82)

0.93 (0.63)

eUC

1.38 (0.61)

1.26 (0.81)

1.39 (0.86)

1.1 (0.73)

MoST-MH

1.00 (0.83)

0.93 (0.80)

0.75 (0.82)

0.82 (0.89)

eUC

0.33 (0.72)

0.32 (0.54)

0.21 (0.38)

0.39 (0.76)

MoST-MH

0.33 (0.60)

0.43 (0.72)

0.38 (0.60)

0.40 (0.58)

General anxiety

Social anxiety

Academic distress

Eating concerns

Family distress

Hostility

Substance abuse

a

CCAPS: College Counseling Center Assessment of Psychological Symptoms.

b

BL: baseline.

c

eUC: enhanced usual care.

d

MoST-MH: Mobile Support Tool for Mental Health.
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Figure 4. Change over time in College Counseling Center Assessment of Psychological Symptoms subscales. eUC: enhanced usual care; MoST-MH:
Mobile Support Tool for Mental Health.

Mental Health Care Services
In the month prior to enrollment, 56% of MoST-MH and 67%
of eUC participants had received any mental health care. Over
the first 3 months of enrollment, 52% of MoST-MH and 65%
of eUC participants received any mental health care. Table 4

shows the percentage of participants who received inpatient,
outpatient, and primary care for mental health in the prior month
at each assessment point. In GEE analysis, there were no
significant time, treatment, or time by treatment effect of
MoST-MH compared to eUC.

Table 4. Mental health care over time by treatment.
Type of care

BLa (eUCb n=18, MoSTMHc n=34), mean (SD)

M1 (eUC n=17, MoST-MH M2 (eUC n=15, MoST-MH M3 (eUC n=13, MoST-MH
n=32), mean (SD)
n=32), mean (SD)
n=31), mean (SD)

Any mental health care
eUC

12 (67)

11 (65)

11 (73)

7 (54)

MoST-MH

19 (56)

17 (53)

16 (50)

15 (48)

eUC

2 (11)

0

1 (7)

0

MoST-MH

2 (6)

0

0

0

eUC

9 (50)

11 (65)

10 (67)

7 (54)

MoST-MH

13 (38)

15 (47)

12 (38)

12 (39)

eUC

4 (22)

1 (6)

3 (20)

1 (8)

MoST-MH

9 (26)

4 (13)

6 (19)

5 (16)

Inpatient

Outpatient

Primary care

a

BL: baseline.

b

eUC: enhanced usual care.

c

MoST-MH: Mobile Support Tool for Mental Health.
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Discussion
Principal Findings
In this pilot trial, we found evidence that, for young adults with
mental health diagnoses transitioning to college, the MoST-MH
intervention was engaged with at high rates, had high usability
ratings, and may have reduced depression symptoms over time
relative to the eUC group. Together, these findings provide
initial support for an automated digital intervention incorporating
periodic text message mental health check-ins that trigger
web-based check-ins to understand stressors, negative effects,
and self-efficacy and then provide self-efficacy support
strategies.
Compared to other mental health digital interventions, we found
good engagement:100% of text message check-ins and 78% of
web-based check-ins were completed over 3 months, and no
participant dropped out (ie, texted Quit). In contrast, among 28
digital mental health interventions for college students included
in a prior systematic review [13], the average engagement rate
was 56%. Complementing our finding high MoST-MH
engagement, we found high usability ratings, suggesting the
ease of use of text messages and web-based interfaces as well
as the brief clear nature of support messaging.
We speculate that the high engagement and usability findings
for MoST-MH can be attributed to several key design features.
First, the study was introduced by a care provider, increasing
trust in the intervention. Second, we designed MoST-MH with
key input from a college student ambassador. Third, using text
messaging to conduct most communication limited the amount
of extra steps traditionally involved with apps or web pages,
thus increasing ease of interaction. Fourth, the MoST-MH
intervention adapted over time so that if an individual was not
in need of support, the check-ins were stepped down (ie,
occurred monthly), reducing the burden on individuals who
seemed to not need help at that time.
The finding of reduced mental health symptoms in MoST-MH
compared with eUC suggests that the intervention may
successfully support self-management of mental health
symptoms and that mood regulation may be a key mechanism.
This is encouraging given the simplicity of the intervention and
lack of any intensive cognitive behavioral treatment components.
However, despite an intended aim of MoST-MH to enhance an
individual’s self-efficacy, we did not find evidence to support
this as a mechanism of action. Future studies of MoST-MH will
be necessary to identify mechanisms of effects.
The use of mental health care decreased slightly in both
treatment arms over time, yet it was still occurring in
approximately half of all participants any given month. Also,
there were no apparent signals of either increased or decreased
mental health care use in the MoST-MH arm compared to eUC.
On one hand, this is discouraging given that the MoST-MH
intervention prompted many participants to reach out for mental
health care when they reported low self-efficacy 2 weeks in a
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row. On the other hand, it may be that the MoST-MH
intervention promoted confidence in self-management not
reflected in the self-efficacy scales. Future studies are needed
to identify how MoST-MH may modify cognitions around
mental health care seeking.

Limitations and Strengths
Several limitations should be discussed. First, we recruited
mostly female White youths, therefore findings may not be valid
in men or racial or ethnic minorities. Second, we did not follow
participants for more than 3 months, limiting understanding of
durability and prolonged engagement. Third, our cohort was
recruited entirely during the COVID-19 pandemic. As such, the
experience and stresses related to the transition to college and
the college experience were atypical. Fourth, our sample is
transdiagnostic, and we did not assess for specific mental health
diagnoses or collect measures on type and other current
treatments being received for mental health diagnoses, which
may have been key moderators of effectiveness.
We note several strengths of our study and intervention design.
First, we recruited individuals with any mental health diagnosis,
thus rendering our intervention and findings broadly relevant
to young adults transitioning to college (transdiagnostic).
Second, we compared the MoST-MH intervention to eUC
instead of a waitlist control, isolating effects of the digital
interactions from those of attention and the psychoeducational
videos. Third, we achieved high follow-up rates (86% at 3
months), reducing the likelihood of biased outcome analyses.
Fourth, we measured and reported engagement through detailed
analysis of reports through both text messages and web
check-ins, notably absent in much prior digital MH intervention
research [13]. Fifth, MoST-MH was completely automated,
allowing low-cost scalability. Although human interaction has
been identified as an important component of digital mental
health interventions [24,25] and the majority of text message
interventions for adolescent mental health and substance abuse
involve some human communication [26], it is not feasible in
the current reimbursement landscape to expect mental health
care to fund these personnel. Digital intervention science should
focus on identifying features to optimize human-computer
interaction.

Conclusions
We found preliminary evidence in support of an automated
digital mental health intervention using periodic check-ins to
tailor self-management support for youth with mental health
disorders transitioning to college. This study is timely, as there
is an urgent need for evidence-based mental health support
programs for youth in transition to college that are used
longitudinally and can be scaled easily. A program like
MOST-MH, if found to be effective at reducing mental health
symptoms and improving psychological functioning in a larger
trial, could fill a needed gap in supporting youth in their mental
health.
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Abstract
Background: The Hexoskin is a smart shirt that can take continuous and objective measurements and could be part of a potential
telemonitoring system.
Objective: The aim of this study was to determine the accuracy of the calibrated Hexoskin in measuring tidal volumes (TVs)
in comparison to spirometry during various tasks.
Methods: In a cross-sectional study, the TV of 15 healthy subjects was measured while performing seven tasks using spirometry
and the Hexoskin. These tasks were performed during two sessions; between sessions, all equipment was removed. A one-time
spirometer-based calibration per task was determined in session 1 and applied to the corresponding task in both sessions.
Bland-Altman analysis was used to determine the agreement between TV that was measured with the Hexoskin and that measured
with spirometry. A priori, we determined that the bias had to be less than ±5%, with limits of agreement (LOA) of less than ±15%.
Lung volumes were measured and had to have LOA of less than ±0.150 L.
Results: In the first session, all tasks had a median bias within the criteria (±0.6%). In the second session, biases were ±8.9%;
only two tasks met the criteria. In both sessions, LOA were within the criteria in six out of seven tasks (±14.7%). LOA of lung
volumes were greater than 0.150 L.
Conclusions: The Hexoskin was able to correctly measure TV in healthy subjects during various tasks. However, after
reapplication of the equipment, calibration factors were not able to be reused to obtain results within the determined boundaries.
Trial Registration: Netherlands Trial Register NL6934; https://www.trialregister.nl/trial/6934
(JMIR Form Res 2021;5(10):e30916) doi:10.2196/30916
KEYWORDS
telemonitoring; Hexoskin smart shirt; smart textiles; textile sensors; accuracy; healthy subjects; calibration; tidal volume

Introduction
Various pulmonary diseases are characterized by exacerbations,
which are defined as acute and subacute increases in respiratory
symptoms beyond normal variations. These exacerbations may
warrant change in regular therapy, and sometimes hospitalization
is necessary. Many patients have difficulties perceiving acute
exacerbation of chronic obstructive pulmonary disease
(AE-COPD) symptoms in a timely manner and, therefore, are
not likely to seek consultation for additional therapy [1]. To
https://formative.jmir.org/2021/10/e30916
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decrease the unwanted effects of unreported AE-COPD, insight
should be gained in the early changes in respiratory parameters
and symptoms in the prodrome phase of AE-COPD.
Telemonitoring parameters related to breathing provide these
insights and could lead to a reduction in exacerbations and
hospitalizations [2-4]. Current telemonitoring methods have the
following disadvantages: (1) subjective evaluation of symptoms
could increase awareness, causing overresponsiveness [5]; (2)
measurement of forced expiratory volume in the first second of
expiration (FEV1) alone does not fully capture the symptoms
JMIR Form Res 2021 | vol. 5 | iss. 10 | e30916 | p.204
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
and the patient’s perception of their health status [6]; and (3)
lung function parameters are measured at rest and, therefore,
poorly represent the daily problems with physical activities [7].
A potential method without these disadvantages, where
measurements can be taken continuously and objectively, is the
use of a Hexoskin smart shirt (Carré Technologies). The shirt
can be worn by a patient and connected to a “smart device.”
The Hexoskin contains respiratory inductance plethysmography
(RIP), which consists of a thoracic and abdominal belt. In
addition to the RIP sensors, the Hexoskin also contains three
electrocardiogram sensors and an acceleration sensor. Various
lung parameters can be derived from the signals, such as minute
ventilation, respiratory rate, tidal volume (TV), and inspiratory
and expiratory times.
The validity of the lung parameters measured by the Hexoskin
has been studied by multiple researchers in the last several years.
In these studies, it has been shown that the uncalibrated signals
obtained with the Hexoskin follow the clinical standard to a
good extent [8-10]. There are no studies showing the accuracy
of the Hexoskin in measuring spirometer-calibrated TV;
however, other studies with another smart shirt, LifeShirt, using
RIP technology were found. The no-longer available LifeShirt
is a “snuggly” fit garment containing two RIP belts,
electrocardiogram sensors, an accelerometer, and a pulse
oximeter [11]. Clarenbach et al [11] found no significant bias,
and limits of agreement (LOA) were within 8% for TV with
qualitative diagnostics calibration. Brüllmann et al [12] used
task-specific qualitative diagnostics calibration in lying,
standing, and sitting. The bias was zero in all activities, and
LOA ranged from 7% to 14%. Hollier et al [13] found a bias of
5 mL (1%) and LOA of 20% in healthy controls. They used
fixed-volume calibration while the subject was in the sitting
position. The calibration parameters for calculating real volumes
were strongly dependent on the position of the belts and on the
posture and activity of the subject [12,14,15].
Ideally, the Hexoskin should be able to measure TV accurately
during various tasks of daily living, and a patient should be able
to remove and reapply the Hexoskin without repeating the
calibration procedure. The main focus of our study is, therefore,
to determine the accuracy of the calibrated Hexoskin to measure
TV in comparison to a spirometer in healthy subjects, before
burdening patients with advanced lung disease. As a secondary
goal, we investigated whether a one-time spirometry-based
calibration could be reapplied after removal and reapplication

https://formative.jmir.org/2021/10/e30916

XSL• FO
RenderX

Mannée et al
of the Hexoskin. Moreover, we investigated the possibility of
using the Hexoskin to measure functional lung volumes, such
as slow vital capacity (SVC), forced vital capacity (FVC), and
FEV1. If the accuracy for functional lung volumes is good, this
would make it possible to combine all measurements during
home monitoring into one device. Lastly, we questioned the
comfort of our subjects while wearing the Hexoskin.

Methods
Subjects
The Hexoskin study was performed between October 2018 and
February 2019, as part of a multicenter, cross-sectional study.
The study was registered with the Netherlands Trial Register
(NL6934) and was approved by the Twente Medical Ethics
Committee. A total of 15 subjects without known pulmonary
or cardiac disease and with normal pulmonary function (ie,
FEV1>80% of predicted), between the ages of 18 and 80 years,
were recruited at the University of Twente, Enschede, the
Netherlands. Subjects were excluded when they were (1) not
able to perform the tests, (2) not able to fit into one of the
available Hexoskin sizes, (3) had a pacemaker or implantable
cardioverter defibrillator, or (4) were unable to read and
understand the Dutch language. All subjects gave written
informed consent prior to participation.

Study Design
Overview
The circumferences of the thorax and abdomen of a subject,
measured according to Carré Technologies’ instructions, were
used to select the most proper-sized Hexoskin. The RIP sensors
in the Hexoskin measure fluctuations in the cross-sectional area
of the chest wall based on changes in inductance, reflecting
ventilation of the person wearing the Hexoskin. All subjects
wore the Hexoskin for a minimum of 5 minutes before starting
with the measurement to get used to the Hexoskin. After this
period, they performed two sessions of measurements; see
Figure 1 for an overview. Each session contained two
measurements: measurement A and measurement B. At the end
of session 1, all equipment was removed, including the
Hexoskin. Within an hour, all equipment was reattached, and
all measurements were repeated in session 2. Afterwards,
subjects answered two questions describing their experience
with the measurements.
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Figure 1. Overview of session and measurements. After a session, all equipment was removed and reapplied. FEV1: forced expiratory volume in the
first second of expiration; FVC: forced vital capacity; SVC: slow vital capacity.

Measurement A
During measurement A, seven tasks of daily living were
executed. The tasks constituted of 5 minutes each of lying,
sitting, standing, bend-over sitting, vacuum cleaning, walking
with weights (5 kg), and stair climbing (15 steps up and down).
The latter four tasks were based on tasks that cause patients
with pulmonary disease to complain of dyspnea in their daily
lives [16]. The activities were performed in a pace determined
by the subjects. During measurement A, respiration was
recorded with the Hexoskin and a calibrated flow sensor from
the Oxycon Mobile (Vyaire Medical).
Raw Hexoskin data were obtained from the online database of
Carré Technologies. The data were processed with an algorithm
made by the author in MATLAB (version 2018a; MathWorks).
The data were filtered with a Savitzky-Golay filter to decrease
high-frequency noise and movement artefacts. Thoracic and
abdominal signals were summed to obtain one signal.
Cross-correlation was used to correct for any time delay between
the Hexoskin and the spirometer. All data were split into seven
pieces, representing the seven tasks. The algorithm determined
all end-expiratory and end-inspiratory lung volumes, which
were used to calculate TV. TV measured with the Hexoskin
(TVHX) was calibrated based on TV measured with the
spirometer (TVSPIRO). All TV values in a task were used to
determine calibration factors a and b with least squares linear
regression (see equation 1). This resulted in 15×7 sets of
calibration factors.

After calibration, an averaging window of 5 TVs was applied
to all data to perform further analysis. The seven calibration
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functions from session 1 were applied to the seven tasks of
session 2 to determine accuracy after removal of the Hexoskin.
A Bland-Altman analysis was used to determine the agreement
between TVHX and TVSPIRO. The difference (diffTV) between
the methods was represented as a percentage of TVSPIRO:

For each task and for each individual, a bias and LOA were
derived, and the mean or median bias and LOA for all subjects
was determined per task. The definition of good agreement
between the methods was established a priori. The median or
mean bias had to be between –5% and 5%, and the LOA had
to be between –15% and 15%. These criteria were established
by clinicians and their opinions on accuracy in monitoring of
TVs, based on their experience with cardiopulmonary exercise
testing in the hospital.

Measurement B
During measurement B, subjects performed spirometry
maneuvers according to the European Respiratory Society and
American Thoracic Society guidelines [17] for lung function
measurements. Lung function was synchronously recorded with
the Hexoskin and a pneumotachograph, the Vyntus SPIRO
(Vyaire Medical). Lung parameters measured were SVC, FVC,
and FEV1.
The raw data from measurement B were processed in the same
manner as those from measurement A, as seen in the
Measurement A section. The calibration function of the “sitting”
task in measurement A was used to calibrate the Hexoskin signal
to obtain SVC, FVC, and FEV1.
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To calculate the bias and LOA per session, the SVC, FVC, and
FEV1 for all subjects were used in Bland-Altman analysis. The
bias should be close to zero, and LOA should not exceed ±0.150
L. These criteria were based on the European Respiratory
Society and American Thoracic Society statements on lung
function measurement [17]. The coefficient of variation was
calculated per subject for SVC and FVC by dividing the SD by
the mean.

Mannée et al
second question was “How comfortable were you whilst wearing
the shirt?”; a response of 1 represented “not comfortable,” 5
represented “slightly comfortable,” and 10 represented “very
comfortable.”

Statistical Analysis
Baseline characteristics are described by mean (SD) or median
(IQR), depending on normality. Normality was assessed by a
Shapiro-Wilk test.

Questions on Experience
After the measurements were conducted, we asked all subjects
to answer two questions on their experience with the smart shirt.
Responses to both questions were answered using a scale from
1 to 10. The first question was “What did you think of the fit
of the shirt?”; a response of 1 represented “very loose,” 5
represented “perfect fit,” and 10 represented “very tight.” The

Results
Overview
A total of 15 healthy subjects were included in this study; no
subjects were excluded. Baseline characteristics are presented
in Table 1.

Table 1. Baseline characteristics of the participants.
Characteristic

Value (N=15)

Age (years), median (IQR)

28 (25-51)

Sex, n (%)
Male

8 (53)

Female

7 (47)

Height (cm), median (IQR)

180 (173-188)

Weight (kg), median (IQR)

70 (65-83)

Circumference of thorax (cm), median (IQR)

87 (79-92)

Circumference of abdomen (cm), median (IQR)

85 (76-89)

Hexoskin size, n (%)
Extra small

3 (20)

Small

2 (13)

Medium

5 (33)

Large

4 (27)

Extra large

1 (7)

Measurement A
In both sessions, out of 15 participants, individuals had to be
excluded from further analysis due to artefacts in Hexoskin data
regarding the following tasks: bend-over sitting (n=1, 7%),
vacuuming (n=3, 20%), walking with weights (n=3, 20%), and
stair climbing (n=4, 27%). Data from vacuuming and walking
with weights tasks had to be removed from measurements for
both subjects 1 and 2. Moreover, subject 2 data also showed
large artefacts in the stair climbing task. In total, 50% of the
removed data were explained by the removal of data from
measurements for two individuals. Regarding the Hexoskin
data, TV could not be distinguished from the artefacts and,
therefore, we were unable to match TV between the two
methods. If more than 50% of the data within a task were
unmatchable, they were removed from further analysis. Figure
2 shows an example of the excluded data.
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TV was normally distributed. We listed the tasks with the lowest
and highest mean TV. In session 1, the mean TVSPIRO ranged
from 0.67 (SD 0.14) L for bend-over sitting to 1.57 (SD 0.48)
L for stair climbing. The mean TVHX ranged from 0.67 (SD
0.13) L for bend-over sitting to 1.57 (SD 0.46) L for stair
climbing. In session 2, the mean TVSPIRO ranged from 0.61 (SD
0.12) L for bend-over sitting to 1.63 (SD 0.49) L for stair
climbing. The mean TVHX ranged from 0.61 (SD 0.21) L for
lying to 1.69 (SD 0.44) L for stair climbing.
With Bland-Altman analysis, the bias and LOA were calculated
comparing TVSPIRO and TVHX in each session; see Figure 3 for
an example. The biases found in subjects were nonnormally
distributed. The median bias (median LOA) for all subjects per
task are given in Table 2. In session 1, all tasks, except for
vacuuming, met the criteria for the bias and LOA. In session 2,
all tasks, except for vacuuming, met the criteria for LOA. Two
tasks met the criteria for the bias.
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Figure 2. Example of data excluded from further analysis because of extensive artefacts. In the upper plot, 60 seconds of the spirometry data are
displayed. In the lower plot, the corresponding Hexoskin data are displayed. The blue stars represent the end-expiratory and end-inspiratory levels used
for tidal volume calculation. As can be seen from both panels, in more than 50% of the measurements, it is impossible to find corresponding peaks
between the spirometer and the Hexoskin.

Figure 3. Example of a Bland-Altman plot of tidal volume (TV) of the task "lying" for subject 6. TVHX: tidal volume measured with the Hexoskin;
TVSPIRO: tidal volume measured by spirometry.
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Table 2. Bland-Altman analysis was used to calculate the percentage bias (limits of agreement [LOA]) between tidal volume measured with spirometry
and tidal volume measured with the Hexoskin.
Session

Task, median % bias (median LOA)
Lying
(N=15)

Sitting
(n=14)

Standing
(N=15)

Bend-over sitting
(N=15)

Vacuuming (n=12)

Walking with
weights (n=12)

Stair walking (n=13)

Session 1

0.0 (5.6)

–0.2 (12.7)

–0.2 (12.0)

–0.4 (10.8)

–0.6 (16.7)

–0.3 (11.1)

–0.5 (12.6)

Session 2

7.5 (6.7)

–6.4 (14.7)

–8.5 (13.0)

3.3 (10.6)

–8.9 (16.4)

–7.3 (12.0)

–4.5 (15.0)

Measurement B
Due to excessive movement artefacts, as a result of breathing
maneuvers, data from 5 subjects in the Hexoskin group had to
be excluded from further analysis in both sessions. All lung
parameters were normally distributed. A box plot of all
functional lung parameters can be found in Figure 4.
With Bland-Altman analysis, the bias and LOA were calculated
by comparing the various lung function parameters measured

with the spirometer and the Hexoskin. The bias (LOA) of the
SVC, FVC, and FEV1 for each session can be found in Table
3. All Bland-Altman plots have similar features; see Figure 5
for Bland-Altman plots of SVC. Trends were found in all
Bland-Altman plots. None of the parameters met the criteria
for accuracy, and Hexoskin data showed large deviations from
spirometry data. The coefficient of variation was smaller than
10% for SVC and FVC measured with both methods.

Figure 4. Box plots of all lung function parameters (n=30). FEV1: forced expiratory volume in the first second of expiration; FVC: forced vital capacity;
HX: Hexoskin; SPIRO: spirometer; SVC: slow vital capacity.

Table 3.
Bland-Altman analysis was used to calculate the bias (limits of agreement [LOA]) between various lung parameters
(volumespirometer–volumeHexoskin) in measurement B. Bias and LOA were based on 30 measurements (measurement of lung parameters in triplicate in
10 subjects).
Session

Lung parameter, bias (LOA)
Slow vital capacity, L

Forced vital capacity, L

Forced expiratory volume in the first second of expiration, L

Session 1

0.39 (2.76)

0.68 (2.23)

1.73 (2.20)

Session 2

0.96 (3.23)

1.26 (2.72)

1.85 (1.82)
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Figure 5. Bland-Altman plots of slow vital capacity (SVC) (n=30). HX: Hexoskin; SPIRO: spirometer.

Questions on Experience
All subjects answered both questions. The mean rating for the
fit of the shirt was 6 (SD 1). Comfort had a mean score of 8
(SD 2).

2.

Discussion
3.

Principal Findings
In this study, we determined the accuracy of the calibrated
Hexoskin to measure TV in comparison to the spirometer in
various tasks of daily living. In all tasks of session 1, accuracy
of the Hexoskin was good, with biases within the criteria and
acceptable LOA. Moreover, reapplicability of the calibration
functions was tested in a repeated session. The high median
bias in the second session showed that a recalibration was
necessary after removal of the Hexoskin. However, LOA were
comparable with the first session, which indicates that there
was only an accuracy issue and not a precision problem. The
Hexoskin is not yet a valid measurement tool to measure SVC,
FVC, and FEV1, based on bias and LOA. Lastly, the comfort
level of subjects was high while wearing the Hexoskin.

Accuracy of TV Measurement During Activities of
Daily Living
A priori, we determined that for good accuracy, the bias had to
be between –5% and 5%, and the LOA had to be between –15%
and 15%. Good accuracy of the Hexoskin in measuring TV was
found in the first session. The median bias was found to be
within ±0.6%, comparable to a bias of 3 mL on a TV of 0.500
L. Moreover, all LOA were within the ±15% that we determined
a priori, with one exception for vacuuming (15.6%). The median
biases were all negative, indicating that the Hexoskin
overestimated TV slightly, on average.
The LOA found in the various tasks were slightly lower than
the LOA in the previously mentioned studies [12,13], with the
exception of the study by Clarenbach et al [11]. We hypothesize
that the slight variations in outcome were the result of the
performed analysis, in following three ways:
1.

Calibration time. We used a calibration time of 5 minutes
and Clarenbach et al [11] used 1 minute. It is hypothesized
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that the calibration is more accurate with longer calibration
time and LOA are lower.
Bland-Altman analysis. We calculated a median bias over
all subjects, while in all other studies the bias was calculated
over all subjects. If the bias slightly varies among subjects,
LOA will increase when one Bland-Altman analysis is
performed.
Averaging window. We used an averaging window of 5
breaths; Clarenbach, for example, used 20 breaths. This
could have increased the agreement, as a larger averaging
window tends to decrease variations in RIP.

More demanding tasks (ie, bend-over sitting, vacuuming,
walking with weights, and stair climbing) showed a slightly
decreased agreement relative to the tasks at rest. The decrease
in agreement was also reflected in the data we had to remove
due to excessive artefacts; they were all part of a demanding
task. Similarly, in the study by Brüllmann et al [12], agreement
was decreased more highly in demanding tasks compared to
agreement in a resting position. The increase in LOA from
inactivity to more demanding tasks can be explained by the
increase (1) in variation in breathing patterns [18,19] and (2)
of movement artefacts.

Reapplicability of Calibration Factors
In session 2, we investigated the possibility of reusing
calibration factors. Although the median biases were relatively
small, in five out of seven tasks they did not meet the criteria.
The LOA in the second session were comparable to the LOA
found in session 1 in all tasks, with vacuuming as the exception,
within 15%. This is in contrast with earlier studies. Heyde et al
[20] found that the bias between RIP and the spirometer was
similar in repeated measurements. Moreover, Brüllmann et al
[12] compared calibration parameters between two
measurements and found that the mean difference was zero.
Various reasons for poor accuracy in session 2 can be
distinguished, based on poor calibration. The position and fit
of the RIP belts on the subjects affect the calibration needed to
get accurate results [12,14,15]. Various subjects were in between
Hexoskin sizes; because of this, during measurements with these
subjects, the Hexoskin tended to crawl up. Therefore, the chance
is high that the Hexoskin and, thus, the thoracic and abdominal
bands slightly changed positions (1) during measurements and
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(2) in between measurements. A possible solution to this
problem is presented in the study by Brüllmann et al [12]. The
LifeShirt had a snug fit but was also affixed to the trousers of
the subject with pins to prevent the upward movement of the
shirt. Another explanation for not being able to reapply the
calibration factors is magnetic coupling of the two belts in the
Hexoskin. This appears to occur due to the mutual inductance
between chest and abdominal bands modulating the output of
the shirt. This is a known problem of RIP sensors [21]. The
chance of poor reproducibility is high, as the influence of the
bands on each other is not predictable when reapplying the
Hexoskin.

with pulmonary diseases. However, if the calibration varies
over time within a task without removal of the equipment, we
should have found larger LOA. Therefore, it is unlikely that the
bias found in this study would change to a significant extent if
extra validation data were to be included.

Measurement of Functional Lung Parameters

We conclude that the Hexoskin accurately measures TV
compared to spirometry values if the calibration procedure is
used prior to measurement, as was the case in session 1. Based
on our analysis, we conclude that 95% of the measured TVHX
values were accurately measured compared to TVSPIRO. The
other 5% of the measurements will not affect outcomes in home
monitoring. During telemonitoring, it is common to measure
over hours or days. In such a time span, the outliers will not
have a significant impact on the average measurement of TV.

A priori, we determined that all lung volumes should be
measured with a bias close to zero and LOA equal to or smaller
than 0.150 L. None of the lung volumes were measured within
these criteria. To the knowledge of the authors, there have been
no studies published investigating the feasibility of RIP
technology to measure functional spirometry. Poor accuracy in
this study can be explained by (1) movement of the shirt, (2)
assumption of a linear relationship between circumference and
lung volumes, and (3) the use of calibration factors determined
from the “sitting” task. The first explanation has already been
addressed in the previous section. The second and third
argument are related. Based on earlier studies [22], the
assumption was made that there is a linear relationship between
circumference and lung volumes. However, this assumption is
probably true for normal or resting breathing and not for forced
maneuvers. We used the calibration of the “sitting” task. In this
task, the volumes exhaled were, on average, 0.7 L, while in
SVC and FVC maneuvers, volumes above 5 L, on average, were
exhaled. This could explain the large deviation between volumes
measured by RIP and the spirometer. The linear relationship
between the mean and the difference in the Bland-Altman plots
(Figure 5) can be explained by the difference in distribution of
volumes (Figure 4) measured with both the Hexoskin and the
spirometer.
Although we cannot determine the bias and LOA per subject,
this would be interesting. Per subject, all SVC and FVC values
measured with the Hexoskin seemed to be in very close range
to each other (Figure 5). The mean coefficient of variation was
comparable in both techniques. For SVC and FVC, the
coefficient of variation was <10% for both techniques. This
suggests that it is possible to measure functional lung volumes
accurately; however, a proper calibration procedure should be
defined containing a set with variations in lung volumes (eg,
200 mL to 2000 mL).

Limitations
In this study, we identified some limitations. In session 1, the
same data were used for determination and validation of the
calibration factors. We used this construction to minimize the
measurement time for the subjects, and to make the calibration
procedure realistic and applicable in a clinical setting for patients
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In measurement B, the use of the calibration from the “sitting”
task could be the reason for poor accuracy of the measured lung
volumes. Accuracy could have been decreased if calibration
factors were derived from a sample of breaths larger than 70%
of SVC or FVC.

Clinical Insights

However, the implementation of the shirt as a telemonitoring
device is not yet feasible. Currently, based on the results in
session 2, calibrations have to be performed prior to each
measurement. Due to the long calibration time (approximately
30 minutes), this would not be a practical procedure.
Modifications to the shirt to deal with the problems of magnetic
coupling will probably solve problems with the
nonreproducibility of the calibration. Other solutions are to (1)
investigate other calibration procedures that are simpler or
shorter in nature or (2) look at uncalibrated data. We suggest,
for example, a fixed-volume calibration [15], in which a subject
breathes from a known volume for several minutes to obtain
the calibration factors. In this case, spirometry measurements
become unnecessary.
The shirt can be worn with a high level of comfort during
measurements. This is a clinically relevant conclusion, as use
of the shirt would not be feasible for patient monitoring if the
comfort level was rated lower. Moreover, the manufacturer
introduced a zipper into the shirt. This will make use of the shirt
even more feasible for patient monitoring, as it will make putting
on the shirt easier.

Conclusions
The spirometer-calibrated Hexoskin was able to accurately
measure TV in healthy subjects during various tasks; however,
calibration factors could not be used after removal and
reapplication of the Hexoskin. The Hexoskin cannot be used to
assess calibrated lung volumes reliably. In the near future, we
will evaluate other calibration options to improve the
reproducibility of the calibration. Moreover, we will determine
the accuracy in patients and investigate the usability of the
Hexoskin for home monitoring of patients with pulmonary
disease.
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Abstract
Background: Lactose malabsorption is a common condition that affects a broad segment of the population. Clinical diagnosis
based on symptom recall can be unreliable and conventional testing can be inconvenient, requiring expensive laboratory-based
equipment and conduction of the testing in a clinical setting.
Objective: The aim of this study is to assess the performance of a digital handheld hydrogen breath monitor (GIMate) in
diagnosing lactose malabsorption compared to a US Food and Drug Administration (FDA)–cleared device (H2 Check) for the
same indication.
Methods: An interventional crossover study was performed in adult participants with a prior confirmed diagnosis of lactose
malabsorption or a suspected history of lactose intolerance.
Results: A total of 31 participants (mean age 33.9 years) were enrolled in the study. There was 100% positive percent agreement
and 100% negative percent agreement between the GIMate monitor and the H2 Check. Correlation between gastrointestinal
symptoms and hydrogen values was positive at 0.82 (P<.001).
Conclusions: The digital handheld GIMate breath monitor achieved equivalent diagnostic performance to that of an FDA-cleared
device in the diagnosis of lactose malabsorption.
Trial Registration: ClinicalTrials.gov NCT04754724; https://clinicaltrials.gov/ct2/show/NCT04754724
(JMIR Form Res 2021;5(10):e33009) doi:10.2196/33009
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performance; gastrointestinal; diagnosis

Introduction
Lactose malabsorption is a common condition due to lactase
deficiency; for many, it results in gastrointestinal symptoms,
which is termed lactose intolerance [1]. Lactase is an enzyme
occurring in the intestinal mucosa that hydrolyzes lactose into
its constituent parts, galactose and glucose [2]. The enzyme is
normally present in neonates; however, for a majority of
individuals worldwide, there is an inherited and irreversible
reduction in enzyme activity as individuals age [3]. Secondary
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lactose malabsorption can also occur when there is injury to the
intestinal mucosa from a reversible condition, such as infection
[4]. Not all individuals with lactose malabsorption will
experience bothersome gastrointestinal symptoms (ie, lactose
intolerance). Those with lactose intolerance are often diagnosed
clinically—that is, their response is observed to lactose
challenges that come through dietary exposure, followed by a
trial of avoidance of lactose-containing products [5]. However,
self-reported intolerance can often be unreliable [6,7], and
formal diagnosis is still helpful in many cases.
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Conventional testing is conducted through a hydrogen breath
test in the ambulatory clinical setting. Individuals usually present
to the testing site fasting, and a baseline breath reading is
obtained. They are subsequently challenged with a
lactose-containing solution, with follow-up hydrogen readings
obtained on an hourly basis for 3 hours [8].
The mechanism of hydrogen detection is based on undigested
lactose in the colon being fermented by bacteria and resulting
in the production of hydrogen, which is then partially absorbed
into the bloodstream and ultimately exhaled by the lungs via
the pulmonary circulation and gas exchange. Direct lactase
activity can also be measured on tissue obtained through jejunal
biopsy via endoscopy. This approach, however, is more invasive,
costly, and potentially less reliable given issues relating to
sampling bias [5].
Current methods for hydrogen breath testing can be costly for
physicians to purchase and inconvenient for patients because
they must take time out of their day to go to the testing site for
several hours. In addition, given that most conventional
breath-testing equipment is reusable, infectious contamination
can occur through aerosolized breath contents. As a result, the
validation of an alternative breath test that is portable, handheld,
and disposable presents an opportunity to improve the value,
safety, and experience associated with hydrogen breath testing.
In this study, our primary aim was to compare the performance
of the GIMate (Vivante Health), a novel digital handheld
hydrogen breath monitor, to that of the H2 Check (Micro
Medical Limited), a device cleared by the US Food and Drug
Administration (FDA) for the diagnosis of lactose
malabsorption.

Methods
Study Design and Procedure
The study was an interventional crossover design, with all
participants receiving both diagnostic interventions. The order
of which intervention was received first was alternately assigned
at random (Multimedia Appendix 1). The study was conducted
at Duke University and was reviewed and approved by the Duke
University Institutional Review Board. Upon screening as
eligible for the study, participants were provided with best
practice pre–breath testing guidance [9], including dietary
restrictions and fasting overnight. Baseline breath hydrogen
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measurements were performed the following day using the
GIMate and H2 Check. This was followed by ingestion of a 25
g lactose solution and subsequent measurement of breath
hydrogen on both devices at 1-hour, 2-hour, and 3-hour time
points. During each of these measurements, participants
completed a Likert-scale assessment of gastrointestinal symptom
severity (0, none; 1, mild; 2, moderate; 3, moderately severe;
4, severe; 5, very severe).

Patient Population
Adults aged 18-55 years with a self-reported history of lactose
malabsorption or lactose intolerance were recruited. Exclusion
criteria included history of prior gastrointestinal surgery;
self-reported history of any chronic gastrointestinal disease (eg,
gastroesophageal reflux disease, celiac disease, Crohn disease,
ulcerative colitis, pancreatitis); self-reported history of endocrine
or metabolic disease that may impact gastrointestinal or colonic
function (eg, hyper/hypothyroidism, diabetes); clinically
significant cardiovascular, respiratory, renal, hepatic,
hematologic, neurologic, or psychiatric disease for which
chronic therapy (prescription or nonprescription) is required;
self-reported history of allergic reaction to any drug or drug
component; antibiotic use within 28 days of lactose
malabsorption testing; use of nonantibiotic prescription or
over-the-counter products (dietary or digestive supplements and
laxatives) within 14 days of testing; self-reported use of
nicotine-containing products or chronic secondhand smoke
exposure within 14 days of testing; pregnancy; any other
condition which in the Investigator’s opinion may adversely
affect the participant’s ability to complete the study or its
measures or which may pose significant risk to the participant
based on medical history or physical examination; and
consumption of food after midnight on the day of testing (within
12 hours) of testing or consumption of a nonwater beverage
after midnight (or less than 8 hours) prior to testing.

Devices
The Micro H2 is a hydrogen monitor that has been cleared by
the FDA [10] for the diagnosis of lactose malabsorption using
an automatic sensor drift detection approach, which requires
gas calibration [7]. The GIMate is a portable, handheld digital
hydrogen monitor with a touch screen interface that detects
hydrogen using a metal-oxide sensor, which does not require
calibration (Figure 1). Results from breath tests are displayed
to users on the digital touch screen and stored on the device.
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Figure 1. The GIMate digital hydrogen monitor.

Outcome Measures
The primary outcome measure was positive percent agreement
(PPA) in the diagnosis of lactose malabsorption of the GIMate
compared to the H2 Check. Additional outcome measures
included negative percent agreement (NPA) and correlation
between GIMate hydrogen levels and patient self-reported
gastrointestinal symptom severity. The protocol for measuring
hydrogen levels was consistent with recent guidelines with a
baseline measurement performed, followed by consumption of
a 25 g lactose solution with subsequent hourly breath hydrogen
measurements for a 3-hour period using both monitors. A
positive diagnosis of lactose malabsorption was defined as a
breath hydrogen level increase by 20 ppm or more from baseline
at any point during the 3-hour measurement period based on
guidelines [8]. A secondary outcome was the correlation
between self-reported gastrointestinal symptoms and GIMate
hydrogen readings.

Statistical Calculations and Analyses
The calculation for PPA was (number of individuals diagnosed
with lactose malabsorption with GIMate) / (total number of
individuals diagnosed with lactose malabsorption with H2
Check). The calculation for NPA was (number of individuals
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negative for lactose malabsorption with GIMate) / (total number
of individuals negative for lactose malabsorption with H2
Check). Correlations between gastrointestinal symptoms and
GIMate readings were calculated using the two-sided Spearman
rank-based correlation measure of association. The P value was
computed for testing for correlation estimate=0.

Results
Population Demographics
A total of 39 individuals were screened; of these, 31 were
eligible to complete the lactose challenge. Demographic
characteristics for the study participants are included in Table
1. The 8 participants who were excluded from the study did not
meet the eligibility criteria, including no self-reported history
of lactose malabsorption or intolerance (n=1); history of prior
gastrointestinal surgery (n=1); history of chronic gastrointestinal
disease (n=1); clinically significant condition requiring ongoing
therapy (n=1); history of allergic drug reaction (n=2); and
investigator determination of a condition that would pose
unnecessary risk or would adversely affect participation in the
study (n=2: 1 participant had a milk allergy, and 1 participant
was unable to participate during normal work hours).
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Table 1. Demographics of the study participants (N=31).
Characteristic

Value

Age (years), mean (SD)

33.9 (7.3)

Sex, n (%)
Female

17 (55)

Male

14 (45)

Race, n (%)
Asian

3 (10)

Black/African-American

14 (45)

White/Caucasian

14 (45)

Ethnicity, n (%)
Hispanic or Latino

3 (10)

Non-Hispanic or non-Latino

28 (90)

Outcomes
The results for the primary outcomes regarding diagnostic
performance are detailed in Table 2, demonstrating a PPA of
100% and an NPA of 100%.
The relationship between GIMate and H2 Check on a per-subject
basis is depicted in Figure 2.

The relationships between GIMate and H2 Check readings for
all participants across all time periods are demonstrated in
Multimedia Appendix 2.
The secondary outcome of correlation between gastrointestinal
symptoms and GIMate hydrogen is detailed in Multimedia
Appendix 3, demonstrating an overall Spearman rank correlation
of 0.82 across all time periods.

Table 2. Lactose malabsorption diagnosis by detection method (N=31).
H2 Check test results
GIMate test results

Positive

Negative

Positive

18

0

Negative

0

13

Total

18

13
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Figure 2. GIMate and H2 Check hydrogen breath measurements by participant.

Discussion

which suggests that symptom response was greatest prior to the
end of formal testing at the 3-hour mark.

Principal Results

Prior studies examining portable hydrogen breath testing have
been conducted, including a study focused on 29 adult and
pediatric patients, which required a nasal prong and syringe to
obtain samples and specifically included participants with
comorbid gastrointestinal conditions (eg, irritable bowel
syndrome, bacterial overgrowth) [11]. Another study included
12 patients with suspected lactose intolerance using a proprietary
score calculated in “arbitrary units” and did not include
diagnostic criteria for lactose malabsorption [12]. This study
also required the use of a phone app to display data. The H2
Check was previously evaluated in 44 patients (77% female)
and compared to a composite gold standard assessment that
included breath, blood, and urine testing [7]. Prior studies did
not conform to the 2017 consensus guidelines on hydrogen
breath testing, which provided best practice recommendations

The primary finding of this study is the 100% positive and
negative percent agreement between GIMate and H2 Check for
the diagnosis of lactose malabsorption, indicating equivalent
diagnostic performance between both devices. This finding was
also supported by the close relationship between individual
hydrogen readings on both devices for each participant (Figure
1). The correlation estimate of 0.82 between GIMate hydrogen
readings and gastrointestinal symptoms indicated a strong
relationship between these two variables. This finding also
suggests that the rise in hydrogen levels was likely associated
with lactose intolerance in our study population, which is
diagnosed based on gastrointestinal symptoms in the presence
of lactose malabsorption. The highest correlation between
symptoms and hydrogen levels was seen at the 2-hour interval,
https://formative.jmir.org/2021/10/e33009
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on key experimental elements such as dose of lactose, frequency
of breath testing interval, and diagnostic criteria.
As a result, this study was the first to validate a portable,
handheld device in diagnosing lactose malabsorption using the
strongest and most current evidence-based approach. In addition,
it demonstrated the first completely digital and portable
measurement of breath hydrogen using clinically validated
endpoints in a standalone, handheld device. This study also used
the most stringent eligibility criteria compared to prior studies
to minimize the risk of confounding due to the impact of
comorbid gastrointestinal, surgical, and medical conditions on
the production and detection of hydrogen. In addition, it is the
first study to compare a novel breath hydrogen device to a
previously FDA-cleared device in diagnostic performance for
lactose malabsorption.
Lastly, while this was not explicitly evaluated, the compact,
digital interface and substantially lower cost of the GIMate
make it a potentially more convenient and safer alternative to
conventional testing because it can be discarded after
single-person use. These features also highlight its potential
application in nonclinical settings, including home use. In this
context, written instructions or integrated decision support could
alert patients as to when to contact their physician based on the

Mathews et al
results. Although our study was the first to demonstrate the
digital transformation of hydrogen breath testing, other studies
have examined digital breath testing of other gases, including
carbon dioxide [13], carbon monoxide [14], and hydrogen
peroxide [15].
Limitations of this study included its relatively small sample
size, although it was comparable to that in prior studies and
included a more balanced and diverse representation of the
population. In addition, our study was the first to examine a
US-based population using a portable device. An additional
limitation was the inability to directly compare our results with
prior studies of portable breath hydrogen measurement, as prior
studies used heterogeneous testing methods that did not conform
to the most recent guidelines (two of the three studies were
published prior to the establishment of these guidelines).

Conclusions
This study demonstrated that the GIMate has equivalent
diagnostic performance to the H2 Check in the diagnosis of
lactose malabsorption. It represents the first entirely digital
approach to diagnosing lactose malabsorption with a portable,
handheld device using validated clinical endpoints. These
findings indicate that the GIMate is a potential viable alternative
for portable, handheld detection of lactose malabsorption.

Acknowledgments
The authors acknowledge Vitaly Druker for his contributions to the statistical analysis. This study was funded by Vivante Health.

Authors' Contributions
SCM designed the intervention and wrote the manuscript. ST created training protocols for the use of equipment and provided
critical review of the manuscript. SMR and MS provided critical review of the manuscript and oversaw the administration of the
trial, including recruitment, allocation, scheduling, and collection and cleaning of data. SKT and SH coordinated and conducted
all participant study visits. All authors reviewed and approved the manuscript.

Conflicts of Interest
SCM is an officer at Vivante Health with stock options in the company. ST has consulted for Vivante Health and has stock options
in the company. SMR, SKT, SH, and MS have no conflicts to declare.
Multimedia Appendix 1
CONSORT (Consolidated Standards of Reporting Trials) diagram.
[PNG File , 127 KB - formative_v5i10e33009_app1.png ]
Multimedia Appendix 2
Scatterplot of all GIMate and H2 Check readings.
[PNG File , 59 KB - formative_v5i10e33009_app2.png ]
Multimedia Appendix 3
Spearman rank correlations between gastrointestinal symptoms and GIMate readings.
[PNG File , 44 KB - formative_v5i10e33009_app3.png ]

References
1.

Montalto M, Curigliano V, Santoro L, Vastola M, Cammarota G, Manna R, et al. Management and treatment of lactose
malabsorption. World J Gastroenterol 2006 Jan 14;12(2):187-191 [FREE Full text] [doi: 10.3748/wjg.v12.i2.187] [Medline:
16482616]

https://formative.jmir.org/2021/10/e33009

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 10 | e33009 | p.219
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
2.
3.

4.

5.
6.

7.

8.

9.

10.
11.

12.

13.

14.

15.

Mathews et al

Gilat T, Russo S, Gelman-Malachi E, Aldor TA. Lactase in man: a nonadaptable enzyme. Gastroenterology 1972
Jun;62(6):1125-1127. [Medline: 5068338]
Wang Y, Harvey CB, Hollox EJ, Phillips AD, Poulter M, Clay P, et al. The genetically programmed down-regulation of
lactase in children. Gastroenterology 1998 Jun;114(6):1230-1236. [doi: 10.1016/s0016-5085(98)70429-9] [Medline:
9609760]
Labayen I, Forga L, González A, Lenoir-Wijnkoop I, Nutr R, Martínez JA. Relationship between lactose digestion,
gastrointestinal transit time and symptoms in lactose malabsorbers after dairy consumption. Aliment Pharmacol Ther 2001
Apr;15(4):543-549 [FREE Full text] [doi: 10.1046/j.1365-2036.2001.00952.x] [Medline: 11284784]
Shaw AD, Davies GJ. Lactose intolerance: problems in diagnosis and treatment. J Clin Gastroenterol 1999 Apr;28(3):208-216.
[doi: 10.1097/00004836-199904000-00005] [Medline: 10192605]
Jellema P, Schellevis FG, van der Windt DAWM, Kneepkens CMF, van der Horst HE. Lactose malabsorption and intolerance:
a systematic review on the diagnostic value of gastrointestinal symptoms and self-reported milk intolerance. QJM 2010
Aug;103(8):555-572. [doi: 10.1093/qjmed/hcq082] [Medline: 20522486]
Peuhkuri K, Poussa T, Korpela R. Comparison of a portable breath hydrogen analyser (Micro H2) with a Quintron MicroLyzer
in measuring lactose maldigestion, and the evaluation of a Micro H2 for diagnosing hypolactasia. Scand J Clin Lab Invest
1998 May;58(3):217-224. [doi: 10.1080/00365519850186607] [Medline: 9670345]
Rezaie A, Buresi M, Lembo A, Lin H, McCallum R, Rao S, et al. Hydrogen and methane-based breath testing in
gastrointestinal disorders: the North American consensus. Am J Gastroenterol 2017 May;112(5):775-784 [FREE Full text]
[doi: 10.1038/ajg.2017.46] [Medline: 28323273]
Instructions for patients. Johns Hopkins Medicine Gastroenterology and Hepatology Breath Testing Services. URL: https:/
/www.hopkinsmedicine.org/gastroenterology_hepatology/_forms/patient_info/Breath_test_instructions_updated_6_5_18.
pdf [accessed 2021-08-10]
510(k) Premarket Notification. US Food and Drug Administration. URL: https://www.accessdata.fda.gov/scripts/cdrh/
cfdocs/cfpmn/pmn.cfm?ID=K963376 [accessed 2021-08-10]
Lee WS, Davidson GP, Moore DJ, Butler RN. Analysis of the breath hydrogen test for carbohydrate malabsorption:
validation of a pocket-sized breath test analyser. J Paediatr Child Health 2000 Aug;36(4):340-342. [doi:
10.1046/j.1440-1754.2000.00511.x] [Medline: 10940167]
Shrestha A, Prodhan UK, Mitchell SM, Sharma P, Barnett MPG, Milan AM, et al. Validity of a portable breath analyser
(AIRE) for the assessment of lactose malabsorption. Nutrients 2019 Jul 17;11(7):1636-1636 [FREE Full text] [doi:
10.3390/nu11071636] [Medline: 31319625]
Lorenz KA, Yeshurun S, Aziz R, Ortiz-Delatorre J, Bagley JR, Mor M, et al. A handheld metabolic device (lumen) to
measure fuel utilization in healthy young adults: device validation study. Interact J Med Res 2021 May 17;10(2):e25371
[FREE Full text] [doi: 10.2196/25371] [Medline: 33870899]
Marler JD, Fujii CA, Wong KS, Galanko JA, Balbierz DJ, Utley DS. Assessment of a personal interactive carbon monoxide
breath sensor in people who smoke cigarettes: single-arm cohort study. J Med Internet Res 2020 Oct 02;22(10):e22811
[FREE Full text] [doi: 10.2196/22811] [Medline: 32894829]
Neville DM, Fogg C, Brown TP, Jones TL, Lanning E, Bassett P, et al. Using the Inflammacheck device to measure the
level of exhaled breath condensate hydrogen peroxide in patients with asthma and chronic obstructive pulmonary disease
(the EXHALE pilot study): protocol for a cross-sectional feasibility study. JMIR Res Protoc 2018 Jan 30;7(1):e25 [FREE
Full text] [doi: 10.2196/resprot.8768] [Medline: 29382628]

Abbreviations
FDA: US Food and Drug Administration
NPA: negative percent agreement
PPA: positive percent agreement

Edited by G Eysenbach; submitted 18.08.21; peer-reviewed by P Ray; comments to author 17.09.21; revised version received 17.09.21;
accepted 20.09.21; published 18.10.21.
Please cite as:
Mathews SC, Templeton S, Taylor SK, Harris S, Stewart M, Raja SM
Evaluation of a Digital Handheld Hydrogen Breath Monitor to Diagnose Lactose Malabsorption: Interventional Crossover Study
JMIR Form Res 2021;5(10):e33009
URL: https://formative.jmir.org/2021/10/e33009
doi:10.2196/33009
PMID:34544034

https://formative.jmir.org/2021/10/e33009

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 10 | e33009 | p.220
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Mathews et al

©Simon C Mathews, Sandy Templeton, Stephanie K Taylor, Sten Harris, Margaret Stewart, Shruti M Raja. Originally published
in JMIR Formative Research (https://formative.jmir.org), 18.10.2021. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR Formative Research, is properly
cited. The complete bibliographic information, a link to the original publication on https://formative.jmir.org, as well as this
copyright and license information must be included.

https://formative.jmir.org/2021/10/e33009

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 10 | e33009 | p.221
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Brogly et al

Original Paper

A Mobile App to Identify Lifestyle Indicators Related to
Undergraduate Mental Health (Smart Healthy Campus):
Observational App-Based Ecological Momentary Assessment
Chris Brogly1,2, MSc; J Kevin Shoemaker3, PhD; Daniel J Lizotte4,5, PhD; Jacqueline K Kueper4,5, MSc; Michael
Bauer4, PhD
1

Faculty of Information and Media Studies, Western University, London, ON, Canada

2

Faculty of Health Sciences, Western University, London, ON, Canada

3

School of Kinesiology, Western University, London, ON, Canada

4

Department of Computer Science, Western University, London, ON, Canada

5

Department of Epidemiology and Biostatistics, Western University, London, ON, Canada

Corresponding Author:
Chris Brogly, MSc
Faculty of Information and Media Studies
Western University
1151 Richmond Street
London, ON, N6A 3K7
Canada
Phone: 1 (519) 661 2111
Email: cbrogly@uwo.ca

Abstract
Background: Undergraduate studies are challenging, and mental health issues can frequently occur in undergraduate students,
straining campus resources that are already in demand for somatic problems. Cost-effective measures with ubiquitous devices,
such as smartphones, offer the potential to deliver targeted interventions to monitor and affect lifestyle, which may result in
improvements to student mental health. However, the avenues by which this can be done are not particularly well understood,
especially in the Canadian context.
Objective: The aim of this study is to deploy an initial version of the Smart Healthy Campus app at Western University, Canada,
and to analyze corresponding data for associations between psychosocial factors (measured by a questionnaire) and behaviors
associated with lifestyle (measured by smartphone sensors).
Methods: This preliminary study was conducted as an observational app-based ecological momentary assessment. Undergraduate
students were recruited over email, and sampling using a custom 7-item questionnaire occurred on a weekly basis.
Results: First, the 7-item Smart Healthy Campus questionnaire, derived from fully validated questionnaires—such as the Brief
Resilience Scale; General Anxiety Disorder-7; and Depression, Anxiety, and Stress Scale–21—was shown to significantly correlate
with the mental health domains of these validated questionnaires, illustrating that it is a viable tool for a momentary assessment
of an overview of undergraduate mental health. Second, data collected through the app were analyzed. There were 312 weekly
responses and 813 sensor samples from 139 participants from March 2019 to March 2020; data collection concluded when
COVID-19 was declared a pandemic. Demographic information was not collected in this preliminary study because of technical
limitations. Approximately 69.8% (97/139) of participants only completed one survey, possibly because of the absence of any
incentive. Given the limited amount of data, analysis was not conducted with respect to time, so all data were analyzed as a single
collection. On the basis of mean rank, students showing more positive mental health through higher questionnaire scores tended
to spend more time completing questionnaires, showed more signs of physical activity based on pedometers, and had their devices
running less and plugged in charging less when sampled. In addition, based on mean rank, students on campus tended to report
more positive mental health through higher questionnaire scores compared with those who were sampled off campus. Some data
from students found in or near residences were also briefly examined.
Conclusions: Given these limited data, participants tended to report a more positive overview of mental health when on campus
and when showing signs of higher levels of physical activity. These early findings suggest that device sensors related to physical
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activity and location are useful for monitoring undergraduate students and designing interventions. However, much more sensor
data are needed going forward, especially given the sweeping changes in undergraduate studies due to COVID-19.
(JMIR Form Res 2021;5(10):e29160) doi:10.2196/29160
KEYWORDS
smartphones; undergraduates; mental health; lifestyle; postsecondary institutions; mHealth; mobile application; ecological
momentary assessment; mobile phone

Introduction
Undergraduate study is demanding, and students often feel
overwhelmed by their obligations [1]. Depression and anxiety
frequently occur in undergraduate students [2], and these issues
lead to decreased student experience [1] and strain on existing
health resources [3]. Somatic health problems on their own are
a major burden for universities [3]. Therefore, exploring
cost-effective, preventative options or ways to mitigate mental
health issues using ubiquitous resources is a sensible response.
Undergraduates are highly connected [4] and frequently use
mobile technology. Previous research has identified that mobile
technology can be used in mental health because of the
abundance of useful sensors in modern devices [5]. For
undergraduate students, mobile technology is uniquely
positioned to combine these valuable sensor data with
self-reports using apps for new insights into mental health, as
approaches for translating sensor data into behavioral markers
relevant to mental health have been previously outlined [5,6].
Studies in this area have been previously conducted [6] but not
necessarily using every available sensor and, to the best of the
author’s knowledge, usually not at a Canadian university
(although some do exist) [7]. Although Canadian universities
can have similarities with universities in other countries (such
as the United States), they are not identical, and there appears
to be a general research gap for sensor-driven, smartphone-based
mental health studies at Canadian universities. Similar studies
conducted in other countries with comparable academic
structures and settings can be relevant to Canadian
undergraduates; however, they may not capture the nuanced
experience of undergraduate education in Canada.
For the purposes of this research, it is important to clarify the
term "mental health" as there are various definitions [8]. Here,
the World Health Organization (WHO) definition is used, given
the functional and practical requirements of an undergraduate
study. Drawing upon the WHO definition for undergraduate
study, it is essential that a student can "work productively"
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[9,10] and can "make a contribution" [9] to the university
community. Students require the ability to "think" [9] for
academic challenges and the ability to "emote or interact" [9],
given that a university is ultimately an institution comprising
people and not specific locations or buildings. Those who pursue
undergraduate study essentially choose to do so as a step to
"earn a living and enjoy life [9,11].
Given that Canadian universities [3] have recognized that
undergraduate students are faced with stresses that challenge
mental health, we developed the Smart Healthy Campus (SHC)
app (Figure 1) to investigate the potential relationships between
student lifestyle (measured by a short survey instrument) and
relevant device sensors. The survey is a 7-item questionnaire
that provides an overview of mental health and is included in
Multimedia Appendix 1. The 7 questions were assembled from
longer validated questionnaires [1]. The version of the app
deployed at the time of writing contained a transaction-based
sensor data collection system that captured readings relevant to
aspects of lifestyle, which could be potential indicators of a
student’s mental health.
The SHC app was deployed at Western University (formally
known as the University of Western Ontario [UWO]) in London,
Ontario, Canada, from March 2019 to March 2020 to all
full-time undergraduate students. London’s population is about
383,000, and it is Canada’s 11th largest city. Western University
is a relatively large public university in Ontario, Canada, with
approximately 25,000 full-time undergraduates out of
approximately 40,000 students in total as of 2020. The main
campus is technically urban, although it is situated in a highly
residential neighborhood north of London’s downtown core.
Participants were required to read the letter of information and
consent at sign-up in the app. They then used their university
email and self-identified as undergraduates and provided consent
to this study, which was approved by the Health Sciences
Research Ethics Board at Western University. Participants
manually submitted questionnaire responses before any sensor
readings were collected and sent to the study server.
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Figure 1. Question displayed by the Smart Healthy Campus app.

The primary function of the SHC app is to facilitate an
ecological momentary assessment (EMA). EMA is essentially
used to observe and repeatedly sample study participants in
their natural environments [12]. This preliminary iteration of
the SHC study and app was sampled only on a weekly basis;
however, the sample rate in subsequent work has been increased
to a daily basis (see the Discussion section). The data collected
comprised (1) the questionnaire results (providing a broad
overview of mental health based on total score) and (2) sensor
readings. The main goal of our work with this app is to
determine if there were significant differences in the sensor
readings between students who submitted a low-scoring response
to the overall questionnaire compared with the sensor readings
of those who submitted a high-scoring response. The reason for
this interest is that, in the Canadian undergraduate context,
sensors that might be the most useful with respect to
understanding mental health have not been thoroughly
investigated. If these are better understood, it would be
considerably easier to build interventions aimed at
evidence-based outcomes (including but not limited to
notifications, suggestions, or app-based mentors or assistants)
that might be included in new apps in this area. For instance, if
there was evidence that Canadian students reporting a poor
overview of mental health consistently displayed low readings
from pedometers or minimal movement shown through GPS
samples; interventions could attempt to alter lifestyle but then
actually confirm a positive outcome by monitoring for increased
activity in those sensors. We hope that this work will provide
https://formative.jmir.org/2021/10/e29160
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data to directly address this in the context of Canadian
undergraduate students.
In addition, we investigated the relationship between distance
to a university campus and sensor readings using GPS
coordinates and geographic information system software. This
was examined for 2 cases: (1) for samples that included
questionnaire responses (providing a direct link to our focus on
mental health) and (2) for samples that did not contain
questionnaire responses (the app did not collect questionnaire
responses for every consented transaction) as there were more
samples in this case, and the data are still of interest.

Methods
Overview
This preliminary SHC study was conducted as a weekly EMA,
which overall is a digitized, compacted version of most aspects
of an in-person SHC pilot study [1]. The main advantage of
moving to an app-based format was to make everything
accessible to hundreds or potentially thousands of
undergraduates rather than only a small classroom-sized group.
However, although the in-person study focused on a mentorship
intervention between upper- and lower-year students who hoped
to improve mentors’ physical activity, resilience, and mental
health, this digital SHC study omitted mentorship and simply
observed participants as they progressed normally through their
undergraduate study while using the SHC app. The idea being
JMIR Form Res 2021 | vol. 5 | iss. 10 | e29160 | p.224
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that SHC would still collect responses from participants
regarding depression, anxiety, and resilience, but the extent to
which these might occur would be connected to potential
indicators coming from data from device sensors, such as
pedometers or GPS, rather than from the impact of a mentorship
intervention. In the pilot study, depression and anxiety were
identified as having a major negative impact on undergraduates
[1], and resilience was identified as the capacity to help cope
with difficult life situations [1]. Having objective indicators of
these items from device sensors could allow for new
interventions such as notifications, suggestions, or app-based
mentors or assistants targeting and monitoring those sensors.
However, the questionnaires from the in-person study [1] for
measuring these items would not fit well in an app format.

Development of the SHC Questionnaire
Although short, validated mental health–related questionnaires
were already available, we wanted to attempt to capture the
same items as the original in-person SHC pilot study, albeit
with a much smaller number of questions. It was not possible
to do this with any existing questionnaires, as they did not cover
all the domains of the original in-person SHC pilot study. The
in-person SHC pilot study used several long-form validated
questionnaires to measure general well-being, depression,
anxiety, and resilience. These were issued using traditional
survey methods [1]. Some examples of these instruments include
the Brief Resilience Scale; Depression, Anxiety, and Stress
Scale; and Mental Health Inventory. The problem with these

items is that they might be difficult to complete in an app
because of their combined length. As a result, a new SHC 7-item
questionnaire (Multimedia Appendix 1) was created for SHC
1.0. All 7 questions were taken from the validated questionnaires
with some minor edits to clarify that they are asking about the
participant’s experience in the past week. These 7 questions
would still provide similar measurements to the in-person SHC
study, although at the expense of some accuracy, which was
expected, given the significant reduction in the number of
questions. Table 1 outlines the targeted areas of the questions
and their scores. The total sum of the maximum scores for the
7 questions was 42. Table 2 outlines a tentative scoring system
for the questionnaire, which was ultimately not used in this
study. However, it is still related to how participant responses
(and the corresponding sensor data) were grouped into the lowand high-scoring groups, as these were used for data analysis
in the Results section.
In the Results section, we defined a low-scoring response as
one with an SHC questionnaire total score ≤24 out of 42. We
selected 24 as the low score cut-off, as it would include some
marginal-to-acceptable total scores from 21 to 24 and all poor
scores. We defined a high-scoring response as one with an SHC
questionnaire total score >24, as it is difficult to obtain a full
score of 42/42 in many cases. For instance, the last question
asks about the days with significant exercise in the last week,
and each day counts as 1 point, hence the seemingly marginal
standard for a high-scoring response. This was done because of
the limited amount of data for analysis.

Table 1. Coverage of the Smart Healthy Campus mental health overview questionnaire and scoring.

a

Question numbera

Behavioral marker

Points

Question source

1

Life satisfaction

10

[13]

2

Psychological well-being

6

[14]

3

Resilience

5

[15]

4

Anxiety

4

[16]

5

Depression

4

[17]

6

Community connectedness

6

[18]

7

Physical activity

7

[19]

Questionnaire score total: 42 points.

Table 2. Smart Healthy Campus 1.0 7-item questionnaire tentative scoring system.
Range

Tentative rating (disused in this work but relevant to the following Assigned to a low-scoring or high-scoring group for data analysis in
column)
this work

0-6

Very poor

Low

7-13

Poor

Low

14-21

Marginal

Low

22-27

Acceptable

Low (score ≤24); high (score >24)

28-35

Good

High

36-42

Very good

High
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Development of the SHC App

potentially poor data connections. For instance, the survey
questions were originally sent from the server to the app to
allow for easy reconfiguration; however, eventually, as much
as possible was moved into the client to maximize
responsiveness at the expense of some flexibility.

App Requirements
There were 3 key app requirements for SHC. The first key
requirement of the app was to administer the 7-item SHC
questionnaire and collect responses. Sliders and multiple-choice
options were used depending on the question. The 7-item
questionnaire incorporated into this study was asked on a weekly
basis by the app.
The second key requirement was the ability to collect data from
various device sensors. Although the focus is almost exclusively
on smartphones for this work, we still use the term "device
sensor" as tablets, iPads (Apple Inc), or iPods (Apple Inc) were
also able to run the app (although no one used them to
participate in this study). Data collection from device sensors
was required to occur for any of 3 important events: when a
participant requested to complete a weekly survey (a Request
event), when a participant submitted responses to a survey (a
Response event), or when a participant used a “Mental
Health/Support Resources” panel (a HelpNow event).
The third key requirement was to make it easy for students to
find information in a single place about the support services
that were available to them. The app would contain a Mental
Health Support Resources button, which opened a panel that
provided participants with easy access to key crisis services if
they felt that they needed them. This included phone numbers,
website links, and general information about the types of support
resources. This requirement was derived from the finding of
one assessment that facilitating access to crisis support had
evidence for suicide prevention [20]. If a participant pressed
the Mental Health/Support Resources button, they were to be
presented with a panel that asked them if they would like to
consent to data collection about how they used the Mental
Health/Support Resources panel. If consent was given, then
data were to be sent to and recorded by the server on what parts
of the panel were used, such as if they expressed interest in a
service in the app or went further and selected a website link or
a phone number. Combined with questionnaire and sensor data,
these data are important, as they may provide markers that
indicate that a student needs additional support. In addition,
device sensor data were collected during this event.

Design and Architecture
We refer to the underlying client-server software for the SHC
app as EMAX1 (EMA Extensions 1st edition software). The
general idea behind EMAX1 is that it will eventually become
a generic app for EMA-type studies instead of having a specific
focus or name such as Smart Healthy Campus. Instead,
participants will simply download a single app and select the
survey they want to participate in; surveys will be able to adjust
sensor data collection to their specific needs.
The EMAX1-based SHC software was designed using a standard
client-server architecture. Participants used the EMAX1 client
app to communicate with the EMAX1 server. The server
software runs in the cloud and responds to any requests that are
generated by clients over hypertext transfer protocol secure. In
general, for SHC, which is the only EMAX1-based app,
communication is minimized to improve responsiveness over
https://formative.jmir.org/2021/10/e29160
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Implementation
The EMAX1 client app was developed using Apache Cordova.
Cordova apps are implemented as webpages and can be built
into apps for Android and iOS. Cordova was used as Android
and iOS share the same HTML, Cascading Style Sheets, or
JavaScript codebase, which reduced development efforts.
However, even with a shared codebase, some conditions needed
to be in place to check system variables for detecting which
operating system was running to correctly obtain hardware
sensor data, because of differences between iOS and Android.
The EMAX1 server software used for SHC was implemented
in Python. The server is not described in detail in this paper, as
the Python implementation relies on standard libraries and
currently existing technology.

Recruitment and Consent
Recruitment was conducted at Western University primarily
from March to December 2019. Web links to connect
undergraduate students to the SHC app were distributed to
certain undergraduate classes and sent to relevant student
wellness stakeholders in undergraduate faculties. In-class
recruitment sessions were held in high-enrollment classes (≥150
students) where professors allowed them. Mass email
recruitment to all undergraduates was also conducted.
Participants were able to join the SHC at any time by
downloading the app and registering to participate using their
university (UWO) email account. Students were required to
read the letter of information and had the option of consenting
to express their interest in connecting their records from student
health services and student recreation services to the SHC study.
Unfortunately, connecting to the records was ultimately not
possible in this preliminary study because of logistic issues,
although subsequent studies are expected to specifically connect
to campus health records.
The SHC app solicited responses via push notifications (small
popup messages on the participant’s device) to existing users,
usually 2 times per week: once on Tuesday in the afternoon and
then again between Friday and Sunday as a final reminder. At
least one previous study focused on the timing and frequency
of push notifications for use in an app and suggested that static
notifications delivered at a recurring time are acceptable [21].
Notification emails were also occasionally sent to registered
participants at the start of each weekly survey on Monday.
Occasionally, if the app experienced technical issues, additional
push notifications or emails were sent to participants to let them
know the system was running again.

Analysis
All data were analyzed as a single collection, and there was no
analysis with respect to time because of the limited amount of
data. In addition, as Shapiro-Wilk tests showed that data were
not normally distributed, we relied on nonparametric statistical
tests that compare the mean ranks of the groups. The
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Mann-Whitney U test was used to compare the mean ranks of
the 2 groups, and the Kruskal-Wallis test with a post hoc
Wilcoxon rank-sum test with Bonferroni correction was used
to compare the mean ranks of 3 or more groups. No corrective
action was required for the missing data. For example, during
a sensor sample, if we did not obtain a GPS coordinate but did
obtain the battery level, then we would only include any
associated data related to the battery level for statistical tests,
such as a questionnaire score. Data analysis was conducted
using a combination of R 3.4.4 and SPSS 26 for Linux.

Results
Overview
Data collection for this preliminary work occurred from March
2019 to March 2020 and ended around the time the WHO
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declared COVID-19 a pandemic. There was no specific sample
size for this work; however, it was hoped that eventually,
approximately 100-300 students would participate on a weekly
basis (this would happen for our revised COVID-19 pandemic
app called Student Pandemic Experience [SPE] for some time).
For SHC 1.0, this did not turn out to be a feasible goal (possibly
because of the lack of any incentive system), and enrollment
and participation fell well short of this. Owing to technical
limitations in both the study and the app, both being in the early
stages of this work, demographic information was not collected.
This omission limits the grouping variables for the analysis of
the results. For instance, we did not examine any subgroups.
This was later addressed after SHC 1.0 concluded to allow for
demographic data collection in future studies (see the Discussion
section). A summary of collected data is presented below in
Table 3. Figure 2 is a histogram of all response scores.

Table 3. Summary of collected data.
Item and description

Values, n (%)

Participants (the total number of participants who enrolled in the study)

139 (100)

iOS users

How many participants used an Apple device?

121 (87.1)

Android users

How many participants used an Android device?

18 (12.9)

Participants responding for >1
week

The number of participants that completed more than one weekly survey.

42 (30.2)

Total number of samples (Response+Request+HelpNow event counts)

813 (100)

Response events

The number of questionnaire responses. Response events consist of a questionnaire response 312 (38.4)
and data from all sensors at the time they occurred.

Request events

The number of times participants tried to obtain a questionnaire. Request events only contain 492 (60.5)
data from all sensors at the time they occurred.

HelpNow events

The number of times participants used the mental health resources panel and consented to its 9 (1.1)
data collection features.

Figure 2. Histogram plot of all participants’ Smart Healthy Campus questionnaire scores. The maximum score is 42 (mean 25.08, SD 5.32; N=312).

In the first subsection, we show that the SHC questionnaire does
have significant correlations with the selected mental health
domains. Then, an analysis of the preliminary data collected is
presented from different perspectives in the following 3
subsections. For the first 2 sections, focus is placed on how the
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participant responses to the app questionnaire (the self-reported
mental health overview) related to the readings collected from
device sensors (more objective indicators of lifestyle). These
data came only from Response events (when participants
submitted answers to a questionnaire). The third and final
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(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
analysis was based on any sensor samples containing GPS data,
which came from both Request (only obtaining the weekly
questionnaire) and Response (responding to the weekly
questionnaire) events from participants. These were combined
for analysis, as including the readings from Request events
increased the value of N for statistical tests based on geographic
information for on- or off-campus locations. No analysis of the
HelpNow events could be presented here because of a lack of
data.
The results of the analyses shown below provide some limited
data as to what sensors would be most relevant for monitoring
or designing interventions (ie, targeted suggestions, notifications,
or app-based mentors or assistants) for undergraduate mental
health.

Correlations Between the SHC Questionnaire and
Mental Health Domains
Tests for correlations were conducted between the SHC app
questionnaire and domains for resilience, anxiety, and

Brogly et al
depression. These domains comprised individual questions taken
from fully validated questionnaires used in the original SHC
course-based study [1]. Individual questions were selected from
established questionnaires using a data-driven method (devised
but not yet published by authors; Kueper and Lizotte,
unpublished data, April 2019) applied to completed
questionnaire data from a similar population, as well as
undergraduate students at the same university who were
participants in the original in-person SHC study. The method
essentially ranks questions based on explained variability and
was used to select a subset of the most highly ranked questions
to cover each of the target measurement domains. When
questions were similarly ranked, the one that would require
minimal modification for quick administration using an app
was selected. Where needed, questions included in the app were
modified in terms of the period for participants to consider but
not in terms of major word content. These domains are shown
in Textbox 1.

Textbox 1. Domains and questions for correlation tests.
Resilience
•

Entire Brief Resilience Scale questionnaire

Anxiety
•

Entire General Anxiety Disorder-7 questionnaire

•

Depression, Anxiety, and Stress Scale (DASS): 1, 3, 8, 10, 15, 19, 20

•

Mental Health Inventory (MHI): 4, 10, 11, 18

•

One Visual Analog Scale–type question

Depression
•

DASS: 2, 5, 9,12, 14, 17, 21

•

MHI: 2, 9, 12, 14

Other
•

DASS: 4, 6, 7, 11, 13, 16, 18

•

MHI: 1, 3, 7, 8, 13 15, 16, 17

For correlation tests, we compared the results of 1 week of
in-class responses to the questions covering the 4 domains with
those of responses to relevant parts of the app questionnaire
reduction. The Spearman rank correlation test was used as the

main test statistic (although Pearson correlation tests were run
anyway and results were very similar; they are not included
here). The results are shown in Table 4.

Table 4. Results of Spearman correlation between in-class responses and app questionnaire reduction responses.

a

Correlation

Domains

Sample, n

Spearman ρ (SE)

P value

Sum of questions 1-5

Resilience, anxiety, depression, and other

48

0.39 (0.13)

.005

Life satisfaction question

Resilience, depression, and anxiety

48

−0.23 (0.14)

.11

Resilience question

Resilience

55

−0.62a (0.10)

<.001

Depression question

Depression

52b

0.52 (0.10)

<.001

Anxiety question

Anxiety

50b

0.71 (0.07)

<.001

Question coding was reversed during this test, which resulted in a negative correlation.

b

n is different for some tests, which shows that some participants only completed certain full surveys in class.
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On the basis of these results, the Spearman rank correlation
between the selected items that were chosen for the app at the
time of writing was generally moderate (Spearman ρ=0.39;
P<.001) to strong (Spearman ρ=0.71; P<.001). An exception
was app question 1 from the World Values Survey 2012, which
turned out not to have a statistically significant correlation with
the resilience, depression, and anxiety domains, although the
focus was not quite the same.
Overall, the results showed that the 7-item SHC questionnaire
implemented in the app had a useful correlation with the full
mental health surveys, whereas the single question measures
for resilience, depression, and anxiety had strong correlations
with their respective domains from the full surveys. Some loss
of precision was expected, given that the app questionnaire was
very short. We argue that some loss of precision is acceptable
for this type of observational research as the advantage is that
the questionnaire reduction can be completed in far less time
than the full surveys, making it appropriate for use in the app.

Difference Between On-Campus and Off-Campus
Questionnaire Response Scores
The first analysis of interest was to determine, using GPS data,
if there were any differences in the questionnaire scores between
samples from students that were responding to weekly surveys
on campus compared with samples from those that were
responding to the surveys off campus. This was examined, as
living off campus can help contribute to a decrease in daily
physical activity during the undergraduate study [22]. To do
this, all Response event records with identifiable GPS
information (some records did not have GPS information
because of transmission issues, or participants denied the request
to access GPS) were used. On-campus students were within 1.5
km of coordinates at the center of the main campus of UWO.
Everyone else was classified as an off-campus student. A
Mann-Whitney U test was conducted between these 2 groups
to determine if there were any significant differences (on
campus, mean rank=121.41; off campus, mean rank=89.05;
Mann-Whitney U=3914.5; P<.001).
The results of the test showed that there was a significant
difference between the 2 groups (P<.001) and that the
on-campus students actually had a higher mean rank than those
off campus, which suggested, at least based on these samples,
that students on campus actually reported a more positive
overview of mental health than those who were off campus.
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Difference Between Sensor Readings From
Low-Scoring Responses Compared With High-Scoring
Responses
The second analysis was conducted to determine if there were
significant differences in the sensor readings from those
submitting low responses to weekly questionnaires compared
with those who submitted higher responses. Differences in
sensor readings were tested from 2 perspectives: one without
GPS data used as a grouping variable and one with GPS to
create on- and off-campus groups.
We defined a low-scoring response as one with an SHC
questionnaire total score ≤24 out of 42. We selected 24 as the
low score cut-off, as it would include some marginal total scores
from 21 to 24 and the poor (≤50%) scores below that. We
defined a high-scoring response as one with an SHC
questionnaire total score >24, as it is difficult to obtain a full
score of 42/42 in many cases. For instance, the last question
asks about the days with significant exercise in the last week,
and each day counts as 1 point, hence the seemingly marginal
standard for a high-scoring response.

Differences Between Low-Scoring and High-Scoring
Responses—No Additional GPS Grouping
The first perspective was simply based on total questionnaire
scores, where a low-scoring response group and a high-scoring
response group were tested for any significant differences in
sensor data using a Mann-Whitney U test. The results are shown
in Table 5.
The results of the Mann-Whitney U tests in Table 5 yielded
some significant findings with the sensors. The mean ranks of
these items are listed in Table 6.
Participants with low-scoring responses, based on mean rank,
tended to be plugged in (charging) more, had higher uptimes
(possibly as a result of charging), showed less physical activity
based on pedometer readings, used the app less, and took less
time to complete the weekly responses.
Conversely, participants with high-scoring responses, based on
mean rank, were plugged in less and had their devices turned
on less. However, they spent more time using the app and
responding to the weekly surveys. They also showed greater
levels of physical activity based on the pedometer readings.
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Table 5. Mann-Whitney U tests between low- and high-scoring samples for significant differences between sensor readings.

a

Sensor item

New use?

Low-scoring samplesa

High-scoring samplesb

Mann-Whitney U

P valuec

Plugged-in flag

No

55

83

1477.5

<.001

Battery level

No

64

135

4074.5

.51

User CPUd time

Yese

87

169

6916.0

.44

Idle CPU time

Yes

87

169

6818.0

.34

Total CPU time

Yes

87

169

6897.0

.42

User CPU percentage

Yes

80

153

5515.0

.22

User idle percentage

Yes

80

153

5537.0

.23

Available RAM

Yes

87

169

6386.0

.09

System uptime

No

121

189

9557.0

.006

Uptime with sleep

No

121

189

9524.0

.005

Pedometer step count

No

73

58

1564.0

.01

Pedometer distance

No

77

61

1738.0

.009

Pedometer floors up

No

77

61

1600.5

.001

Pedometer floors down

No

77

61

1617.5

.002

Pedometer 2 step count

No

13

10

51.0

.23

App use time

Yes

123

189

9082.0

.001

Survey time to complete

Yes

123

189

9678.0

.01

Resource panel time

Yes

123

189

11591.0

.76

Total Smart Healthy Campus questionnaire score ≤ 24.

b

Total Smart Healthy Campus questionnaire score >24.

c

P<.01 is considered significant.

d

CPU: central processing unit.

e

Anything marked with “Yes” was, to the best of the author’s knowledge in 2020, a new use of this sensor for this type of work.

Table 6. Mean ranks for sensor items with significant differences, low versus high questionnaire response scores.

a

Significant sensor item

Low-scoring questionnaire response scores, mean rank

High-scoring questionnaire response scores, mean rank

Plugged-in flag

84.14

59.80

System uptime

171.02

145.57

System uptime with sleep

171.29

145.39

Pedometer step counta

58.42a

75.53a

Pedometer distance

61.57

79.51

Pedometer floors up

59.79

81.76

Pedometer floors down

60.01

81.48

App use time

135.84

169.95

Survey time to completea

140.68a

166.79a

These items had P values very close to the level considered significant (P=.01), suggesting that tests with more data may report direct significance.

Differences Between Low-Scoring and High-Scoring
Responses With On- or Off-Campus GPS Grouping
The second perspective was based on both total questionnaire
scores and GPS data, resulting in 4 groups: low-scoring
on-campus responses, high-scoring on-campus responses,
low-scoring off-campus responses, and high-scoring off-campus
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responses. On-campus students were within 1.5 km of
coordinates at the center of the main campus of UWO. Testing
for any significant differences in sensor data among any of these
4 groups was completed using a Kruskal-Wallis test. These
results are shown in Table 7, with the mean ranks from the
Wilcoxon post hoc test in Table 8.
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Table 7. Kruskal-Wallis tests for significant differences between sensor readings, including low- and high-scoring samples for both on- and off-campus
students.
Sensor

New use?

Sample, n
On campus

Plugged-in flag

No

Battery level

No

a

a

b

Chi-square (df)

P value

Off campus

Low scoring

High scoring

Low scoring

High scoring

14

53

28

14

32.3 (3)

<.001

20

91

28

18

3.9 (3)

.27

34

103

44

48

0.9 (3)

.82

User CPU time

Yes

Idle CPU time

Yes

34

103

44

48

7.3 (3)

.06

Total CPU time

Yes

34

103

44

48

4.5 (3)

.22

User CPU percentage

Yes

34

94

37

42

18.1 (3)

<.001

User idle percentage

Yes

34

94

37

42

17.7 (3)

<.001

Available RAM

Yes

34

103

44

48

7.0 (3)

.07

System uptime

No

34

103

44

48

63.7 (3)

<.001

Uptime with sleep

No

34

103

44

48

68.9 (3)

<.001

Pedometer step count

No

19

20

28

34

1.9 (3)

.59

Pedometer distance

No

22

23

28

34

0.7 (3)

.88

Pedometer floors up

No

22

23

28

34

2.9 (3)

.41

Pedometer floors down

No

22

23

28

34

2.1 (3)

.55

Pedometer 2 step count

No

N/Ac

N/A

13

N/A

2.2 (3)

.33

App use time

Yes

34

103

44

48

42.3 (3)

.001

Survey time to complete

Yes

34

103

44

48

30.4 (3)

.001

Resource panel time

Yes

34

103

44

48

1.2 (3)

.75

CPU: central processing unit.

b

Anything marked with “Yes” was, to the best of the author’s knowledge in 2020, a new use of this sensor for this type of work.

c

N/A: not applicable.

Table 8. Mean ranks for sensor items with significant differences, low-scoring versus high-scoring questionnaire response scores, on campus and off
campus.
Significant sensor item

Mean rank
On campus

a

Off campus

Low-scoring

High-scoring

Low-scoring

High-scoring

Plugged in

48.71

41.79

77.36

66.57

User CPUa percentage

86.44

98.71

140.76

97.67

User idle percentage

121.74

109.13

67.68

110.17

Uptime

117.32

80.78

156.07

149.14

Uptime with sleep

116.54

79.46

156.95

151.71

App use time

112.79

143.72

94.66

73.58

Survey time to complete

95.91

138.65

113.98

78.71

CPU: central processing unit.

Although the results shown in Tables 7 and 8 are limited, given
the small values of N, they suggest that sensor values can be
interpreted depending on various contexts, given our
experimentation with GPS coordinates here. In this paper,
context is essentially the grouping variable used. For instance,
the questionnaire score was always intended to be used to
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contextualize the data for this initial study as we compare low
scores with high scores here. However, GPS location also
appears to provide some useful context, given that we found
some significant differences among the 4 groups, shown initially
in Table 7 through significant P values and then in Table 8 with
mean ranks from the Wilcoxon post hoc test.
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The results of the Kruskal-Wallis tests, using GPS as an on- or
off-campus grouping variable, showed some significant findings.
The mean ranks of these items are listed in Table 8.
Pairwise comparisons using the Wilcoxon rank-sum test with
Bonferroni correction were conducted on the 4 groups shown
in Table 5 to determine specific differences, the significance of
which is shown by any mention of P values in the remainder
of this section.
For the plugged-in sensor, there was a significant difference
between the high-scoring on-campus samples and low-scoring
off-campus samples (P<.001), and high-scoring off-campus
samples (P=.008). This suggests that more participants with
higher scores were not plugged in (charging or charged) on
campus. This may suggest more movement on campus.
User central processing unit (CPU) time is consumed by the
apps launched by the user. User CPU time percentage and user
CPU idle time percentage, in general, have an inverse
relationship. User CPU time, based on mean ranks from 3
pairwise comparisons, tended to be higher for low-scoring
off-campus samples (P<.001; P=.003; P=.004) compared with
any on-campus samples and high-scoring off-campus samples.
This finding suggests that low-scoring off-campus participants
put more computational load from user software on their
devices, suggesting higher general use.
Low-scoring on-campus samples (P=.004), low-scoring
off-campus samples (P<.001), and high-scoring off-campus
samples (P<.001) tended to have significantly higher uptimes
(in milliseconds) based on mean rank compared with
high-scoring on-campus samples. Similar results were found
for uptime with sleep (when the device is left on but is not used
for a significant amount of time, such as overnight). This
suggests that high-scoring on-campus students use devices less.

For app use time, high-scoring on-campus samples tended to
have, based on their mean ranks, significantly higher SHC app
use time than low-scoring off-campus and high-scoring
off-campus samples but not low-scoring on-campus samples.
This result somewhat contradicts the general test between lowand high-scoring questionnaire scores in Tables 7 and 8, where
the low-scoring group had, based on mean rank, less app use
time.
For survey time, there was only a significant difference between
on-campus high-scoring samples and off-campus high-scoring
samples (P<.001), where the on-campus high-scoring samples
tended to report longer survey completion times.

Differences Among On-Campus, Limited In-Residence,
and Off-Campus Sensor Data Using All Samples, No
Questionnaire Scores
The last analysis was completed on the remaining preliminary
data using additional Request events, where on- or off-campus
GPS data were available but questionnaire response scores were
not. The Request samples were combined with the Response
sample sensor data to increase the value of N for the statistical
tests. These results are suspected to be less reliable than those
from the previous 2 subsections, given the amalgamation of the
events.
First, Wilcoxon rank-sum tests were conducted between the
Request and Response event groups for each sensor item to
determine if there was a statistically significant difference
between the 2 types of requests. If there was a significant
difference between the Request and Response events for a sensor
item, it was not analyzed in this section. For instance, app use
time will always be significantly lower in a Request compared
with a Response, as time will have passed in the Response event.
The results for the acceptable sensor items are shown in Table
9.

Table 9. Mean ranks for sensor items with significant differences, on-campus versus residence versus off-campus locations.
Significant sensor itema

a

On-campus

Residence

Off-campus

Mean rank

Sample, n

Mean rank

Sample, n

Mean rank

Sample, n

Battery level

177.45

240

96.28

16

202.02

105

User time

211.38

166

323.51

35

213.66

241

Idle time

215.84

166

367.09

35

204.26

241

Total time

213.06

166

363.54

35

206.68

241

Uptime

202.88

280

364.36

47

379.41

260

Uptime with sleep

199.59

280

353.03

47

385.00

260

P<.01.

Pairwise comparisons using the Wilcoxon rank-sum test with
Bonferroni correction were conducted on the 3 groups shown
in Table 6 to determine specific differences.
For battery level, there was a significant difference between the
on-campus and residence samples (P=.008). On the basis of
mean rank, on-campus samples tended to have higher battery
levels than those from residence samples (possibly as
participants returned to their residence with drained batteries).
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There was also a significant difference between samples from
residence compared with samples from off campus (P<.001),
with off-campus samples reporting, based on their mean ranks,
higher charge levels. This suggests that more participants may
have been reporting in with access to a charger, likely at home.
For user CPU time, there was a significant difference between
the on-campus and residence samples (P=.008) and residence
and off-campus samples (P<.001), with higher user CPU times
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tending to be from residence samples based on their mean ranks.
The same results were found for idle CPU time (P<.001;
P<.001) and total CPU time (P<.001; P<.001). These limited
results may suggest that participants in residences are running
their phones longer and actively using them more. However,
this finding may be less reliable than previous ones in terms of
CPU time because of the amalgamation of the Request and
Response sensor data.

Discussion
Limitations
Overall, the results presented here are preliminary, given the
limited amount of data. As this was exploratory observational
research, the effects of confounding factors could not be
controlled. In addition, we relied on self-identification of
undergraduate status because of privacy issues related to the
release of information from the university registrar. However,
sign-ups largely coincided with recruitment from undergraduate
classes and mass emails to undergraduates. In general, personal
smartphones are commonly used by undergraduates at Western
University; however, it is possible that some students may not
have permanent access to one for various reasons, such as losing
a device or perhaps for financial reasons, which may affect
participation in any smartphone-based study from time to time
and as such is always a possible limitation.

Brogly et al
Western University in 2021 and in some time beyond. As a
result, the limited data from this study will not be representative
of conditions for some time, given the massive impact of
COVID-19 on universities.

Impact
This work begins with the process of establishing an evidence
base for future digital interventions for the Canadian
undergraduate population. It is the first study in a line of
research to identify associations between psychosocial factors
(captured by our SHC questionnaire) and behaviors (measured
by smartphone sensors) in undergraduates at a Canadian
university. When the associations between psychosocial factors
and behaviors are known, evidence-based, cost-effective digital
interventions, such as notifications and chatbots, can be
developed to intervene in the everyday experiences of students.
These offer the potential to alter lifestyle patterns to align with
behaviors related to positive mental health. As app-based
interventions can be widely distributed, they are expected to be
used to reduce the extent of mental health concerns and burdens
on campus health resources. Overall, in this initial study, we
found that on-campus location and higher levels of physical
activity were associated with more positive mental health.
Similar studies on undergraduates from the United States and
China have found generally comparable results [23,24].

Next Steps

Other limitations were that the number of samples (n=813),
total number of participants (n=139), and retention to a second
weekly sampling (42 participants) were low, given that this
study was accessible to a university campus over nearly a year.
This stemmed primarily from incremental revisions to the study,
resulting in limited recruitment, system downtime for
maintenance or other issues, and possibly from limited interest
as no incentives were available or offered to participants over
this period. Owing to technical limitations with the study and
the SHC app, it was not possible to collect information on why
participation was low or if participants uninstalled the app. In
addition, we did not take differences in the undergraduate year
of study, or program, sex, or any other demographic items into
account for this preliminary analysis. In part, this was because
we expected to be able to obtain this from the university; we
now ask for it directly in the new SHC 2.0 and SPE apps.
Another issue was that there was no continuous or longitudinal
analysis of individual responses over time; it was not feasible
to perform this, given that retention rates were low. It is expected
with version 2.0 of the app and intensified recruitment efforts
that a longitudinal analysis may become possible.

These initial results regarding sensor indicators are promising
but limited, and it is apparent that increased data collection
would yield more meaningful results. As a result, the underlying
EMAX1 client or server software has been upgraded to EMAX2
(EMA Extensions 2nd edition software) and is supporting a
newer SHC 2.0 app, which includes a number of general
improvements, such as increasing the number of sensors used
for data collection, background data sampling, daily sampling,
and the addition of a points-based incentive system. The SHC
2.0 app also includes a more robust sign-up process that
addresses differences in enrollment status and some
demographic information, items that were not always feasible
to obtain another way, such as from the registrar. The SPE app
to study COVID-19 was also built on EMAX2 and is available
on iOS and Android at the time of writing. It is expected that
the SHC and SPE EMAX2–based research apps will eventually
be replaced by a single unified EMAX3 (EMA Extensions 3rd
edition software) app for iOS and Android, which will include
a full configuration system to conduct additional EMA-based
studies.

It is also important to note that the results may not necessarily
be representative of all institutions, as Western University is a
relatively large (approximately 40,000 total enrollments)
publicly funded university with an urban campus situated in a
heavily residential area. In addition, these data were collected
before the shift to web-based learning at Western University,
resulting from COVID-19. It is important to note that going
forward, numerous measures resulting from COVID-19 (even
as vaccination rates increase in Canada) are likely to affect

Although previous studies have been conducted in this area,
data directly from Canadian undergraduates are limited,
impeding the development of evidence-based mental health
interventions using the capabilities of readily accessible
smartphones. In this work, an initial attempt was made to
address this in the context of Canadian undergraduates, where
mental health remains an issue of concern for both students and
administrators.
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Abstract
Background: The traditional informed consent (IC) process rarely emphasizes research participants’ comprehension of medical
information, leaving them vulnerable to unknown risks and consequences associated with procedures or studies.
Objective: This paper explores how we evaluated the feasibility of a digital health tool called Virtual Multimedia Interactive
Informed Consent (VIC) for advancing the IC process and compared the results with traditional paper-based methods of IC.
Methods: Using digital health and web-based coaching, we developed the VIC tool that uses multimedia and other digital
features to improve the current IC process. The tool was developed on the basis of the user-centered design process and Mayer’s
cognitive theory of multimedia learning. This study is a randomized controlled trial that compares the feasibility of VIC with
standard paper consent to understand the impact of interactive digital consent. Participants were recruited from the Winchester
Chest Clinic at Yale New Haven Hospital in New Haven, Connecticut, and healthy individuals were recruited from the community
using fliers. In this coordinator-assisted trial, participants were randomized to complete the IC process using VIC on the iPad or
with traditional paper consent. The study was conducted at the Winchester Chest Clinic, and the outcomes were self-assessed
through coordinator-administered questionnaires.
Results: A total of 50 participants were recruited in the study (VIC, n=25; paper, n=25). The participants in both groups had
high comprehension. VIC participants reported higher satisfaction, higher perceived ease of use, higher ability to complete the
consent independently, and shorter perceived time to complete the consent process.
Conclusions: The use of dynamic, interactive audiovisual elements in VIC may improve participants’ satisfaction and facilitate
the IC process. We believe that using VIC in an ongoing, real-world study rather than a hypothetical study improved the reliability
of our findings, which demonstrates VIC’s potential to improve research participants’ comprehension and the overall process of
IC.
Trial Registration: ClinicalTrials.gov NCT02537886; https://clinicaltrials.gov/ct2/show/NCT02537886
(JMIR Form Res 2021;5(10):e20458) doi:10.2196/20458
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digital consent; digital health; e-consent; informed consent; mobile phone
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Introduction
Background
Informed consent (IC) is essential for upholding ethical conduct
in research and medical treatment. The goal of the IC process
is to provide research participants with sufficient information
about the proposed research so that the participants can make
an autonomous decision regarding their health and well-being
[1-4].
Despite the implications and importance of the IC process, the
Joint Commission for Transforming Healthcare has reported
that an estimated 60% to 70% of individuals do not read or
understand the information contained in the consent form, and
44% of the participants signing the IC documents do not
understand the nature of the proposed procedure [5]. Although
many providers have opted for electronic IC in an attempt to
mitigate these issues, this method usually results in a mere
electronic version of the standard paper-based form and does
not address participant comprehension [6]. This lack of sufficient
information and participant comprehension in the IC process
negatively affects participant safety [7].

Related Works
Several studies have compared the efficacy of digital innovations
in IC versus traditional paper consent. A systematic review
conducted in 2019 to compare the 2 methods in published
studies between 2012 and 2018 concluded that 67% of the
included studies reported a positive effect on at least one of the
studied outcomes. The efficacy of innovative interventions
appeared high for interactive multimedia, with a positive effect
on participants’ comprehension and no negative effect on
satisfaction or participation [8].
Another study that compared different methods of providing
the same information in different formats to participants found
that presenting plain text to participants with only audio
narration proved to be the least effective when compared with
other methods such as animated video or comics [9].
Several digital platforms have been developed to improve the
consent process, and although their findings have been shown
to be more effective than paper IC, either in a real study or a
hypothetical study, some of these systems lacked 1 or more of
the features that make Virtual Multimedia Interactive Informed
Consent (VIC) unique [10-16]. These features include the use
of avatars, supporting other languages, multimedia support,
text-to-speech, quizzes and surveys, teach-back technique,
accessibility among blind and deaf people, and electronic
signature features [17].

Objective

Abujarad et al
with interactive audio and visual elements in a
participant-centered IC, can increase the participant’s interest
and retention [3,18-21]. We applied these principles in the
design, development, refinement, and testing of our web-based
digital IC tool, VIC [17], and compared the results of our
feasibility study with those of traditional paper consent methods.

VIC Tool
The initial concept of the VIC tool was developed on the basis
of previous work, literature findings in IC research, participant
input, and subject matter expert interviews [17]. The theoretical
framework of VIC is based on Mayer’s cognitive theory of
multimedia learning, and the principle that the use of multimedia
in the presentation of the IC process will improve participant
comprehension [22-25]. We adopted the user-centered design
approach to design and develop a fully functional tool. Before
using our tool, we conducted a usability study to evaluate user
acceptability and satisfaction for the biorepository research
study. Our tool uses virtual coaching with automated
text-to-speech translation to conduct a brief and virtual interview
with participants via tablet computers. VIC also features a
comprehensive multimedia library (eg, video clips, animations,
and presentations) to explain the risks, benefits, and alternatives
of the proposed treatment or clinical study to enhance
participants’ awareness [17].
Our tool presents IC materials to participants with the option
of going back and forth through each section as well as the
ability to click on links within the sections, if desired, to drill
down for more information. In addition, the VIC tool has an
option to assess participant comprehension with automated
quizzes, which can help emphasize the information presented.
VIC provides many features and functions, including internet
access to the consent, retrievable electronic records of IC,
electronic signatures, and the potential for seamless integration
with the electronic health record (Multimedia Appendix 1 and
Figure 1). Moreover, VIC includes extensive security strategies
that maintain the confidentiality and privacy of both participants
and clinical information. It also provides access to the IC content
via the internet before, during, and after the study or procedure,
allowing the participants to benefit from supplemental resources
as well [17].
Although more than half of the feasibility studies in the existing
literature use hypothetical scenarios to test enhanced IC, we
believe that the use of an actual research study improves the
validity, accuracy, and reliability of the results [26,27]. This
study is a randomized controlled trial to test VIC with
participants involved in a real-world study and evaluated the
tool’s feasibility and utility compared with the standard,
paper-based IC.

Existing research suggests that the use of digital health
interventions, such as virtual coaching and mobile apps, along
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Figure 1. Virtual Multimedia Interactive Informed Consent features screenshot.

Methods
Trial Design
This study was a randomized controlled trial to test the
feasibility of VIC in an ongoing, real-world biorepository
research study titled “Yale Center for Asthma and Airway
Disease Mechanisms and Mediators of Chronic Lung Disease
Study” (GenEx 2.0). GenEx 2.0, the parent study for VIC,
evaluated the pathophysiology and heterogeneity of airway
disease in participants using several procedures, including a
coordinator-administered, self-assessed questionnaire, lung
function testing, blood draw, and hypertonic saline–induced
sputum induction at the Winchester Chest Clinic (WCC). A
detailed IC document was required so that the participants
understood not only the risks and benefits of the procedures but
also the ramifications of contributing biological and genetic
samples to the GenEx 2.0 study.
Using the parent study’s existing infrastructure and participants,
the VIC trial recruited individuals and randomly assigned them
to receive either the existing GenEx 2.0 paper consent document
(control arm) or consent on the tablet through the VIC tool
(intervention arm). Of the eligible participants, the allocation
ratio for each group was 1:1. For both arms, the study
coordinator responded to any questions from the participant
regarding the IC process. After the consenting process,
participants from both groups started the GenEx 2.0, which took
an average of 2 hours to complete. The outcomes for the VIC
trial were self-assessed using coordinator-administrated
questionnaires at the WCC. Immediately following the GenEx
2.0, we surveyed the participants regarding their comprehension
and satisfaction of the study to evaluate the effects of the VIC
intervention.

Participants
The GenEx 2.0 study recruited participants with lung disease
from the WCC at Yale New Haven Hospital in New Haven
(CT) and healthy individuals from the community using fliers.
We approached the participants who were considered for the
https://formative.jmir.org/2021/10/e20458
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parent study and asked if they were interested in participating
in the VIC trial in addition to their participation in GenEx 2.0.
For VIC participants, the trial included web-based components
in addition to face-to-face components for the survey, or was
conducted primarily face-to-face depending on the arm to which
the participant was assigned.
The participants were eligible for both GenEx 2.0 and the VIC
trial if they (1) spoke English, (2) were older than 21 years, (3)
provided an email address, and (4) were willing to use an iPad.
Computer literacy was not required for eligibility. The
participants were excluded from the GenEx 2.0 study for (1)
having a smoking history of more than 10 packs a year, (2)
being active smokers within the past year, or (3) having other
chronic lung disease or asthma variants. In addition, GenEx 2.0
participants were excluded from participation in the VIC trial
if they were (1) not able to safely undergo the studies required
for participation, (2) were unable to read or understand English,
(3) refused to participate, or (4) had participated in the GenEx
2.0 trial in the past.
No participants withdrew during the study period from the VIC
trial.

Randomization
Eligible and consenting participants were randomized to receive
IC through standard paper consent or digital consent through
the VIC tool. Because of the small sample size, we used the
method of minimization [27] first to achieve balance on the
following demographic characteristics—gender, race, education,
employment type, marital status, household income, and
technology confidence (Table 1). A computer algorithm
belonging to the VIC back-end system maintained a record of
all enrolled participants and automatically generated the
randomization sequence after minimization. The study
coordinator who handled enrollment would select a button in
the VIC back-end system to prompt the randomization process,
which would then display to which arm (control or intervention)
the participant was randomized.
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Table 1. Participant characteristics by method of informed consent administration (N=50).
Characteristic

VICa (n=25)

Paper (n=25)

Age (years), mean (SD)

47.1 (15.3)

37.7 (14.7)

Male

9 (36)

10 (40)

Female

16 (64)

15 (60)

White

17 (68)

15 (60)

Black or African American

6 (24)

6 (24)

Native American or American Indian

0 (0)

0 (0)

Asian or Pacific Islander

2 (8)

3 (12)

Other

0 (0)

1 (4)

Hispanic or Latino

1 (4)

4 (16)

Non-Hispanic or Latino

24 (96)

21 (84)

Full-time

10 (40)

10 (40)

Part-time

3 (12)

5 (20)

Not employed

12 (48)

10 (40)

High school graduate or GEDb

7 (28)

6 (24)

Some college or associate’s degree

6 (24)

5 (20)

College degree (bachelor’s program)

5 (20)

7 (28)

Graduate or professional degree

7 (28)

6 (24)

Other

0 (0)

1 (4)

<50,000

15 (60)

19 (76)

50,000-99,999

4 (16)

4 (16)

≥100,000

6 (24)

2 (8)

Single or widowed

14 (56)

17 (68)

Married or cohabitating

8 (32)

7 (28)

Divorced

3 (12)

1 (4)

Use a smartphone

20 (80)

22 (88)

Use a PC

20 (80)

18 (72)

Use a tablet

10 (62.5)

12 (48)

7.8 (2.5)

7.7 (2.5)

Gender, n (%)

Race, n (%)

Ethnicity, n (%)

Employment, n (%)

Education, n (%)

Household income before tax (US $), n (%)

Marital status, n (%)

Device use, n (%)

Confidence in using new technology, mean (SD)
0: not confident and 10: very confident
a

VIC: Virtual Multimedia Interactive Informed Consent.

b

GED: General Educational Development.
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Study Procedure
Individuals who were interested in and eligible for the VIC
study consented to participate in the study and completed an
initial demographic survey. The participants were then
randomized and scheduled for their GenEx 2.0 study visit, which
usually occurred within 1 to 2 weeks of enrollment in the VIC
study. If assigned to paper consent for the GenEx 2.0 trial, the
individual received a copy of the paper consent in the mail to
review before the study visit. Because VIC is a web-based
application that provides access to the consent before, during,
and after the study visit, the individuals who were assigned to
the VIC received an email with a link to the remote web-based
version of the VIC consent session. This remote “review” link
allowed VIC participants to preview what would be seen on the
iPad during the study visit, but did not give access to the final
signature needed to complete the consent process. Only
VIC-assigned participants had access to the application itself
during this time. If VIC participants had questions or concerns,
they could leave comments in the “Notes” section of each slide,
which would be addressed during the study visit. Remote
sessions were separately tracked in the system to differentiate
between the remote and study visit sessions. 10 of 25
participants accessed the remote session before their study visit.
During the GenEx 2.0 study visit, individuals completed the
consent process according to the arm to which they were
assigned. Individuals assigned to the control arm (traditional
paper consent) completed the consent with a study coordinator
who explained each section of the consent by reading it out loud
and answering any questions during the process. The individual
then signed the consent form if he or she wanted to participate
in GenEx 2.0. Participants were not blinded, as it was not
possible for the purposes of this study, and the study coordinator
was aware of which group each participant belonged to as they
oversaw both groups separately. The participants were also
aware that the VIC was the comparator of interest for this trial.
Individuals assigned to the intervention arm (VIC tablet-based
consent) completed the visit with a study coordinator who
provided the individual with an iPad along with disposable
headphones so that the individual could listen to the audio
instructions comfortably. The individual would then go through
the consent process alone and sign the consent on the iPad at
the end if they were interested in participating in the GenEx 2.0
study. The format of the VIC process on the iPad allowed for
the presentation of content to be displayed 1 section at a time
with a “Continue” and “Back” button that participants could
press to move forward or backward. For text-only sections, no
more than approximately 90 words at a time were displayed,
with an average of 76.6 words per slide overall. Some sections
were transformed into interactive multimedia components,
including animated videos that explained study procedures
(videos specific to the GenEx 2.0 trial included demonstrations
of blood draw and sputum collection) as well as videos specific
to privacy and withdrawal information. In addition, these
multimedia components also allowed interactivity with a simple
menu that could pause, play, rewind, mute, and enable closed
captioning if needed. Some sections were followed by interactive
quizzes that emphasized key information to enhance participant
comprehension, which would give automatic feedback to the
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participant on the answer and allow them to go back to the key
section and revisit the material, or move forward, regardless of
their answer. This method did not inhibit the participant, but
rather encouraged the active retention of the material. The
participants were able to either continue through each section
(introduction, study procedures, risks, privacy, withdrawal, and
so on) in order, or access a menu that allowed the participant
to view any section of the consent in the order they wished. The
VIC required that the participant views each section of the
study’s IC before allowing access to the signature portion of
the tool. Once the IC was signed, the tool then ended and
emailed a copy of the consent with the signature to the
participant’s enrolled email. Once the consents were collected,
participants from both groups started the GenEx 2.0 study
procedures.
After completing the GenEx 2.0 study session, the participants
who enrolled in the VIC study from each arm were provided
with a paper exit survey that asked questions about the feasibility
of their respective IC process. After completing the survey, an
incentive of US $60 was provided to thank them for their time
in completing both the VIC trial and the GenEx 2.0 parent study.
This incentive was the same for those who did not enroll in the
VIC trial and completed only the GenEx 2.0 parent study.

Survey Assessment of Participant Comprehension and
Satisfaction
The exit survey provided at the end of the GenEx 2.0 study
procedures was designed to assess comprehension and
satisfaction of the participants from each IC method (Multimedia
Appendix 2). It included 13 comprehension questions that were
structured as multiple-choice questions and were based on the
validated Health Information Technology Usability Evaluation
Scale and quality of IC surveys [26,28,29]. These
comprehension questions measured six basic components of
the IC—(1) why we asked individuals to participate in the
GenEx 2.0 study, (2) the risks and benefits associated with the
study, (3) their rights as participants, (4) whom to contact with
questions or problems regarding the study, (5) study-specific
procedures, and (6) coverage for potential study-related injuries.
The remaining 12 survey questions were administered using a
7-point Likert scale. Of these 12 questions, 4 questions assessed
the participants’ self-assessed understanding of the IC general
concepts, with scores ranging from 1 (I did not understand this
at all) to 7 (I understood this very well); 3 questions assessed
satisfaction with the IC process, with scores ranging from 1
(Very dissatisfied) to 7 (Very satisfied); 1 question assessed the
perceived length of the IC process, with scores ranging from 1
(Very long) to 7 (Very short); 1 question assessed the perceived
difficulty in completing the IC process, with scores ranging
from 1 (Very difficult) to 7 (Very easy); 2 questions assessed
the likelihood of participating in future clinical trials, with scores
ranging from 1 (Very unlikely) to 7 (Very likely); and 1 question
assessed the importance of the IC process in the participant’s
decision to ultimately participate in the trial, with scores ranging
from 1 (Not important at all) to 7 (Very important). Participants
were also asked to provide an estimate of their perceived time
(in minutes) to complete the IC process.
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Study Outcomes
We measured six outcomes to assess the feasibility of VIC
compared with the standard paper consent in a real-world
clinical research study, which were recorded through a paper
survey after completing the IC process. The study outcomes
included each participant’s (1) comprehension of the GenEx
2.0 study IC content, measured through a 13-question
comprehension quiz; (2) satisfaction with the IC process, ranked
on a 7-point Likert scale; (3) perceived time required to
complete the IC process; (4) perceived ease of the IC process;
(5) perceived likelihood of participating in future clinical trials;
and (6) perception of the importance of IC in the decision to
participate in clinical trials.

Data Analysis Plan
Data were analyzed according to intention-to-treat analysis (ie,
all participants were analyzed as randomized). Baseline data
are reported as mean and SD for continuous data and as counts
and percentages of total for discrete data. The 13 comprehension
questions were summarized as mean (SD) and proportions (SE).
Differences in the mean values of correct answers between VIC
and paper consent were presented with 95% CIs. The proportion
of correct answers for each of the 13 individual questions was
analyzed using risk ratios (VIC relative to paper) with 95% CIs.
Likert scale data for each treatment group were summarized as
mean (SD), as well as the perceived time to complete the IC
process, and differences in the distribution between VIC and
paper were tested using the Cochran–Mantel–Haenszel statistic.
One participant in each treatment group reported 120 minutes
as the perceived time, which were likely outliers and were
removed from the mean calculations. Analyses were performed
using SAS (version 9.4; SAS Institute).

Ethics and Security
The VIC trial protocol was approved by the Yale University
Institutional Review Board. The research team included a chair
of the institutional review board, who assisted with human rights
perspectives. We anticipated potential risks with study
participants consenting to a study via a digital medium and took
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multiple precautions to ensure comprehension of the digital IC
for the GenEx 2.0 trial. The tool was tested with multiple users
and subject matter experts before the study to determine its
usability. The research coordinator had the ability to review the
quiz results of the participant, as well as the time taken to read
each section of the consent. The research coordinator evaluated
each participant’s quiz scores and the time spent going through
the consent to determine if the participant was properly
informed. If the research coordinator did not feel the participant
understood the nature of the study, the coordinator had the
ability to withdraw the consent.
The VIC tool was hosted on a secure server located on the Yale
University network and only accessible to those with explicit
administrator access via the Yale University network through
Yale’s Central Authentication System. Databases storing
participant data were also maintained on the Yale University
network and hosted on separate servers from the tool itself to
increase security measures. The databases were backed up and
stored securely in a separate location on the Yale University
network with access granted only to the system administrator
and principal investigator. As with any digital application, we
planned and anticipated common issues such as bugs, and
although no bugs occurred during the trial itself, the developer
was available to maintain the system and ensure stability of the
application.

Results
Eligibility
A total of 91 individuals were approached for the study, of
whom 25 were ineligible because they had already participated
in GenEx 2.0. The remaining 66 individuals completed the
initial screening questionnaire, and of them, 16 participants
were deemed ineligible because they either did not provide an
email address (n=4), refused to participate (n=5), or other
unknown reasons (n=7). A total of 50 individuals were
ultimately enrolled in the VIC trial, and 25 were randomized
to the VIC intervention arm and 25 to the paper IC control arm
(Figure 2).
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Figure 2. Flow diagram of participant enrollment in the Virtual Multimedia Interactive Informed Consent trial CONSORT (Consolidated Standards
of Reporting Trials) diagram. VIC: Virtual Multimedia Interactive Informed Consent.

Demographics
The mean age of the participants enrolled was higher in the VIC
arm (47.0, SD 15.3 years) than in the paper arm (37.7, SD 14.7
years); with a mean difference 9.4 (95% CI 0.9-17.9). Overall,
other demographic characteristics, such as race, ethnicity,
household income, and relationship status, were comparable
between both arms (Table 1). Regarding employment, 52%
(13/25) of the VIC arm participants and 60% (15/25) of the
paper consent group participants were employed at least
part-time; education level was similar across both arms (Table
1). Most participants in both arms reported using or having
access to a smartphone (20/25, 80% VIC arm, 22/25, 88% paper
arm), less than half reported using or having access to tablets
(10/25, 40% VIC arm vs 12/25, 48% paper arm), and most used
or had access to PCs (20/25, 80% VIC arm vs 18/25, 72% paper
arm). When asked about confidence in using new technology,
participants in both arms reported similar levels of confidence
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on an 11-point Likert scale with 0 being “Not confident at all”
and 10 being “Very confident” (mean 7.8 VIC vs 7.7 paper).

Survey Results
Overall, participant comprehension was high in both the IC
process groups. For the comprehension outcome (Table 2), VIC
participants scored a mean of 11 correct answers of 13 compared
with the paper IC group mean of 10.6 correct answers; the mean
difference in the number of correct answers between VIC and
paper group was 0.4 (95% CI −0.5 to 1.3). For each of the 13
individual comprehension survey questions, the proportion of
correct responses was generally comparable for VIC and paper
group with risk ratios not different from one (Table 2). However,
VIC participants appeared to have better knowledge about the
use of their personal health information (PHI) and study
withdrawal (risk ratios>1.20), which were sections in the
tablet-based tool formatted uniquely as animated videos rather
than plain text.
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Table 2. Proportion of correct responses on the Participant Comprehension Survey by assigned study arm (N=50).
Number

a

Question

Participants with correct answers, n (%)
VIC arm (n=25)

Paper arm (n=25)

VICa vs paper, risk ratio (95% CI)

1

Why did we ask you to participate in this
study?

18 (72)

20 (80)

0.90 (0.66-1.23)

2

Which of the following are benefits of this
study?

18 (72)

17 (68)

1.06 (0.74-1.52)

3

Which of the following procedures is part of
the study?

25 (100)

24 (96)

1.04 (0.96-1.13)

4

Which of the following is true if you choose
to participate?

23 (92)

24 (96)

0.96 (0.83-1.10)

5

Which of the following is an expected risk
from participating in the study?

22 (88)

20 (80)

1.10 (0.86-1.40)

6

While you are in this research study, what will 24 (96)
happen to your personal health information?

19 (76)

1.26 (1.00-1.60)

7

Which of the following statement is true about 20 (80)
your participation in the study?

18 (72)

1.11 (0.81-1.52)

8

How can you withdraw from this study?

24 (96)

20 (80)

1.20 (0.97-1.48)

9

Who can you call if you have questions about 18 (72)
your rights as a participant in this study?

16 (64)

1.13 (0.77-1.65)

10

Your driver’s license number will be collected 25 (100)
for purposes of this study

25 (100)

1.00 (1.00-1.00)

11

To participate in this study, you need to provide blood sample

24 (96)

25 (100)

0.96 (0.89-1.04)

12

If you are injured while participating in this
study, you or your insurance carrier will be
expected to pay the costs of this treatment

9 (36)

12 (48)

1.23 (0.76-1.99)

13

If you participate in the procedures for this
study, you will be paid for your time

25 (100)

25 (100)

1.00 (1.00-1.00)

VIC: Virtual Multimedia Interactive Informed Consent.

The participants were also asked questions to ascertain their
level of satisfaction and perception with the 2 consent processes
(Figure 3). Overall, mean levels of satisfaction and perception
on a 7-point Likert scale were higher with the VIC tool for every
category except for the “Clinical Trial Recommendation”
category. When participants were asked how well they
understood whom to contact with any questions or concerns
related to the research study, VIC participants had a higher mean
score (7.0) than the paper consent participants (6.4) (P=.05).
Furthermore, on average, VIC participants had a slightly better
understanding of who in the study had access to their PHI and
what would happen if they chose to participate in the study
(mean scores of 7 for both), although paper consent participants
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scored a mean of 6.6 and 6.7, respectively (P=.02 and P=.045,
respectively). When asked about their level of understanding
on how to withdraw from the study, VIC participants had a
mean score of 7.0 versus 6.7 for paper consent participants.
Furthermore, VIC participants reported a lower mean perceived
time to complete the consent process, 12.9 (SD 7.6) minutes
for VIC participants versus 16.6 (SD 9.7) minutes for paper
consent participants; mean difference of −3.7 (95% CI −9.0 to
1.5) minutes. In terms of satisfaction with completion time, VIC
participants had a higher mean score than paper consent
participants (6.8 vs 5.8; P=.01). Regarding overall process
difficulty, VIC participants scored the process as less difficult,
with a mean score of 6.3 compared with paper consent
participants with a mean score of 5.9 (P=.02).
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Figure 3. Perceived participant comprehension and satisfaction by the type of informed consent (IC) based on a 7-point Likert scale of levels of
comprehension, satisfaction, perceived importance, perceived length, participation in clinical trials, and IC process difficulty. Mean (SD) values are
plotted in the figure along with Cochran–Mantel–Haenszel test P values. CT: clinical trial; IC: informed consent; PHI: personal health information;
VIC: Virtual Multimedia Interactive Informed Consent.

Regarding satisfaction with the overall consent process (Figure
3), VIC participants reported an average satisfaction level of
6.4 (7 being “Very satisfied”), whereas paper consent
participants had an average satisfaction level of 6.3. More
specifically, VIC participants reported an average satisfaction
level of 6.8 for their ability to complete the consent process on
their own without any help from research staff versus 5.8 for
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paper consent participants. VIC participants also scored a
slightly higher average of 6.4 for their satisfaction with the time
required to complete the IC process, whereas paper consent
participants scored an average of 6.1. Finally, participants in
the VIC group found the process of completing the IC process
to be easier than participants in the paper group (6.4 VIC vs 5.4
paper).
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The VIC participants were also more likely to recommend that
research studies in the future use their method of IC (ie,
electronic) than participants from the paper consent group (6.4
VIC vs 5.9 paper). Both IC groups reported that they were very
likely to participate in the future clinical trials (6.4 VIC vs 6.3
paper) and that the IC process was relatively important in their
decision to participate in the clinical research study (5.0 VIC
vs 5.7 paper).

Discussion
Principal Findings
The study was conducted to test the feasibility of the VIC digital
consent tool that enhances the IC process with interactive
content on tablets. We built a VIC tool with a reusable
infrastructure that allows for integration into the IC process for
future research studies and may improve the clinical workflow
through a more efficient IC process. The VIC tool can assess
participant comprehension through automated quizzes and
self-tests, emphasize topics using multimedia, and allow
individuals to view demos and presentations. The participants
can also listen to comments and explanations, get customized
information, click on links to drill down for more information,
ask questions, receive answers, and rewind and replay audio
and visual components as needed. The VIC tool also provides
a retrievable electronic record of the IC document, including
the electronic signature, which can be integrated into modern
electronic health records. Although not performed for the
purposes of this study, VIC can also be performed remotely and
securely with the electronic signature feature, and on a PC or
smartphone if needed.

Significance
These innovative, dynamic features enhanced the overall
participant experience in the ongoing research study, GenEx
2.0, compared with the standard paper IC process. In our study,
the VIC trial participants reported significantly better
understanding of the use of their PHI and participation in the
study and greater satisfaction in completing the IC process
because of the shorter duration. Previous systematic reviews
have suggested that enhanced consent forms and extended
discussions are most effective in improving participant
understanding, and our findings confirm this claim [3,28-32].
This study provides additional evidence and reinforces the
findings of previous studies implying that using digital health
may enhance participant comprehension.
Systematic reviews have also suggested that the integration of
audiovisual elements into the IC process can improve participant
recall with no adverse impact on satisfaction or anxiety [33],
and we similarly found that the use of an iPad for VIC did not
negatively affect participants’ willingness to participate or their
satisfaction with the process. For the purposes of this study, the
VIC tool used 5 videos (with closed caption options) in place
of text. These videos were moderately dispersed throughout the
tool, and the VIC ultimately contained less text than the paper
version of the consent, which may have aided in reducing
consent fatigue. It is important to note that VIC is not simply
an electronic version of the IC process, but contains interactive
multimedia components that visually demonstrate study
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procedures and certain sections of the consent document not
normally seen in the traditional methods. Some studies referring
to electronic consent processes may simply be a plain text
version of the paper IC consent that offers text-to-speech as an
audio feature and thus differ from VIC in this way.
A particular strength of our study was the option of having the
participants provide consent to participate in an actual ongoing
parent study in which they were enrolled prospectively, rather
than asking them to imagine that they would take part in a
hypothetical study. The real-world aspect of the study ensured
that we were actively collecting data instead of relying on
retrospective analyses, which have inherent limitations [26,27].
One comprehension question that provided indication of poor
content delivery in both arms was the question of whether
participants believed that they or their insurance carriers would
be expected to pay for the costs of the treatment if they were
injured while participating in the study. In the VIC arm, 64%
(16/25) of the participants answered incorrectly compared with
52% (13/25) of those who answered incorrectly in the paper
arm. In contrast, the other 12 questions indicated moderate to
high comprehension of the content in both arms. This may be
a reflection of the difficulty conveying language typical to the
consent form regarding this specific section, because our results
indicate it is atypical to the positive trend.

Limitations
There are some limitations with regard to the nature of this
study, which may have affected certain findings. One limitation
of this study was that we did not have masked research staff
administering the survey to participants after the IC process.
The study coordinator for GenEx 2.0 was the same person who
administered the paper-based and VIC IC processes and
collected study surveys, which limits our control over observer
bias. Another limitation was that we did not directly and
independently measure the time to complete the IC and instead
relied on the participant-reported perceived time to complete
the IC. We also limited participation in this study to individuals
who spoke English, had an email address, and were willing to
use the iPad. Although most participants were confident in using
technology, we believe that these conditions could have
potentially limited the generalizability of the findings because
6% (4/66) of the screened individuals did not provide an email
address. Although the GenEx 2.0 study topic difficulty level
could be described as moderate with very few study procedures
involved, VIC may perform significantly better with more
complicated topics with the use of multimedia and dynamic
features to reinforce information, such as the “teach-back” quiz
feature. In addition, our sample size of 50 participants could
have affected the ability to detect differences between VIC
consent participants and paper consent participants, which we
plan to address in future research regarding the tool.
Potential future research topics that would be important to
consider and explore with the VIC tool would be expanding
future research using VIC to include participants of other
languages other than English, as well as population with various
hearing and vision impairments. The integrated text-to-speech
and other audiovisual components of VIC are innovative
language integration tools that would make switching to consent
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in other languages a very feasible task. Moreover, the
tablet-based methods of VIC also offer various accessibility
tools that can be considered to reach a more inclusive target
population, and with VIC’s primary feature prioritizing a
customized level of information, we feel that there is great
potential for future topics to maximize its usability. Although
cost analysis was not performed for this study, we believe that
in future studies, the cost of creating a dynamic, digital IC may
lessen as the tools become scalable and feasible to others.
Our team plans to disseminate the VIC tool in collaboration
with other institutes to facilitate the adaptation of digital consent
platforms with the goal of creating a scalable, dynamic, and
effective IC process.

Abujarad et al

Conclusions
This study found that the VIC tool is feasible when integrated
into a real-world research study, and the use of multimedia and
other interactive features via a tablet-based IC process led to
greater satisfaction in delivering important content compared
with the standard paper process. VIC participants reported a
lower perceived time to complete the IC process and higher
comprehension, as well as higher overall satisfaction compared
with the participants in the control group. Our preliminary
findings suggest that compared with the standard paper consent
process, dynamic digital IC processes can enhance
comprehension and satisfaction and transform the consent
process for human-based research studies.
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Abstract
Background: Health care provider and trainee burnout results in substantial national and institutional costs and profound social
effects. Identifying effective solutions and interventions to cultivate resilience among health care trainees is critical. Although
less is known about the mental health needs of physician assistants (PAs) or PA students, accumulating research indicates that
they experience similarly alarming rates of burnout, depression, and emotional exhaustion. Mobile app–delivered mindfulness
meditation may be an effective part of salubrious programming to bolster long-term resilience and health among PA students.
Objective: This study aims to examine the impact of app-delivered mindfulness meditation on self-reported mental health
symptoms among PA students. A secondary aim is to investigate changes in brain connectivity to identify neurobiological changes
related to changes in mental health symptoms.
Methods: We recruited PA students enrolled in their third semester of PA school and used a longitudinal, randomized,
wait-list–controlled design. Participants randomized to the mindfulness group were provided 1-year subscriptions to the 10%
Happier app, a consumer-based meditation app, and asked to practice every day for 8 weeks. Before randomization and again
after completion of the 8-week program, all participants completed resting-state functional magnetic resonance imaging as well
as self-report assessments of burnout, depression, anxiety, and sleep impairment. App use was acquired as a measure of mindfulness
practice time.
Results: PA students randomized to the mindfulness group reported improvements in sleep impairment compared with those
randomized to the wait-list control group (ηp2=0.42; P=.01). Sleep impairment decreased significantly in the mindfulness group
(19% reduction; P=.006) but not in the control group (1% reduction; P=.71). There were no other significant changes in mental
health for those randomized to app-delivered mindfulness. Across all students, changes in sleep impairment were associated with
increased resting-state functional connectivity between the medial prefrontal cortex (a component of the default mode network)
and the superior temporal gyrus, as well as between areas important for working memory. Changes in connectivity predicted
categorical conversion from impaired to nonimpaired sleep in the mindfulness group.
Conclusions: This pilot study is the first to examine app-based mindfulness for PA students’ mental health and investigate the
impact of mindfulness on PA students’ brain function. These findings suggest that app-delivered mindfulness may be an effective
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tool to improve sleep dysfunction and that it may be an important part of the programming necessary to reduce the epidemic of
suffering among health profession trainees.
(JMIR Form Res 2021;5(10):e24208) doi:10.2196/24208
KEYWORDS
mindfulness; meditation; resting state; fMRI; connectivity; mobile phone

Introduction
Background
Although the high prevalence of depression among medical
students and residents is well characterized and increasingly
appreciated [1,2], little is known about the mental health of
physician assistant (PA) students [3,4]. The research that has
been conducted indicates that practicing PAs report high levels
of burnout [5] and depression [6], and this is despite the fact
that PAs often report high levels of job satisfaction [6]. Although
very few studies have evaluated burnout or depression among
PA students, one recent study found that almost 80% of PA
students report high levels of emotional exhaustion, with almost
that many expressing interest in interventions to improve their
well-being [7]. Overall, there is a critical need to examine the
mental health needs of PA students and evaluate interventions
to bolster PA student resilience.
A substantial and growing body of research indicates that
mindfulness meditation enhances well-being [8]; reduces anxiety
and depression [9]; and optimizes immune signaling, stress
responsivity, and cognitive function [10-12]. Moreover,
mindfulness meditation has shown great promise for improving
sleep disruption and insomnia symptoms [13-15], which may
be beneficial to health professional trainees who often
experience high rates of sleep dysfunction [16]. With its
apparent efficacy, several clinical trials have examined whether
mindfulness training improves well-being among health care
trainees, including medical and nursing students and medical
residents [17]. Accumulating research indicates that mindfulness
reduces anxiety and depression and enhances well-being among
health profession trainees, and a recent meta-analysis highlighted
the potential efficacy of mind-body wellness programs such as
mindfulness meditation for improving trainee well-being
[18,19]. However, most studies examining mindfulness among
trainees have examined time-intensive interventions that are
prohibitive for most trainees. Although a recent study found
that incorporating mindfulness into PA coursework increased
self-reported well-being [20], very few studies have examined
the impact of mindfulness training on the mental health of PA
students.
Even fewer studies have examined the impact of mindfulness
on trainee brain function. Growing evidence indicates that the
health-relevant effects of mindfulness are mediated by
alterations to the default mode network (DMN), the salience
network (SN), and the systems involved in executive control,
often referred to as the central executive network [21,22]. In
addition, at least 3 studies indicate that mindfulness training
[23,24] or dispositional mindfulness [25] are related to increased
functional connectivity between the prefrontal cortex and the
amygdala, generally interpreted as augmented emotion
https://formative.jmir.org/2021/10/e24208
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regulation via top-down control of the amygdala. Although
these studies indicate that benefits from mindfulness meditation
are related to changes in functional connectivity within and
among these brain regions, to date, no studies have examined
changes in functional connectivity related to improvements in
well-being among health profession trainees.

Objective
Here, we use a longitudinal, randomized wait-list–controlled
design to examine the impact of app-delivered mindfulness
meditation on self-reported mental health symptoms among PA
students. A second aim is to examine whether changes in mental
health are associated with changes in brain connectivity, indexed
using a whole-brain connectome and multivariate pattern
analysis approach to query within- and between-network
connectivity across the entire brain before and after mindfulness
training. On the basis of prior studies, we hypothesize that
app-delivered mindfulness would reduce burnout, depression,
anxiety, and sleep impairment; that changes in mental health
outcomes would be associated with changes in DMN, SN, and
central executive network connectivity; and that changes in
mental health and connectivity would be positively associated
with practice time, indexed as app use.

Methods
Recruitment
Students enrolled in their third semester of PA school were
recruited for the study just before the commencement of their
clinical rotations. Students were recruited via in-person
presentations held after their classes, and 16 students were
enrolled in the study. Upon providing informed consent in
accordance with the university’s institutional review board,
participants were randomly assigned (in Microsoft Excel, using
the randbetween function) to either a mindfulness meditation
intervention using the 10% Happier app (practitioners group)
or to a wait-list (control group). Study personnel were blinded
to group randomization, except for 1 researcher who
corresponded with the participants and was not involved in data
collection or analysis.
PA students randomized to the practitioner group were asked
to practice app-guided mindfulness meditation for approximately
12 minutes per day for 8 weeks. Before randomization and again
after completion of the 8-week program, all participants
completed self-report assessments and functional magnetic
resonance imaging (fMRI), both described in detail below. A
total of 2 participants were removed from the analysis for
excessive movement during fMRI, resulting in a cohort of 50%
(7/14) practitioners (6/7, 86% women) and 50% (7/14) controls
(5/7, 71% women; Table 1). Participants were compensated US
$100 for completing both assessments. This study was part of
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a larger preregistered clinical trial (NCT03452670) that included
the planned enrollment of several trainee and employee
populations. For the larger trial, self-reported perceived incivility
was the primary outcome measure and burnout, depression, and
anxiety were secondary outcome measures. Enrollment for the
larger study did not meet the planned recruitment goals, and

this was an exploratory analysis of a subset of the enrolled
participants. In addition to the secondary outcome measures,
we included a measure of sleep impairment given the prevalence
of sleep dysfunction among health profession trainees and the
relationship between sleep dysfunction and depression [26].

Table 1. Demographic information (N=14).
Characteristics

App, n (%; n=7)

Wait-list, n (%; n=7)

Chi-square (df)

P value

Female

6 (86)

5 (71)

0.4 (1, 14)

.52

Male

1 (14)

2 (29)

0.4 (1, 14)

.52

Single

1 (14)

3 (43)

5.7 (3, 14)

.23

Divorced

0 (0)

1 (14)

5.7 (3, 14)

.23

In a relationship

4 (57)

2 (29)

5.7 (3, 14)

.23

Married

2 (29)

1 (14)

5.7 (3, 14)

.23

White

6 (86)

5 (71)

3.0 (3, 14)

.21

African American or Black individual

1 (14)

0

3.0 (3, 14)

.21

Asian

0 (0)

2 (29)

3.0 (3, 14)

.21

Other

0 (0)

0 (0)

3.0 (3, 14)

.21

Gender

Relationship status

Race

Mindfulness Meditation Intervention
Participants randomized to the meditation group were provided
with a 1-year subscription to the app 10% Happier [27,28]. We
chose 10% Happier among a variety of meditation apps
currently in the market given its marketing toward fidgety
skeptics and its orientation toward practical applications of
mindfulness [27], which we thought would appeal to PA
students. For example, the app notes, “Just in case you’re
worried, meditation does not require a lot of the things people
think it might. For example, you don’t have to sit in a particular
position. (Unless you want to, of course). You also don’t have
to light incense, chant, or believe in anything in particular.
There’s nothing to join, no special outfits to wear” [29]. 10%
Happier provided subscriptions for the study participants,
suggestions on recommended content, and anonymized app use
data. App use was acquired as the elapsed time (in seconds) that
the app meditation modules were used by each person.
Students randomized to the meditation group were given the
following instructions:
We would like for you to try to practice every day for
8 weeks, even if it is only for one minute. Based on
mindfulness research and on the suggestions of the
app developers, we would like you to try the following
programs: “The Basics” and “Emotional Agility.”
If you are pressed for time and cannot do a module
from these programs, please do the “One minute
counts.”
The Basics program included 16 modules with didactic
instructions and mindfulness practice time varying between
https://formative.jmir.org/2021/10/e24208
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4:20 to 13:22 minutes (average meditation length: 9:44 minutes,
SD 3:17 minutes), and it serves as an introduction to mindfulness
meditation. The practices include mindfulness of the sensations
of the breath, mindfulness toward sensations and experiences
of the body, and mindfulness toward the contents of the mind.
In addition, the meditations encourage the practitioner to use
the skill of mental noting to label their mental contents. The
Emotional Agility program included 15 modules with didactic
instructions and mindfulness toward mental content (focusing
on emotions); meditation practice in the Emotional Agility
program varied from 11:00 to 13:00 minutes (average meditation
length: 12:18 minutes, SD 0:40 minutes). The meditation
practices in these modules included mindfulness toward the
sensations of the body and breath, coupled with other practices
aimed at cultivating awareness and understanding of emotions
as mental contents and the nonjudgmental stance toward
emotions, with a goal of optimizing the response to one’s
emotions.

Self-reported Measures
We measured incivility using the Incivility in Nursing
Education—Revised Survey [30], which contains 24 items that
ask students about behaviors they exhibited or witnessed in the
past 12 months (eg, “students made rude gestures or nonverbal
behaviors towards others”). Participants indicated how often
these behaviors occurred by selecting from 1=never, 2=rarely
(once or twice), 3=sometimes (approximately once per month),
or 4=often (more than once per month). Items were summed
according to instances of low-level (15 items; eg, “Expressing
disinterest, boredom, or apathy about course content or subject
matter”) and high-level incivility (9 items; eg, “Making
condescending or rude remarks toward others”). Scores were
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(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
averaged, such that the range was 1-4, with higher scores
indicating more incivility exhibited or witnessed.
We measured burnout using the School Burnout Inventory [31],
a 9-item survey asking students about how much burnout they
have felt in the past month (eg, “I feel overwhelmed by my
schoolwork”). Respondents indicated the degree to which they
agreed with each statement on a scale of 1-6, where
1=completely disagree and 6=completely agree. Total scores
ranged from 9-54, with higher scores indicating more burnout.
The Depression Anxiety and Stress Scale [32] is a 42-item
survey asking about feelings of depression, anxiety, and stress
that the respondent has experienced in the past week.
Participants indicated the degree to which they agreed with each
statement on a scale of 0-3, where 0=does not apply to me at
all and 3=applied to me very much or most of the time. Each
of the three subscales included 14 items. The depression
subscale assessed general dysphoria, anhedonia, self-contempt,
and hopelessness. A score of 0-9 indicated no depression, 10-13
indicated mild depression, 14-20 indicated moderate depression,
21-27 indicated severe depression, and scores ≥28 indicated
extremely severe depression. The anxiety subscale assessed
symptoms and subjective feelings related to acute autonomic
arousal. A score of 0-7 indicated normal levels of anxiety, 8-9
indicates mild anxiety, 10-14 indicated moderate anxiety, 15-19
indicated severe anxiety, and scores ≥20 indicated extremely
severe anxiety.
Sleep dysfunction was measured using the 8-item PROMIS
(Patient-Reported Outcomes Measurement Information System)
sleep-related impairment (SI) short form 8b, which assessed
the frequency with which participants experienced alertness,
sleepiness, tiredness, and functional impairments associated
with sleep problems during waking hours (eg, “I had difficulty
falling asleep”) in the previous 7 days [33]. Items were scored
on a 5-point scale, such that higher scores indicated more sleep
impairment. Raw scores for each of the eight items were totaled
and converted to standardized scores using conversion tables
published on the PROMIS website [34].
To assess safety, participants were asked to report their
agreement with a number of statements reflecting positive (eg,
“I enjoyed using the app”) and negative experiences (eg, “I
found it very difficult to do the meditations”) with the app. In
addition, they were asked to report anything else good, bad, or
neutral that they wanted us to know about the app.

Resting fMRI Image Preprocessing
Baseline and postprogram resting-state fMRI (rsfMRI) data
were acquired on a 3T Siemens Prisma FIT (Siemens
Healthineers; 8-minute multiband acquisition with 2 seconds
repetition time, 2.97×2.97×2.00 mm voxels, 70° flip angle, and
echo train length 37). All preprocessing and bivariate correlation
(connectome) analyses were performed in the CONN Toolbox
(v19c) under MATLAB (vR2019a) [35]. Standard preprocessing
methods were applied to the rsfMRI and anatomical volumes
in CONN, which wraps SPM8 [36,37] and aCompCor [38]
noise source removal functions. It comprised slice timing, field
map, and motion correction; coregistration and normalization
between rsfMRI images, anatomical images, and Montreal
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Neurological Institute, standard stereotactic space; smoothing
at a 5 mm filter width at half-maximum, which limits
intersubject differences and increases signal-to-noise ratio),
linear detrending, bandpass filtering at 8-90 mHz; and regression
of the 6 motion parameters and their first-order derivatives,
along with cerebrospinal fluid and white-matter signals [39-41],
by a general linear model (GLM). Scans (repetition time
intervals [TRs]) that exhibited motion or global signal change
beyond a SD 1.5 IQR limit were marked as invalid scans and
nulled for the purposes of the GLM (see the Quality Assurance
and Quality Control document, Multimedia Appendix 1). Three
subjects exhibited 1-8 TRs, out of 240 total TRs, with global
signal change beyond this tolerance. These TRs were tagged as
invalid and were not included in further analyses. We did not
add the mean whole-brain signal as a regressor, as there is some
evidence that doing so may artificially introduce negative
correlations and that the aCompCor method, in combination
with bandpass filtering and orthogonalization of motion
parameters, is preferable to global signal regression [42]. All
structural and denoized functional data, gray matter, white
matter, and CSF masks were manually inspected to confirm
registration validity. In addition, a Fisher (inverse hyperbolic
tangent) transformation was applied to bivariate correlation
measures before between-subjects analysis to ensure that the
connectivity data conformed to the normality assumptions of
the GLM (see the Quality Assurance and Quality Control
document in the Multimedia Appendix 1).

Identification of Regions of Interest and Computation
of Connectivity Matrices
Regions of interest (ROIs) were computed from preprocessed
rsfMRI data using multivariate pattern analysis (Norman et al
[43]). The first step of the multivariate pattern analysis
procedure, as implemented [31] in the CONN Toolbox,
comprised dimensionality reduction into 64 components by
singular value decomposition for each subject and condition
(group and visit). Subject and condition-specific correlation
maps—of size (number of subjects × number of conditions ×
number of voxels in each data set) and comprising standardized
(Fisher transformed) bivariate correlation coefficients between
each pair of voxels—were then generated from each subject’s
reduced-dimensionality data set. Next, a set of four principal
components, capturing approximately 95% of the
between-subjects or between-conditions variance, was obtained
from the aggregate matrix (ie, with all subjects and conditions
combined or stacked). Finally, the first two of these four
principal components were selected for further analysis and
subjected to a standard two-way analysis of variance (ANOVA;
group × visit) to determine whether the components modulated
with either condition. Application of a statistical threshold based
on Gaussian random field theory [44-46], which estimates error
fields within an fMRI statistical map after smoothing with the
FWHM kernel (described above), yielded a map of 87 clusters
that ostensibly represented any between-group or between-visit
differences in voxel-to-voxel functional connectivity across the
brain with a cluster growth threshold of P≤.05 (uncorrected)
and a topological false discovery rate (FDR [47]) of PFDR≤.05.
A total of 16 of these clusters were excluded because of their
localization in white matter. Another 15 ROIs representing
JMIR Form Res 2021 | vol. 5 | iss. 10 | e24208 | p.252
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components of the default mode, sensorimotor, visual, salience,
dorsal attention, frontoparietal, language, and cerebellar
networks, predefined in the CONN Toolbox, were also included,
for a total of 102 ROIs (Table 2 and Figure S1 in Multimedia
Appendix 2).
To facilitate testing of our hypothesized relationships among
meditation practice time, changes in mental health outcomes,
and brain network connectivity, mean signals were extracted
from the 71 a posteriori and 15 a priori ROIs for each subject
and condition and aggregated into baseline (visit 1) and

https://formative.jmir.org/2021/10/e24208

XSL• FO
RenderX

Smith et al
eighth-week (visit 2 follow-up) ROI-to-ROI connectivity
matrices, each of size (number of subjects × number of ROIs ×
number of ROIs). As with the voxel-wise correlation maps,
these ROI-ROI connectivity matrices comprised standardized
(Fisher transformed) bivariate correlation coefficients between
each pair of ROIs. To simplify the within-group analysis, a delta
matrix,
Δconn,
was
also
computed
as
Δconn=conn8wks–connbaseline. The baseline, eighth-week, and
delta ROI-ROI connectivity matrices (Figure S2 in Multimedia
Appendix 2) were leveraged in lieu of voxel-to-voxel
connectivity matrices for all further analyses.
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Table 2. List of the 71 gray matter regions of interest derived from multivariate pattern analysis, with predefined atlas-based regions of interest.
Coordinates for region of interest centers of mass and peak voxels (where applicable) are provided in MNI152 standard coordinate space.
Center of mass (MNIa)

Peak (MNI)

x

y

z

x

y

z

33

–1.2

–29.3

–45.6

0

–30

–46

Brainstem gray matter

caud1_Rput

126

20.1

27.7

4.8

24

18

4

R putamen/globus pallidus

caud2_Rput1

108

29.3

7.1

1.8

34

4

6

R middle insula/putamen

caud3_Rgp

45

22.3

–9.4

–3.1

22

–14

–4

R globus pallidus/thalamus/motor thalamus

caud4_Rput

36

31.3

–18.7

1.9

32

–16

0

R putamen

cb1_Rlob9

364

4.2

–61.5

–45.7

12

–62

–54

R cerebellum (VIII) lobule IX

cb2_Llob6

269

–21.7

–49.8

–46.7

–28

–48

–38

L cerebellum (VI)/prob. WM

cb3_Rlob8b

99

16.4

–46.9

–50.3

18

–46

–50

R cerebellum (IX) lobule VIIIb

cb4_Rlob7b

82

32

–74.9

–54.1

28

–76

–54

R cerebellum (VII) lobule VIIb

cb5_Rcrus2

52

10.5

–72.2

–24.7

6

–72

–28

R cerebellar crus 2/vermis

cb6_Lcrus2

39

–48.7

–56.8

–42.6

–56

–56

–44

L cerebellar crus 2/lobule VIIa crus I

cing1_Rpcc

426

11

–47.4

20.8

10

–48

18

R precuneus/posterior cingulate/BA23v

cing2_Rmicg

21

18.3

–33.3

49.8

18

–34

50

R middle cingulate cortex/ventromedial
BA5

f1_Lba9

408

–3.1

48.3

45

–12

54

42

L superior frontal gyrus/mid BA9

f10_Lba6r

33

–50.9

4.3

16.5

–52

4

16

L precentral gyrus/BA44/rostral BA6/caudoventrolateral BA6

f11_Rba6ba8

28

18.9

31.7

60.1

20

32

62

R superior frontal gyrus/superior BA6-BA8
transitional area

f12_Lba6ba8

27

–31.1

4

59.8

–30

4

60

L middle frontal gyrus/inferior BA6-BA8
transitional area

f2_Rba10p

271

18.1

57.5

–13.3

24

62

2

R posterior BA10/superior frontal gyrus

f3_Rba8v

207

47.6

10.6

44.5

48

12

48

R ventral BA8A/caudal middle frontal
gyrus/IFJ

f4_Rba8dl

163

28.7

18.5

49.2

28

20

54

R middle frontal gyrus/dorsolateral BA8A

f5_Lba8dl

133

–20

30.5

50.2

–20

30

48

L dorsolateral BA8A/superior frontal gyrus

f6_Lsma

124

–15.2

7.9

53.7

–10

12

50

L SMA/supplementary and cingulate eye
area/medial frontal gyrus

f7_Rba24d

90

1.9

–24.6

46.1

2

–22

50

R dorsal BA24/SMA/superiomedial BA4

f8_Rba10d

88

–17.5

62.6

7.9

–22

60

10

L superior frontal gyrus/dorsal
BA10/BA46/area Fp1

f9_Lba44v

81

–53.4

17.9

2.8

–54

18

4

L ventral BA44/inferior frontal gyrus pars
triangularis

mtl1_Lphg1

137

–15.7

–46.5

–10.4

–16

–42

–10

L parahippocampal area 1/subiculum/lingual
gyrus/area TH

mtl2_Rphg

89

27

–35.9

–13.4

28

–44

–6

R parahippocampal gyrus/rostral lingual
gyrus/ventromedial visual area 1

Type and CLUSTER_ID

Voxels

ATLAS ROIb

Brain stem
bs1_bstem
Basal ganglia

Cerebellar

Cingulate

Frontal

Medial temporal
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Voxels
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Center of mass (MNIa)

Peak (MNI)

ATLAS ROIb

x

y

z

x

y

z

mtl3_Renrc

83

21.2

–26.6

–28.5

22

–28

–26

R entorhinal cortex/presubiculum/caudal
BA35/36

mtl4_Rprc

50

29.6

–1.1

–34.4

30

–2

–34

R perirhinal/ectorhinal cortex/rostral
BA36/BA35/parahippocampal gyrus

mtl5_Lamg

34

–25.4

–4.1

–21

–24

–4

–16

L piriform cortex/amygdala/laterobasal
amygdala

mtl6_Lenrc

33

–19.2

–9.4

–33.7

–22

–8

–34

L entorhinal cortex/BA28/BA34/parahippocampal gyrus

mtl7_Rhc

23

30.3

–16.2

–18

30

–16

–14

R hippocampus/CA3 fields/CA3 fields

o1_Rba39rd

287

34.7

–69.8

41.6

36

–72

38

R intraparietal area1/rostro-dorsal
BA39/middle occipital gyrus

o2_Llop

208

–16.2

–101.6

–2.1

–14

–106

–8

L lateral occipital pole

o3_Rv2v3d

29

23.5

–98.9

10.7

24

–98

10

R superior occipital gyrus/visual area
V2/dorsal visual area V3

o4_Lv2

25

–24.9

–50.5

0

–24

–50

0

L precuneus/prostriate area/lingual
gyrus/visual area V2

o5_Rba37mv

20

22.3

–42.3

–17.2

22

–44

–18

R ventral visual complex/area
FG3/medioventral BA37

60

53.9

2.4

2.9

54

4

6

R rolandic operculum/rostral BA6/BA43

orb1_Rba11

208

18.7

18.5

–22.8

20

30

–16

R superior orbital gyrus/lateral BA11/area
Fo3

orb2_Lba10r14m

94

–5.3

41.3

–12.7

–6

44

–16

L rostral BA10/medial BA14/gyrus rectus

orb3_Rifgpo

89

32.2

22.9

–31.4

32

22

–26

R inferior frontal gyrus pars orbitalis/superior BA47/lateral BA11/area Fo3

orb4_L47l

76

–49.5

29.6

–5.9

–46

28

–6

L lateral BA47/inferior frontal gyrus pars
orbitalis

orb5_Rba10v

49

4.2

59.6

–11.3

6

60

–10

R ventral BA10/medial BA11/middle orbital
gyrus

orb6_Lpofc

36

–14

14.1

–14.4

–14

14

–14

L gyrus rectus/area Fo2/posterior orbitofrontal complex/subcallosal gyrus

orb7_Lba11l

34

–20.1

32.1

–18.8

–18

34

–22

L superior orbital gyrus/area Fo3/lateral
BA11

orb8_Rofc

25

2.1

16.1

–21.7

2

16

–22

R orbitofrontal cortex/area Fo2

orb9_Rba14m

20

4.6

28.5

–13.2

4

30

–14

R middle orbital gyrus/area s32/area
25/medial BA14

pfc1_Lba9pv

50

–37.5

33.8

22

–40

28

26

L posterior ventral BA9/BA46

pfc2_Lba9av

40

–38.1

55.2

1.6

–38

54

0

L anteroventral BA9/46/rostral BA47

pl1_Lipl

280

–35

–67.6

25.1

–36

–68

24

L middle occipital gyrus/inferior parietal
lobule/rostro-ventral BA39

pl2_Lba7m

233

–2.9

–53.5

58.1

–6

–52

66

L medial BA7A/medial BA5

pl3_Lba7m5ml

190

44.6

20.4

10.3

46

16

6

L medial BA7A/mediolateral BA5

pl4_Lpos2

114

–4.2

–65.9

42.6

–2

–70

44

L parieto-occipital sulcus area 2/medial
BA7/precuneus

Occipital/visual

Opercular
op1_Rro
Orbitofrontal

Prefrontal

Parietal
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Center of mass (MNIa)

Peak (MNI)

x

y

z

x

y

z

32

16.9

–59.5

28.2

20

–60

26

R precuneus/parieto-occipital sulcus area 2

t1_Lffc

95

–46.6

–56.9

–18.9

–44

–60

–16

L fusiform gyrus/fusiform face complex/lateroventral BA37/area FG2

t10_Ravsts

31

56.3

–7.2

–21.6

56

–6

–20

R anteroventral superior temporal sulcus/middle temporal gyrus

t11_Laud5

31

–61.5

–0.3

–8.7

–64

–4

–4

L superior temporal gyrus/area TE3/auditory 5 complex

t12_Rba38l

28

47.2

21.4

–26.3

48

22

–26

R temporopolar cortex/lateral BA38/dorsal
area TG

t13_Lpiri

6

–41.7

6

–10.7

–40

4

–12

CLUSTER5/L piriform cortex/insula/posterior insula area 2

t14_Lba37vl

3

–48.7

–64

–3.3

–48

–64

–4

CLUSTER10/middle temporal gyrus/area
PH/ventrolateral BA37

t2_Lba38l

68

–35.3

4

–23.2

–38

6

–20

L dorsal area TG/lateral BA38/temporopolar
cortex

t3_Rba22

64

66.9

–17.3

0

66

–14

0

R auditory 4 complex/area TE3/caudal
BA22

t4_Lba20il

62

–54.8

–11.9

–34.2

–56

–12

–32

L anterior area TE2/inferolateral BA20/inferior temporal gyrus

t5_Lba22c

60

–65.2

–46.7

11.8

–68

–48

12

L superior temporal visual area/caudal
BA22

t6_Rins

45

34.2

–16.7

23.4

34

–14

22

R insula/area OP2-3/VS

t7_Lpins2

37

–35.4

–6.4

–6.5

–36

–8

–4

L posterior insular area 2/circular insula

t8_Lba38m

36

–45.8

24

–25.4

–44

26

–26

L temporopolar cortex/dorsal area TG/medial BA38

t9_Raud5

33

65.1

–38.6

5.5

66

–38

6

R middle temporal gyrus/auditory 5 complex/ventral superior temporal sulcus

th1_Lpfthal

82

–5.7

–14.4

–3.5

–6

–14

–2

L thalamus/thalamic area IPF/prefrontaldirected thalamus

th2_Rpmthal

72

15.5

–18.6

4.9

16

–18

6

R thalamus/premotor-directed thalamus

—e

1

55

–3

N/Af

N/A

N/A

medial prefrontal cortex, default mode network

L lateral parietal (DMN) —

–39

–77

33

N/A

N/A

N/A

L lateral parietal cortex/von Economo PG,
default mode network

R lateral parietal (DMN) —

47

–67

29

N/A

N/A

N/A

R lateral parietal cortex/von Economo PG,
default mode network

posterior cingulate
(DMN)

—

1

–61

38

N/A

N/A

N/A

posterior cingulate cortex, default mode
network

L lateral sensorimotor

—

–55

–12

29

N/A

N/A

N/A

L lateral sensorimotor cortex

R lateral sensorimotor

—

56

–10

29

N/A

N/A

N/A

R lateral sensorimotor cortex

superior sensorimotor

—

0

–31

67

N/A

N/A

N/A

superior (mesial) sensorimotor cortex

medial visual

—

2

–79

12

N/A

N/A

N/A

medial visual cortex/Brodmann 18/calcarine
gyrus/visual area V1

occipitopolar visual

—

0

–93

–4

N/A

N/A

N/A

occipitopolar visual cortex/Brodmann
17/calcarine gyrus

Type and CLUSTER_ID

pl5_Rpos2

Voxels

ATLAS ROIb

Temporal

Thalamic

Predefined
medial PFCc (DMNd)
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a

Voxels

Smith et al
Center of mass (MNIa)

Peak (MNI)

ATLAS ROIb

x

y

z

x

y

z

L lateral visual

—

–37

–79

10

N/A

N/A

N/A

L lateral visual cortex/visual area V4

R lateral visual

—

38

–72

13

N/A

N/A

N/A

R lateral visual cortex/visual area V4

anterior cingulate (SNg)

—

0

22

35

N/A

N/A

N/A

anterior cingulate cortex, salience network

L anterior insula (SN)

—

–44

13

1

N/A

N/A

N/A

L anterior insula, salience network

R anterior insula (SN)

—

47

14

0

N/A

N/A

N/A

R anterior insula, salience network

L rostral PFC (SN)

—

–32

45

27

N/A

N/A

N/A

L rostral prefrontal cortex, salience network

R rostral PFC (SN)

—

32

46

27

N/A

N/A

N/A

R rostral prefrontal cortex, salience network

L supramarginal g. (SN)

—

–60

–39

31

N/A

N/A

N/A

L supramarginal gyrus/Brodmann 40,
salience network

R supramarginal g. (SN) —

62

–35

32

N/A

N/A

N/A

R supramarginal gyrus/Brodmann 40,
salience network

L FEF (DANh)

—

–27

–9

64

N/A

N/A

N/A

L frontal eye fields, dorsal attention network

R FEF (DAN)

—

30

–6

64

N/A

N/A

N/A

R frontal eye fields, dorsal attention network

L inferior parietal s.
(DAN)

—

–39

–43

52

N/A

N/A

N/A

L inferior parietal sulcus, dorsal attention
network

R inferior parietal s.
(DAN)

—

39

–42

54

N/A

N/A

N/A

R inferior parietal sulcus, dorsal attention
network

L lateral PFC (FPNi)

—

–43

33

28

N/A

N/A

N/A

L lateral prefrontal cortex/Brodmann 9/46,
frontopolar network

L posterior parietal cortex (FPN)

—

–46

–58

49

N/A

N/A

N/A

L posterior parietal cortex/von Economo
PFm, frontopolar network

R lateral PFC (FPN)

—

41

38

30

N/A

N/A

N/A

R lateral prefrontal cortex/Brodmann 9/46,
frontopolar network

R posterior parietal cortex (FPN)

—

52

–52

45

N/A

N/A

N/A

R posterior parietal cortex/von Economo
PFm, frontopolar network

L inferior frontal language area

—

–51

26

2

N/A

N/A

N/A

L inferior frontal gyrus

R inferior frontal language area

—

54

28

1

N/A

N/A

N/A

R inferior frontal gyrus

L posterior STGj language area

—

–57

–47

15

N/A

N/A

N/A

L posterior superior temporal gyrus

R posterior STG language area

—

59

–42

13

N/A

N/A

N/A

R posterior superior temporal gyrus

Anterior cerebellum

—

0

–63

–30

N/A

N/A

N/A

Anterior cerebellum

Posterior cerebellum

—

0

–79

–32

N/A

N/A

N/A

Posterior cerebellum

MNI: Montreal Neurological Institute stereotactic coordinate system.

b

ROI: regions of interest.

c

PFC: prefrontal cortex.

d

DMN: default mode network.

e

Not available (for predefined ROIs, subject signals for correlation analyses were derived from the average signal over the entire region and cluster
sizes are not available).
f

N/A: not applicable (for predefined ROIs, subject signals for correlation analyses were derived from the average signal over the entire region and peak
voxel locations are not available).
g

SN: salience network.

h

DAN: dorsal attention network.

i

FPN: frontopolar network.

j

STG: superior temporal gyrus.
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Statistical Analysis
Descriptive statistics (means, SDs, and SEs) were used to
characterize baseline demographics and responses to pre- and
postintervention psychometric assessments. Meditation practice
time was the sum of the 8 weeks of practice, which was provided
by the app company. Missing items in the psychometric scales
were estimated with expectation maximization [48] (missing
items never accounted for >5% of the total data) using other
items within the scale as predictor variables. Baseline differences
between the app and wait-list groups were assessed using

independent t tests for continuous variables and chi-square tests
for categorical variables (Tables 1 and 3). Post- versus
preintervention differences in burnout, depression, anxiety, or
sleep impairment in the mindfulness group were assessed by
repeated-measures ANOVA. Given the exploratory nature of
our analyses, we first used an α level of .05. Tests of the
hypotheses were also conducted using Bonferroni-adjusted α
levels of .008 (.05/6 outcome variables). To evaluate whether
statistically significant outcomes were related to mindfulness
practice time, we conducted Spearman correlation analyses
between practice time and changes in all relevant outcomes.

Table 3. Group means and differences with respect to the Patient-Reported Outcomes Measurement Information System sleep-related impairment short
form 8b (sleep disturbance), School Burnout Inventory (burnout), and The Depression Anxiety and Stress Scale (depression and anxiety) scores at
baseline and >8 weeks. Sleep disturbance indices were lower in the app group than the wait-list group at >8 weeks.
Time 1

a

Time 2

F test (df)

App group, mean
(SD)

Wait-list group,
mean (SD)

t test (df)

App group, mean
(SD)

Wait-list group,
mean (SD)

t test (df)

Sleep disturbance

51.9 (9.99)

54.1 (2.99)

–0.57
(12)

42.2 (7.45)

53.4 (7.15)

–2.93a
(12)

8.68a (1, 12)

Depression

3.00 (2.23)

4.86 (2.67)

–1.41
(12)

3.14 (2.41)

4.00 (2.83)

–0.61
(12)

0.48 (1, 12)

Anxiety

5.14 (3.08)

8.00 (3.96)

–1.51
(12)

3.43 (2.82)

4.57 (4.20)

–0.60
(12)

0.28 (1, 12)

Burnout

30.7 (6.21)

34.0 (5.48)

–1.05
(12)

29.9 (8.69)

34.9 (7.67)

–1.14
(12)

0.58 (1, 12)

Statistically significant at P<.05.

Differences in Connectivity by Group, Visit, and
Practice Time Bin
All within- and between-group statistical analyses were
performed in MATLAB v2019a. Within-group differences in
connectivity distributions (mindfulness at 8 weeks vs
mindfulness at baseline and wait-list at 8 weeks vs wait-list at
baseline) were assessed against each ROI pair in the baseline
and eighth-week ROI-ROI connectivity matrix, as appropriate,
using a 2-tailed t test assuming equal variances (MATLAB
ttest2() function). Correction for FDR (the expected proportion
of false discoveries between all ROI-ROI pairs with similar or
larger effects) was performed at a critical value of α=.05 via
the Benjamini-Hochberg procedure (MATLAB mafdr() function
[49]). Similarly, between-group differences in connectivity
(mindfulness at 8 weeks vs mindfulness at baseline and wait-list
at 8 weeks vs wait-list at baseline) were assessed against each
ROI pair in the Δconn matrix via one-way ANOVA omnibus
test (anova1() function) using group as a predictor, with post
hoc comparisons by 2-tailed t test. In addition, mindfulness
subjects were divided into low (practice time <53 minutes),
moderate (53 to <225 minutes), and high (≥225 minutes)
practice time bins, and a 1-way ANOVA was conducted against
the Δconn matrix using practice time bin as the predictor and
post hoc comparisons by 2-tailed t tests. In each of the above
cases, P values were FDR corrected using the
Benjamini-Hochberg procedure at α=.05.
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Differences in Connectivity by Practice Time, Mental
Health Scores, and Mental Health Scores
For any mental health outcomes that had a significant
group-by-time interaction, we examined whether the change or
changes were related to changes in functional connectivity. As
our analyses indicated that the only significant impact of
app-delivered mindfulness was on the PROMIS sleep
impairment measure, we limited our analyses to this measure.
Although connectivity data were normally distributed because
of the application of the Fisher transform in preprocessing, the
ordinal nature of PROMIS sleep impairment scores across all
subjects, skewness of the practice time data within the
mindfulness group, and the presence of outliers in SI and
practice time data rendered parametric approaches inappropriate
for analysis of these predictors relative to connectivity.
Consequently, we used a rank-based method, Spearman rho, to
investigate such relationships. Spearman rank-order correlations
(ρ) are equivalent to the Pearson product-moment correlation
coefficient but are applied to ranks rather than continuous values
and are, therefore, less susceptible to strong outliers. Spearman
correlations were calculated for practice time (mindfulness
subjects only) and change in SI score (ΔSI=SI8wks–SIbaseline)
versus Δconn using the MATLAB function corr(). FDR
correction was performed as previously described, except that
P value rankings were computed over all ROI-ROI pairs within
the mindfulness group only for ρ (practice time and Δconn)
analysis. All P values were FDR corrected, as previously
described.
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Machine Learning Classifiers for Sleep Impairment
Based on Connectivity
Of the 7 subjects randomly assigned to the mindfulness group,
3 (43%) reported sleep impairment at baseline but no longer
reported impairment at 8 weeks, whereas, of the 7 waitlisted
subjects, 3 (43%) had sleep impairment at baseline and
continued to exhibit impairment at 8 weeks (Multimedia
Appendix 2, Figure S4). Therefore, we were interested in testing
whether conversion between sleep impairment and
nonimpairment might be predicted by a supervised learning
algorithm based on the change in functional connectivity
(Δconn) between baseline and >8 weeks. Accordingly, per-visit
labels were assigned to each subject based on the
PROMIS-derived classification of sleep impairment, such that
a PROMIS SI score commensurate with sleep impairment was
encoded as 1 and nonimpairment as 0. A ΔIMPAIRMENT score
(IMPAIRMENT8wks–IMPAIRMENTbaseline) was then computed
and used as target classes (0=no change, 11 subjects total;
1=improvement, 3 subjects total; and −1=decline, 0 subjects).
A corpus of six binary classifiers, comprising support vector,
gradient boosting, random forest, Gaussian naïve Bayes, linear
discriminant, and multilayer perceptron estimators were
implemented in scikit-learn, v0.22.1, under Python 3.7.7 (see
Multimedia Appendix 2 for training and testing details). After
excluding undefined values (NaNs) corresponding to the conn
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diagonal from the matrix, conn samples and their associated
labels {−1, 0, +1} were split into training (30%) and testing
(70%) sets. The samples were reshuffled into train/test sets over
5 tuning rounds. In each round, the classifier hyperparameters
were tuned by random search (RandomizedSearchCV() in
scikit-learn) over 5000 iterations.
A second series of classification runs were performed to test
whether further dimensionality reduction improved the classifier
performance. This second series leveraged the same classifiers
used previously but the features (ROI-ROI connections) used
for
classification
comprised
13
principal
components—accounting for 99.99% of the data
variance—derived from the conn matrix using decomposition.
PCA() in scikit-learn. The contribution of each feature
(connection) to each of the 13 components was ascertained by
taking the magnitude of the dot product of the conn matrix,
renormalized to the explained variance, and the principal
components, yielding a collinearity metric between each
connection and component. The results of the PCA
decomposition and the connections assigned to each feature are
shown in Figure 1, which also shows the contribution of each
feature (connection in the conn matrix) to the 13 principal
components recovered by computing the dot product between
the Δconn matrix and the derived components. Hyperparameters
were computed separately for this second series of
classifications, following the strategy previously described.
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Figure 1. Results of principal components decomposition of Δconn matrix. (a) explained variance and cumulative explained variance for the first 14
principal axes. 13 components accounted for 99.99% of the explained variance in the delta matrix (Δconn), suggesting a large amount of multicollinearity
across ROI-ROI connections. The recomposition of the Δconn matrix from the 13 selected components is shown in the inset. (b) within-group correlations
between per-subject Δconn values and the 13 selected components, averaged across subjects within each group. (c) Primary contributors to each
component based on the dot product of the original Δconn matrix and the 13-PC decomposition. Note the substantive contributions of posterior superior
temporal, fusiform (t14), orbitofrontal, and default mode, dorsal attention, and salience-network components to components PC1 and PC2. These two
components represented nearly one-third of the explained variance in the Δconn matrix. DAN: dorsal attention network; DMN: default mode network;
PFC: prefrontal cortex; SN: salience network; STG: superior temporal gyrus.

Results
Overview
At time 1, before randomization, the groups showed no
differences in any self-report variables (all P values>.16) or
demographic variables (all P values>.21). Participants
randomized to the mindfulness group used the app between 0
and 466.2 (mean 182.8, SD 182.8) minutes. A total of 2 trainees
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randomized to the practitioner group did not use the app at all;
however, these PA students were included in all analyses in an
intent-to-treat design. None of the participants reported adverse
events or adverse experiences with the app.
There was a significant group-by-time interaction for sleep
impairment, such that participants randomized to mindfulness
group reported a reduction in impairment compared with those
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randomized to the wait-list group (F12=8.68; P=.01; ηp2=0.42).
No other self-reported outcomes were significant for the
group-by-time interaction (low incivility: F12=0.27; P=.61; high
incivility: F12=0.29; P=.60; burnout: F12=0.56; P=.47;
depression: F12=0.53; P=.48; anxiety: F12=1.23; P=.28). A
paired sample t test indicated that participants in the mindfulness
group reported significant reductions in sleep impairment
(t6=3.35; P=.02). Students randomized to the mindfulness group
did not report any other significant changes, although there was

Smith et al
a trend toward a reduction in burnout (t6 2.20; P=.07). Paired
sample testing indicated that the wait-list control group reported
a reduction in anxiety (t6=3.62; P=.01). Finally, independent
sample t tests indicated that there was a significant difference
between the mindfulness and wait-list groups in terms of sleep
impairment at time 2 (t12=–2.93; P=.02). There were no other
significant differences between the groups at time 2. Finally,
changes in sleep impairment were not significantly correlated
with mindfulness practice time within the mindfulness group
(Spearman rs=–0.36; P=.43; Figure 2).

Figure 2. Differences in sleep impairment by group (mindfulness vs waitlist) and visit (time 1, baseline; Time 2, >8 weeks). An asterisk (*) indicates
significant differences in sleep impairment at P≤.05. PROMIS: Patient-Reported Outcomes Measurement Information System.

Connectivity by Group and Visit
A 2-way ANOVA was conducted to assess whether group
(mindfulness or control) and/or visit (baseline and >8 weeks)
were significant predictors of between- and within-group
variance in the baseline and eighth-week connectivity matrices
or the delta matrix (Δconn=connectivity at >8 weeks −
connectivity at baseline). ANOVAs were conducted on each
ROI-ROI pair separately, and P values were corrected for FDR
using the Benjamini-Hochberg procedure. We failed to find
significant effects of the group × visit interaction for any
connection, and subsequent inspection of the main effects
indicated that although group and visit each accounted for a
statistically significant amount of variance across the
connectivity matrices, they did not affect the same connections.
Consequently, main-effects ANOVAs and subsequent post hoc
analysis by a 2-tailed t test were conducted for group and visit
separately.
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The ANOVA on group conducted against the baseline and
eighth-week connectivity matrices indicated significant
differences in control subjects’ connectivity among the
supplementary motor, middle temporal, inferior temporal,
occipitopolar, and orbitofrontal cortices at baseline, and among
the insular, cerebellar, lateral visual, and superior frontal cortices
and thalamus at >8 weeks (Table 4). Post hoc t tests revealed
that, at baseline, mindfulness participants exhibited stronger
connectivity than controls with respect to left supplementary
motor–left ventrolateral Brodmann area 37 (t12=5.37; PFDR=.02)
and left inferolateral Brodmann area 20–right middle temporal
gyrus (t12=4.73; PFDR=.05). The left BA37 ROI was localized
to the ventrolateral aspect of the ipsilateral middle temporal
gyrus corresponding to the area PH of Economo-Koskinas [50],
and the left BA20 ROI was localized to the anterior aspect of
visual area TE2. In contrast, controls exhibited stronger left
lateral occipitopolar–ipsilateral superior temporal gyrus
connectivity than the mindfulness subjects (t12=−4.98; P=.03)
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at baseline. The latter ROI was associated with area TE3 and/or
auditory complex 5. At >8 weeks, mindfulness subjects
exhibited stronger connectivity than control subjects with respect
to the left dorsolateral Brodmann area 8–left posterior insula

Smith et al
(t12=4.84; PFDR=.05), left cerebellar lobule VI–right lateral
visual cortex (t12=4.65; PFDR=.05), and right premotor
thalamus–right lateral visual cortex (t12=4.32; PFDR=.05).

Table 4. Results of t tests on group (mindfulness, or MF, vs wait-list, or CX) and visit (visit 1, v1, vs visit 2, v2). Connections surviving false discovery
rate correction are presented as pairs of source and versus regions of interest.
Versus

t test (df)a

P FDR

f6_Lsma

t14_Lba37vl

5.3665 (12)

.02

o2_Llop

t11_Laud5

–4.977 (12)

.03

t4_Lba20il

t9_Raud5

4.7331 (12)

.049

f5_Lba8dl

t7_Lpins2

4.7415 (12)

.048

cb2_Llob6

R lateral visual

4.6543 (12)

.05

th2_Rpmthal

R lateral visual

4.3193 (12)

.05

posterior cing. (DMN)

anterior cing. (SN)

5.7184 (7)

.009

orb2_Lba10r14m

t7_Lpins2

5.5659 (7)

.01

f11_Rba6ba8

anterior cingulate (SN)

4.9121 (7)

.02

R FEF (DAN)

R inf. frontal lang. area

4.8411 (7)

.04

posterior cing. (DMN)

L anterior insula (SN)

4.1621 (7)

.04

cing1_Rpcc

L anterior insula (SN)

4.1902 (7)

.04

orb5_Rba10v

t7_Lpins2

4.1199 (7)

.047

t7_Lpins2

medial PFC (DMN)

4.6925 (7)

.05

mtl5_Lamg

5.4641 (5)

.01

Group and sources
MF v1>CX v1

MF v2>CX v2

MF v2>MF v1

CX v2>CX v1
o2_Llop
a

Two-tailed t test.

The ANOVA on visit conducted against the delta matrix Δconn
indicated that baseline-to-eighth-week connectivity differed
between mindfulness and control subjects with respect to
connections between the left lateral occipitopolar cortex and
the ipsilateral amygdala and in mindfulness subjects’
connectivity among the anterior and posterior cingulate, insular,
orbitofrontal, and medial prefrontal cortices (Tables 4 and 5).
Post hoc t tests subsequently revealed that control subjects
exhibited higher connectivity between left lateral occipitopolar
cortex and left amygdala at >8 weeks than at baseline (t=5.46;
PFDR=.01). In contrast, mindfulness participants exhibited higher
connectivity at >8 weeks, relative to baseline, between anterior
cingulate (an SN component) and posterior cingulate (a DMN
component; t=5.72; PFDR=.01), left rostral orbitofrontal
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Brodmann area 10 and ipsilateral posterior insula (t=5.57;
PFDR=.01), anterior cingulate and right superior frontal gyrus
(t=4.91; PFDR=.02), right frontal eye fields (a dorsal attention
network component) and ipsilateral inferior frontal gyrus
(t=4.84; PFDR=.04), posterior cingulate and left anterior insula
(an SN component; t=4.16; PFDR=.04), the ventral aspect of the
right orbitofrontal Brodmann area 10 and left posterior insula
(t=4.12; PFDR=.05), and left posterior insula and medial
prefrontal cortex (t=4.69; PFDR=.05). The superior frontal ROI
was associated with an area denoted i6-8 (Assem et al [51])
located in the superior aspect of the transition area between the
premotor cortex (Brodmann area 6) and frontal eye fields
(Brodmann area 8; Table 2).
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Table 5. Results of one-way analysis of variance on delta matrix with group as the predictor. Post hoc analysis by 2-tailed t test. P values false discovery
rate-corrected by Benjamini-Hochberg procedure. Note that, as the connectivity coefficients were normalized, they are directly comparable with a Cohen
d statistic and thus indicate effect sizes. The differences listed here fall in the range of 0.15-0.35 and should be regarded as small-to-moderate effects.

a

ID1

ID2

t1_Lffc

pl2_Lba7m

ROI1

ROI2

F test
(df)

orb2_Lba10r14m L fusiform
face complex

L r.
BA10/med.
BA14

orb1_Rba11

R lat.
BA11/area
Fo3

L med.
BA7/med.
BA5

MSEa

Model P
value

Post hoc

Mean dif- P value
ference

20.1465 0.016
(1, 12)

<.001

Control<mindfulness

–0.3031

<.001

15.3067 0.0285
(1, 12)

.002

Control<mindfulness

–0.3531

.002

Anterior cerebel- Posterior cerelum
bellum

Anterior cere- Posterior cere- 8.8866
bellum
bellum
(1, 12)

0.0179

.01

Control<mindfulness

–0.2134

.01

mtl3_Renrc

cb4_Rlob7b

R entorhinal
ctx./presubi

R cerebellar
lobule VIIb

6.3201
(1, 12)

0.0162

.03

Control<mindfulness

–0.171

.03

pl4_Lpos2

caud2_Rput1

L parieto-occip. s./medial
BA7

R mid. insula/putamen

5.9626
(1, 12)

0.0215

.03

Control<mindfulness

–0.1914

.03

pl3_Lba7m5ml

f4_Rba8d

L med.
R mid. frontal 5.9356
BA7/med. lat. g./BA 8
(1, 12)
BA5

0.051

.03

Control<mindfulness

–0.294

.03

cb2_Llob6

pl2_Lba7m

L cerebellar
lobule VI

L med.
BA7/med.
BA5

4.9141
(1, 12)

0.018

.046

Control<mindfulness

–0.1588

.046

orb3_Rifgpo

mtl2_Rphg

R IFG
orb./sup.
BA47/lat.
BA11

R parahippocampal g

4.889
(1, 12)

0.0167

.047

Control<mindfulness

–0.1527

.047

mtl1_Lphg1

f5_Lba8dl

L parahippocampal
g./subi

L dors. lat.
BA8

4.7757
(1, 12)

0.027

.049

Mindfulness<control 0.1919

.049

MSE: mean square error.

Changes in Connectivity With the SI Score and
Practice Time
Nearly all subjects exhibited a decrease in SI scores between
baseline (control: 54.1 [SD 2.99]; mindfulness: 51.89 [SD 9.99])
and +8 weeks [control 53.36 [SD 7.15]; mindfulness: 42.19 [SD
7.45]). Mean ΔSI scores, defined as SI score at >8 weeks minus
SI score at baseline, were −0.76 (SD 5.13) and −9.70 (SD 6.18)
for the control and mindfulness groups, respectively. Spearman
rank correlation, assessed against the delta matrix (Δconn,
defined as connectivity among the 102 ROIs at >8 weeks minus
connectivity at baseline) across all subjects, indicated that a
greater decrease in SI score was associated with increased
connectivity between the right superior frontal gyrus (BA6/8
transition area, i6-8) and ipsilateral inferior parietal sulcus
(ρ=0.82, PFDR=.03) and between the left superior temporal gyrus
and medial prefrontal cortex (a component of the DMN; ρ=0.81;
PFDR=.05). The superior temporal ROI was localized to the
caudal aspect of Brodmann area 22 (Wernicke area) and the
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superior temporal visual cortex. Greater decreases in SI score
were also associated with reduced connectivity between the left
supplementary motor area and the ventrolateral aspect of the
ipsilateral middle temporal gyrus/Economo-Koskinas area PH
(ρ=0.89; PFDR<.01; Table 6).
Within the mindfulness group, Spearman correlations indicated
an association between practice time and changes in the
connectivity of four connections: between the right inferior
parietal sulcus (a component of the dorsal attention network)
and right lateral visual cortex, between the right inferior parietal
sulcus and the occipitopolar visual cortex, between the right
middle orbital gyrus and orbitofrontal Brodmann area 11, and
between the right middle orbital gyrus and the left lateral
sensorimotor cortex. The strengths of these connections
increased linearly with practice time, with the exception of the
left lateral sensorimotor–middle orbital gyrus connection, which
decreased with practice time (Tables S1 and S2 and Figure S3
in Multimedia Appendix 2).
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Table 6. Spearman correlations (rho) between the connectivity strength of selected connections and change in sleep impairment score (ΔSI, defined
as sleep impairment at 8 weeks minus sleep impairment at baseline), taken across all subjects. Correlations are corrected for multiple comparisons using
false discovery rate.
Source

Versus

rho

P FDR

f6_Lsma

t14_Lba37vl

0.8896

.002

t5_Lba22c

DMN medial PFC

–0.8057

.05

f11_Rba6ba8

DAN R IPS

–0.8234

.03

Classifiers
Throughout 5 rounds of training or test group shuffling, each
with 5000 iterations of hyperparameter tuning, the 6 estimators
(support vector, gradient boosting, random forest, Gaussian
naïve Bayes, linear discriminant, and multilayer perceptron)
were equally proficient in classifying the change from sleep
impairment at baseline to no sleep impairment at >8 weeks
based on the full 102 × 102-ROI delta matrix (Δconn) for each
subject. All estimators correctly classified true converters;
conversely, they misclassified at least 1 nonconverter in each
of the 5 rounds. Reducing the dimensionality of the Δconn
matrix to 13 components (99.99% of the cumulative explained
variance; Figure 1) via principal component analysis increased
the accuracy of most classifiers by 3-5% by increasing estimator
specificity (decreasing the false positive rate). Conversely, the
estimators tended to misclassify true converters as
nonconverters, increasing the false-negative rate, when
predictions were based on the reduced-dimensionality delta
matrix. Under this schema, Gaussian naïve Bayes and random
forest classifiers slightly outperformed other estimators, with
an accuracy rate of approximately 80%. We must, however,
urge caution in overinterpreting these results, given the small
number of true converters (n=3) to nonconverters (n=11) and
the absence of subjects converting from nonsleep-impaired to
sleep-impaired.

Discussion
Principal Findings
Provider burnout and depression have profound national and
institutional economic costs, as well as deep societal and social
effects. Burnout costs an estimated US $150 billion per year or
almost 5% of the nation’s health care expenditure [52]. Although
these costs are generally estimated based on the effects of
burnout and depression among physicians, PAs also report
remarkably high levels of burnout [5] and depression [6].
Although little is known about the public health impact of PA
burnout, physician burnout increases malpractice rates,
exacerbates physician shortages, erodes both health care
organization morale and patient experience [53], and reduces
clinical effectiveness [54,55]. Given their overlapping roles and
day-to-day activities, it is likely that burnout has a comparable
effect on PAs.
Similar to the relative lack of data on burnout and well-being
among practicing PAs, far less is known about the mental health
needs of PA students than is known about medical residents
and medical students. The PA profession is in a period of some
flux, with a workforce population that is growing in overall
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number and that is increasingly young and female [4,56]. PA
students may have unique needs, given the differences between
PAs and physicians. PA students often report choosing their
professional route based on concerns about debt load [57] and
expectations of a healthier work-life balance [58]. Here, students
reported low levels of depression (0% of students) and relatively
low levels of anxiety. Approximately 21% (3/14) of students
indicated moderate anxiety, and 7% (1/14) of students indicated
severe anxiety at the outset of the study. More students (43%)
reported sleep impairment; 29% (4/14) of students reported
mild impairment, and 14% (2/14) of students reported moderate
impairment before randomization. It is important to note that
the students who enrolled in the study may not be representative
of the entire PA student population.
Mindfulness meditation has shown great promise for improving
sleep disruption and insomnia symptoms [13,14], and it may
be beneficial to health professional trainees who often
experience high rates of sleep dysfunction [16]. However, most
studies examining mindfulness among health professionals and
trainees have examined time-intensive interventions that are
prohibitive for many. Previous studies have shown that
app-delivered mindfulness may be effective in reducing anxiety
among physicians [59]. Although we included a wait-list control
group to control self-selection and the inevitable changes that
occur during PA school but not attributable to the intervention,
future studies should include an active control condition.
Although this has been challenging in studies of app-delivered
mindfulness to date, recent work has advanced in this area
toward developing smartphone apps that can be used as active
comparators (eg, Huberty et al [60]).
PA students randomized to mindfulness reported a significant
reduction in sleep impairment compared with students
randomized to the wait-list. Although 43% (3/7) of students
randomized to mindfulness reported mild (t=55-59.9) or
moderate (t=60-69.9) sleep impairment before randomization,
none of the students randomized to mindfulness reported sleep
impairment after training (t<55) [61]. These findings are
consistent with previous research indicating that
mindfulness-based interventions are effective in reducing sleep
disturbance and for altering neurobiology related to the default
mode in adults with sleep disturbances [62]. Our findings extend
previous work to indicate that short, app-delivered mindfulness
is beneficial for improving self-reported sleep impairment. A
recent study found that most study participants using a popular
mindfulness app (Calm) downloaded it to improve sleep
impairment [63]; considering our data further highlights the
potential importance of app-delivered mindfulness in the context
of sleep and sleep dysfunction. This study also adds to what is
known about the impact of mindfulness on medical trainees
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[64] and may be part of a critical solution for sleep dysfunction,
which is associated with an increased risk of depression,
burnout, and medical errors [65,66]. Although changes in sleep
impairment were not correlated with practice time, the
relationship was in the expected direction, and it is likely that
we were not powered to detect this relationship.
These data also indicate that improvements in sleep are
associated with connectivity changes between the DMN and
regions important for emotion, attention, and social cognition.
Previous studies have shown that disordered sleep is related to
altered brain function in the DMN as well as the SN [67-69].
Here, using principal components decomposition, we found that
a small number of connections among DMN, SN, and dorsal
attention network components, and with superior temporal,
fusiform, and orbitofrontal areas, are closely associated with
one another and with the explained variance of the
delta-connectivity matrix. This area, explicitly characterized as
i6-8, is functionally distinct from regions involved in simple
eye movements and is considered part of a core complex
involved in working memory, along with the inferior parietal
sulcus [51]. The finding that changes in this network of regions
are related to changes in sleep impairment further bolsters the
existing evidence that the DMN and SNs are affected by or
involved in sleep impairment.
PA well-being is a complex and multifactorial issue. Isolation,
sleep deprivation and disturbance, and feeling overwhelmed by
the amount of material they need to master are risk factors for
depression among health care trainees [65,70]. Moreover, lack

Smith et al
of time for self-care and stigma toward treatment-seeking are
barriers to addressing mental health crises among trainees [2,71].
For these reasons, it is unlikely that a short-term, app-delivered
mindfulness meditation program will be a stand-alone solution.
Rather, addressing trainee mental health must be comprehensive
and should include structural and organizational solutions
alongside individualized resilience programming. Moreover,
wellness programs for trainees must be sustainable and
preventive in nature rather than reactive [64,72]. Medical
training programs must make wellness feasible within the lives
of trainees, and app-delivered programming may be a feasible
and sustainable piece to foster a culture of resilience among PA
students.

Limitations
This study had a small sample, and the findings may not be
representative of all PA students. We were likely underpowered
to detect small effects, and the changes in sleep impairment did
not reach significance at alpha levels adjusted for multiple
comparisons. Moreover, it is unclear whether improvements in
sleep impairment reported by students randomized to
mindfulness are enduring. There is some evidence that there
are sex differences in how disordered sleep affects brain function
[73]. The students in our sample were primarily women, and
thus, the results may not be generalizable to male trainees.
Despite these limitations, the methods used here are a novel
approach to understanding sleep impairment and a mindfulness
intervention that may improve it, and these data indicate that
app-delivered mindfulness may be effective for PA students.
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Abstract
Background: Rural residents are at high risk for obesity; however, little resources exist to address this disproportional burden
of disease. Primary care may provide an opportunity to connect primary care patients with overweight and obesity to effective
weight management programming.
Objective: The purpose of this study is to examine the utility of different physician referral and engagement processes for
improving the reach of an evidence-based and technology-delivered weight management program with counseling support for
rural primary care patients.
Methods: A total of 5 rural primary care physicians were randomly assigned a sequence of four referral strategies: point-of-care
(POC) referral with active telephone follow-up (ATF); POC referral, no ATF; a population health registry–derived letter referral
with ATF; and letter referral, no ATF. For registry-derived referrals, physicians screened a list of patients with BMI ≥25 and
approved patients for participation to receive a personalized referral letter via mail.
Results: Out of a potential 991 referrals, 573 (57.8%) referrals were made over 16 weeks, and 98 (9.9%) patients were enrolled
in the program (58/98, 59.2% female). Differences based on letter (485/991, 48.9%) versus POC (506/991, 51.1%) referrals were
identified for completion (100% vs 7%; P<.001) and for proportion screened (36% vs 12%; P<.001) but not for proportion
enrolled (12% vs 8%; P=.10). Patients receiving ATF were more likely to be screened (47% vs 7%; P<.001) and enrolled (15%
vs 7%; P<.001) than those not receiving ATF. On the basis of the number of referrals made in each condition, we found variations
in the proportion and number of enrollees (POC with ATF: 27/190, 50%; POC no ATF: 14/316, 41%; letter ATF: 30/199; 15.1%;
letter no ATF: 27/286, 9.4%). Across all conditions, participants were representative of the racial and ethnic characteristics of
the region (60% female, P=.15; 94% White individuals, P=.60; 94% non-Hispanic, P=.19). Recruitment costs totaled US $6192,
and the overall recruitment cost per enrolled participant was US $63. Cost per enrolled participant ranged from POC with ATF
(US $47), registry-derived letter without ATF (US $52), and POC without ATF (US $56) to registry-derived letter with ATF (US
$91).
Conclusions: Letter referral with ATF appears to be the best option for enrolling a large number of patients in a digitally
delivered weight management program; however, POC with ATF and letters without ATF yielded similar numbers at a lower
cost. The best referral option is likely dependent on the best fit with clinical resources.
Trial Registration: ClinicalTrials.gov NCT03690557; http://clinicaltrials.gov/ct2/show/NCT03690557
https://formative.jmir.org/2021/10/e28622
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Introduction
Background
Obesity is a pressing health concern nationwide, particularly in
small rural communities. Rural residents are more obese, on
average, than their urban counterparts [1] and often have no or
limited access to obesity prevention and treatment programming
[1,2]. Furthermore, individuals who use primary care are
proportionally more obese than the general public [3],
highlighting rural primary care patients as a high-need
population regarding weight management. Primary care
providers are often the only resource to support healthful eating,
physical activity, and weight management in rural communities
[4]. Primary care systems may offer a practical and sustainable
venue for implementing evidence-based weight management
interventions; however, little is known about how rural primary
care physicians can pragmatically refer and enroll a large and
representative group of individuals into an evidence-based
weight management program.
A challenge for weight management interventions is ensuring
that not only is an intervention effective but it also has the
potential to reach populations at risk that could most benefit
[5]. Factors beyond program effectiveness and total sample size,
such as proportional yield from those recruited and sample
representativeness, are important indicators of an intervention’s
impact [6]. Few studies provide a comprehensive report on the
methods used to recruit participants, and even fewer report on
the representativeness of the sample when compared with the
target population [7,8]. In a systematic review of rural weight
loss interventions, only 2 of 53 studies compared the
demographic characteristics of the intervention sample with
those of the target population [8]. In a 2016 systematic review
of recruitment strategies for young adult weight gain prevention
interventions, 23 of 25 studies were reported to have
insufficiently described the recruitment process [7].
Documenting recruitment methods and the representativeness
outcomes of those efforts can lead to a better overall
understanding of how best to engage patients and maximize the
reach of evidence-based behavioral interventions. This
understanding is important for scale-up efforts, for preventing
underrepresentation of populations experiencing disparities in
research and in health care, and for physicians to improve their
standard of care [9].
However, when drawing more broadly from the behavioral
intervention literature, a number of examples of both active and
passive recruitment strategies can be found that have been used
to engage various target populations [7,10-13]. On the basis of
the available literature, active recruitment strategies—those
with direct interaction with potential participants, such as
outreach telephone calls—appear to yield a lower absolute
number of participants but a higher proportion of those exposed
to recruitment strategies when compared with passive
https://formative.jmir.org/2021/10/e28622
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recruitment strategies (ie, those without direct interaction with
potential participants, such as flyers or targeted mailings), which
yield a higher number but a lower proportion of participants
[5]. Active recruitment strategies may also yield a more
representative sample than passive recruitment strategies
[12,14,15]. The limited knowledge in this area warrants further
study.

Objectives
The purpose of this study is to examine the utility and cost of
different physician referral and engagement processes for
improving reach (ie, number, proportion, and representativeness
of participants) for a rural, evidence-based, and
technology-delivered weight management program with
counseling support. Our design is based on feedback gathered
from prior qualitative work [16,17]; that is, an expressed clinical
interest in testing the relative reach of engaging patients at the
point of care (POC) during a well or chronic care visit or
proactively reaching out to patients using a population health
management approach facilitated by an electronic health record.
We use the RE-AIM (Reach, Effectiveness, Adoption,
Implementation, and Maintenance) framework to guide our
assessment of reach [18] and hypothesize that active recruitment
strategies would yield a more representative sample than passive
recruitment strategies. Reach refers to the absolute number,
proportion, and representativeness of the participants compared
with those who were exposed to recruitment efforts [18]. We
also hypothesize that POC referrals, compared with the
population health registry–derived letter referrals, would yield
a higher proportion of enrolled participants from those who
received a referral.

Methods
Intervention Selection
Before this pilot trial, we conducted focus groups with primary
care staff employed at rural primary care clinics regarding the
feasibility of implementing a weight loss program through
primary care. Overwhelmingly, primary care staff agreed that
a program to which physicians and nurses could refer eligible
patients and track their progress throughout was more favorable
than a program that would require physician- or nurse-led
delivery [16,17]. We then assembled primary care physicians,
staff, and obesity treatment experts from the Great Plains
Practice-Based Research Network to engage in a participatory
selection process [19] to identify and, if necessary, adapt an
evidence-based intervention to pilot-test through a rural primary
care clinic. The selection process is described elsewhere [17].
Ultimately, a digitally delivered intervention was selected by
the group for local testing, and it was agreed that testing
potential recruitment strategies was a priority over testing the
relative effectiveness of the different weight loss programs.
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Study Design
Overview
The study design used the hybrid methodologies described by
Curran et al [20], which allow for blended design components
targeting effectiveness and implementation but focus on
systems-based approaches to improve dissemination at the
participant level rather than implementing the evidence-based
intervention. As such, we classified this trial as a hybrid type 3
effectiveness-implementation trial focused on dissemination at
the participant level (ie, reach). This allowed us to test the utility
of different dissemination strategies to increase program reach
as a primary outcome while concurrently gathering information
on intervention effectiveness [20]. We partnered with a rural
primary care clinic and the 5 physicians serving their patients
to implement an evidence-based and digitally delivered weight
loss program. The 5 physicians were randomly assigned to a
sequence of four referral strategies over a span of 16 weeks:
POC referral with active telephone follow-up (ATF); POC
referral, no ATF; a population health registry–derived letter
referral with ATF; and letter referral, no ATF.

Dissemination Strategies: Referral Methods
Referral strategies varied by POC versus a population health
electronic health record–derived letter referral and ATF versus
no telephone follow-up. For POC referral, physicians were
instructed to refer any adult patient to an evidence-based weight
loss program with diet and physical activity counseling based
on (1) BMI≥25 kg/m2, (2) no contraindications to participation,
and (3) visiting the clinic for a chronic care or well visit. In the
population health approach, a clinic administrator pulled a list

of patients from the electronic health record system with
BMI≥25 who had visited the clinic in the previous 2 weeks.
Each physician reviewed this list and removed any patients with
contraindications to participation in the evidence-based weight
loss program. The remaining patients were mailed a personalized
invitation letter to participate in the weight loss intervention
that was signed by their physician.
For ATF, the referred patient was informed that they would be
contacted by a member of the research team to determine if they
would like to participate in the program (an opt-out telephone
number was also provided). In conditions without ATF, the
referred patient was provided a telephone number to call if they
were interested in discussing participation in the program. The
study was reviewed and approved by the University of Nebraska
Medical Center Institutional Review Board (#581-18-EP).
We designed this pilot study to recruit over a 16-week period,
with the goal of enrolling approximately 100 participants and
projected a 10% enrollment rate based on the overall
denominator of potential referrals based on prior work [21,22].
Each physician (n=5) was randomly assigned a sequence of the
four referral strategies, shifting strategies every 2 weeks (Table
1). Over the course of 16 weeks, physicians used each of the
four referral strategies twice to eliminate any potential time
effect on a single strategy. Each physician’s referral strategy
sequence was randomized to prevent any order effect on the
yield of patients per referral strategy. A member of the research
team visited the clinic every 2 weeks to remind physicians of
their new referral strategy; a nurse at the clinic monitored the
physicians daily to ensure that the referral strategies were
implemented with fidelity.

Table 1. Randomization sequence of referral strategy by physician.

a

Weeks

Physician A

Physician B

Physician C

Physician D

Physician E

1-2

La

POC+b

POCc

L+d

POC+

3-4

POC+

POC

L+

L

L+

5-6

L+

L+

L

POC

L

7-8

POC

L

POC+

POC+

POC

9-10

L+

POC+

L+

POC

L

11-12

L

POC

POC+

L

L+

13-14

POC+

L+

L

L+

POC

15-16

POC

L

POC

POC+

POC+

L: letter referral without active telephone follow-up.

b

POC+: point-of-care referral with active telephone follow-up.

c

POC: point-of-care referral without active telephone follow-up.

d

L+: letter referral with active telephone follow-up.

Enrollment
All referred and interested patients were required to undergo a
brief telephone screening with a member of the research team
and, if eligible, were given instructions over the phone and via
email on how to complete web-based program enrollment. In
addition, all interested and eligible patients were scheduled for
an in-person enrollment visit with a member of the research
team where they were given intervention program materials (ie,
https://formative.jmir.org/2021/10/e28622
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home scale) and a tutorial of the intervention’s mobile app,
provided with tips on how to stay engaged with the program,
and completed the web-based program enrollment (if not already
complete). Patient consent to participate in the weight loss
program was obtained during the web-based enrollment process.
Patients were given the opportunity to raise questions before
consent and during the in-person enrollment visit.
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Evidence-Based Weight Loss Program
All referred patients were offered a 12-month, digitally
delivered, evidence-based weight management program free of
charge. The program featured a social cognitive theory–based
curriculum with counseling support delivered through daily
emails and text messages. Program features also included daily
meal plans and physical activity recommendations [23].
Estabrooks et al [23] provided a comprehensive overview of
the program. In addition, modest financial incentives were
offered with the intent to increase program reach and retention
[24]. Incentives were offered to participants who lost a minimum
of 5% of their initial body weight (US $15/quarter reward)
graded up to a maximum of 30% body weight reduction (US
$150/quarter reward). Program participants were provided a
Bluetooth-enabled home scale (Smart Scale, incentaHEALTH,
LLC), which connected to the program smartphone app that
was installed on their smartphones during the enrollment visit.
Participants were instructed to record their weight using this
scale no less than once per quarter. The program also featured
a website where participants could receive feedback on their
weigh-ins, take health quizzes, and self-assess their progress
with regard to healthy eating, physical activity, and weight loss.
Upon completion of the program, participants could keep the
home scale. This paper focuses on reach, which is the primary
outcome of this study; data on weight loss are not presented
here.

Data Analysis
Program reach was measured by the number and proportion of
individuals who were (1) referred, (2) screened, and (3) enrolled
and was compared across referral strategies relative to the
number of eligible patients who visited the clinic during the
recruitment period. Representativeness of the enrolled sample
was assessed relative to the demographic characteristics of the
region, as measured by the US Census [25]. We used chi-square
tests to examine group differences in terms of screening and
participation rates among referral strategies and to determine
whether screening and participation rates differed according to
(1) ATF versus no ATF and (2) POC versus letter. We applied
a one-sample test of proportion (in the case of comparing
proportions) to examine representativeness in terms of
demographic characteristics of the enrolled participants
compared with census data. We further conducted group
comparisons using one-way analysis of variance tests for
continuous variables and chi-square tests for categorical
variables. Two-tailed P values <.05 were considered statistically
significant for this study.
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Costs of recruitment were prospectively and retrospectively
estimated based on the costs of recruitment materials (eg,
handouts or flyers), supplies, and recruitment activities,
including telephone follow-up, telephone screening, and
in-person sessions. Labor costs were calculated using the
research assistant (RA) annual salary (US $25,000) and publicly
available average salary estimates for primary care physicians
(US $187,013) and clinic managers (US $65,356). RAs tracked
the time spent on various recruitment activities, number of phone
calls made, enrollment sessions completed, and number of flyers
printed in a custom computer database. Cost results are
presented for each referral strategy.

Results
Reach
Over a period of 16 weeks, 2534 eligible patients visited the
clinic. The maximum number of referrals that could have been
made during well or chronic care visits over this time were
approximately 30% of patient visits (n=991; hereafter referred
to as potential referrals). The actual number of referrals made
by the 5 physicians was 573 (274, 47.8% women; average age
55.7, SD 16.8 years) and, out of the 573 referrals, 98 (17.1%)
patients were enrolled, representing an overall enrollment rate
of 10% of the potentially eligible patient population. Of the 485
potential letter referrals, 485 (100%; 46% women; average age
56.3 years) were completed, 229 (47.2%; 48% women; average
age 56.1 years) patients were screened by telephone, and 57
(11.8%; 58% women; average age 55.8 years) were enrolled.
Of the 506 potential POC referrals, 88 (17.4%; 56% women;
average age 52.0 years) patients were referred, 60 (11.9%; 57%
women; average age 51.6 years) were screened, and 41 (8.1%;
61% women; average age 47.6 years) were enrolled. Patients
receiving ATF were more likely to be screened (49% vs 7%;
P<.001) and enrolled (15% vs 7%; P<.001) than those without
ATF. Chi-square test results revealed significant differences in
terms of patient screening (χ23[573]=238.6; P<.001) and
enrollment status (χ23[573]=69.2; P<.001) among referral
strategies (Table 2). Specifically, based on the number of
referrals completed, there were variations in the proportion and
absolute number of enrollees among the four referrals strategies
(POC with ATF: 27/190, 50%; POC no ATF: 14/316, 41%;
letter ATF: 30/199; 15.1%; letter no ATF: 26/286, 9.1%). Table
2 outlines the number and proportion of potential referrals,
referrals made, patients screened, and patients enrolled.
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Table 2. Reach results by referral strategy (N=991).

a

Strategy

Potential referrals Referrals made, n (%) Patients screened, n (%) Patients screened and eligible, n (%)

Patients enrolled, n (%)

POCa+ATFb

190

54 (28.4)

45 (23.7)c,d,e

27 (14.2)

27 (14.2)c

POC

316

34 (10.8)

14 (4.4)d,e,f

14 (4.4)

14 (4.4)d,e,f

Letter+ATF

199

199 (100)

147 (73.9)c,e,f

30 (15.1)

30 (15.1)c

Letter

286

286 (100)

30 (10.5)c,d,f

27 (9.4)

26 (9.1)c

Total

991

573 (57.8)

236 (23.8)

98 (9.9)

97 (9.8)

POC: point of care.

b

ATF: active telephone follow-up.

c

Significantly different from POC at α=.05.

d

Significantly different from letter+ at α=.05.

e

Significantly different from letter at α=.05.

f

Significantly different from POC+ at α=.05.

Tables 3 and 4 present the demographic characteristics of
participants and the target population and include comparisons
of those characteristics among the referral strategies. Among
those who enrolled, 59% were women, had an average age of
52.3 (SD 14.3) years, and an average BMI of 35.5 (SD 7.5)

kg/m2. When compared with the target population (Butler
County, Nebraska), participants did not significantly differ
among demographic characteristics. Comparing by referral
strategies, participants differed significantly in age.

Table 3. Representativeness of study sample (N=97).

a

Demographics

Target population: Butler County, NEa

Total enrolled participants

Age, median (years)

43.3

55.0b

Sex (female), n (%)

4026 (50.1)

58 (59)

Obese at baseline, %

(32)c

75 (77)b

White, n (%)

7846 (97.7)

91 (94)

Hispanic or Latino, n (%)

287 (3.6)

3 (3)

NE: Nebraska; data as per census.gov 2019 estimates.

b

Significant difference between target population and sample at α=.05.

c

Only percentage estimate available.
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Table 4. Representativeness comparisons among participants by referral strategies (N=97).
Demographics

Total sample POCa+ATFb
(n=27)

POC no ATF
(n=14)

Letter+ATF
(n=30)

Letter no ATF
(n=26)

Chi-square
(df)

ANOVAc (df)

P value

Age (years), mean
(SD)

52.3 (14.3)

46.0 (14.7)d

51.9 (9.3)

58.7e (13.1)

53.4 (15.1)

N/Af

F93=4.1 (3)

.009

Sex (female), n (%)

58.8

59

64

57

58

0.2 (3)

N/A

.97

Baseline BMI mean

35.5 (7.5)

37.1 (6.8)

38.1 (9.1)

38.1 (9.1)

33.2 (6.6)

N/A

F72=1.5 (3)

.22

Age >65, n (%)

23 (23.7)

7.4d

7.1

43.3e

26.9

12.6 (3)

N/A

.07

White individuals, n
(%)

94

93

93

100

92

2.3 (3)

N/A

.51

Hispanic or Latino, n
(%)

3

3.7

0

0

7.7

3.1 (3)

N/A

.37

(SD), kg/m2

a

POC: point of care.

b

ATF: active telephone follow-up.

c

ANOVA: analysis of variance.

d

Significantly different from letter+ATF at α=.05.

e

Significantly different from POC+ATF at α=.05.

f

N/A: not applicable.

Costs
Table 5 provides an overview and categorization of costs across
referral strategies. Costs were determined based on nonlabor
costs (US $738) and labor costs (US $5380), which were
summed to provide the overall costs of recruitment (US $6118).
Table 6 provides costs by referral strategy. All reported costs
are rounded to the nearest dollar. We estimated an average of
2 minutes per POC referral based on anecdotal reports from the
physicians; therefore, costs related to labor for POC referrals
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were estimated at US $162 for POC with ATF and US $102 for
POC without ATF. Labor costs related to RA time spent making
recruitment calls were the highest single line item costs and
varied greatly between ATF referrals (US $1788) and referrals
without ATF (US $135). The varying labor and nonlabor costs
yielded different costs per enrolled participant via each referral
strategy: letters with ATF was the costliest, at US $86 per
enrolled participant, whereas POC with ATF (US $50), POC
without ATF (US $61), and letter without ATF (US $51) costs
were comparable.
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Table 5. Breakdown of recruitment costs, rounded to the nearest dollar.
Cost element

Cost (US $)

Nonlabor
Printing letters and program descriptions, n=970

43

Postage

267

Envelopes, n=485

58

POC cards

170

ITa (phone line)

200

Labor
Physician time spent making referrals

264

Clinic manager time spent pulling patient list, 2 hours

63

Research assistant time

a

Training clinical staff, 2 hours

48

Letter preparation, 24 hours

577

POCb preparation, 8 hours

192

Recruitment calls, 80 hours

1923

Enrollment visit preparation, 4 hours

96

Enrollment visit, 49 hours

1178

Mileage reimbursement to enrollment visits

1039

Total recruitment costs

6118

Total recruitment costs per enrolled participant

63

IT: information technology.

b

POC: point of contact.
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Table 6. Recruitment costs in terms of yield by referral strategy, rounded to the nearest dollar (N=98).
POCa+ (US $;
n=27)

POC (US $;
n=14)

Letter+ (US $;
n=30)

Letter (US $;
n=27)

Total sample
(US $)

Printing letters and program descriptions, n=970

N/Ab

N/A

18

25

43

Postage

N/A

N/A

110

157

267

Envelopes, n=485

N/A

N/A

24

34

58

POC cards

99

71

N/A

N/A

170

ITc,d (phone line)

50

50

50

50

200

162

102

0

0

264

0

31.50

31.50

63

Cost element

Nonlabor

Labor
Physician time spent making referrals

Clinic manager time spent pulling patient list, 2 hours 0
Research assistant time

a

Training clinical staff, 2 hoursd

12

12

12

12

48

Letter preparation, 24 hours

N/A

N/A

237

340

577

POC preparation, 8 hours

73

119

N/A

N/A

192

Recruitment calls, 80 hours

346

58

1442

77

1923

Enrollment visit prep, 4 hours

24

24

24

24

96

Enrollment visit, 49 hours

324

165

365

324

1178

Mileage reimbursement to enrollment visitsd

259.75

259.75

259.75

259.75

1039

Total recruitment costs

1350

861

2573

1334

6118

Total recruitment costs per enrolled participant

50

61

86

51

63

POC: point of contact.

b

N/A: not applicable.

c

IT: information technology.

d

These items or activities were not specific to any one referral strategy; therefore, their costs were split evenly among each of the referral strategies.

Discussion
Principal Findings
Our results provided some support for the hypothesis that a
physician letter referral with ATF is most effective for enrolling
a large number of participants into a digitally delivered weight
management program compared with POC referrals with and
without telephone follow-up and physician letter referrals
without follow-up. However, when considering the combined
outcomes of penetration into the target population, overall and
proportional yield, and cost of recruitment, letter referral without
ATF may be the most attractive option for rural primary care
clinics that wish to recruit patients into a weight management
program. Importantly, all (100%) of the 485 potential letter
referrals were made, as compared with the 88 (17%) of the 506
potential POC referrals. Letter with ATF (n=30), letter without
ATF (n=27), and POC with ATF (n=27) yielded a similar
number of participants. Finally, the costs associated with the
letter without ATF referral strategy were relatively low (US
$51 per enrolled participant).
Owing to the financial constraints of this pilot study, we limited
the number of potential referrals to 991, knowing that this would
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be far less than the total number of eligible patients seen by the
5 physicians during the recruitment period. Awareness of the
finite number of referrals may have influenced the physicians’
decision to refer a patient to the program, perhaps causing them
to pass on referring an eligible patient to save that referral for
a patient in greater need. However, we do not believe this
influence was significant because not all of those potential
referrals were used; <60% (573) of the potential referrals were
distributed to eligible patients. Although not assessed in this
study, primary care physicians often cite a lack of time during
patient visits as a barrier to health counseling [26,27], which
may also be the reason why the referral distribution rate was
low among POC referrals. In addition, it is possible that a
physician attempted to refer a patient during a clinic visit but
the patient immediately declined the referral to the program.
We were unable to quantitatively track this, which may have
caused our POC distribution rate to reflect an
underrepresentation of reality.
We calculated the proportional yield per referral strategy using
potential referrals and referrals made as the denominator. These
two analyses revealed different stories. When considering
enrollees compared with potential referrals, the letter with active
follow-up (15%) and POC with active follow-up (14%)
JMIR Form Res 2021 | vol. 5 | iss. 10 | e28622 | p.277
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
strategies appear to be the best for enrolling a large number of
participants into the weight loss program. However, when
considering enrollees compared with the number of referrals
made, POC with active follow-up (50%) emerges as the clear
leader for proportional yield. When considering costs, POC
with ATF again appeals as the least expensive recruitment
strategy (US $50 per participant), although letter referrals
without ATF (US $51) had similar costs. The time-intensive
nature of recruitment strategies with ATF not only drives up
costs but also places a higher burden on recruitment personnel
compared with strategies without ATF. In kind, the cumulative
time associated with POC referrals may be similar to that of
clinic administrator time spent preparing the letter referrals.
Primary care clinics that are considering referring patients to a
weight management program should reflect on these approaches
with regard to clinical flow and costs. Resource costs in the
large volume of letters and telephone calls for letter referral
with ATF may make POC referral strategies with active
follow-up appealing to small rural clinics, or if system processes
are in place to make patient identification and mailing easy, the
letter referral without ATF may be the most attractive.
Similar to previous studies [5,11], our findings supported our
hypothesis that referrals with ATF would yield a higher
proportion of enrollees from those who received a referral.
Conversely, our results did not match prior literature [5] and
did not support our hypothesis that ATF would yield a lower
absolute number of participants. The two conditions with ATF
yielded the highest absolute number of participants (letter with
ATF, 30 participants; POC with ATF, 27 participants), whereas
the letter-only condition yield was comparable (26 participants).
Our results supported our hypothesis that POC referrals would
have a higher proportional yield of enrolled participants from
those who received a referral compared with those who received
a letter referral. The behavioral intervention literature has not
definitively ruled on a dominant recruitment strategy [10,15].
Our findings provide valuable insight into the reach,
representativeness, and cost of POC referrals and electronic
health record registry–derived referral letters with and without
ATF.
Our sample was older and had a higher proportion of females
than the target population. This is easily explained by the
following: (1) our intervention was limited to adults aged ≥19
years, whereas the male age of Butler County represents children
and adults; (2) women traditionally have higher health care use
than men [28]; and (3) excluding infants aged <1 year, older
adults aged ≥65 have the highest physician rate by age group
[29]. Our sample did not differ on any other demographic
variable that was measured, which aligns with representativeness
comparisons of active and passive recruitment strategies made
by Lee et al [14] but contrasts with results reported by Linnan
et al [12], who found that passive strategies yielded lower
enrollment but a more diverse and higher-risk sample.
Furthermore, among the four referral strategies, those with ATF
had the highest (58.7 years, letter with ATF) and lowest (46.0
years, POC with ATF) mean age among participants, therefore
providing no support for our hypothesis that ATF strategies
would yield a more representative sample than referral strategies
without ATF. Although not a significant difference, baseline
https://formative.jmir.org/2021/10/e28622
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BMI among enrollees from both POC referral strategies was
higher than both letter referral conditions. This may point to an
unintentional bias by physicians to refer patients with much
higher BMIs than is required for eligibility. Interestingly, POC
strategies were more successful at enrolling younger patients
(<65 years) than the letter strategies. Although the literature is
scant on this specific outcome and drawing any generalizable
conclusions from this finding is unjustified, it nonetheless
provides an intriguing area for further investigation.
Identifying the best method for maximizing the reach of a weight
management program is important for future scale-up efforts.
However, maximizing participant retention is a critical next
step in the scale-up of any behavioral intervention. An
interesting future point of investigation will be the intervention
attrition gap of our intervention—the proportion of patients who
initially enroll in the program and subsequently do not engage
with any program features. This is an especially curious
investigation given the conflicting literature regarding the
effectiveness of active versus passive recruitment strategies for
retaining participants in behavioral interventions [12,13].
There are limitations to our study that should be considered
when interpreting our results. As the selected intervention and
referral methods were tailored to fit the needs of our target
population, the findings of our feasibility study may not be fully
generalizable to other primary care clinics. However, the process
by which we selected an evidence-based intervention is likely
translatable to other researchers and practitioners attempting to
select and implement an evidence-based intervention. As
previously mentioned, we were not able to track the number of
times a physician attempted to make a referral during a clinic
visit but was immediately rejected by the patient being seen.
Anecdotally, we can attest that this was a rare occurrence, as
the physicians reported that the majority of patients were willing
to receive or inquire for more information about the program.
We did not collect demographic or qualitative data from the 5
physicians involved in referrals and therefore cannot comment
on their national representativeness to physicians caring for
rural patients or their perceived lack of time for distributing
referrals. In addition, census data used to compare our sample
with the target population were drawn from Butler County,
Nebraska. However, the clinic from which we recruited
participants may draw patients from outside Butler County, and
comparisons may not directly align. However, when our sample
is compared with the demographic characteristics of all adjacent
counties (9 total), it remains a representative sample. Indeed,
our study has several strengths. Our sample was 59% female,
which is a higher proportion of male participants than typical
community weight loss programs [30]. Our sample was
representative of the racial and ethnic characteristics of the
region. Although this feasibility study is small in scale, it
addresses key areas of translational research as defined by
RE-AIM [31-33] as well as areas of focus cited as integral to
feasibility studies, such as adaptation, acceptability, practicality,
and integration [34].

Conclusions
We conclude that primary care physicians serving a rural
community are capable of referring patients to a digitally
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delivered behavioral weight management intervention through
in-person and population health record–generated letter referrals.
When compared with POC methods, letter referrals were more
effective at achieving high penetration in the target population
and had a slightly higher yield of enrolled patients in this study.
However, POC referrals yielded a considerably higher
proportion of enrollees from those who received a referral.

Porter et al
Participants who received ATF were more likely to be screened
and enrolled in the program. These results suggest that either a
letter or POC referral strategy can be effective with ATF;
however, when resource costs are considered, POC with ATF
may be the best method to engage rural primary care patients
in a weight management program.
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Abstract
Background: Increased digitization of health care might challenge some of the trust functions that are established in a traditional
health care system. We have, with the concept of VerifyMed, developed a decentralized service for work history and competence
verification, as a means to increase trust in the virtual interaction between a patient and a caregiver, mitigate administrative
burden, and provide patient-reported outcomes seamlessly for health professionals.
Objective: This research aimed to validate the use case of a decentralized credentials service for health care professionals in
Norway. We also aimed to evaluate the proof-of-concept of VerifyMed, a blockchain-based credential service for health care
professionals.
Methods: A qualitative approach was applied with data collection through 9 semistructured interviews and 2 focus groups (one
with 4 participants and the other with 5 participants). The System Usability Scale (SUS) was used as a part of the interviews.
Data were analyzed through the principles of systematic text condensation. The recruitment of participants ended when it was
concluded that the data had reached saturation.
Results: The following 5 themes were identified from the interviews and focus groups: (1) the need for aggregated storage of
work- and study-related verification, (2) trust in a virtual health care environment, (3) the potential use of patient feedback, (4)
trust in blockchain technology, and (5) improvements of the VerifyMed concept. The SUS questionnaire gave a score of 69.7.
Conclusions: This study has validated the need for a decentralized system where health care professionals can control their
credentials and, potentially, their reputation. Future work should update the VerifyMed system according to this input. We
concluded that a decentralized system for the storage of work-related verifiable credentials could increase trust in a virtualized
health care system.
(JMIR Form Res 2021;5(10):e33113) doi:10.2196/33113
KEYWORDS
blockchain; eHealth; qualitative research; VerifyMed

Introduction
Background
The COVID-19 pandemic has accelerated the digital
transformation of the health care sector. Social distancing and
other measures to reduce transmission of SARS-CoV-2 have
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forced health systems to deliver health services using innovative
methods [1]. Virtual health care consultations, which often are
referred to as telemedicine, are an example of this transformation
that has had a rapid increase during the pandemic. Telemedicine
visits increased by 683% in New York City during the spring
of 2020 [2], and general practitioners in Norway reported that
81% of them used video consultation during the pandemic (most
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of them did not use it at all before the pandemic) [3]. Since the
advantages of telemedicine include cost-effectiveness, increased
access, and availability [4], we can assume that this increase
will be permanent. In previous work, it was suggested that
telemedicine might challenge some of the established structures
for trust in a patient–health care professional relationship [5].
The ability to verify the competence of health care professionals
will be of increasing importance in telemedicine in order to
enhance trust [6,7].
The administrative burden placed on health care professionals
has perhaps always been present [8]. However, the
administrative burden related to work mobility seems to have
increased recently [9], and this trend is also reflected in
increased mobility among health care professionals [10]. As a
result, the administrative burden of verifying credentials and
experiences among this working group is increasing.
For the last decades, there has been a focus on putting patients
in the center of evaluating clinical care, combined with
biomarkers of health improvements [11]. As a mean for this,
patient-reported outcome measures (PROMs) have been
introduced to measure patient-reported outcomes (PROs). PROs
are referred to as the patient’s health, quality of life, or
functional status associated with health care or treatment [12].
PROMs are the tools to measure PROs, which could, for
example, be a measure of the quality of life. To complement
PROMs, patient-reported experience measures (PREMs) have
been introduced as a tool to measure patients’ experiences with
health care or health services, often with a satisfactory score
[12]. PROs may have increasing importance as a means of
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learning and improving health care professionals, as well as a
way for health care professionals to verify their work history
[13].
We have identified a need for a new decentralized service for
work history and competence verification as a means to increase
trust in the virtual interaction between a patient and a caregiver,
mitigate administrative burden, and provide PROs seamlessly
for health professionals. This concept is described in the next
subsection.

VerifyMed
The proposed concept of VerifyMed provides a solution for
enhancing trust between a caregiver and a patient within a
virtualized health care environment. The cornerstone of this
architecture is an approach for capturing the trust relationships
within the health care system by utilizing a blockchain. This
trust mechanism can be used by patients to confirm the
credentials and potentially enhance their trust in a caregiver
during their interaction. Furthermore, the architecture includes
a mechanism for evaluating these interactions publicly on the
blockchain, using PROMs and PREMs. These evaluations serve
as a portfolio of the caregiver’s experience and could potentially
be used as a mechanism for continued learning among health
care professionals. The concept of VerifyMed is presented
further in other reports [5,14,15]. To achieve the objectives of
this research, a mock-up of the user interface of the platform
was designed using user-centric design theory [16]. The
mock-up can be accessed online [17]. Figure 1 and Figure 2
illustrate examples of the user interface that was explored in
this research.

Figure 1. The data sharing page of the VerifyMed user interface.
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Figure 2. The dashboard page of the VerifyMed user interface.

Significance
It is important to gain user input early in technology
development to further improve an application according to the
needs of the users [18]. After identifying a problem in the health
sector and designing a solution for that problem with a
proof-of-concept, a feasibility study further validates the concept
of VerifyMed and provides valuable user input for further
development.

Aim and Objective
The objective of this work was 2-fold. First, the work aimed to
validate a use case of a decentralized medical professional
credentials service by mapping out the need for such a service
in Norway. Second, we aimed to evaluate the proof-of-concept
of VerifyMed, a blockchain-based credential service for health
care professionals. We limited the scope of the work to medical
students, as they might experience challenges with recording
and managing their credentials and experience as they start and
progress through their careers.

Research Questions
The research questions were as follows:
1.
2.
3.
4.

What are the potential scenarios of usage from the user
group?
How will a decentralized system, such as VerifyMed, be
accepted by future health care professionals?
Does the VerifyMed system meet the requirements of health
care professionals who would be using the system?
What are the desired features of the users?

https://formative.jmir.org/2021/10/e33113
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5.

What are the opinions on a patient-feedback system?

Methods
Overview
To answer the research questions, a qualitative approach was
applied. Data were collected through 9 semistructured interviews
by using the System Usability Scale (SUS) [19] as a starting
point for the interviews. In addition, 2 focus groups (one with
4 participants, and the other with 5 participants) were also
conducted. The recruitment of participants ended when it was
concluded that the data had reached saturation [20].

Data Collection
Medical students in Norway in study years 4 to 6 were recruited
through student organizations. Two focus groups were
performed prior to the individual interviews. The focus groups
functioned as workshops where blockchain technology [21] and
the concept of VerifyMed were presented by the moderator
(AH) before any discussion. The moderator asked the
participants to describe the current procedures they had
experienced with skill verification, certificates, and trust in a
virtual health care scenario. Finally, an open discussion on how
the presented technology could be used to improve the current
workflows was initiated. The focus groups were limited to 45
min. In addition to the moderator, a research assistant was
present to take notes.
The duration of the individual interviews was limited to 30 min.
The participants were invited to the mock-up of the VerifyMed
user interface by an online link. They accessed the mock-up
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through their web browsers on their laptops. After a short
introduction, each participant was invited to perform several
simple tasks in the prototype and was asked to explain his or
her thoughts during this exploration phase, with minimal
assistance from the moderator. The participant was then asked
questions from the SUS questionnaire. The SUS is considered
to be an easy, quick, and reliable test of usability that is
technology agnostic [19]. Based on the answers, follow-up
questions followed in a semistructured form. The focus groups
and the individual interviews were conducted in an online
format, using Zoom (Zoom Video Communications).

Data Management
The focus group sessions and the user-testing interviews were
audio and video recorded. The recordings were analyzed after
the sessions by the main researcher (AH). The 3 other
researchers in the project (AF, KK, and DG) also reviewed the
recordings when there were doubts by the first researcher. The
recordings were stored locally on the first researcher’s computer
during the project. The recordings were transcribed and erased
after transcription, and the notes from the focus group sessions
were compared with the transcripts and then erased.

Data Analysis
Transcription of the collected data was performed according to
the 6 steps of transcription proposed by Azevedo et al [22].
Since the data collection was conducted in Norwegian, an
English translation of the used quotations was performed by
the main researcher (AH). Data were analyzed according to the
principles of systematic text condensation [23]. This procedure

Hasselgren et al
consists of the following 4 steps: (1) getting a total impression
by reading all the text materials and identifying preliminary
themes; (2) identifying meaningful units from both the technical
aspects of the VerifyMed service and its use by medical
students; (3) abstracting condensates from each group and
subgroup; and (4) creating synthesized descriptions of the user’s
experiences and opinions about the use of a decentralized work
history portfolio. The software NVivo (version 1.4.1; QSR
International) was used for the analysis.

Ethical Considerations
All participants were asked to give written consent based on
oral and written information about the study. Only those who
gave their consent to participate in the study, according to the
information in the consent form, were included (n=9). The study
did not collect or otherwise handle patient- or health-related
data. Therefore, ethical clearance from the Regional Ethical
Committee (REK) was not obtained. The study was registered
by NSD - Norwegian Center for Research Data and the Data
Protection Officer at the Faculty of Medicine and Health Science
(Norwegian University of Science and Technology) to be
General Data Protection Regulation compliant.

Results
Participant Characteristics
A total of 9 participants were recruited in the study, and all 9
completed both participation in the focus group and the
individual interview. The characteristics of the respondents are
presented in Table 1.

Table 1. Characteristics of the informants.
Characteristic

Value (n=9), n (%)

Gender
Male

4 (44)

Female

5 (56)

Age (years)
23-24

3 (33)

25-26

2 (22)

27-28

3 (33)

>28

1 (11)

Study year (out of 6)
4

1 (11)

5

5 (56)

6

3 (33)

University
Norwegian University of Science and Technology

8 (89)

University of Oslo

1 (11)

Previous knowledge of blockchain
No

6 (67)

Yes

3 (33)
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Themes
The results from the SUS were mainly used as a starting point
for the individual interviews. The quantitative results from the
SUS were calculated using the standard formula for SUS [24].
The score was 69.7, with fairly equal responses from the
respondents. A score above 70 is considered acceptable,

according to validation studies [24]. In the data analysis, 5
themes were identified within the focus groups and individual
interviews, and an overview is presented in Table 2. The results
from both methods of data collection were intertwined. Several
of the themes were discussed in both the focus groups and
individual interviews, and they are therefore presented here
jointly.

Table 2. Results overview.
Theme

a

Proportiona of data

Supporting quotes

The need for an aggregated storage of work- 24.2%
and study- related verifications

...large parts of the system is trust based. I don’t know how to verify certificates,
but as you say, paper-based certificates are an easy way to falsify knowledge and
experience.

Trust in a virtual health care environment

26.0%

To showcase what you have done related to courses and such could contribute,
it becomes the equivalent to have diplomas on the wall. It is not necessarily certain
that the patient understands what it is, but it can improve the total impression.

The potential use of patient feedback

14.5%

The ones who write feedback are the patients how are either very pleased or they
who are very displeased. ...the selection gets skewed.

Trust in blockchain technology

7.3%

I think I understand the value with that things could be verified and that falsification might be mitigated with time-stamping and such, that I see as positive...

Improvements of the VerifyMed concept

6.5%

I envision that in the future, when things get more digital and patients have a
specific problem and want to get in contact with a doctor who has done research
in that area or has any specific courses within the area...

The percentages do not add to 100 since other themes, not relevant to the research questions, also were discussed.

The Need for an Aggregated Storage of Work- and
Study-Related Verifications
The first theme evolves around the need for a platform where
medical students can collect and store verifications of their
experiences. As the participants describe, as of now, there is no
common digital system in use where they can store grades,
certificates, references, and verifications of practical
assignments. One participant expressed this as follows:
...it would be nice if it could be done digitally.
Previously in the studies, we rotated to different
departments of the hospital and were supposed to get
one signature from each department. We were
supposed to keep this piece of paper with over 20
signatures throughout the semester and try to not lose
it. It would be an advantage if this could be done
digitally.
If this physical paper is lost by the students, they need to collect
all the signatures again. This was expressed as a rather common
problem and a lot of work. On this occasion, it seems like the
supervisors were not always aware of what they approved by
giving their signatures.
...if you needed to go back for the signature, it could
happen that they were a bit uncertain but most of the
time they signed anyway, or always.
The risk of falsified documents with an analog trust-based
system was further acknowledged in the discussion. As one
respondent expressed:
...large parts of the system is trust-based. I don't know
how to verify certificates, but as you say, paper-based
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certificates are an easy way to falsify knowledge and
experience.

Trust in a Virtual Health Care Environment
The second identified theme evolves around trust in the
interaction between the medical doctor (student) and the patient.
Since the respondents were in different stages of their education,
they had experienced different exposures to patients. Their
perceptions of trust in their encounters with patients also varied.
Some respondents did experience a lack of trust towards them
among patients.They expressed that this probably was a
consequence of they being students and thus being considered
less experienced and knowledgeable. However, most of the
respondents experienced that trust could be established, and it
was not considered a major disadvantage that they were students.
Furthermore, trust in a virtual health care environment, mainly
video consultations, was discussed. The respondents agreed that
this way of providing health services will be an important part
of their professional careers. They had so far been exposed to
this medium in various degrees, mainly due to COVID-19,
where restrictions enforced virtual meetings instead of physical
meetings. Their perceptions of quality in virtual health services,
compared to physical services, varied. Some experienced no
difficulties in gaining the trust and confidence of patients.
However, most seemed to agree that the lack of physical
attributes and the lack of physical examinations may harm the
trust-building mechanisms.
You get something for free in a hospital setting, you
walk-in in a white coat, that looks professional. I
believe most doctors perform virtual consultation
from a setting that looks professional, otherwise, it
can look suspicious.
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The individual interviews further explored the need for digital
verifications, and the general opinions among the respondents
were that this could have a purpose in a virtual environment.
To showcase what you have done related to courses
and such could contribute, it becomes the equivalent
to have diplomas on the wall. It is not necessarily
certain that the patient understands what it is, but it
can improve the total impression.
However, participants were also hesitant about how this
information would be interpreted by the patients, and if they
would comprehend the meaning of such certificates and other
proofs of competence.
...I’m a bit uncertain regarding this. What value would
it bring if they could see this, it might be difficult for
them to interpret. It’s difficult to say what they would
use this information for.

The Potential Use of Patient Feedback
The third theme identified was the expectations and fears around
a patient-feedback system, such as PROs. In this discussion,
the Norwegian website Legelisten [25], a site where anyone can
rate their general practitioner, was referred to several times. The
respondents’ general opinions around this service were negative,
and the patient-feedback system was associated with the
negative impressions of this service. For example, the risk of a
biased selection of users of this service was expressed as
follows:
The ones who write feedback are the patients who
are either very pleased or they who are very
displeased. ...the selection gets skewed.
The participants also expressed a general fear of being publicly
rated, similar to the rating system of Legelisten [25]:
...agree that it could be an individual asset but nothing
that should be published publicly, how good you are
in comparison with others because that will create
competition rather than provide you with learning.
This fear also extended to how data could be reported in a
feedback system. Several respondents expressed the need for
this kind of feature to be objective and systematic. Allowing
patients to provide feedback without any systematic framework
was expressed as being associated with a major risk of
information overload and useless information from the patients.
...maybe you should not be able to write free text with
no limit and maybe you should limit how the feedback
is given, otherwise it will be a lot of irrelevant and
unserious feedback, so it has to be a limitation for
the patients’ possibility to provide feedback.
A feedback system as a means for health care professionals to
learn was however expressed as something positive among the
participants. At present, they have little or no opportunity to
know the outcome of a given patient treatment, since they often
rotate and may miss a revisit or the results when the patient gets
referred to another department.
You often wonder how it went and what happened to
the patient.
https://formative.jmir.org/2021/10/e33113

XSL• FO
RenderX

Hasselgren et al
It would be great to get a small correction and
feedback on what you have done and how it went, and
what conclusions were made further. That would be
gold worth to know...

Trust in Blockchain Technology
The fourth theme, trust in blockchain technology, was briefly
discussed. As Table 1 indicates, a few of the respondents had
knowledge about blockchain technology prior to participating
in this research. Even though blockchain was introduced in a
presentation by the moderator (AH) before the focus group
discussions, several of the respondents reported that they did
not understand the technology. However, none of them showed
any negativity toward the technology and whether to trust the
VerifyMed service.
I think I understand the value with that things could
be verified and that falsification might be mitigated
with time-stamping and such, that I see as positive.
But I don’t know enough about the technology to say
if it gives any large advantages compared to other
services. I think I understand it, but I’m not a
technical person.
As expressed by several respondents, the trust in the service
was dependent on third-party validation and trust in the
developers behind the service. One respondent commented as
follows:
Yes, if the source is trustworthy and it helps if it is
promoted by persons you trust. ...but if it is an
unknown actor which I could not relate to I would be
much more skeptical to provide any personal
information.

Improvements of the VerifyMed Concept
The last main theme that was discussed were general
improvements and opinions regarding the VerifyMed user design
and features experienced by all respondents. None of the
respondents had any problems completing the 9-item task list
given, and they all did so in a short amount of time (3-7 min).
The general expression was that the solution could be useful
and that they acknowledge the need for this kind of service.
One respondent commented as follows:
I envision that in the future, when things get more
digital and patients have a specific problem and want
to get in contact with a doctor who has done research
in that area or has any specific courses within the
area, then it could be very useful for both the doctor
to be able to show knowledge and interests in that
particular area, then you might get more patients you
can include in your research or that you find
interesting.
The informants expressed that the design and user flow were
something that they were familiar and comfortable with. They
had a few suggestions on improvements and additions of
features, such as (1) make it clearer what data are being shared,
for how long, and with whom, (2) make it possible to have direct
communication with patients through a message system, and
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(3) make it possible to showcase scientific publications or
research projects as a part of the “portfolio.”

Discussion
Principal Findings
This research aimed to validate a use case of a decentralized
medical professional credentials service by mapping out the
need for such a service in Norway and to evaluate the
proof-of-concept of VerifyMed, a blockchain-based credentials
service for health care professionals.
The informants expressed that the main area of use is a platform
where they could store all the data they would need for a job
application. This is perhaps an expected result since the
respondents are already (or will soon be) in a job-seeking
process. The general opinion was that they had no or little
control over data, such as verifications of internships or practical
assignments, at present. They were all positive about the idea
of a system that could automate this and provide them with
more control. Presently, it seems to be somewhat up to chance
if they receive these paper-based verifications and how useful
they are owing to a lack of systematization. This highlights the
need for new services with features similar to those of
VerifyMed.
Fear was generally expressed for a patient-feedback system
among the participants, in case the data are used to evaluate
them externally. This fear might be explained by the fact that
young physicians (students) are already exposed to a lot of stress
and have a fear of making mistakes [26]. The addition of another
evaluation service could increase this stress. However, they
were generally positive about receiving feedback for their own
learning. They were also open to extend this and share the
feedback with colleagues and take part in each other’s feedback,
for the objective of learning. Previous research has indicated
that it might be difficult for health care professionals to learn
from patient feedback [27]. The sample in this study (students)
might explain this difference, as students are probably more
inclined to learn and improve compared to more senior health
care professionals. They did however see little or no use in
sharing patient feedback with other patients, as they did not see
the need for this. This is in line with previous research [28].
The existence of physician-rating websites, such as Legelisten
[25], indicates that patients are interested in the feedback of
other patients to evaluate physicians. This difference in
perception between physicians and patients might again be
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explained by physicians’ fears of being evaluated and potentially
not having control over their reputation as health care
professionals. Previous research has indicated that a physician’s
reputation on physician-rating websites is critical to attract
patients [29], and there seems to be a lack of tools where
physicians can take control over their online reputation [30].
This previous knowledge and our results clearly indicate the
need for a service where physicians can control their online
reputation. Considering this, future updates on the VerifyMed
concept should include options to share or not to share patient
feedback publicly. This control feature might enhance the
acceptability of the service among health care professionals and
enable reputation control in a virtualized health care
environment.
The quantitative results from the SUS should be interpreted
with the understanding that the small sample size prevents any
strong conclusions from this quantitative result. However, it
could serve as an indicator that the usability of the user design
is acceptable [24] (the study showed a SUS score of 70). There
were no indications that design changes need to be implemented
in the platform based on the user testing.
The limited clinical experience of the informants may have
influenced the results, and it is possible that another sample,
with more experienced health care professionals, will have other
opinions. However, the results from the current informant
sample fulfill the objectives of this research. The individual
interviews might have been influenced by the discussions in
the focus groups and the presentation made by the main
researcher (AH), which were both conducted before the
individual interviews. The perception of the technology might
have been influenced as a result.

Conclusion
This study validated the need for the concept of VerifyMed,
and feedback from the users provided inputs that will further
enhance the quality and fit-for-purpose aspect of the concept.
Future work should update the system according to these inputs,
enhance the data control of the user to provide reputation
control, and move to the next step of system development.
Furthermore, we concluded that a decentralized system for the
storage of work-related verifiable credentials could increase
trust in the health system, especially if there are less trusted
institutions as a result of an increase in the number of health
care providers in a digitally transformed health care system.
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Abstract
Background: Vietnam is one of the first low- to middle-income countries to develop and implement a national-scale electronic
immunization registry. This system was finalized into the National Immunization Information System (NIIS) and scaled up to a
national-level system in 2017. As a result, immunization coverage and the timeliness of vaccinations have drastically improved.
The time spent on planning and reporting vaccinations has drastically reduced; as a result, vaccination planning and reporting
has become more accurate and effective. However, to date, end users have been tasked with managing both the NIIS and paper-based
systems in parallel until a formal assessment of the readiness to fully transition to the NIIS is conducted.
Objective: This study aims to evaluate the readiness to move to an entirely digital NIIS in 2 provinces of Vietnam—Ha Noi
and Son La.
Methods: All health facilities were surveyed to assess their infrastructure, capacity, and need for human resources. NIIS end
users were observed and interviewed to evaluate their NIIS knowledge and skill sets. Data from immunization cards and facility
paper-based logbooks were compared with data from the NIIS, and vaccine stocks at selected facilities were tallied and compared
with data from the NIIS.
Results: Of the 990 health facilities evaluated, most used the NIIS to enter and track immunizations (987/990, 99.7%) and
vaccine stocks (889/990, 90.8%). Most had stable electricity (971/990, 98.1%), at least 1 computer (986/990, 99.6%), and ≥2
trained NIIS end users (825/990, 83.3%). End users reported that the NIIS supported them in managing and reporting immunization
data and saving them time (725/767, 94.5%). Although many end users were able to perform basic skills, almost half struggled
with performing more complex tasks. Immunization data were compiled from the NIIS and immunization cards (338/378, 89.4%)
and paper-based logbooks (254/269, 94.4%). However, only 54.5% (206/378) of immunization IDs matched, 57% (13/23) of
Bacillus Calmette-Guérin vaccination records were accurate, and 70% (21/30) of the facilities had consistent physical vaccine
stock balances. The feedback received from NIIS end users suggests that more supportive supervision, frequent refresher training
for strengthening their skill sets, and detailed standardized guides for improving data quality are needed.
Conclusions: The readiness to transition to a digital system is promising; however, additional resources are required to address
the timeliness, completeness, and accuracy of the data.
(JMIR Form Res 2021;5(10):e28096) doi:10.2196/28096
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Introduction
Background
Electronic immunization registries (EIRs) enable the collection
and consolidation of immunization coverage and can therefore
be an effective tool in the planning and delivery of immunization
services [1,2]. EIRs are becoming more widespread in low- to
middle-income countries because of more accessible and cheaper
computer technologies [2]. Several studies have shown that the
implementation of such systems improves data accuracy and
timeliness and assists in identifying areas of low vaccine
coverage and children who have missed vaccinations and as a
result, saves health care workers a substantial amount of time
[3,4]. However, the success and adoption of such systems are
also contingent upon their ability to widely implement and
successfully adopt these tools at a national scale [5-7]. The
success of scale up of these systems is also highly contingent
upon several factors such as adequate equipment, infrastructure,
human resources and skills, reliable power supply, funding, and
ongoing process evaluations [8].
Nonetheless, Vietnam is one of the first low- to middle-income
countries to develop and implement a national-scale EIR.
Beginning in 2012, PATH and the Vietnam National Expanded
Program on Immunization (EPI) developed and piloted a digital
immunization registry, ImmReg, in 1 district of the Ben Tre
province. Between 2014 and 2015, ImmReg was integrated with
VaxTrak (a vaccine tracking software) into a comprehensive
software for the National EPI and implemented in the entire
Ben Tre province. During 2016 and 2018, leveraging
government-led efforts and private sector partnerships, this
system was finalized into the National Immunization
Information System (NIIS) and scaled up to a national-level
system. Since its launch, the NIIS has been used in 99.8% of
facilities across provinces and their districts nationwide, and
>20 million children and women have been registered in the
system. As a result, immunization coverage and timeliness of
vaccinations have drastically improved [4]. Using the NIIS has
also alleviated the burden on immunization officers across all
levels. The time spent on planning and reporting vaccinations
has drastically reduced, and as a result, it is more accurate and
effective. A timely, complete, and transparent database has
provided higher-level officers (district, provincial, and national)
comprehensive information to better guide and strategically
plan to improve immunization coverage, as well as respond
promptly in cases of emergency.
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However, to date, end users have been tasked with managing
both NIIS and paper-based systems in parallel until a formal
assessment on the readiness to fully transition to the NIIS is
conducted. Even though this parallel process was burdensome
for end users, it was an important and intentional part of the
rollout process to troubleshoot any unanticipated issues with
the NIIS and allowed end users to transition to the new digital
registries.

Goal and Objectives
Thus, the main goal of this study is to evaluate and compare
the readiness of 2 provinces in Vietnam in moving entirely from
a paper-based to paperless system for immunization records,
with an emphasis on accuracy, completeness, consistency,
timeliness, and data quality.
The following objectives are used to determine readiness to
transition to the NIIS: (1) assess the infrastructure, capacity,
need for human resources, and indicators for data accuracy; (2)
assess NIIS end users’ perceptions and feedback; (3) evaluate
the data quality of the NIIS; (4) compare the accuracy of stock
data that were physically counted to stock data in the NIIS; and
(5) evaluate the knowledge and skills of NIIS end users.

Methods
Study Area
This study was conducted in 2 provinces in Vietnam, Ha Noi
City and Son La. These provinces were selected as they
represented varying levels of readiness with respect to
geography (urban, semiurban, rural, and mountainous areas),
population density, facility type (fee-based, private, and public),
and facility level (national, provincial, district, and commune).
Ha Noi is the capital city and mostly urban with a large and
growing population, high immigration rate, a good infrastructure
system, and a higher number of private sector and fee-based
facilities. In comparison, Son La is a primarily bordered
mountainous province with limited resources and fee-based
facilities.

Study Design and Data Collection
Table 1 shows the research methods used to address each
specific objective as described below, including the sampling
strategy, data collection method, and type of data collected. All
data were collected via the Kobo toolbox software [9], which
identified data errors and missing data via built-in programmed
checks.
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Table 1. Sampling strategy, data collection methods, and types of data collected for addressing the five study objectives.
Objective

Sampling strategy

1. Assess and compare in•
frastructure, capacity, and
human resources needs in 2
provinces that represent different levels of readiness

Data collection methods

All immunization health facili- •
ties (N=1026) in Ha Noi and
Son La Provinces

Self-filled forms in
Kobo toolbox sent via
email

Type of data collected
•

•
•
•
•

2. Assess NIIS end users’
perceptions and feedback

•

A total of 767 districts and
communes were purposively
selected

•

Self-filled forms in
Kobo toolbox sent via
email

•
•
•

3A. Evaluate data quality
•
between immunization cards
and the NIIS

Son La: All children born after •
July 1, 2017, purposefully selected from 1 village in each

Current NIISb use: NIIS log-in and username
End users implementing the NIIS: number of
people trained in use of NIIS or need for additional trainings
Indicators for data accuracy: data entry for
immunizations and stock balances
Time spent planning and reporting before and
after NIIS
Perceptions of NIIS system on managing data
and quality of data
Feedback for system improvement

Review and compare
•
data between immunization cards and the NIIS •

Immunization data on immunization cards of
selected children
Immunization data in the NIIS of selected
children

Review and compare
•
data between paperbased logbooks at
•
health facilities and the
NIIS

Immunization data written in the facility paper-based logbook of selected children
Immunization data in the NIIS of selected
children

of the 6 selected communesc
•

Immunization services provided: EPIa, nonEPI, and hepatitis B birth dose vaccine coverage
Infrastructure conditions: electricity, computers, type of internet connection, barcode
printers, and readers

Ha Noi: 7d children born after
July 1, 2017, in each village or
living quarter identified doorto-door, in each of the 12 selected communesc

3B. Evaluate data quality
•
between paper-based records
and the NIIS

20 randomly selected children •
from each of 14e purposefully
selected fee-based facilities
and hospitals

3C. Evaluate data quality
•
between paper-based records

18 randomly selected commune health centers and district health centers

and the NIIS for BCGf vaccination administered in
previous month

a

•

Review and compare
count of BCG immunizations among children in facility paperbased logbooks and in
NIIS for previous
month

•
•

4. Compare the accuracy of •
stock data that were physically counted to stock data in
the NIIS

Random selection of 3 vaccine •
lots in 30 health facilities with
established NIIS system

Review of actual stock •
of 3 randomly selected •
vaccine lots and in NIIS

5. Evaluate the knowledge •
and skills of NIIS end users

Convenience sampling of 1 or •
2 NIIS end users from each
purposefully selected fee-based
facility and hospital

Observation and interviews with NIIS end
users

•

Number of children vaccinated in previous
month with the BCG vaccine per paper-based
logbook
Number of children vaccinated in previous
month with the BCG vaccine in the NIIS

Physical stock balance of selected lots
Stock balance per NIIS of selected lots

NIIS knowledge and skills of end users using
the three modules: immunization registry,
stock management, and reporting

EPI: Expanded Program on Immunization.

b

NIIS: National Immunization Information System.

c

Overall, 6 out of 30 districts in Ha Noi and 3 out of 12 districts in Son La.

d

Due to the large population size in Ha Noi province, the World Health Organization’s 30-clusters methodology was applied.

e

One hospital that did not use the NIIS at the time of survey was excluded.

f

BCG: Bacillus Calmette-Guérin.
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Objective 1
To describe and compare the characteristics of immunization
facilities, human resources, and data accuracy indicators, all
immunization health facilities in Ha Noi and Son La provinces
were emailed a web-based survey about the immunization
services provided; infrastructure conditions; current NIIS use;
number of NIIS trained end users, including health care workers
and managers at different levels, and at different types of
facilities such as commune health centers, hospitals, and
fee-based immunization facilities; implementing the NIIS; and
NIIS acceptance and feedback. The number and frequency by
province were evaluated and compared using the Wilcoxon
Mann-Whitney test.

Objective 2
To evaluate perceptions and feedback, the NIIS end users were
purposively selected from districts and communes as follows:
(1) of the 30 districts in Ha Noi, 6 (20%) were selected to
represent a mix of population densities, facility types (fee-based,
private, and public), and geographical areas (urban, semiurban,
and rural); (2) of the 12 districts in Son La, 3 (25%) were
selected to represent urban, rural, and mountainous areas; (3)
2 communes within each district, 1 to represent the smooth
operation of the NIIS and the other to represent a commune
with challenges were selected; (4) 6 hospitals in Ha Noi to
represent different levels and types (urban, rural, private, and
public) were selected; if there was >1 hospital in each category,
then the hospital with the highest number of newborns in 2018
served as a substitute for purposively selecting high-volume
hospitals; in Son La, 3 hospitals representative of urban and
rural hospitals were selected; and (5) 2 fee-based hospitals and
1 public facility were selected in Ha Noi, and 3 fee-based
facilities were selected in Son La. The NIIS end users were
asked a series of survey questions to estimate the time it took
them to plan and report on immunization before and after NIIS
implementation and to evaluate their acceptability of the NIIS
and its data quality that were compiled and analyzed. In addition,
users’ feedback on how the NIIS system could be improved
was elicited via open-ended questions; common themes were
grouped and frequencies were noted to help the Ministry of
Health (MOH) and software developers improve the NIIS.

Objective 3
To evaluate data quality between immunization cards and NIIS
in objective 3A, all children born between July 1, 2017, and the
date of data collection were purposefully selected from 1 village
in each of the 6 representative selected communes in Son La.
In Ha Noi, 7 children born between July 1, 2017, and the date
of data collection were selected from each village or living
quarter using the World Health Organization’s 30-clusters
methodology [10] in each of the 12 representative selected
communes.
To evaluate the data quality between paper-based records and
NIIS in objective 3B, 20 children from each of 14 purposefully
selected fee-based facilities and hospitals in both provinces were
randomly selected, and their records were compared. In addition,
in purposively selected commune health centers and district
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health centers representative of facilities with and without NIIS
implementation challenges, the number of children who received
a Bacillus Calmette-Guérin (BCG) vaccination in the previous
month per paper-based logbook at facilities was compared with
the NIIS.

Objective 4
To evaluate vaccine stock accuracy, stock balances of 3 vaccine
lots were randomly selected from 30 health facilities with
available vaccine stocks across both provinces that had an
established NIIS, and physical stock and NIIS counts were
compared.

Objective 5
To address the knowledge and skills of NIIS end users, 1 or 2
NIIS end users from each purposefully selected fee-based
facility and hospital were observed and interviewed on three
modules: immunization registry, stock management, and
reporting. Observations were used to evaluate end user skills,
and interviews were used to evaluate end user knowledge.

Statistical Analyses
Descriptive analyses, including counts, proportions, and means,
were estimated for each objective and stratified by province
where applicable. Responses from open-ended questions were
counted and tabulated. All statistical analyses were conducted
in Stata 14 (StataCorp LLC).

Ethics
The study procedures were reviewed and received a nonresearch
determination by PATH because the activity does not meet the
definition of research, as defined in 45 Code of Federal
Regulation 46.102(l). Interviewers and supervisors were trained
on interview techniques, data collection procedures and tools,
ethical issues (such as how to protect the identities of study
participants where applicable and how to secure all the data
collected), and quality control. Interviewees were informed of
the study’s objectives and their rights of participation. Verbal
consent was obtained from all participants.

Ethical Approval
This research protocol was reviewed and determined as not
human subjects research by the PATH research determination
committee. Before the interviews, all participants were informed
and received an explanation of the scope and purpose of the
study, the right to participate, and confidentiality of their
personal information. No personal information was provided.

Results
Objective 1
There were a total of 1026 immunization health facilities in Ha
Noi and Son La provinces; 96.49% (990/1026) of health
facilities completed the initial survey about infrastructure,
capacity, and the need for human resources. Of the 990 facilities,
747 (75.5%) were in Ha Noi and 243 (24.5%) were in Son La.
Table 2 shows the characteristics of these facilities by province.
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Table 2. Characteristics of immunization facilities that completed the web-based survey, human resources, and data accuracy indicators by province
(N=990).
Type of facilities

Total

Ha Noi (n=747) Son La (n=243) P valuea

Commune health center, n (%)

788 (79.6)

584 (78.2)

204 (83.9)

.04

District health center, n (%)

42 (4.2)

30 (4)

12 (4.9)

N/Ab

Fee-based facilities, n (%)

72 (7.3)

59 (7.9)

13 (5.4)

N/A

Government hospitals (center, provincial, and district), n (%)

61 (6.1)

49 (6.5)

12 (4.9)

N/A

Private hospitals, n (%)

23 (2.3)

22 (2.9)

1 (0.4)

N/A

Other, n (%)

4 (0.4)

3 (0.4)

1 (0.4)

N/A

EPIc,d vaccines only

548 (55.4)

354 (47.4)

194 (79.8)

<.001

Non-EPIa vaccines only

92 (9.3)

79 (10.6)

13 (5.4)

N/A

Both EPI and non-EPI vaccines

224 (22.7)

222 (29.8)

2 (0.8)

N/A

Hepatitis B Birth dose

51 (5.2)

42 (5.6)

9 (3.7)

N/A

EPI vaccines and Hepatitis B Birth dose

26 (2.6)

10 (1.3)

16 (6.6)

N/A

Has stable electricity, n (%)

971 (98.1)

747 (100)

224 (92.2)

<.001

Has at least one computer, n (%)

986 (99.6)

747 (100)

239 (98.4)

<.001

Number of computers, mean (SD)e

2.9 (2.3)

3.0 (2.4)

2.5 (1.9)

<.001

Number of computers ready for NIISf, mean (SD)

1.9 (1.5)

2.0 (1.7)

1.7 (0.9)

.04

Has cable or Wi-Fi internet connection, n (%)

944 (95.3)

747 (100)

197 (81.1)

<.001

Has 3G or 3G internet connection, n (%)

46 (4.7)

0 (0)

47 (18.9)

N/A

Has a barcode printer, n (%)

89 (8.9)

38 (5.1)

51 (20.9)

<.001

Has a barcode reader, n (%)

85 (8.6)

74 (9.9)

11 (4.5)

.009

Has NIIS log-in username

990 (100)

747 (100)

243 (100)

N/A

Currently using the NIIS system

987 (99.7)

744 (99.6)

243 (100)

.32

Provided personal immunization ID

881 (89.3)

740 (99.5)

141 (58)

<.001

Have ≥2 end users use NIIS

766 (77.4)

610 (81.7)

156 (64.2)

<.001

Has only 1 health worker trained on NIIS, n (%)

147 (14.9)

105 (14.1)

42 (17.3)

.22

Have ≥2 end users trained on NIIS, n (%)

825 (83.3)

633 (84.7)

192 (79)

.04

Additional training on the NIIS not required, n (%)

165 (16.7)

140 (18.7)

26 (10.6)

.002

Number of end users trained on NIIS, mean (SD)

3.1 (2.4)

3.3 (2.7)

2.6 (1.5)

.004

Number of end users that need additional training on NIIS, mean (SD)

3.7 (2.4)

3.7 (2.4)

3.7 (2.2)

.27

Data entered during the immunization session

697 (70.4)

644 (86.2)

53 (21.8)

<.001

Data entered after the immunization session

290 (29.3)

101 (13.5)

189 (77.7)

N/A

Data are not entered

3 (0.3)

2 (0.3)

1 (0.4)

N/A

Entered stock data into NIIS

899 (90.8)

677 (90.6)

222 (91.4)

.73

NIIS stock balance is accurate

884 (89.3)

679 (90.9)

205 (84.4)

.62

NIIS immunization data matched paper records

753 (76.1)

612 (81.9)

141 (58.0)

<.001

Correctly reported number of fully immunized children

762 (76.9)

612(81.9)

150 (61.7)

<.001

Vaccination services provided, n (%)

Infrastructure

Current NIIS use, n (%)

NIIS trained end users

Indicators of data accuracyg, n (%)
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a

Non–Expanded Program on Immunization vaccines are not in the list of Expanded Program on Immunization vaccines, and clients have to pay from
their own pocket for vaccination.
b

N/A: not applicable; too few estimates to determine significance.

c

Expanded Program on Immunization vaccines are vaccines introduced and provided to people (children and women) free of charge.

d

EPI: Expanded Program on Immunization.

e

Wilcoxon Mann-Whitney test was applied.

f

NIIS: National Immunization Information System.

g

Per the Ministry of Health 4-step immunization process (among those who are using the NIIS in the last month).

The distribution of facilities differed in both provinces (P=.04);
although 79.6% (788/990) were commune health centers, 9.5%
(71/747) of facilities in Ha Noi were government and private
hospitals compared with 5.3% (13/243) of facilities in Son La.
The type of vaccination services provided was significantly
different between the provinces (P<.001). EPI vaccines were
the most common type of service provided: 79.8% (194/243)
of facilities in Son La compared with 47.4% (354/747) of
facilities in Ha Noi. Among the 990 health facilities, 971
(98.1%) had stable electricity, and 986 (99.6%) had at least one
computer (Table 2). Compared with Son La, facilities in Ha
Noi had a higher mean number of computers (3.0, SD 2.4 vs
2.5, SD 1.9; P<.001), higher mean number of computers ready
for NIIS (2.0, SD 1.7 vs 1.7, SD 0.9; P=.04), more cable or
Wi-Fi internet connections (747/747, 100% vs 197/243, 81.1%;
P<.001), and more barcode readers (74/747, 9.9% vs 11/243,
4.5%; P=.009) but less barcode printers (38/747, 5.1% vs
51/243, 21%; P<.001). In addition, all 990 facilities had a NIIS
log-in username, and 99.7% (987/990) reported having used
the NIIS. A total of 3 hospitals in Ha Noi did not use NIIS. Of
the 990 facilities, 881 (89%) provided personal immunization
IDs to newborn babies and clients; this was higher in Ha Noi
than in Son La (740/747, 99.5% vs 141/243, 58%; P<.001).
Of the 990 facilities, 825 (83.3%) had >2 end users trained on
NIIS and 165 (16.7%) did not require additional training (Table
2). However, there was a significant difference (P=.004) in the
mean number of trained NIIS end users in Ha Noi as compared
with Son La (3.3, SD 2.7 vs 2.6, SD 1.5), even though the mean
number of end users requiring additional training was the same
in both provinces (mean 3.7, SD 2.4 in Hanoi and mean 3.7,
SD 2.2 in Son La).
Data entry differed by province (Table 2); 86.2% (644/747) of
facilities in Ha Noi entered the data during the immunization
session, compared with 21.8% (53/243) of facilities in Son La
(P<.001). For data accuracy, of the total 990 facilities, 899
(90.8%) entered stock data into the NIIS, and 884 (89.3%)
reported that their stock balance accurately reflected their actual
physical stock. Although most facilities reported NIIS
immunization data matched paper records and correctly reported
the number of children fully immunized, Ha Noi had a
significantly higher proportion than those in Son La (612/747,
81.9% vs 141/243, 58%; P<.001).

Objective 2

spent planning and reporting on immunization before and after
NIIS. Before NIIS was launched, it took end users an average
of 10.9 hours to prepare immunization plans and 13.2 hours to
report on the immunization data in their facility. After NIIS was
launched, the average amount of time spent on planning and
reporting was 3.1 hours and 4.5 hours, respectively. These time
estimates were significantly different and resulted in 72%
(7.8/10.9) of the time saved on planning and 66% (8.7/13.2) of
the time saved on reporting. Similar results were found for each
province (data not shown). In addition, among 767 end users,
725 (94.5%) reported that the NIIS supported them in managing
and reporting the immunization data in their respective facilities;
however, 9 (1.2%) reported that the system did not support
them, and 33 (4.3%) reported that it increased their workload.
Feedback from end users for system improvement identified
that there is still a need to develop detailed guidelines and
standard operating procedures for all components of the NIIS,
from registration to reporting; provide more direction and
supervision to allow end users to strengthen their skill sets; offer
annual refresher training when new functions are added to the
system; upgrade software, technology, and internet connections;
and improve functions to easily identify and resolve errors. End
users also reported that simplifying the number of indicators
tracked, reducing the reporting forms, and ultimately eliminating
the need to maintain parallel systems would help improve data
quality and encourage them to use the NIIS more frequently for
planning and reporting.

Objective 3
Table 3 shows the indicators used to assess the data quality
between the immunization cards and NIIS. A total of 378
immunization cards of children were evaluated; of the 378 cards,
229 (60.6%) were from Ha Noi, and 149 (39.4%) were from
Son La. Overall, 62.4% (236/378) of immunization cards had
an attached or written NIIS ID. Of the 378 immunization cards,
338 (89.4%) were registered in the NIIS, 206 (54.5%) had NIIS
IDs recorded on both their immunization cards and NIIS records,
330 (87.3%) had demographic information that matched with
NIIS, 372 (98.4%) of immunizations received since birth were
recorded on the immunization cards, and 360 (95.2%) were
entered into the NIIS but only 335 (88.6%) of immunizations
recorded on both immunization cards and the NIIS matched.
These indicators were all statistically different based on the
province.

A total of 767 NIIS end users, 580 (75.6%) from Ha Noi and
187 (24.4%) from Son La, provided estimates of monthly time

https://formative.jmir.org/2021/10/e28096

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 10 | e28096 | p.296
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Duong et al

Table 3. Data Quality Indicators used to compare National Immunization Information System (NIIS) and immunization cards (N=378).
Immunization cards

Total

Ha Noi (n=229) Son La (n=149) P value

Immunization card had an NIIS ID

236 (62.4)

202 (88.2)

34 (22.8)

<.001

Child was registered in the NIIS

338 (89.4)

217 (94.8)

121 (81.2)

<.001

Both immunization card and NIIS had an NIIS ID

206 (54.5)

179 (78.2)

27 (18.1)

<.001

Demographic information on immunization cards and NIIS matched

330 (87.3)

209 (91.3)

121 (81.2)

.01

Immunizations recorded on immunization card

372 (98.4)

226 (98.6)

146 (97.9)

.02

Immunizations recorded in the NIIS

360 (95.2)

224 (97.8)

136 (91.3)

<.001

Immunizations recorded on immunization cards and NIIS matched

335 (88.6)

217 (94.8)

117 (78.5)

<.001

Indicators, n (%)

The data quality indicators used to compare the facilities’
paper-based logbooks and NIIS records for 269 children are
shown in Table 4. Of these 269 records, 254 (94.4%) were
registered in the NIIS, 251 (93.3%) had immunization data
entered into the NIIS, and 242 (89.9%) had matching
immunization data between the paper-based logbook and the

NIIS. The proportions of the immunization indicators in Ha Noi
were significantly higher than those in Son La (P<.001 and
P=.03). There was no difference in immunization registration.
When comparing the number of BCG vaccinations recorded in
the logbook and NIIS in the previous month, only 57% (13/23)
of facilities had accurate data.

Table 4. Data quality indicators used to compare National Immunization Information System (NIIS) and facility paper-based logbooks (N=269).
Facility paper-based logbook

Total

Ha Noi (n=196) Son La (n=73)

P value

Child was registered in the NIIS

254 (94.4)

186 (94.9)

68 (93)

.58

Immunizations recorded in the NIIS

251 (93.3)

188 (95.9)

63 (86)

<.001

Immunizations recorded on paper-based logbooks and NIIS system matched 242 (89.9)

181 (92.4)

61 (84)

.03

Indicators, n (%)

Objective 4
Among 30 health facilities, 19 (63%) in Ha Noi and 11 (37%)
in Son La, 18 (60%) facilities in Ha Noi tracked vaccine and

supplies of 3 randomly selected lots in NIIS, as compared with
8 (27%) facilities in Son La (Table 5). However, only 84%
(16/19) and 45% (5/11) of facilities had physical stock balances
that matched the NIIS in Ha Noi and Son La, respectively.

Table 5. Data quality indicators used to compare National Immunization Information System (NIIS) and physical stock balances by province (N=30).
Physical stock

Total

Ha Noi (n=19)

Son La (n=11)

P value

Vaccine and supplies of 3 lots tracked in the NIIS

26 (87)

18 (95)

8 (72)

.13

Physical vaccine stock balances of 3 lots matched NIIS

21 (70)

16 (84)

5 (46)

.04

Indicators, (%)

Objective 5
The knowledge and skills of end users on the NIIS immunization
registry, stock management, and reporting modules are shown
in Table 6. Overall, a direct relationship between end users’
knowledge and skills was observed. Most end users were able
to perform basic skills such as registering a client, entering data
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following a 4-step procedure in the NIIS, and updating personal
information for an existing client. However, almost half
struggled with more complex tasks, such as creating a
vaccination plan by type of vaccine, deactivating immunization
reminders, and identifying and eliminating duplicates. Similar
results were observed across both provinces.
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Table 6. Overall knowledge and skills related to the National Immunization Information System (NIIS) among end users on the NIIS main modules.
Function

Knowledge, n (%)

Skills, n (%) Correlation

P value

Immunization registry

51 (100)

51 (100)

N/Aa

N/A

Register clients

48 (94)

49 (96)

0.8

<.001

Search a client

36 (71)

35 (69)

0.86

<.001

Search a newborn registered by a hospital

24 (47)

23 (45)

0.94

<.001

Update personal information for an existing client

40 (79)

40 (78)

1

<.001

Enter data following 4-step procedure in the system

45 (88)

44 (86)

0.88

<.001

Add a migrant child from a given location into the list of children due for vaccina- 22 (52)

23 (55)

0.95

<.001

tionb
Deactivate immunization schedule reminder of a childb

24 (57)

22 (52)

0.90

<.001

Create a vaccination plan for children by vaccinesb

25 (60)

24 (57)

0.95

<.001

Duplication filterb

24 (57)

23 (55)

0.86

<.001

Duplication handlingb

23 (55)

22 (52)

0.95

<.001

51 (100)

51 (100)

N/A

N/A

Create a stock receipt from a vaccine distributor

19 (37)

18 (35)

0.96

<.001

Create a stock receipt from higher levelb

23 (55)

23 (55)

1

<.001

Create a dispatch for low levelc

7 (78)

7 (78)

1

<.001

Create a vaccine use voucher

30 (59)

31 (61)

0.96

<.001

26 (100)

26 (100)

N/A

N/A

Generate and export monthly immunization report for children aged under 1 year

19 (73)

18 (69)

0.91

<.001

Generate and export monthly immunization report for children aged over 1 year

17 (65)

16 (62)

0.92

<.001

Stock management

Report only applied for CDCd, DHCe, and CHCsf

a

N/A: not applicable.

b

Applied for Center for Disease Control and Prevention, district health center, commune health center, and hospitals (overall: n=42; Ha Noi: n=32; Son
La: n=10).
c

Applied for Center for Disease Control and Prevention and district health center (overall: n=9; Ha Noi: n=6; Son La: n=3).

d

CDC: Center for Disease Control and Prevention.

e

DHC: district health center.

f

CHC: commune health center.

Discussion
Principal Findings
The readiness to transition to an entirely digital immunization
reporting system in 2 provinces, Ha Noi and Son La, in Vietnam,
was promising. Overall, there was a high level of use of the
NIIS for immunization registry (987/990, 99.7%) and for
tracking vaccine stock data (889/990, 90.8%). A total of 3
hospitals in Ha Noi did not use NIIS because they did not
provide any vaccinations to newborns, or they used their own
system to record immunization data. Evidence suggests that
ownership and acceptability are critical components that
facilitate the use and scale up [11]. Given that the NIIS is an
integrated system with established standards to support and
guide transition and scale up, it is imperative that provincial
health authorities encourage all facilities to use the NIIS, or at
least share data with the NIIS, especially if they run a
facility-owned information system.
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Most facilities in both provinces had sufficient infrastructures,
such as stable electricity, at least one computer, and cable or
Wi-Fi internet connections. In Son La, fewer computers were
ready for NIIS and 18.9% (47/243) of facilities were still using
a 3G or 4G internet connection. In addition, there were few
barcode readers and printers across all the facilities. This was
primarily because of limited resources, where programs within
the facility often must share the only computer available and
the limited resources available to upgrade their internet
connection. To encourage the uptake and sustainability of
systems such as the NIIS, budgets should be revised so that
related expenses, such as power supply, critical equipment, and
internet connection needed to support NIIS, can be procured
[12-14]. Moreover, planning and making provisions for possible
offline data entry in the interim could be beneficial in areas with
poor internet connections or unstable power supplies [13].
Sufficient training is essential for end users to adopt and use
digital health solutions, such as the NIIS [15]. To ensure that
NIIS is sustainable in that immunization data are entered and
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updated in a timely manner, each facility should have at least
two trained end users to use NIIS. However, only 77.4%
(766/990) of facilities met these criteria, and facilities in both
provinces requested additional training for an average of 3.7
staff members. This may be a result of varying skill levels and
high turnover rates of end users. However, when comparing the
knowledge and skills of a subset of NIIS end users, there was
a clear correlation between the two. Hence, more and frequent
refresher training is needed to ensure that end users can apply
the knowledge and skills gained from training to their daily
work. Findings from a recent study indicate that more time
should be allocated for initial training, and training should be
offered at various times to account for busy and demanding
work schedules [2]. Trainings should also be revised over time,
varied depending on the end users [2], and easy to replicate and
roll out for end users across locations [15]. In addition, training
using real-time data is often an overlooked factor that can
empower users to track their own performance and, in turn,
motivate peers [15]. In addition, facilities in remote areas or
with limited resources can access remote e-learning via mobile
apps or web-based platforms that have been shown to be less
expensive but just as effective as traditional in-person training
[16]. Furthermore, facilities can consider recognizing and
rewarding high-performing staff in a transparent manner as a
means to support, motivate, encourage, and hopefully retain
end users [15,17,18].
With regard to system acceptance and feedback of end users
for system improvement, 94.5% (725/767) of end users
interviewed in both provinces reported that the NIIS supported
them in managing and reporting immunization data and agreed
that the quality of immunization data was better. These results
are consistent with findings from Zambia, where 94% (83/89)
of end users reported that data accuracy was good or excellent,
and 28% (25/89) and 27% (24/89) reported an increase in their
ability to identify areas with low vaccine coverage and children
who have missed vaccines, respectively [3]. On the other hand,
user satisfaction with an electronic medical record system use
in 5 low-resource setting hospitals in Ethiopia was low with an
overwhelming preference for paper-based records; respondents
strongly disagreed that the system helped finish tasks faster or
had a positive effect on the quality of care provided [13].
The finding that 4.3% (33/767) of end users reported that NIIS
increased their workload is not surprising, as end users were
purposefully asked to maintain paper-based records in addition
to the NIIS primarily to identify bugs in the NIIS and update
the system based on user feedback. A recent study on the
analysis of EIR data in Tanzania showed that facilities that had
transitioned to paperless reporting were more likely to use the
EIR compared with facilities that were still responsible for
reporting through parallel paper-based and paperless systems,
when controlling for other factors. The authors hypothesized
that this was mainly because of health care worker bandwidth
and motivation [19]. Although the MOH had designated that
on June 1, 2018, Vietnam would fully transition to only using
the NIIS, there was no guidance on how this should be done.
According to lessons learned from the Better Immunization
Data initiative, overall data quality can suffer as a result of not
setting expectations for both systems [20]. As expected, the
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mean time to create monthly immunization plans and reports
after NIIS implementation on average was much lower than the
mean time for these activities before NIIS implementation.
These findings are consistent with results from Tanzania, where
health care workers spent 41% less time registering and updating
data, and as a result, saved 8 working days per year that could
be reallocated to patient care [3]. Although the time spent on
monthly planning and reporting was still higher than desired,
this was mainly because of maintaining the NIIS along with the
paper-based logbooks in parallel. However, as confidence in
the NIIS increases and local authorities remove the paper-based
system, end users will be able to fade out using the paper-based
system, thus reducing the time spent on these activities.
Evaluation of the accuracy of data was encouraging, with 80.3%
(795/990) of facilities reporting that the immunization data in
the NIIS was accurate with the results from the paper system.
This was validated upon further observation, where 88.6%
(335/378) and 89.9% (242/269) of vaccination data matched
between the NIIS and immunization cards and paper-based
logbooks, respectively. In addition, vaccine stock counts were
entered into the NIIS system at 90.8% (899/990) of the facilities.
However, there is room for improvement; only 54.5% (206/378)
of children had a matching ID on their immunization card and
in the NIIS, 57% (13/23) of BCG vaccinations recorded in the
NIIS were consistent with paper-based logbooks, and only 70%
(21/30) of the facilities had consistent physical vaccine stock
balances. These findings may be because of a delay in entering
this information into the NIIS. Hence, the importance of the
timeliness, completeness, and accuracy of the data should be
reinforced regularly. Moreover, the feedback received from end
users for system improvement suggests that there are still needs
that should be addressed as soon as possible to ensure
improvements in data quality and ultimately enable a transition
to only using the NIIS.
It is important to highlight the importance of considering the
feedback received from users on the need for more detailed
guidelines and standard operating procedures across all facets
of NIIS. User-based design has been the cornerstone of the
successful expansion and use of digital health initiatives [15,21].
In Ghana, user-based design was critical in the expansion and
rollout of telemedicine and led to the reduction of unnecessary
hospital referrals [21].
Data storage, access, and confidentiality are additional essential
components that can influence scale and transition [15]. End
users can only use NIIS to access and enter the data into the
system. The system was built to link tables and data elements
or variables, and data dictionaries were aligned and formatted
according to MOH national standards to allow for
interoperability and the ability to connect with other systems.
Per MOH regulations, built-in system user authentication allows
users to tailor accessibility and permissions depending on their
role and level. The NIIS database is hosted by Viettel, a
state-owned company that hosts other government systems and
is well known for its data security services. In addition, training
includes components of user awareness and data protection and
emphasizes that all users, regardless of role and level, are
responsible for data accuracy, completeness, and privacy of
data.
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Limitations
This study has several limitations. First, as only 2 provinces
were selected, these findings may not be generalizable to the
country as a whole. Second, the selection of facilities, children,
and end users may not be representative of the overall population
in Vietnam or other low to middle-income resource settings.
Third, responses from the facility assessment, including
infrastructure, capacity, and the need for human resources and
NIIS end users’ perceptions and feedback, were self-reported
by end users and, therefore, not objectively verified.

Conclusions
This study showed that Ha Noi and Son La provinces in Vietnam
were almost ready to fully transition to the NIIS in terms of
NIIS use, infrastructure, and end users’ basic skills. However,
there is still a need for additional support and resources to

Duong et al
improve timeliness, completeness, and accuracy of the data and
strengthen NIIS end users’ skills. In the meantime, it is
imperative that any software issues with the NIIS are fixed,
barcode IDs are issued for all children, and e-cards are launched
soon so as to encourage NIIS uptake, especially in fee-based
facilities, and to improve the data quality of the NIIS.
The design of the readiness assessment could be replicated in
other provinces in Vietnam, as well as in other countries
considering scale up of similar EIRs. Moreover, the findings
from this study can inform other provinces in Vietnam or other
countries on the types of challenges that must be addressed
before fully transitioning to paperless reporting. As others have
recommended [20], countries that are planning to scale an EIR
should develop a clear roadmap for the eventual transition away
from paper-based reporting, which may include plans for a
readiness assessment.
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Abstract
Background: Approximately two-thirds of patients with major depressive disorder do not achieve remission during their first
treatment. There has been increasing interest in the use of digital, artificial intelligence–powered clinical decision support systems
(CDSSs) to assist physicians in their treatment selection and management, improving the personalization and use of best practices
such as measurement-based care. Previous literature shows that for digital mental health tools to be successful, the tool must be
easy for patients and physicians to use and feasible within existing clinical workflows.
Objective: This study aims to examine the feasibility of an artificial intelligence–powered CDSS, which combines the
operationalized 2016 Canadian Network for Mood and Anxiety Treatments guidelines with a neural network–based individualized
treatment remission prediction.
Methods: Owing to the COVID-19 pandemic, the study was adapted to be completed entirely remotely. A total of 7 physicians
recruited outpatients diagnosed with major depressive disorder according to the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition criteria. Patients completed a minimum of one visit without the CDSS (baseline) and 2 subsequent visits
where the CDSS was used by the physician (visits 1 and 2). The primary outcome of interest was change in appointment length
https://formative.jmir.org/2021/10/e31862
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after the introduction of the CDSS as a proxy for feasibility. Feasibility and acceptability data were collected through self-report
questionnaires and semistructured interviews.
Results: Data were collected between January and November 2020. A total of 17 patients were enrolled in the study; of the 17
patients, 14 (82%) completed the study. There was no significant difference in appointment length between visits (introduction
of the tool did not increase appointment length; F2,24=0.805; mean squared error 58.08; P=.46). In total, 92% (12/13) of patients
and 71% (5/7) of physicians felt that the tool was easy to use; 62% (8/13) of patients and 71% (5/7) of physicians rated that they
trusted the CDSS. Of the 13 patients, 6 (46%) felt that the patient-clinician relationship significantly or somewhat improved,
whereas 7 (54%) felt that it did not change.
Conclusions: Our findings confirm that the integration of the tool does not significantly increase appointment length and suggest
that the CDSS is easy to use and may have positive effects on the patient-physician relationship for some patients. The CDSS is
feasible and ready for effectiveness studies.
Trial Registration: ClinicalTrials.gov NCT04061642; http://clinicaltrials.gov/ct2/show/NCT04061642
(JMIR Form Res 2021;5(10):e31862) doi:10.2196/31862
KEYWORDS
clinical decision support system; major depressive disorder; artificial intelligence; feasibility; usability; mobile phone

Introduction

differentiate between medications [8] in a quantifiable manner
[9] and incorporates clinical practice guidelines [10].

Background

Only one-third of patients with depression who receive treatment
will achieve remission during the first treatment course; most
experience multiple treatment trials before entering remission
[11]. Clinicians are faced with a wide range of treatment options,
in combination with associated guidelines, to manage the
selected treatments. However, there are no easily accessible
point-of-care tools available to aid in the optimization of
treatment success and minimize the time to remission.
Furthermore, treatments are essentially equally effective at the
population level; as such, to improve outcomes, treatment
selection must address the individual’s specific characteristics
[10,12]. As such, there is a clear need for improved and
personalized decision support for mental health care [13].

Clinical decision support systems (CDSSs) consolidate large
quantities of clinical information to provide clinicians with the
necessary data to support medical decision-making and assist
with managing treatment protocols [1-3]. An emerging focus
of medical informatics is the improvement of patient care
through data-driven, patient-centered decision support systems.
Artificial intelligence (AI) algorithms are increasingly being
integrated into CDSSs, permitting predictive analytics to be
used by clinicians as part of routine practice [3]. The overarching
objective of these systems is to improve medical
decision-making using a data-driven approach. However,
although much has been written about machine learning
techniques [4,5] that underpin the technical advancements that
make these systems possible, comparatively less focus has been
placed on the usability and feasibility of these kinds of systems
in medicine in general and in mental health treatment in
particular. In this paper, we discuss a feasibility study of a novel
AI-powered CDSS aimed at improving the treatment of
depression.
Feasibility and ease of use are major concerns as they roughly
equate to the tolerability of drug treatment; with similar
impact—much like a medication—a digital tool can only have
a positive impact if patients (and, in this case, clinicians) use it
and continue to use it. A recent meta-analysis of randomized
controlled trials aimed to establish the dropout rates of studies
on medical smartphone apps tracking depressive symptoms [6].
The analysis found that apps for depressive symptom tracking
had a dropout rate of approximately 50% when accounting for
bias. Despite this high dropout rate, there is some knowledge
about how to reduce dropouts. For example, researchers found
that the dropout rate was significantly lower—as low as
12%—in apps offering human feedback and in-app mood
monitoring [6]. In addition, previous decision support systems
have demonstrated the need for a tool that provides real-time
utility [7] and the ability to personalize treatment choices and
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The Aifred CDSS
Aifred is a CDSS that uses AI to assist clinicians in selecting
treatments for major depressive disorder (MDD). The tool
incorporates a deep-learning model that was validated and
trained on clinical and demographic baseline data to support
treatment selection by providing individualized probabilities of
remission for specific treatment options. Please see the study
by Benrimoh et al [10] for a description of the tool, and the
studies by Mehltretter et al [4,14] for a description of the
machine learning model and model training and validation
methodology. Clinicians accessing the app first see their
patient’s self-report questionnaire scores and can examine these
through graphs showing trends over time or at the individual
item level. They can then select the clinical algorithm, which
is an operationalized version of the Canadian Network for Mood
and Anxiety Treatments (CANMAT) 2016 guidelines for the
treatment of depression [15]. These operationalized guidelines
function in an entirely rule-based manner and take in patient
depression scores at baseline and at subsequent visits to
determine if patients have achieved early response or remission
(based on guideline-informed criteria and questionnaire
remission
thresholds,
respectively)
and
provide
guideline-appropriate information at each patient visit. At all
times, clinicians remain in control of clinical decisions and may
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select treatments or modify treatments as they feel are clinically
indicated; there were no automated clinical decisions in this
study. The AI aspect of the CDSS is specifically meant to assist
clinicians with treatment choices. It is directly integrated into
the operationalized CANMAT guidelines, with personalized
predicted remission probabilities for individual treatments
presented within the guideline module when antidepressant
treatments are being chosen. This occurs in the following
manner: whenever first-line treatment options are presented in
the clinical algorithm, the AI model will provide predictions in
the form of remission probabilities for a number of
antidepressant medications based on a mix of symptom and
demographic information provided by patients at baseline. These
remission probability predictions are generated by the AI model
using questionnaires responded to early in treatment and are
meant to help guide initial treatment selection or change; further
treatment management support (eg, information about switching,
dose adjustment, or augmentation options if patients do not
show improvement with treatment) is provided longitudinally
by the rule-based CANMAT algorithm. The AI is designed to
support clinicians by considering complex interactions among
multiple patient clinical, social, and demographic variables to
help personalize treatment to improve upon a trial-and-error
treatment approach and reduce the number of failed treatment
trials [10]. To summarize, the app assists clinicians in providing
measurement-based, treatment algorithm–guided, and
AI-personalized care.
Providing patients with the ability to monitor their own mental
health symptoms has attracted a great deal of interest across all
ages [16]. Patients also have access to their own version of the
Aifred app wherein they respond to questionnaires and can view
their active and past treatments, as well as their symptoms
graphed over time. This availability of data to both physicians
and patients is intended to empower patients, enrich
conversations, and facilitate shared decision-making [10].

Study Aims
Following a previous simulation center study [10] and ahead
of larger clinical trials aimed at assessing safety and
effectiveness, we decided to conduct a feasibility study aimed
at exploring the feasibility of the CDSS in a real clinical setting
and to assess its longitudinal impact on the patient-clinician
relationship. This study has 4 aims:
1.
2.
3.

4.

To assess the feasibility of the CDSS for use in clinical
practice
To assess physician and patient trust in the CDSS and its
effect on the clinician-patient relationship
To assess the usability of the CDSS and study software and
to ensure that major limitations are identified and rectified
before clinical trials
To assess engagement with the app

One key metric brought up by clinicians interviewed during
initial stakeholder conversations was appointment length;
clinicians are increasingly required to interact with
time-consuming digital systems, and the fear of yet another
system adding time to assessments is a reasonable one [17]. We
aim to measure appointment length as our primary outcome, as
a key numerical proxy for real-world feasibility.
https://formative.jmir.org/2021/10/e31862
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Methods
Overview
The study was approved by the research ethics board of the
Douglas Mental Health University Institute (identifier:
NCT04061642). All participants provided written informed
consent to participate. The study was conducted according to
the ethical principles stated in the Tri-Council Policy Statement
on the Ethical Conduct for Research Involving Humans [18].
This was a single-arm, naturalistic follow-up study aimed at
assessing software usability and acceptability conducted between
January and November 2020. This study was not designed to
assess the clinical effectiveness of the tool, which will be the
focus of an upcoming clinical trial. It is important to note that
physicians were provided access to the tool but were free to use
the tool and its AI predictions or ignore it.
The study sample included 2 population groups: (1) physicians,
including family physicians and psychiatrists and (2) patients
of these physicians. The recruitment target was 10 physicians
and 3-4 patients per physician (30-40 patients in total).
Physicians were recruited via recruitment email and direct
contact by the study personnel. The sites consisted of university
hospitals, primary care clinics, and psychiatric clinics in the
Canadian province of Québec. Eligible physicians were family
physicians or psychiatrists treating patients with depression on
at least a monthly basis. Physicians who met the eligibility
criteria were then invited to attend an introductory session with
study personnel where the study and the AI model were
described, and training on how to use the tool was administered.
Participating physicians informed their patients with MDD
about the study and referred interested patients to the study
personnel. Eligible patients were patients of enrolled physicians
who were aged at least 18 years and diagnosed with MDD by
the physician as per Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5) criteria [19], able and willing
to provide informed consent, and not diagnosed (or suspected)
with bipolar affective disorder, as per DSM-5 criteria. Patients
were required to be physically and mentally able to use a
computer or smartphone (ie, to not be delirious or have sufficient
cognitive function) but not necessarily to already be adept at it.
Training was offered to patients who were not familiar with
computer or mobile apps, and site-based computing resources
were available to patients who did not have their own device;
however, no patients required access to either these computing
resources or training. Informed consent was obtained from
patients, after which their account was created and linked to
that of their physician. Patients accessed the web-based app via
their own desktop or mobile devices; they were able to access
the app in the setting of their choice, including at home or when
they met their clinician. Patients and clinicians were
compensated for their time. Research assistants were available
for clinicians and patients as needed to provide technical support
and provided patients with a training session on the app after
account creation.
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Procedure
Upon account creation, patients were asked to complete the
following questionnaires on the tool: Patient Health
Questionnaire-9 (PHQ-9) to screen and track for depressive
symptoms and their severity over time [20], General Anxiety
Disorder-7 (GAD-7) to screen and track for anxiety symptoms
and their severity over time [21], Alcohol Use Disorders
Identification Test to screen for harmful alcohol use [22], Drug
Abuse Screen Test to screen for the presence and severity of
problematic drug use [23], and Standardized Assessment of
Personality–Abbreviated Scale Self-Assessment to screen for
personality disorders using a threshold of 3 points [24]. The
results of the patient baseline questionnaire scores are
summarized in Table 1. Patients identified other clinical
comorbidities, such as migraines (2/14, 14% of patients) and
anxiety disorders (7/14, 50% of patients), which are described
in detail in Multimedia Appendix 1 [10,11,20,25-32], Table S2.
Patients were notified weekly by an automated email sent by
the app to complete the PHQ-9; GAD-7; Patient Rated Inventory
of Side Effects (to screen and track for specific antidepressant
side effects and their severity); and Frequency, Intensity, Burden
of Side Effects Rating (to assess the overall impact of
antidepressant side effects) questionnaires [25].
Between obtaining informed consent and their next visit with
their physician, patients met with study personnel to complete
a demographic questionnaire (Table 2), Adverse Childhood
Experiences questionnaire, and Life Events Checklist for DSM-5
(to screen for childhood or lifetime trauma [33,34]).
After enrollment into the study, patients had to complete a
minimum of 3 visits: a baseline visit where their clinician did
not use the tool, followed by at least 2 visits where the tool was
used and appointment length was measured. These visits were
intended to occur within a 4-month period per patient, with
additional visits between or beyond visits 1 and 2 allowed and
initially planned where the tool could be used; the visit
frequency was intended to be at least monthly. However, as will
be discussed, the impact of COVID-19 had a destabilizing effect
on medical practices such that some patients experienced
interappointment times that were longer than expected, leading
to most patients completing only baseline, visit 1, and visit 2.
However, this did not have an impact on the outcome, as only
2 postbaseline appointment lengths were intended to be
measured. Patients were considered to have completed the study
if they attended the baseline and visit 1 and 2 appointments at
a minimum; completion of study-related tasks was not a criterion
for study completion, given that this was a feasibility study
focused on determining what patients would realistically
complete. Research personnel recorded whether the baseline
visit was an intake visit or a follow-up visit; this was relevant
as initial intake visits are generally longer than follow-ups, and
tracking this allowed for the adjustment of analyses such that
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initial intake visits would not artificially inflate the visit length
at baseline. In the week preceding visit 1, patients completed
the Quick Inventory of Depressive Symptomatology and met
with study personnel to be administered the Inventory of
Depressive Symptomatology, Clinician Rating [26,27]. These
questionnaires were part of the set of questions used to generate
the AI results.
Owing to COVID-19 and the public health recommendations
released by the Québec government in March 2020, the study
was adapted to be completed entirely from a distance. Originally,
the protocol intended for appointment length to be recorded by
research personnel on site, measured from the moment the
patient entered the room to when they exited. However, because
of the transition from in-person to telemedicine appointments
(phone and video call), appointment length was measured as
the length of the phone or video call during which the visit took
place, as displayed on the physician or patient device and relayed
verbally to research personnel. Further information about
adaptation to COVID-19 can be found in the section
Telemedicine during COVID-19 in Multimedia Appendix 1.
After each visit where the tool was used, physicians were asked
to complete a postappointment questionnaire describing device
usability and any serious adverse events and to use the Udvalg
for Kliniske Undersøgelser Side Effects Rating Scale [10,35]
to record any side effects as perceived by the treating physician.
Physician feedback was used to help identify and fix software
errors (incorrect questionnaire score comparison in the
CANMAT clinical algorithm noted at one visit and a broken
link between pages in the CANMAT clinical algorithm noted
at 2 back-to-back visits) and to refine the way the clinical
algorithm presented the guidelines throughout the course of the
study (by providing more context from the guideline paper for
certain pieces of information, such as dose changes). Research
personnel also administered the Brief Adherence Rating Scale
to patients to estimate medication adherence since the prior visit
[36].
Following visit 2, patients met with research personnel for end
of study tasks, which consisted of completing the Quick
Inventory of Depressive Symptomatology, the Scale to Assess
Therapeutic Relationships in Community Mental Health
Care-Patient (STAR-P) [37], a customized exit questionnaire
designed specifically to capture elements of the experience of
using this novel tool, as well as being administered the Inventory
of Depressive Symptomatology–Clinician Rating and a custom
semistructured interview. After all their patients completed the
study, physicians were administered the Scale to Assess
Therapeutic Relationships in Community Mental Health
Care-Clinician (STAR-C), a customized exit questionnaire
designed specifically to capture elements of the experience of
using this novel tool, as well as a custom semistructured
interview.
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Table 1. Patient clinical baseline scores.
Questionnaire baseline scorea

Patient, n (%)

b

3.53 (2.23)

SAPAS-SA (n=15)
<3 points: negative screen for personality disorder

5 (33)

≥3 points: positive screen for personality disorder. Further clinical evaluation is warranted.

10 (67)

GAD-7c (n=14)

12.21 (5.81)

0-4: no or minimal anxiety

1 (7)

5-9: mild anxiety

4 (29)

10-14: moderate anxiety

3 (21)

15-21: severe anxiety

6 (43)

PHQ-9d (n=15)

14.80 (5.61)

0-4: minimal or no depression

1 (7)

5-9: mild depression

1(7)

10-14: moderate depression

4(27)

15-19: moderately severe depression

7(47)

20-27: severe depression

2(13)

AUDITe (n=15)

4.40 (3.58)

<8: negative screen for harmful alcohol use

12 (80)

≥8: positive screen for harmful alcohol use

3 (20)

DAST-10f (n=15)

2.40 (3.60)

0: no problems reported

8 (53)

1-2: low level

3 (20)

3-5: moderate level

0 (0)

6-8: substantial level

3 (20)

9-10: severe level

1 (7)

WHODASg (n=13)

N/A

QIDSh (n=12)
2 (17)

6-10: mild depression

2 (17)

11-15: moderate depression

3 (25)

16-20: severe depression

4 (33)

21-27: very severe depression

1 (8)

IDS-Ci (n=13)

30.00 (12.88)

0-11: no depression

0 (0)

12-23: mild depression

4 (31)

24-36: moderate depression

5 (38)

37-46: severe depression

3 (23)

47-84: very severe depression

1 (8)

ACEj (n=13)
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RenderX

54.62 (27.08)
13.12 (6.04)

1-5: no depression

1.62 (1.45)

0

4 (31)

1

3 (23)

2

1 (8)
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Questionnaire baseline scorea

a

Popescu et al
Patient, n (%)

3

4 (31)

>4

1 (8)

Score, mean (SD)

Life Events Checklist for Diagnostic and Statistical Manual of Mental Disorders-5 questionnaire results can be found in Multimedia Appendix 1.

b

SAPAS-SA: Standardized Assessment of Personality–Abbreviated Scale Self-Assessment.

c

GAD-7: General Anxiety Disorder-7.

d

PHQ-9: Patient Health Questionnaire-9.

e

AUDIT: Alcohol Use Disorders Identification Test.

f

DAST-10: Drug Abuse Screen Test-10.

g

WHODAS: World Health Organization Disability Assessment Schedule.

h

QIDS: Quick Inventory of Depressive Symptomatology.

i

IDS-C: Inventory of Depressive Symptomatology, Clinician Rating.

j

ACE: adverse childhood experiences.
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Table 2. Patient demographicsa.
Patient characteristics

Values

Age (years; n=14), mean (SD)

36.43 (14.84)

Gender (n=14), n (%)
Men

5 (36)

Women

9 (64)

Ethnicity (n=13), n (%)
White

10 (77)

Caribbean

1 (8)

African or African American

1 (8)

Unanswered

1 (8)

Adoption status (n=13), n (%)
Not adopted

12 (92)

Adopted

1 (8)

Residency status (n=13), n (%)
Canadian citizen

11 (85)

Immigrant status (>5 years ago)

1 (8)

Immigrant status (<5 years ago)

1 (8)

Relationship status (n=13), n (%)
Married

4 (31)

Divorced

1 (8)

Dating a single partner

2 (15)

Not in a relationship

6 (46)

Employment status (n=13), n (%)
Full time

7 (54)

Part time

1 (8)

Disability (not working)

2 (15)

Unemployed and volunteer work

2 (15)

Unemployed

1 (8)

Highest level of education (n=12), n (%)

a

Master's degree

3 (25)

Bachelor’s degree

1 (8)

University, no degree

3 (25)

Collège d’enseignement général et professionnel

3 (25)

High school or equivalent (GEDb)

2 (17)

Years of education (n=12), mean (SD)

15 (6.42)

Income (n=10, Can $; US $), mean (SD)

82,333.33 (70,099.93); 64,829.39 (55,196.80)

14 patients completed the study; however, 1 patient did not complete the demographic questionnaire.

b

GED: General Educational Development.
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Analyses

Assessing Engagement With the App

Assessing the Feasibility of the CDSS for Use in Clinical
Practice

Physician engagement was assessed by determining the
percentage of study visit days where the app was opened by the
physician; this was determined by checking physician log-in
dates and their correspondence to patient appointment dates.
Patient engagement was assessed by measuring the percentage
of questionnaires actually sent that were completed each week
for PHQ-9 and GAD-7. Questionnaire completion was measured
from the date of account creation (week 1 in the study) to week
12, a timeframe chosen to concord with the 12-week follow-up
time planned for our upcoming clinical trial. For other
timeframes, see Multimedia Appendix 1. The number of PHQ-9
questionnaires that were completed in the app by patients was
calculated by subtracting those completed by physicians and
taking the mean completion rate across all patients in each of
the three time intervals. Note that only the PHQ-9 could be
completed by physicians; all other questionnaires in the CDSS
could be completed by patients only.

Appointment lengths at baseline, visit 1, and visit 2 were
extracted from the research assistant appointment log and
analyzed using the SPSS (version 27) repeated measures analysis
of variance (ANOVA; 3 factors, within-subject variables).
Although complete appointment length data were available for
14 patients, one of the patients’ baseline appointments could
not be counted as the physician opened the tool to look at
questionnaire answers and input current patient medications.
Data from 13 patients were included in the final repeated
measures ANOVA, with their means and SDs reported below.
Descriptive data about the subjective view of appointment length
were also extracted from the custom exit questionnaires.
To determine the validity of our sample with respect to the main
outcome of appointment length, we conducted 2 sample size
calculations using the G*Power package, version 3.1.9.7 [38].
The first was a sample size calculation for a repeated measures
ANOVA with 1 group, three measures, a moderate effect size
estimate (0.25), an α of .05, 80% power, and a correlation
between responses of 0.5. This was intended to determine the
power required to detect within-group differences over time.
The calculated required sample size was 28, validating our target
sample size of 30-40 patients. Our second sample size estimation
was based on the need to detect a clinically significant increase
in time, which was set as being 5 minutes based on physician
comments in a previous study [10]. Here, we calculated the
sample required to detect an increase of at least 5 minutes (ie,
target sample mean of 25, SD 5 minutes) compared with a
standard 20-minute interview (SD is an estimate based on a
reasonably expected variation in appointment length). The α
was set at .05 and power at 80%, resulting in a required sample
size of 8 patients.

Assessing Physician and Patient Trust in the CDSS and
Its Effect on the Clinician-Patient Relationship
Descriptive data about physician and patient trust in the CDSS
were extracted from custom exit questionnaires. The
physician-patient relationship was assessed by examining
STAR-P and STAR-C scores, as well as patient ratings of the
relationship extracted from the custom exit questionnaires.

Assessing the Usability of the CDSS
Descriptive data concerning physician and patient ratings of
CDSS ease of use were extracted from custom exit
questionnaires.
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Results
Recruitment and Safety Data
A total of 10 physicians were initially recruited; however, of
the 10 physicians, 3 (30%) psychiatrists were unable to recruit
patients because of COVID-19 related interruptions in regular
clinical practice and could not be included (of the 3 psychiatrists,
2 [67%] of the psychiatrists’ day programs were closed, and 1
[33%] of the psychiatrist focused on providing consults rather
than follow-up appointments during the pandemic). A total of
20 patients were approached by the 10 physicians recruited for
the study (Figure 1) [39]. Of these 20 patients, 2 (10%) declined
participation after discussing the study with their physician or
a research assistant. One patient who was interested in entering
the study was not eligible as another physician involved in
prescribing their medication was not a study physician and as
such would not be able to use the app to follow the patient. The
recruiting physician was running a day hospital program, which
the patient in question was attending. Of the 20 patients, 17
(85%) patients were recruited into the study. As such, 85%
(17/20) of the patients approached were recruited. Of the 17
patients, 14 (82%; Table 2) completed the study (defined as
attending baseline, visit 1, and visit 2 appointments). One patient
withdrew before the baseline appointment, and 2 withdrew after
the baseline appointment but before the CDSS was used at visit
1. Of the 14 patients, the sample of patients completing the
study consisted of 9 (64%) women and 5 (36%) men with a
mean age of 36.43 years (SD 14.84). See Table 2 for
demographics and Table 1 for the baseline questionnaire scores.
The pandemic was a reason for significantly reduced recruitment
and for the withdrawal of several patients from the study.
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Figure 1. Consolidated Standards of Reporting Trials study flow chart of participant recruitment and completion. CDSS: clinical decision support
system.

Of the 17 patients, 2 (12%) experienced side effects, as recorded
on the Udvalg for Kliniske Undersøgelser Side Effects Rating
Scale across the course of the study (see adverse events in
Multimedia Appendix 1 for more details). Of the 17 patients,
1 (6%) discontinued treatment. We noted that discontinuation
rates of psychiatric treatment could often be >40% [40]. There
were no serious adverse events related to the tool; however, of
17 patients, 1 (6%) experienced 2 emergency room visits (a
work-related injury and a rash that was thought to be viral by
consultants in the emergency room; however, this may have
been related to a new antidepressant prescription that was made
by a physician without reference to the AI predictions) during
the study.
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Assessing the Feasibility of the CDSS for Use in
Clinical Practice
Patients (n=14) were in the study for an average of 13.2 weeks
or 92.4 days (SD 9.74 weeks or SD 68.18 days), excluding 2
patients who dropped out of the study within 1 week of creating
their accounts. The mean time between the baseline appointment
and visit 1 was 40.86 days (SD 29.40), and the mean time
between visit 1 and visit 2 was 51.57 days (SD 62.58). For the
13 patients for whom the appointment length analysis was
carried out, baseline visits lasted a mean of 19.53 minutes (SD
6.09). Visit 1 and visit 2 lasted a mean of 17.69 minutes (SD
10.12) and 21.48 minutes (SD 10.69), respectively (Figure 2).
Our findings showed no significant difference between the
baseline appointment time without the CDSS and subsequent
visits using the CDSS (F2,24=0.805; mean square error=58.08;
P=.46).
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Figure 2. Patient appointment times. A total of 14 patients completed the study; however, 1 patient’s appointment time could not be counted at baseline
because of their physician opening the clinical decision support system erroneously. CDSS: clinical decision support system.

With regard to the subjective physician view of appointment
length, of the 7 physicians, 4 (57%) rated that using the tool
“took about the same time as my usual practice,” indicated by
a rating of 3 on a 5-point Likert scale. In addition, of 13 patients,
8 (62%) felt that their appointment time did not change, whereas
1 (8%) patient felt that it decreased.

Assessing the Usability of the CDSS

Assessing Physician and Patient Trust in the CDSS
and Its Effect on the Clinician-Patient Relationship

At each patient’s visit 1, all (7/7, 100%) physicians logged into
the tool on the same day as the visit, and the clinical algorithm
module (which contains the CANMAT guidelines and AI results,
when available) portion of the tool was accessed on 93% (13/14)
of appointment days. At the subsequent visit 2 appointments,
once again, all (7/7, 100%) physicians logged into the tool,
whereas the clinical algorithm component was again accessed
at 93% (13/14) of appointments.

With regard to the tool’s trustworthiness, 62% (8/13) of patients
and 71% (5/7) of physicians rated that they trusted the CDSS,
indicated by a 4 or 5 on a 5-point Likert scale. The mean
STAR-P and STAR-C scores were 33.62 (SD 2.90) and 31.14
(SD 2.63) comparable with 38.4 (SD 12.0) and 31.5 (SD 6.9)
in the original Scale to Assess Therapeutic Relationships in
Community Mental Health Care study [37], respectively,
indicating no major negative effects of the CDSS on the
clinician-patient relationship (a possible outcome, given we
included a new piece of technology that was directly involved
in the shared decision-making process). Further information
about the Scale to Assess Therapeutic Relationships in
Community Mental Health Care subscales is present in
Multimedia Appendix 1. In addition, on their custom exit
questionnaire, 46% (6/13) of patients felt that the
patient-clinician relationship significantly or somewhat
improved, whereas 54% (7/13) of patients felt that it did not
change.
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Good overall usability of the CDSS, indicated by a 4 or 5 on a
5-point Likert scale, was rated by 92% (12/13) of patients and
71% (5/7) of physicians (Multimedia Appendix 1, Table S3).

Assessing Engagement With the App

Figures 3-6 demonstrate the PHQ-9 and GAD-7 completion
rates each week during the first 12 weeks of the study. The light
bars in Figures 3 and 4 reflect the total number of questionnaires
sent, given the number of patients that were active in the study
during weeks 1 through 12. The total number of PHQ-9 and
GAD-7 questionnaires completed by patients on the app for the
first 12 weeks of the study were summed and are shown in the
dark bars in Figures 3 and 4. In each of weeks 4, 5, 6, and 10,
1 patient completed their PHQ-9 questionnaire with a physician.
For each of these weeks, one response was subtracted from the
total number of PHQ-9 questionnaires completed to reflect only
those done by patients (Figures 3 and 5).
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Figure 3. Frequency of PHQ-9 completion by patients in the first 12 weeks of the study versus the total number sent in the clinical decision support
systems (1 per week, per active patient). PHQ-9: Patient Health Questionnaire-9.

Figure 4. Frequency of GAD-7 questionnaires completed by patients in the first 12 weeks of the study versus the total number sent in the clinical
decision support systems (1 per week, per active patient). GAD-7: General Anxiety Disorder-7.
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Figure 5. Percent of PHQ-9 completion by patients in the clinical decision support systems during the first 12 weeks of the study. PHQ-9: Patient
Health Questionnaire-9.

Figure 6. Percent of GAD-7 questionnaires completed by patients in the clinical decision support systems during the first 12 weeks of the study. GAD-7:
General Anxiety Disorder-7.

The mean completion rate of all PHQ-9 questionnaires sent
from account creation to week 12 of the study was 64% (SD
28%). The mean completion rate of the PHQ-9 by patients alone
in this time frame was 59% (SD 28%). The GAD-7 had a mean
completion rate of 60% (SD 28%) in the first 12 weeks of the
study. Completion rates for other time frames can be found in
Multimedia Appendix 1 but were similar.
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Of the 14 participants, 10 (71%) had mean PHQ-9 and GAD-7
completion rates ≥50%. The lowest completion rate among the
patients for both questionnaires sent in the first 12 weeks was
8%. Most patients regularly completed questionnaires, with
76% (11/14) completing ≥33% of app assessments and 71%
(10/14) completing ≥50% of the PHQ-9 and GAD-7 assessments
in the app over the first 12 weeks in the study.
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Biweekly peaks in the completion rates were observed for the
PHQ-9 and GAD-7 questionnaires (Figures 3 and 4). Although
they were intended to be completed weekly as a part of the
study, these questionnaires are often administered at ≥2-week
intervals in practice, indicating the likely feasibility of a reduced
questionnaire frequency.
In addition, an exploratory correlation analysis aimed at
determining potential correlates of questionnaire completion
rates revealed that patients who had appointments scheduled
further apart were less likely to complete the PHQ-9 (r12=–0.69;
P=.006).
Results and a full discussion of the changes in depression and
anxiety questionnaire scores can be found in Multimedia
Appendix 1.
High rates of treatment adherence were noted as measured by
the Brief Adherence Rating Scale and can be found in
Multimedia Appendix 1.

Discussion
Principal Findings
The primary objectives of the study were to assess feasibility,
usability, and ongoing engagement with the CDSS when
integrated into clinical practice, as well as to measure physician
and patient trust in the CDSS and its impact on the
clinician-patient relationship. The primary feasibility outcome
of interest was appointment length to determine whether the
use of the CDSS required more time than the baseline
appointment. We were able to confirm that appointment length
did not significantly increase after the introduction of the tool.
In addition, patients and clinicians provided high trust and
usability ratings; the app resulted in improved patient-clinician
relationship for some patients, and patients and clinicians both
engaged with the app in a manner consistent that supports
clinical feasibility. Digital application use for the purpose of
promoting mental health is increasingly recommended by public
health organizations. For example, in its Mental Health Action
Plan 2013-2020, the World Health Organization proposed “the
promotion of self-care, for instance, through the use of electronic
and mobile health technologies” [41]. Meanwhile, the UK
National Health Service’s website endorses a short list of
web-based mental health resources, which includes
smartphone-based apps [41]. Specifically, studies on app
usability in the treatment of depression have demonstrated that
telemedicine and internet-based approaches are feasible and as
effective as in-person treatment [42].
However, these tools also face substantial barriers with regard
to adherence. For example, a randomized clinical field trial
conducted by Arean et al [42] compared 3 different mobile apps
for depression to examine how individuals who download these
tools typically use them. The authors’ findings show that most
participants did not use their assigned intervention apps as
instructed and experienced a significant drop off in use after 2
weeks [42]. In addition, a study that investigated the feasibility
of using a smartphone app to assess schizophrenia prompted
patients via SMS text messages to complete personalized
questionnaires once per week. They found that participants
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(n=18) completed 65% of app assessments, “with 78%
completing ≥33% app assessments and 72% completing ≥50%
app assessments” [43], similar to the results observed in this
study. In summary, response rates observed in our study (with
10/14, 71% of patients completing at least 50% of assessments)
were reasonable in the context of previous reports, and
engagement persisted fairly stably beyond 2 weeks,
demonstrating that the app was able to retain patients at least
as much or more consistently than applications in previous
studies. In addition, physician engagement was high, with
physicians opening the tool at each visit.
Physician engagement with mental health apps is related to their
technological competency, their perception of patient access to
technology, and organizational infrastructure that facilitates the
adoption of the apps into their practice [44], which are all factors
considered when designing the study; for example, physicians
who were less technically oriented could rely on study staff to
provide ongoing support for app use as needed. The results of
our study demonstrate sustained patient and physician
engagement beyond 2 weeks, potentially because the app was
directly tied to clinical care and because high physician use of
the app and the data patients inputted may have motivated
patients to continue engaging. Indeed, higher rates of
engagement are linked to the use of telephone and email
reminders, as well as follow-up with a physician [45], a finding
supported by our demonstration of lower PHQ-9 response rates
as a result of longer interappointment lengths. In addition, the
email reminders sent to patients to complete assessments likely
had a positive impact on completion rates based on these
previous findings.
More than half (4/7, 57%) of the physicians felt that using the
tool in session took approximately the same time as their usual
practice. A systematic literature review conducted by Kerst et
al [46] found that 70.2% of physicians treating depression had
never used applications in clinical practice before, suggesting
that the integration of mental health tools remains quite novel.
Therefore, it is possible that some physicians reported that their
appointments felt longer than their usual practice simply because
they were not yet familiar with the tool. Interestingly, most
patients did not subjectively report that the tool increased their
appointment time. Objectively, appointment length did not
significantly increase when the tool was introduced, lending
credence to the idea that the novelty of the tool use may have
influenced the perception of time spent by physicians.
We found that 62% (8/13) of patients endorsed some degree of
trust in the CDSS, somewhat lower than the percentage of
clinicians (5/7, 71%) with some degree of trust. This may have
in part been because of COVID-19: most clinicians followed
up with their patients by phone, which meant that patients did
not get to view the AI results on the physician’s screen as
intended, which may have improved feelings of trust had it
occurred more frequently; standardized patients noted that
looking at the screen with their physicians was a positive
experience in our previous simulation center study [10].
Nonetheless, patients’ mean score was 3.85 on a 5-point Likert
scale, which indicates that patient trust trends in a positive
direction.
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Limitations
The main limitation of the study is the small sample size, which
limits the strength of the conclusions that can be drawn from
this study. All results should be considered preliminary and are
only intended to demonstrate feasibility; similar metrics of
feasibility and ease of use will be used during our upcoming
clinical trial to confirm and expand upon these findings. Another
weakness is the heterogeneity in the severity of the patients’
depression, which limits our ability to comment on tool
effectiveness and generalize these results to different strata of
illness severity. Nevertheless, it also presents as a strength
because it allowed us to demonstrate feasibility in a range of
clinical situations.
Our study fell short of recruitment targets, which may have
been in part because of several scenarios. One possibility is that
there were sufficient patients available to recruit but that these
patients were not interested in participating in the study.
However, this is not supported by the high proportion of
approached patients who agreed to participate. Furthermore, of
the patients who did participate, dropout rates were comparable
with other studies of mental health applications, as reviewed in
the introduction. Another more likely scenario is that there were
fewer patients available to recruit than expected; this seems to
have been the case because of the COVID-19 pandemic. As
discussed, 3 of our physicians were unable to recruit patients
because their practices were significantly changed by the
pandemic, and they either did not follow patients longitudinally
or had very few new patients who were eligible to participate.
In addition, physicians who successfully recruited patients
frequently commented on the lack of patients presenting with
MDD (although this was not formally recorded). As such, the
low sample size in this study is not indicative of patient interest
in participation but rather of the number of patients available
to be recruited during the pandemic. We noted that in
unpublished data from a quality improvement project, which
included a control group using a version of the CDSS without
the AI enabled (ie, providing measurement-based care and
algorithm-guided treatment but no AI predictions), which was
initiated later in the pandemic (once clinical practices had
returned to some stability), recruitment speed was much faster,
with 34 patients recruited in 7 months, indicating that
recruitment should not be a barrier for our upcoming clinical
trial.
However, the low sample size does mean that our study was
underpowered to detect differences in appointment length within
groups over time when considering an a priori sample size
calculation for repeated measures as described above. Despite
this, there are 2 reasons why this study provides useful
information. First, the appointment lengths are interpretable
data. Should appointment lengths have been different in the
order of ≥5 minutes, which in previous work [10] has been
identified by clinicians as the amount of time they would be
willing to spend on the CDSS, and had this difference not been
significant simply because of low power, then we would have
to remain concerned that the tool might increase appointment
lengths. However, the recorded appointment lengths differed
by <5 minutes; even if this difference had been statistically
significant, it would not have been clinically significant. Indeed,
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in the sample size calculation discussed earlier, where the
objective was to detect an appointment length of at least five
minutes more than a usual 20-minute length appointment, the
required sample size was only 8, meaning that our study should
have been sufficiently powered to detect this difference from a
standard appointment length (which the baseline sessions
matched closely). In addition, in the unpublished quality
improvement project mentioned above, appointment lengths in
the active group, which included 22 patients who used the tool,
were also roughly 20 minutes long. Finally, as noted, most
patients and physicians did not note a subjective increase in the
appointment length. As such, although the study may be
underpowered, there does not seem to be a signal in the available
data to suggest a clinically significant increase in appointment
length, which would reduce feasibility.
An additional and significant limitation of this study is that
although its design allowed us to examine the impact of
introducing the tool on the patient-clinician relationship and the
clinician workflow, this at the same time prevented us from
examining the effectiveness of the device in terms of
improvement in depression scores. This is because the tool being
introduced well into a patient’s treatment course could not have
its intended effect of assisting treatment selection or helping
clinicians implement measurement-based care and
algorithm-guided treatment across the entire length of the study.
This was compounded by the delays between appointments and
the reduced number of visits as a result of COVID-19. However,
we note that the decision was made during study design not to
focus on effectiveness and, because of the novelty of the device
and the need to determine challenges to its introduction into
clinical practice, to focus squarely on feasibility. As such, the
modest improvements in depression and anxiety scores seen
here are in line with expectations, given that the tool was not
introduced in a manner where it could have its intended effect
on patient care.
With regard to feasibility, ease of use, and the ability to correct
any major limitations, it would be reasonable to be concerned
about whether this study, with its small sample size, could on
its own speak to the readiness of the tool for clinical trials.
However, this study should be considered in the context of
previously published evidence on the same tool, which
demonstrated its ease of use in a simulation center environment
[10]. In addition, several pilot projects and quality improvement
projects have been undertaken with the non-AI version of this
device. These pilots, although not undertaken as research
projects, allowed for the testing of the user interface and the
incorporation of user feedback and were conducted alongside
intensive quality assurance in the development process. The
purpose of this study was to test this tool with the AI enabled
in the context of longitudinal follow-up. The present results in
this context, combined with the adjustments and corrections
that have been made through quality assurance, physician
feedback in this study, and other pilot projects, allow us to
conclude that the tool is ready for clinical trials.

Conclusions
In this paper, we have demonstrated that the Aifred CDSS is
feasible and easy for clinicians and patients to use in a
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longitudinal manner and that it does not require increased time
to use in clinic. In addition, the tool had an interesting impact
on the clinician-patient relationship. For roughly half of the
patients, it did not negatively or positively affect the relationship,
helping to allay concerns about technological solutions
worsening relationships between clinicians and patients. For
the other half of the patients, the relationship was actually rated

Popescu et al
as having improved, indicating that for some patients, the CDSS
may have beneficial effects on the clinician-patient relationship.
This latter point will be further elaborated in a future study and
should be investigated in future work. Planned clinical trials
will serve as an opportunity to confirm these feasibility results
and to determine if the CDSS is effective in improving
depression outcomes.
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Abstract
Background: Students who are targets of bullying and who witness bullying are at high risk for negative mental health outcomes.
Bystander training is essential to reduce bullying and the negative associated consequences for targets and bystanders. Resources
necessary for program delivery, however, pose significant barriers for schools, particularly those in rural, low-income communities.
Technology-based programs can reduce health disparities for students in these communities through cost-effective,
easy-to-disseminate programming.
Objective: The aim of this study is to conduct usability testing of a bystander bullying web app prototype, STAC-T
(technology-based STAC, which stands for the 4 bystander strategies Stealing the Show, Turning it Over, Accompanying Others,
and Coaching Compassion) as an initial step in the development of a full-scale STAC-T intervention. Objectives include assessing
usability and acceptability of the STAC-T prototype, understanding school needs and barriers to program implementation, and
assessing differences in usability between school personnel and students.
Methods: A sample of 16 participants, including school personnel and students recruited from 3 middle schools in rural,
low-income communities, completed usability testing followed by a qualitative interview. Descriptive statistics, 2-tailed independent
sample t tests, and consensual qualitative research were used to assess usability and program satisfaction and to extract themes
related to acceptability, feasibility, needs, barriers, and feedback for intervention development.
Results: Usability testing indicated that the app was easy to use, acceptable, and feasible. Both school personnel (mean rating
89.6, SD 5.1) and students (mean rating 91.8, SD 7.0) rated the app well above the standard cutoff score for above-average
usability (ie, 68), and both school personnel (mean rating 5.83, SD 0.41) and students (mean rating 6.10, SD 0.57) gave the app
high user-friendliness ratings (0-7 scale, with 7 as high user-friendliness). The overall ratings also suggested that school personnel
and students were satisfied with the program. Of the 6 school personnel who said they would recommend the program, 1 (17%),
4 (66%), and 1 (17%) rated the program as 3, 4, and 5 stars, respectively; 80% (8/10) of students said they would recommend
the program; and 60% (6/10) and 40% (4/10) rated the program as 4 stars and 5 stars, respectively. Qualitative data revealed that
school personnel and students found the STAC-T app to be useful, user-friendly, and relevant, while providing feedback related
to the importance of digital learning activities that engage the user. Data from school personnel also indicated positive perceptions
regarding program feasibility and probability of program adoption, with the most significant barrier being cost, suggesting the
importance of considering the financial resources available to schools in rural, low-income communities when setting the price
point for the full-scale STAC-T intervention.
Conclusions: This study provides support for the full-scale development of the STAC-T app and provides key information for
revision to enhance used engagement.
Trial Registration: ClinicalTrials.gov NCT04681495; https://clinicaltrials.gov/ct2/show/NCT04681495
https://formative.jmir.org/2021/10/e32382

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 10 | e32382 | p.321
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Doumas et al

(JMIR Form Res 2021;5(10):e32382) doi:10.2196/32382
KEYWORDS
technology-based bullying intervention; STAC-T; usability testing; middle school; rural; low-income; mobile phone

Introduction
Background
Bullying is a national public health issue in the United States,
with 20.2% of students aged 12 to 18 years reporting being
bullied at school and 15.3% reporting being cyberbullied in the
previous year [1]. Both bullying and cyberbullying peak in
middle school, with 28% of students reporting being a target of
school bullying, and 33% reporting being cyberbullied [2].
Among middle school students, bullying victimization is
associated with a variety of mental health problems, including
somatic symptoms [3-7], anxiety [6-8], social anxiety [9-11],
depression [5-9], suicidal ideation, and suicide attempts [8].
Similarly, being a target of cyberbullying is associated with
internalizing symptoms and suicidal ideation [12-14]. Thus, the
development of effective interventions for middle school
students is important for reducing bullying and its negative
consequences.

Youth in Rural and Low-Income Communities
Youth in rural [15-17] and low-income [18-20] communities
are particularly vulnerable to school bullying and cyberbullying.
US national data indicate a higher prevalence of school bullying
victimization among students in rural areas (23.8%) compared
with students in urban areas (19.9%) [1]. Furthermore, students
in rural areas are 3% to 5% more likely to report bullying their
peers [17]. Students at the lowest income levels report the
highest rates of bullying (21%-26.6%) compared with students
at higher income levels (16.6%-19.8%) [1]. Students from
low-income households also report the highest rates of physical
bullying, bullying-related injury, and cyberbullying, yet they
are the least likely to report bullying to an adult [1]. In addition,
low-income students report the highest rates of consequences
associated with bullying victimization, including negative effects
on school work, relationships, feelings about oneself, and
physical health [1]. Among middle school students attending
schools in rural, low-income communities, bullying
victimization is associated with poor school relationships,
negative school experiences [19], and depression and anxiety
[19,21]. These data reveal significant mental health disparities
for youth in rural and low-income communities.

Bullying Bystanders
Negative consequences are not only limited to targets of bullying
but also extend to students who witness bullying [7,22] and
cyberbullying [23-26] as bystanders. Students who witness
school bullying are at increased risk for mental health problems,
including somatic symptoms [7], sadness [27], helplessness
[7,27], isolation, guilt [28], depression, anxiety [7,22], and
suicidal ideation [7]. Similarly, witnessing cyberbullying is
associated with anxiety, depression [23,25,26], and somatic
symptoms [25], even when controlling for the effects of
witnessing school bullying [23,25]. In addition, bystanders who
intervene in bullying situations experience higher rates of
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anxiety and depressive symptoms than students who remain
passive [29,30], possibly owing to using maladaptive behaviors
to defend targets [30]. Research indicates 80% of students report
witnessing bullying [7] and more than 50% witnessing
cyberbullying [31]. Therefore, developing interventions to teach
student bystanders how to appropriately intervene is important,
as most students are bullying bystanders.

School-Based Bullying Interventions
Results from a recent meta-analysis indicate that training student
bystanders to intervene as defenders is an important component
of comprehensive school-based bullying programs [32].
Although up to 80% of students report witnessing bullying [7],
only 20% to 30% intervene [33]; for cyberbullying, as few as
10% may intervene [34]. Researchers have demonstrated that
when bystanders are trained to act, it not only reduces school
bullying but also leads to improved mental health in bystanders
[35-39]. Bystander disapproval of cyberbullying acts can also
effectively limit its prevalence [40]. Furthermore, self-efficacy
for defending is positively related to intervening in both bullying
[41] and cyberbullying [42]; however, few comprehensive,
school-based programs incorporate bystander training.
In addition, there are several barriers to implementing
school-based bullying prevention. Available interventions
require substantial resources, including demands on teachers,
limited access to training, lack of funding, and few school
mental health professionals [43], reducing access and posing
significant barriers to implementation. Rural, low-income
communities face economic disparities, creating further
obstacles to implementing these programs [44]. These barriers
include a lower tax base for funding programs, training costs
inflated by transportation needs related to bringing in expert
trainers, frequent staff turnover with limited resources to
reestablish expertise, school closures, staff overload and burnout,
and lack of program advocates and local expertise in bullying
prevention [16]. Therefore, brief programs that focus on
bystander training and reduce barriers for implementation are
needed to reduce bullying and its negative consequences among
middle school students in rural and low-income communities.

Technology-Based Interventions
National data in the United States indicate that the number 1
barrier to implementing educational technology is that school
districts do not have the funding [45]. Technology-based
interventions may be one way to increase access and reduce
implementation challenges specific to rural and low-income
communities [16]. Computer access and internet connectivity
in middle school is high; 86% of students have computers in
school [46], and only 6% of schools do not meet federal
connectivity marks for broadband capacity [47]. Notably,
low-income students have similar access to school computers
compared with middle to high income peers [46]. Some rural
areas have higher rates of poor internet connectivity; however,
to assist in reducing this disparity, eligible rural and low-income
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schools receive discounts ranging from 20% to 90% for
telecommunications services, including internet access and
broadband services through the Telecommunications Act of
1996 [48]. Grants are also available through the US Department
of Agriculture to build broadband infrastructure in rural areas
[49], and more recently, the US Department of Education for
discounted internet service for low-income households [50].
Thus, most students in rural, low-income communities have
access to the infrastructure needed for technology-based
programs.

their schools. Participants identified implementation challenges,
such as time and financial resources. In addition, participants
provided feedback related to translating the intervention into a
technology-based format, including the importance of activities
that require user input to increase user engagement. Overall,
the findings supported the need for the proposed
technology-based STAC (STAC-T) intervention and provided
feedback on challenges that need to be addressed for successful
adoption and sustained implementation in middle schools in
rural, low-income communities.

The STAC Intervention

STAC-T Intervention

STAC, which stands for the 4 bystander strategies Stealing the
Show, Turning it Over, Accompanying Others, and Coaching
Compassion, [51] is a brief, stand-alone bystander intervention
developed to reduce barriers to program implementation for
middle school students. STAC was originally designed as a
90-minute in-person intervention, including didactic and
experiential role-play components, as well as 2 booster sessions.
The didactic training includes education about bullying and
cyberbullying, consequences of bullying, bystander roles, and
a description of the 4 STAC strategies: (1) stealing the
show—using humor or distraction to interrupt the bullying
situation, removing the attention away from the target; (2)
turning it over—informing an adult about the bullying and
asking for help; (3) accompanying others—befriending or
providing supporting the targeted student; and (4) coaching
compassion—gently confronting the perpetrator to increase
empathy for target. The experiential component includes
role-plays in which students practice using the STAC strategies
in hypothetical bullying situations. Students also participate in
2 biweekly 15-minute booster sessions to reinforce their skill
acquisition. Research indicates that the STAC intervention is
effective in reducing bullying [52,53] and negative mental health
outcomes for bystanders [35-39]. Researchers have also adapted
the STAC intervention to be culturally appropriate for middle
school students in rural, low-income communities [54-56] with
similar positive effects on bullying reduction [54,57] and
improved mental health [54,58].

The STAC-T web-based app is intended to shift program
delivery from an in-person intervention to a
technology-delivered intervention, thereby increasing
accessibility and eliminating implementation barriers. STAC-T
will also allow large groups of students to be trained
simultaneously, accessed from a computer, tablet, or
smartphone. The STAC-T app is designed to be a modular
program that can be customized to meet the needs of individual
schools. The app will allow students to customize their
experience by selecting avatars and bullying scenarios.
Assessment and personalized feedback components are also
infused through the program to individualize the user experience
to promote behavior change [60,61]. The innovative,
user-centered design of the STAC-T app will be inherently
sensitive to the cultural needs of students and identify personally
appropriate strategies. The STAC-T app addresses both bullying
and negative mental health outcomes for targets and bystanders
through an evidence-based approach that is adapted for a broader
audience and uses technology to effectively implement bullying
prevention.

Need for a Technology-Based STAC Intervention
Most bullying programs are comprehensive school-wide
interventions that require significant resources, creating
implementation barriers for schools. Although the STAC
intervention reduces some of these barriers, in-person
interventions pose implementation challenges, particularly for
schools in rural, low-income communities. To increase access
for these schools, we propose to translate the STAC intervention
into a technology-based format. As a first step, we conducted
a needs assessment with the goal of understanding needs and
perceived program implementation challenges for schools in
rural, low-income communities to provide information on how
to best serve students in these schools [59]. Findings from
interviews and focus groups with key school personnel (ie,
administrators, teachers, and school counselors) from 3 middle
schools in rural, low-income communities indicated a strong
interest in a technology-based bullying intervention. Participants
also described positive conditions for implementation, including
support from the administration and technology readiness of
https://formative.jmir.org/2021/10/e32382
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The success of the STAC-T design can be evaluated through
usability testing. Usability testing is an important step in the
development of technology-based programs, providing
information from end users on what works and gaps in how the
program functions [62], as well as the acceptability and
relevance of program content. Usability ultimately affects the
likelihood that the program will be adopted [63] and thus is a
critical component of technology-based intervention
development [64]. Assessing usability with school personnel
and students is also important, as school personnel make
decisions about program adoption [65], and students, as
end-users, need to understand and respond positively to the
program to benefit from the content [62,66].

Study Objectives
This study aims to evaluate the usability and acceptability of
the STAC-T prototype to inform full-scale development of the
STAC-T intervention app. To achieve this aim, we implemented
usability testing with key stakeholders (ie, school personnel and
students) at 3 middle schools in rural, low-income communities
(N=16). The study had the following objectives: (1) to assess
the usability and acceptability of the STAC-T prototype, (2) to
understand school needs for and barriers to program
implementation, and (3) to assess the differences in usability
between school personnel and students. We used a
mixed-methods design to assess the usability and acceptability
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of the app prototype, as well as ways to improve the app,
likelihood of program use, and potential implementation barriers.

Methods
Participants
Participants were key school personnel (ie, administrators,
teachers, and school counselors) and students were recruited
from 3 middle schools in rural, low-income communities in the
Northwest region of the United States. The schools were selected
based on previous and ongoing research partnerships. The 3
schools were Title 1 schools, with 52.9% (339/641), 68.98%
(725/1051), and 98.8% (663/671) of the student population at
the 3 schools being below the poverty line. A total of 6 school
personnel and 10 students were recruited. Among the school
personnel, the age ranged from 28 to 59 years (mean 42.0 years,
SD 10.8 years) and the majority were women (5/6, 83%) and
White (6/6, 100%). For students, age ranged from 11 to 14 years
(mean 12.2 years, SD 0.9 years), with 40% (4/10) in grade 6,
30% (3/10) in grade 7, and 30% (3/10) in grade 8, and the
majority were girls (8/10, 80%) and White (7/10, 70%).

Development of the STAC Prototype App
We used a multitheoretical framework to guide prototype
production. We translated the STAC in-person intervention into
a technology framework guided by Persuasive System Design,
a theoretical guide for translating clinical aims to health-related
technology frameworks [67-69]. Instructional objectives and
design of STAC-T were guided by the existing STAC
intervention for rural and low-income students, and input from
an expert advisory board, school personnel, and students. The
STAC-T prototype was developed using AGILE programming,
a collaborative and incremental programming methodology
[67-69]. The prototype was functional on all web browsers that
support HTML5 and was built on a full stack web application
using HTML or JavaScript as the main interface. React.js was
used as the front-end framework. The system was accessible
on desktop computers, iOS, Android tablets, and smartphones.
Design ideas were created in written form, combined with
scripts, flowcharts, and storyboards, before creating actual
images and authoring elements. Programmers produced the
STAC-T prototype, alpha- and beta tested it in-house for
stability and code errors, tested it for usability, and revised it
following an iterative, agile production process.
The initial prototype was created with clickable wireframes that
showed the progression of content with still graphics (Figure
1). In addition to Persuasive System Design, User-centered
Design [70,71], and the ADDIE (Analyze, Design, Develop,
Implement, and Evaluate) model [72-74], we followed a user
interface and instructional design approach to develop the
STAC-T prototype. User input was solicited through iterative
cycles, with adjustments made based on feedback [75], resulting
in enhanced user experience and more reliable and effective
results [76,77]. Design elements such as space (colors and visual
space), components (characters and objects), and mechanics
(actions) were determined for program features (ie, activities
and games). Consistent with research on mobile health strategies
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for adolescents [78-80], the program development approach
emphasized gaming as a teaching strategy, and interactive
components were the centerpiece of the STAC-T intervention.
STAC strategy practice required students to select between 2
avatars, view a bullying event, select actions to operationalize
the STAC strategy, view the avatar enacting the selected action,
and receive feedback on its effectiveness. To reward learning
and bolster adherence, badges (visual reward icons eg, Stealing
theShow badge) were included for intermittent awards to
encourage user engagement.
The STAC prototype content comprised 3 overarching modules:
(1) What is Bullying? Users were presented with background
information on bullying, including bullying definitions (ie,
physical, verbal, relationship, and cyberbullying), bullying facts
and statistics, characteristics of students who bullied, and
negative consequences of bullying; (2) What are Bystanders?
Users were taught what a bystander is, and how bystanders
affect bullying outcomes. This module explained the 4 bystander
roles: (1) Assistants: those who intentionally help the bully; (2)
Reinforcers: those who are not directly involved in hurting
another student, but encourage the bully by standing around,
laughing, or watching quietly; (3) Outsiders: those who do not
take sides while witnessing bullying; and (4) Defenders: those
who do something to stop the bullying situation or help the
target in some way, and (3) STAC strategies: Users were
introduced to 4 STAC strategies: (1) stealing the show, (2)
turning it over, (3) accompanying others, and (4) coaching
compassion. The module also included the STAC strategy
practice using avatars selected by the user.
Iterative focus groups (3 rounds) with middle school students
(N=21; 14 girls and 7 boys) attending schools in rural,
low-income communities informed prototype development.
Groups ascertained whether the app concept was easily
understood and engaging and identified essential features for a
successful prototype. The first round (n=10) was conducted
with students who had been trained in the in-person STAC
intervention. The second (n=6) and third (n=5) rounds were
conducted with students who were naive to the STAC program.
Group 1 provided feedback on the translation of the in-person
STAC program content to a technology-based format for
prototype 1. Group 1 reported that the content was realistic,
expressed interest in a web translation, and made suggestions
for modifications for web translation that were incorporated
into prototype 1. For group 2, prototype 1 was very well
received; participants thought the content was useful, important,
and understandable and were enthusiastic about using the
program. Group 2 participants suggested more interactivity (eg,
short clips, videos, thought bubbles, graphs, and cartoons) to
increase engagement. Group 3 evaluated prototype 2, reporting
that they liked the program content and ease of navigation.
Participants liked the sketches and discussed changes to
characters (eg, wear hoodies instead of clothes with buttons)
and surroundings (eg, school bus looked too clean) to more
closely match the middle school environment. Input from the
focus groups informed the development of the final prototype
used in this study.
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Figure 1. Samples from the STAC-T (technology-based Stealing the Show, Turning it Over, Accompanying Others, Coaching Compassion) prototype.

Procedures
Participant recruitment and usability testing occurred during
the spring of 2020. All research procedures were approved by
the University Institutional Review Board and by the School
District or Administration. The researchers provided the school
counselor from each school with an email script describing the
purpose and procedures of the study. School counselors were
also provided with rubrics developed by the research team to
identify key school personnel and students who demonstrated
the following characteristics assessed by the rubric: school
personnel: (1) caring for students, (2) desire to be a positive
influence on school climate, (3) approachable to students, (4)
caring about addressing the problem of bullying, and (5)
leadership qualities; and students: (1) leadership, (2) maturity,
(3) responsibility, (4) caring toward others, (5) influence, and
(6) a desire to be a positive influence on peers. For each item,
https://formative.jmir.org/2021/10/e32382
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school personnel and students were assessed on a 3-point scale,
which included the ratings of yes and somewhat to no for each
item described above. School personnel and students who scored
yes or somewhat on all inclusion criteria were eligible to
participate. The school counselor used the rubric to identify and
contact key school personnel and students and then used the
script to invite them to participate in the study. Usability testing
and interviews were conducted remotely. Researchers obtained
informed consent for school personnel and parental consent and
student assent for students and collected demographic
information from participants immediately before usability
testing.
Participants interacted with the STAC prototype app by selecting
an avatar and environment to tailor content and talked aloud
while completing the tasks and identifying problems and
solutions attempted. Researchers and users were on
videoconference and shared screens. Researchers could see what
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participants were doing, and they were able to communicate
with each other in real time. The researchers observed the users
as they worked through the tasks and asked questions to gather
more data. Participants were asked to complete a brief usability
survey followed by a semistructured interview protocol. All
participants were asked to provide information about their
perceptions of (1) program utility, (2) relevance and
appropriateness of program content, and (3) ways they would
improve the program. School personnel were also asked about
(1) their thoughts on implementation feasibility, (2) likelihood
of school program adoption, and (3) barriers to program use.
All individual interviews lasted for 1 hour and were
audio-recorded. School personnel received a web-based US $50
Amazon gift card as an incentive for participation in the usability
testing and individual interview. There were no incentives for
student participants.

Measures
Demographics
Participants self-reported their age, ethnicity, race, and gender.
Students also reported their grade level.

Usability
Usability was assessed using the System Usability Scale (SUS)
[81]. The SUS is a widely used 10-item validated tool used to
measure the usability and acceptability of technology-based
programs. Responses were measured on a 5-point Likert scale
ranging from 0 (strongly disagree) to 4 (strongly agree). Items
were summed, and the total was multiplied by 2.5, creating an
overall SUS score ranging from 0 to 100. An SUS score of ≥68
was considered above average [82].

User-friendliness
One item was used to assess the user-friendliness of the program.
Participants were asked to rate the user-friendliness with the
question: Overall, I would rate the user-friendliness of this
program as... with a 7-point scale ranging from 0 (worst
imaginable) to 7 (best imaginable).

Program Satisfaction
Two items were used to assess the program satisfaction.
Participants were asked the question, “Would you tell your
friends/colleagues to use the program?” with response choices
yes, no, and don’t know. Participants were also asked how many
stars they would give the program (1 star being the lowest and
5 stars being the highest).

Interview Questions
Following the usability testing sessions, participants were asked
a series of open-ended questions about the utility and relevance
of the app prototype, as well as ways to improve the app,
likelihood of program use, and potential implementation barriers.
School personnel and students were asked the following: (1)
Please talk about your perception of how useful this program
could be to helping to address the problem of bullying at school,
(2) Please share your thoughts on whether you think the content
of this program is relevant and appropriate for students at your
school and your community, and (3) Can you talk about ways
that you would improve the program? School personnel were
https://formative.jmir.org/2021/10/e32382
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asked the following: (4) What are your thoughts on how
practical or workable you think it would be to use this program
at your school? (5) What do you believe is the likelihood that
your school would use this intervention? and (6) What, if
anything, would keep you from using this program?

Data Analyses
Quantitative
Quantitative data from the questionnaires were analyzed using
the SPSS version 25.0. Before conducting statistical analyses,
the data were examined for outliers and normality, and all
variables were within the normal range for skewness and
kurtosis. Descriptive statistics were used and presented
separately for the school personnel and students. We examined
the differences between school personnel and students using
2-tailed independent sample t tests for continuous variables and
chi-square analyses for categorical variables. All analyses were
considered significant at P<.05.

Qualitative
Qualitative data from open-ended questions were analyzed
separately for the school personnel and students. A team member
who participated in conducting the usability tests transcribed
the data verbatim. We used thematic analysis [83,84] to identify,
analyze, organize, describe, and report themes found within the
qualitative data. NVivo was used to track quotes and organize
themes. Two trained master’s students with previous experience
in qualitative data analysis and a faculty member with expertise
in qualitative methodologies analyzed the data. Before analyzing
the data, the analysts discussed their assumptions and
expectations regarding possible findings. Themes for each
question were determined based on consensus. The process
began with each team member individually developing initial
themes for each question for school personnel and students.
Next, the team met 2 times in person and conducted email
communications over a 4-week period to arrive at a consensus
on themes and frequency categories supported by participant
quotations. During the first meeting, the lead analyst trained
the team on thematic coding procedures, and each analyst coded
the data separately. Next, the team met again for a second time
to share each of their themes, followed by team members
commenting and voicing agreement or disagreement. The
analysts relied on participants’ quotes to resolve disagreements.
Once the team reached a consensus, an external auditor reviewed
the interview transcripts and themes. Overall, the auditor agreed
with the team’s findings but provided an alternative way to
organize one of the findings. The analysts used email
correspondence to discuss and incorporate the auditor’s feedback
and obtain a final consensus for themes. The external auditor
agreed with the team’s final themes. Interview data were
deidentified to ensure anonymity, and quotes were identified
by participant type (ie, school personnel or students).
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Results
Quantitative Analysis
Usability
The usability scores of the SUS are presented in Table 1.

Overall, the scores for both school personnel and students
suggested a very high level of usability, functionality, and
acceptability. As presented in Table 1, there were no differences
in any of the individual items or the SUS total score between
school personnel and students, with both participant groups
scoring the STAC-T app at a very high level of usability.

Table 1. Means and SDs for the System Usability Scale (SUS) by school personnel and students (N=16)a.

a

School personnel (n=6), Students (n=10),
mean (SD)
mean (SD)

t test (df)

P value

I think that I would like to use the program frequently

3.33 (0.82)

3.40 (0.52)

−0.20 (14)

.84

I found the program to be more complex than it needed to be

0.67 (0.52)

0.40 (0.70)

0.81 (14)

.43

I thought the program was easy to use

3.50 (0.55)

3.80 (0.42)

−1.24 (14)

.24

I think that I would need the support of a technical person to be able to
use this program

0.17 (0.41)

0.20 (0.42)

−0.16 (14)

.88

I found the various functions in the program were well put together with
each other

3.33 (0.52)

3.50 (0.53)

−0.62 (14)

.55

I thought there was too much inconsistency in this program

0.17 (0.41)

0.40 (0.52)

−0.94 (14)

.36

I imagine that most people would learn to use this program very quickly

3.50 (0.55)

3.60 (0.70)

−0.30 (14)

.77

I found the program very awkward to use

0.17 (0.41)

0.10 (0.32)

0.37 (14)

.72

I felt very sure that I could use the program correctly

3.33 (0.82)

3.60 (0.52)

−0.81 (14)

.43

I needed to learn a lot of things before I could get going with this program 0.00 (0.00)

0.10 (0.32)

−0.76 (14)

.46

SUS total score

91.75 (6.98)

−0.66 (14)

.52

89.58 (5.10)

Responses were scored on a 5-point Likert scale ranging from 0 (strongly disagree) to 4 (strongly agree).

Program Satisfaction

User-friendliness
School personnel and students rated the program high regarding
user-friendliness. For school personnel, scores on
user-friendliness ranged from 5 to 6 (mean 5.83, SD 0.41). For
students, scores on user-friendliness ranged from 5 to 7 (mean
6.10, SD 0.57). There were no differences in scores between
school personnel and students in terms of user-friendliness
(t14=−1.00; P=.33).

The program satisfaction ratings are listed in Table 2. Overall
ratings suggested that school personnel and students were
satisfied with the program. There were no differences in scores
between school personnel and students on program
recommendation (χ21=1.3; P=.24, or star ratings, χ21=2.3;
P=.31).

Table 2. Program satisfaction by school personnel and students (N=16).
Variables

School personnel (n=6), n (%)

Students (n=10), n (%)

Yes

6 (100)

8 (80)

No

0 (0)

0 (0)

Unsure

0 (0)

2 (20)

1 star

0 (0)

0 (0)

2 stars

0 (0)

0 (0)

3 stars

1 (17)

0 (0)

4 stars

4 (66)

6 (60)

5 stars

1 (17)

4 (40)

Recommend program

Star rating
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Qualitative Analysis
Overview
Qualitative feedback for the STAC-T prototype supported the
quantitative findings and was very positive overall, with
participants sharing the perception that the STAC app is useful,
relevant, and appropriate, as well as ways to improve the
program. In addition, school personnel shared positive thoughts
about program feasibility, a high likelihood of program adoption,
and implementation barriers. The results are presented below,
organized by the following themes: (1) utility and
user-friendliness, (2) relevance, (3) program feedback, (4)
feasibility, and (5) program adoption.

Utility and User-friendliness
Regarding participants’ perceptions on the program’s utility,
school personnel and students indicated that STAC-T is useful
and delivers helpful educational content to intervene in bullying.
For example, 1 teacher stated, “this program is definitely one
that can give strategies to students that they can apply and they
also have a variety of strategies that they can choose from.”
A student shared:
I thought it was pretty good. It gave lots of
information; gave different ways to deal with the
problem or kind of bullying.
Furthermore, students emphasized that the program allowed
them to learn about bullying. One student reflected, “I think
it’d be really really good cause there’s some things I didn’t
know and I learned about it.”
School personnel also indicated that the program is user-friendly
and straightforward, and that developing the program on the
web is a strength. A school counselor indicated:
I love that it’s gonna be digital because that’s right
now what we do. We compete with the Minecraft’s
[videogames] of the world.

Relevance
Participants were also asked to share their thoughts regarding
the relevance and appropriateness of the program content for
students at their school and their community. School personnel
indicated that the program is relevant and can help increase
students’ understanding of relationships. For example, a school
counselor stated, “I definitively think that it’s relevant, just like
we talked about, especially the online portion.”
Another school counselor indicated that the program helps
“...kids to continue to understand the differences...” (between
people). Students also indicated that the program was
age-appropriate. One student said:
I think it is very appropriate and relevant. I think it’s
a great idea, and it has great examples so kids can
see [bullying] if they haven’t seen it before or see
different situations it [bullying] could be in.
Another student shared:
Yeah I think it’s really good cause I’ve had some
programs that use really big words, and so you can’t
https://formative.jmir.org/2021/10/e32382

XSL• FO
RenderX

Doumas et al
understand, or it explains every word like you’re a
little child. Your program was perfect, like right at
my level.

Program Feedback
When asked for feedback regarding how to improve the
program, school personnel suggested that it is important to
follow through while making the program interactive. One
teacher stated:
I’d have to kind of see how all of the avatars work
together, how the animation works together, how
relevant that would work with keeping students’
attention. Because right now currently I’d have to
read everything and know students aren’t going to
read everything.
A school counselor said, “I definitely think having, like you
already talked about, the piece of it being interactive, definitely
needs to have that.”
Students suggested adding colors, including realistic pictures.
One student stated:
I would definitely add color to the pictures, that’s one
thing. I bet that would catch somebody’s eye. I know
people who have more creative minds tend to pay
attention to color more, cause I’m one of those people.

Feasibility
School personnel were also asked to speak about the feasibility
of the program implementation. Participants provided positive
responses indicating that the program was user-friendly and
would align with existing programs that address social and
emotional development. One school counselor indicated:
...it’s very user-friendly, even for me who had
struggles getting going. It really gives you very clear,
concise steps to be able to move forward and
directions of what you need to do.
A teacher stated, “So, for me I can easily put it into the current
curriculum or the current places in which we are but I think that
would be up to individual teachers.”

Program Adoption
Finally, when asked about the likelihood of program adoption,
the school personnel indicated that their school would be open
to using this program. One teacher stated: “I know I would
really enjoy it personally because I think it’s the strategies that
are important for kids to understand and be able to use and
apply.”
A school counselor indicated, “I think our school has been pretty
open to learning new or picking up new tools that would enrich
out student population.”
The school personnel indicated that resource constraints were
the major barriers to adopting the program. A school counselor
shared:
Money, money, and cost. But honestly, as far as
implementation, it’s simple because it’s online. It
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really does come down to the time and how much
does it cost.

Discussion
Principal Findings
This study aims to examine the usability of a technology-based
bystander bullying intervention designed specifically for middle
schools in rural, low-income communities. We were particularly
interested in perspectives from both middle school personnel
and students, as these participant groups represent key
stakeholders who are in the position of making decisions
regarding bullying programming and are the end users of the
program. We aimed to test the usability of the STAC-T
prototype; assess program utility, user-friendliness, and
relevance; and gain an in-depth understanding of the needs and
challenges related to program adoption and feedback regarding
program content and delivery. Quantitative analysis of the
survey data demonstrated a very positive response to the
program, which was supported by qualitative data from
individual interviews. Overall, the results indicate that
participants perceived the STAC-T app to be useful,
user-friendly, and appropriate for students at their schools and
reported high levels of satisfaction with the program. Findings
from this study indicate that the STAC-T app is relevant and
feasible for implementation in middle schools in rural,
low-income communities.
The findings of this study support the usability of the STAC-T
app. For both school personnel (mean 89.58, SD 5.10) and
students (mean 91.75, SD 6.98), scores on the SUS indicated a
very high level of usability, well exceeding the standard cutoff
score of 68 [82]. The user-friendliness of the program was also
rated very high by both school personnel, with all participants
rating the STAC app at ≥5 on a 0 to 7 point scale. We found no
differences between school personnel and students in terms of
SUS scores or user-friendliness ratings, suggesting that all
participants found the program to be highly usable. Qualitative
data supported these results, with both school personnel and
students indicating that they perceived the program to be
user-friendly, as well as age-appropriate and relevant for middle
school students in rural, low-income communities. Furthermore,
both school personnel and students reported high levels of
satisfaction with the program, with most participants indicating
that they would recommend the program to others. These
findings are particularly important, as usability and acceptability
are associated with both program adoption and implementation
[63].
Regarding feasibility of implementation, school personnel
indicated that they believed that their school would use the
STAC-T app if the intervention was cost-effective. This finding
is consistent with research indicating that administrators in rural
middle schools would support a technology-based bullying
program [59] and parallels research on bullying prevention in
rural communities, identifying cost as a barrier to program
implementation [16,59]. These findings also echo research
suggesting the number 1 barrier to implementing educational
technology is the lack of school district funding [45] and that
financial resources and program effectiveness are necessary
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conditions for program implementation and sustainability of
delivery of school-based programs [65].
Both school personnel and students discussed STAC-T program
strengths and considerations for increasing user engagement.
Qualitative findings suggested that participants perceived the
STAC-T app to be useful and helpful in addressing the problem
of bullying. They also indicated that the content of the program
was appropriate for their schools, confirming the need for
bullying programming that teaches students skills to use to
intervene in bullying situations. This finding is consistent with
previous research in which school personnel in rural,
low-income communities indicated a need for bystander training
that teaches students strategies to intervene on behalf of targets
of bullying and includes having students actively practice these
strategies across different scenarios [59]. Regarding user
engagement, participants suggested adding more color and more
realistic pictures, as well as increasing interactivity. This
feedback is consistent with research suggesting that the
motivating elements of technology-based interventions,
including program content, length, and interactivity, are
important in promoting behavior change [85].

Limitations
This study supports the usability, relevance, and feasibility of
the STAC-T prototype, providing valuable information for the
development of a full-scale STAC-T app. However, certain
limitations of this study must be noted. Participants were
recruited from 3 schools in rural, low-income areas from 1 state
in the Northwestern region of the United States. Although
participants were recruited from 3 different counties to increase
generalizability, school personnel and students from different
regions of the country may have a different perspective.
Furthermore, most participants in this study were female, further
limiting the generalizability of the study. Although variability
was low in the quantitative data and we did not identify
divergent responses among participant interview responses,
interpretation of the results for males should be made cautiously
as females comprised approximately 81% (13/16) of the sample.
Further formative research conducted during the development
of the full-scale STAC app should include purposeful sampling
to ensure appropriate representation of male participants.
Furthermore, although most participants were White (13/16,
81%), this parallels the ethnic and racial composition of rural
communities in the United States [86]. It is also possible that
social desirability influenced participants as they were aware
that the goal of the study was to translate the in-person STAC
intervention into a technology-based format.

Implications
This study has important implications for the development of
a technology-based bullying intervention that addresses the
needs and challenges specific to middle schools in rural,
low-income communities. First, participants provided very high
usability ratings for the STAC-T prototype, with qualitative
data supporting the usability, utility, and relevance of the
program. In addition, participants indicated that program
implementation is feasible as long as the program is
cost-effective. These findings support the development of the
full-scale STAC-T app, while keeping the price point as an
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important consideration. Program cost considerations are
particularly important in rural schools, as they face significant
financial challenges due to a lower tax base for funding
programs [16]. Furthermore, to enhance program
implementation and sustainability, sufficient resources must be
available [65]. Thus, the STAC-T app needs to be designed to
be low in cost to be successfully adopted by schools in rural,
low-income communities.
The findings from this study provide a strong scientific premise
for moving forward with a full-scale production of the STAC-T
app and have implications for program development. The
full-scale STAC-T app will include 3 core modules, including
strategy training, in which students select customized avatars
as they move through role-plays in which they practice the
STAC strategies. On the basis of participant feedback on the
STAC-T prototype, all core modules will be built to include
gaming and features requiring user input (eg, drag and drop,
hover, click and reveal, and video). Real instances of game
dynamics and mechanics will include several options, such as
badges, leaderboards, levels, points, achievements, avatars,
content unlocking, quests, social recognition, teams, and tokens.
These items target the social cognitive theory components of
modeling, outcome expectancies, self-efficacy, self-regulation,
identification, and reciprocity. Consistent with research on
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mobile health strategies for adolescents [78-80], this design
emphasizes gaming as a teaching strategy. The outcomes of
each game will be used to ensure information uptake and
demonstrate comprehension (eg, users must achieve a targeted
score to receive a reward), thus providing feedback to
participants early and often. To reinforce learning and bolster
adherence, badges (ie, visual icons), which are highly effective
gaming tools used to encourage user engagement and build
game loyalty [87,88], will be awarded intermittently. These
components will be the centerpiece of the program and are
designed to increase engagement and learning.

Conclusions
Bullying is a significant public health issue for middle schools
in rural, low-income communities. Schools in these communities
face multiple and competing demands on their time and have
limited access to training, funding, and mental health
professionals to implement bullying programming. The findings
of this study demonstrate the usability, relevance, and feasibility
of a brief, technology-based bystander bullying intervention.
This study provides support for the development of the full-scale
development of the STAC-T app and provides information that
can be used to enhance program usability while addressing the
unique needs of schools in rural, low-income communities.
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Abstract
Background: Process evaluation measures the context in which an outcome was or was not achieved through the ongoing
monitoring of operations. Mobile apps are a potentially less burdensome tool for collecting these metrics in real time from
participants. Research-driven apps are not always developed while paying attention to their usability for target users. Usability
testing uncovers gaps in researchers’, developers’, and users’ mental models of what an efficient, effective, and satisfying product
looks like and facilitates design improvement. Models may vary by user demographics.
Objective: This study describes the development of a mobile app for collecting process evaluation metrics in an intervention
study with health care workers that uses feedback at multiple stages to refine the app design, quantify usage based on workers'
overall adoption of the app and the app's specific function, and compare the demographic and job characteristics of end users.
Methods: An app was developed to evaluate the Center for Promotion of Health in the New England Workplace Healthy
Workplace Participatory Program, which trains teams to develop solutions for workforce health obstacles. Labor-management
health and safety committee members, program champions, and managers were invited to use the app. An accompanying website
was available for team facilitators. The app’s 4 functions were meeting creation, postmeeting surveys, project time logs, and chat
messages. Google Analytics recorded screen time. Two stages of pilot tests assessed functionality and usability across different
device software, hardware, and platforms. In stage 1, student testers assessed the first functional prototype by performing task
scenarios expected from end users. Feedback was used to fix issues and inform further development. In stage 2, the app was
offered to all study participants; volunteers completed task scenarios and provided feedback at deployment. End user data for 18
months after deployment were summarized and compared by user characteristics.
Results: In stage 1, functionality problems were documented and fixed. The System Usability Scale scores from 7 student testers
corresponded to good usability (mobile app=72.9; website=72.5), whereas 15 end users rated usability as ok (mobile app=64.7;
website=62.5). Predominant usability themes from student testers were flexibility and efficiency and visibility of system status;
end users prioritized flexibility andefficiency and recognition rather than recall. Both student testers and end users suggested
useful features that would have resulted in the large-scale restructuring of the back end; these were considered for their benefits
versus cost. In stage 2, the median total use time over 18 months was 10.9 minutes (IQR 23.8) and 14.5 visits (IQR 12.5). There
were no observable patterns in use by demographic characteristics.
Conclusions: Occupational health researchers developing a mobile app should budget for early and iterative testing to find and
fix problems or usability issues, which can increase eventual product use and prevent potential gaps in data.
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Introduction
Background
In intervention research, process evaluation has become
increasingly important to reliably assess the reasons for the
effectiveness of an intervention or a lack thereof. Process
evaluation is the ongoing monitoring of operations to measure
the implementation process, and it provides a detailed context
for subsequent outcomes evaluation [1]. When evaluated in
occupational health interventions, this is often measured
specifically as context, reach, dose delivered, dose received,
fidelity, implementation, and recruitment [2]. Measuring these
items requires data collection on the diversity of participants or
organizations, recruitment or retention of members, their role
in teams or activities, number and type of events attended,
amount of time spent in and outside of the teams’ activities,
benefits and challenges of participation, satisfaction with the
work or process, and balance of power and leadership [1]. These
research process activities can be hard to track during a
participant’s workday or shift, and data collection might be
more efficient if delivered through one medium.
The widespread use of smartphones has made mobile apps
popular for mobile health (mHealth) studies, defined as “the
use of mobile and wireless devices to improve health outcomes,
health care services, and health research” [3]. However, there
have been a limited number of tools developed to support and
evaluate workplace improvement studies [4,5]. With the use of
mobile apps, participant information can be collected in real
time, increasing the convenience and, thus, ideally, participation
level and data quality. Surveys can be created and sent at set
intervals or during times where data collection is time sensitive
and may be easier to incorporate into daily life [6]. Event logs
can be entered at any time by participants to document where
and when actions were taken by members [1]. With the
flexibility of mobile apps, intervention activities and participant
engagement and satisfaction can be tracked, and all of these are
the primary components of process evaluation. Mobile apps
provide a unique medium of data collection that might overcome
the organizational and logistical barriers to data collection,
which are common in occupational health studies.
Most mHealth apps are developed using a consumer-driven
approach and are motivated by the participants’ perceived need
to monitor their goals or manage their health condition. In
contrast, apps created primarily for a research goal parallel a
product-driven (or driving-markets) approach, which involves
developing a unique product first and then influencing the
structure or behavior of the existing market to gain a competitive
edge [7]. These research-driven apps seek to fulfill a data
collection need of the investigators [8] but may be at a
disadvantage compared with consumer-driven apps, with regard
to participants’ intrinsic motivation to use the app.
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The usability of mobile apps strongly influences their actual
use. User-centered design principles are recommended for
mobile app development and include 4 principles: specify the
context of use, specify app requirements, create design solutions
in stages, and evaluate designs iteratively [9]. Ongoing
evaluation through end user usability testing and quality
assurance protocols is intended to enhance user satisfaction and
uncover obstacles to effective and efficient product use.
Unfortunately, the target users are infrequently involved in
designing the features [10-12].
User-centered design is surprisingly difficult, and little empirical
evidence has guided app development [4,12,13]. Empathy and
appreciation for how users think and work are critical [13]. App
development teams must not assume that users will approach
the app in the same way that they would [13]. Participatory
methods, such as card sorting, engage end users during the early
development stages to design the information architecture to
resemble users’ mental models [14,15]. This informs the
development of prototypes that software developers often test
on emulators. Real device testing is then needed to accommodate
the various combinations of phone dimensions, screen
resolutions, software versions, changing environmental contexts,
and unreliable wireless networks that characterize mobile device
interaction [16]. Testing with target users throughout the
lifecycle of the app also helps with uncovering problems and
discovering opportunities to improve the product while ensuring
that the design is still flexible [17]. However, in the work
context, end users may not have adequate time to devote to
iterative and participatory design [15,18,19]; therefore, testing
basic functionality in a nonrepresentative sample may be
necessary to identify bugs before introducing the app to the user
population. When usability testing is implemented only in later
stages, fixes or feature requests are likely to be more costly and
time consuming, as much of the structure has already been set
[20]. Furthermore, research participants encountering early
difficulties may become permanently discouraged from using
the app throughout the study.
Some guidelines have been created for the iterative usability
testing of mobile apps, but the form and extent of testing vary
among studies, and validated instruments are not always used
[21]. Laboratory-based testing is often tedious and expensive
and has been criticized for not reflecting real use cases [22].
Others have proposed toolkits that can be embedded into the
code of the mobile app to track user interface events from users
[22]. A recent review suggested that combination approaches
would be most useful [21]. Regardless of the method, testing
with just 5 users helps identify 80% of the usability problems
[23]. Information on usability testing should be documented as
it has an impact on the adoption and use of the app [24].
Understanding relevant user demographics is important to assist
in designing for a wide variety of target users [11]. The influence
of user demographics on app use is not clear, particularly in
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mHealth studies. In one study focusing on a diabetes mHealth
system, younger users performed app tasks faster and had fewer
errors [11]. Another study on a cardiovascular disease risk
management app found that younger populations downloaded
the app more often, but older populations demonstrated greater
sustained engagement [25]. Younger age groups may find
mobile technologies commonplace and readily acceptable, but
older adults are also interested in technology and are capable
of acquiring complex computer skills [26]. Relationships
between age and use of computer software have been examined
in the literature, with some authors finding inverse relationships,
whereas other authors did not find inverse relationships [27].
A US survey revealed that those who were younger, had more
education, reported excellent health, and had higher income
were the main users of health apps [28]. Another study reported
that the odds of users downloading health apps were higher in
college or graduate school than in high school and decreased
with increasing age [29]. The existing literature provides some
information regarding the type of users that use mHealth apps
to improve their own health, but these differences may or may
not apply to research-driven applications, including program
evaluation.

Objectives
The aforementioned gaps in the literature suggest that our mobile
app is one of the very few apps developed to collect and conduct
process evaluation in a participatory workplace change study.
The aim of this study is to describe a user-centered development
approach for a mobile app that tracks the process of a
participatory intervention. In particular, this study seeks to (1)
describe the iterative development of a mobile app to track a
workplace change process, (2) identify functions most often
used within the app by target users, and (3) examine
demographic and job-related characteristics of app users.

Chin et al

Methods
Study Design
This descriptive study involved 5 health care facilities in the
northeast United States participating in the Safety and Health
through Integrated, Facilitated Teams (SHIFT) intervention
study (Clinicaltrials.gov NCT04251429) [30]. SHIFT uses the
Center for Promotion of Health in the New England Workplace
Healthy Workplace Participatory Program (HWPP), a process
for increasing the effectiveness of occupational health and safety
committees through root cause analysis, identifying health and
safety needs, and proposing solutions to leadership for
implementation [31]. The joint labor-management Design Teams
(DTs) are groups of 8 to 12 frontline workers from various
departments, with 2 cofacilitators who chair the meetings and
facilitate the HWPP process. The Steering Committee (SC)
included upper-level managers responsible for budget and
resource allocation. This usability study was conducted to guide
the development of a data collection tool used in the trial; the
number of subjects did not correspond to the anticipated
enrollment for the trial itself.

System Development
Mobile App
The HWPP Assistant app was developed for iOS (version 8.0
or higher) and Android (version 4.1 or higher) platforms using
an agile approach. Detailed specifications were developed by
the researchers in consultation with a computer scientist. The
app had 4 main functions that allowed users to (1) create
meetings, (2) answer surveys, (3) log time spent on
project-related tasks, and (4) converse privately or with the
entire group regarding any questions or concerns (Figure 1).

Figure 1. Safety and Health through Integrated, Facilitated Teams project mobile app: HWPP Assistant functions. HWPP: Healthy Workplace
Participatory Program.
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The meeting function provided the ability to create and view
upcoming meetings. The 3 meeting types were DT, SC, and
small group meetings. Cofacilitators could set up DT meetings,
which automatically invited all DT members and cofacilitators
at the specified site. SC members could create SC meetings.
Anyone could call small group meetings by entering the email
addresses of the desired meeting attendees. Once meetings were
created, the invited users were able to see a list of upcoming
meetings and download agendas attached to them. Users were
reminded of meetings 24 hours and 2 hours before the meeting
date or time via push notifications.
Surveys were sent at the end of meetings to all members, with
specific questions based on their role in the study, intervention
phase, and intervention status (control or intervention). Survey
question templates were created by the research team and
uploaded onto the website, where the majority of the
administrative tasks were performed.
Time spent on project-related tasks was reported in either of
the 2 ways: by using a start or stop timer, before or after
executing the task, or by selecting a predetermined time interval
of 30, 60, 90, or 120 minutes. The second method was designed

Chin et al
as a backup in case the user forgot to use the timer or was not
able to use their phone during the task. Both methods require
an activity note to be submitted, describing the task executed.
Finally, the chat function allowed the users to chat privately or
broadcast a message to users within their team. Private and
broadcast chats included a timestamp, and push notifications
were sent when a message was received.
An integrated page timer in the background recorded the time
that users spent on each page function when the app was open
and reported the information to Google Analytics. The app was
included in the study protocol approved by the University of
Massachusetts Institutional Review Board (approval number:
#16-131-PUN-XPD).

Website Application
Researchers entered users into the system through the
accompanying website and monitored the incoming data in real
time. Cofacilitators could set meeting times and upload meeting
minutes and agendas using the website as well. All data were
encrypted and sent to the back-end password-protected server
hosted on the University of Massachusetts Lowell Department
of Computer Science server (Figure 2) [32].

Figure 2. System architecture of the Safety and Health through Integrated, Facilitated Teams project mobile app HWPP Assistant. HWPP: Healthy
Workplace Participatory Program.

Usability Testing
Stage 1: Student Testing
Initial testing of the app and accompanying website was done
by 7 students because our formative research indicated that our
target participants were overburdened with work demands.
These undergraduate and graduate students were employed in
the SHIFT project and were compensated for their time. Each
student was assigned 1 to 6 roles to test. These roles were DT
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member, facilitator, SC member, champion, researcher, and
administrator. Students were asked to provide informed consent
and were instructed to think aloud while completing tasks, while
the researcher observed the tester and took notes. A user guide
was made available during the test. Once the student completed
all the app tasks for one role, the researcher changed their role.
This process was repeated for each student until all tasks were
performed for the assigned roles. Depending on the students’
availability, some students had the option of testing when they
were not observed, but they were asked to provide detailed
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descriptions and schedule a follow-up meeting if their feedback
needed clarification.
The task scenarios were created based on the guidelines by
Dumas and Redish [33] to mimic the functionality expected
from the app across roles. Task scenarios were selected and
developed based on (1) tasks that users would do with the
product, (2) tasks that probed potential usability problems, and
(3) tasks suggested from concerns and experience from initial
testing by research team members [33]. Paper task scenarios
were provided at the app pilot, where users were asked to
perform the essential functions within the app and provide
qualitative feedback. Further questions for each task included
whether users encountered errors, whether they were able to
complete the task, and whether they could see a more effective
method to complete the task. Some roles had website tasks
associated with them; this paper focuses on the app tasks.
At the end of the entire testing period, students answered the
System Usability Scale (SUS) separately for the mobile app
and the website [34]. The themes and issues were identified and
reported back to the developer for the next iteration of the app.

Stage 2: End User Testing
The mobile app was deployed at all 5 sites among 94 participants
who were engaged in the DTs and SCs at their respective sites.
A walk-through tutorial was presented in person to all
participants, along with hard-copy task scenarios and SUS forms
for real-time evaluation. If necessary, users were allowed to
complete task scenarios and SUS at home and mail them or
return their evaluations at the next meeting.

Demographics Survey and Team Roster
As part of the larger SHIFT project, surveys were distributed
to all employees at the 5 sites. Demographic information was
collected by these surveys and added to a team roster with other
observationally collected information from these meetings.
Information from these sources provided demographic and
occupational information on the subgroups of participants in
this study. This information was combined with end user
usability responses using individuals’ randomized ID.

Data Management and Statistical Analysis
All task scenarios and SUS surveys were entered into the project
database. In stage 2, the app data were exported via the website
and Google Analytics. Surveys distributed, surveys answered,
meeting dates or time, chat sessions, project time logs, and app
screen time were compiled for each end user for 18 months after
deployment to SHIFT study end users.
Data were stored on an encrypted, password-protected drive in
the Computer Science department at the University of
Massachusetts Lowell. Backups from the back-end server and
Google Analytics were run in parallel on the SHIFT project’s
shared drive at 1-month intervals, which was the frequency
expected for meetings and their associated surveys.
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Usability scores were computed using the SUS scoring system
[34]. SUS responses were scored from 0 to 100 and compared
with a threshold of 68 and an adjective scale [35,36]. The NVivo
12 program (QSR International) was used to analyze the themes
of qualitative feedback on the types of errors reported and fixed.
One research assistant analyzed the feedback content by sorting
through responses by the app’s functions and interpreting
whether the feedback provided was focused on usability or
functionality. Unique usability feedback was categorized using
the usability heuristics developed by Nielsen [37]. In the cases
where suggestions from testers and users could not be
implemented, suggestions were documented and (where
possible) alternative solutions were proposed.
SAS version 9.4 (SAS Institute) was used to analyze use and
demographic information. The Kruskal-Wallis test and Wilcoxon
rank sum tests were used to compare median screen time
between groups based on demographic and job characteristics.

Results
Overview
The first prototype was created in November 2016. Pilot testing
was carried out on versions 0.1.0 to 0.3.2 from December 2017
to February 2018. Three student testers used an iPhone with
iOS operating system of 8.1.3-11.1.2, whereas the other 4 used
Samsung smartphones with Android operating systems 4.4.2-7.0.
Screen sizes and resolutions ranged from 4 to 5.7 inches and
540×960 to 2560×1440 pixels, respectively. Testing time ranged
from 15 minutes to 5 hours per person, depending on the number
of roles that each student tested and whether the test was
moderated or unmoderated.
The app was deployed in June 2018. Approximately one-fourth
(23/95, 24%) of the invited end users downloaded the app for
use during the SHIFT project. Most of the use was by
participants while they were in the intervention period. Most
of the users were female (15/23, 65%); were White (20/23,
87%); were not Latino or Hispanic (19/22, 86%); reported their
health as “very good” (8/14, 57%); were members of a union
(16/22, 73%); worked the day shift (21/23, 91%); reported an
income of at least US $75,000 (9/14, 64%); and had at least a
college or professional degree (10/14, 71%; Table 1). The
median total use time over 18 months was 10.9 minutes (IQR
23.8). The median total number of page visits was 14.5 visits
(IQR 12.5). There were no significant differences in the median
total use time and page visits between the demographic groups.
When compared with those who did not use the app, app users
were more likely to have college or professional education and
to earn US $75,000 or more.
The tested app versions ranged from 1.0.1 to 1.0.5. Most (18/23,
78%) of the end users had Apple devices with iOS versions
from 9.3.2 to 12.1.2, whereas 22% (5/23) were Android users
with operating systems ranging from 7.0 to 9.0. Screen sizes
and resolutions ranged from 5 to 6.4 inches and 1280×720 to
2880×1440 pixels, respectively.
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Table 1. Demographic and job characteristics of Safety and Health through Integrated, Facilitated Teams participants who downloaded the HWPPa
Assistant app (n=23).
Characteristics

Participantb, n (%)

Age group (years)
25-39

10 (43)

40-54

8 (35)

≥55

5 (22)

Male

8 (35)

Female

15 (65)

Sex

Race
White

20 (87)

Unknown

3 (13)

Ethnicity
Latino or Hispanic

3 (14)

Not Latino or Hispanic

19 (86)

BMI
Normal

2 (15)

Overweight

6 (46)

Obese

5 (38)

Self-reported health
Excellent

1 (7)

Very good

8 (57)

Good

4 (29)

Fair

1 (7)

Union status
Member

16 (73)

Nonmember

6 (27)

Shift
Day

21 (91)

Evening

2 (9)

Job title
Administration

9 (39)

Clinical

9 (39)

Other

5 (22)

Income (US $)
25,000-49,999

2 (14)

50,000-74,999

3 (21)

≥75,000

9 (64)

Education

a

College or professional

10 (71)

Postgraduate

4 (29)

HWPP: Healthy Workplace Participatory Program.

b

Missing information is excluded.
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Stage 1: Student Testing
Overview
The average SUS scores for the 7 student testers were similar
for both the interfaces: 72.9 (SD 19.2) for the mobile app and
72.5 (SD 20.7) for the website, equating to good usability. The

Chin et al
usability issues represented 6 different themes, with the 2 most
common being flexibility and efficiency and visibility of system
status (Table 2). Most problems were found in meetings and
survey functions. The 2 functions were associated with each
other, which meant that if an issue occurred in one, then the
other was affected.

Table 2. HWPPa Assistant app usability issues reported by student testers (n=7).
App function and usability feedback

Remedied

Usability theme

“Was not automatically logged on website after logging into the app”

Yes

Flexibility and efficiency of use

“Quicker than expected”

No

Flexibility and efficiency of use

“Make sure the user is able to retrieve a lost email”

No

Recognition rather than recall

“App does not refresh to meeting tab after I hit ‘create meeting’”

Yes

Visibility of system status

“Meetings are displayed but I cannot edit them”

No

User control and freedom

“Change times to a 12-hour [clock]”

Yes

Consistency and standards

“Not sure if it posted or not even though it says it was submitted”

Yes

Visibility of system status

“Surveys I took still say ‘ready’ and do not say ‘taken’.”

Yes

Visibility of system status

“Slow to load”

Yes

Flexibility and efficiency of use

“Make sure questions are in order”

Yes

Match between system and the real
world

“Could not go back to the survey and make edits to it”

No

Flexibility and efficiency of use

“Time is not displayed on the app so unclear if it posted”

Yes

Visibility of system status

“Quicker than expected”

No

Flexibility and efficiency of use

“Custom time option may be helpful”

No

Flexibility and efficiency of use

“Confirmation pop up was shown”

No

Visibility of system status

“No confirmation...besides my sent message...that [my text] was received, read, or replied No
to.”

Visibility of system status

“Space to add new contacts...add new chat members”

No

Flexibility and efficiency of use

“Download new messages faster”

Yes

Flexibility and efficiency of use

Log-in

Meetings

Survey

Time logs

Chats

a

HWPP: Healthy Workplace Participatory Program.

Download and Log-in
In stage 1, the email addresses of site users were pre-entered,
and an initial generic password was set for them. For most tests,
the download, log-in, and password change were successful and
proceeded more quickly than expected. The functionality issues
reported were all fixed by the developer. Testers requested
automatic log-in to the accompanying website after logging into
the app, but researchers decided that this would compromise
confidentiality in a real-world use case where users have to log
in using a shared work computer. One tester requested the ability
to retrieve a lost email address, but researchers thought it was
unlikely that end users would forget their address, and if
necessary, they could contact the SHIFT team.
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Meeting Creation and View
Designing the meetings function for both the computer and the
smartphone simultaneously was challenging, as any changes
had to be in sync with each other while also ensuring that some
features were only on one medium (such as agenda upload on
the website). These changes sometimes introduced functionality
bugs that testers experienced, which were all fixed by the
developer before reaching end users. Several testers requested
the ability to edit meetings if they made a mistake, but this
change would have required many engineering hours. As there
was an existing feature to cancel individual meetings,
researchers instead implemented an email feature to inform all
study participants (including nonapp users) of changes in
meeting date or time.
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Meeting Survey Submission
Testers’ responses for the survey function centered around data
quality concerns such as whether questions were received, in
the right order, and were provided for the right meeting type or
role. This led to the implementation of a subject for meetings
and their associated surveys to reduce potential confusion in
end users. Other reported issues such as question order,
inconsistent push notifications, and slow loading times were
also fixed by the developer.

Time Log Reporting
All submitted time logs were received in the back end, but
sometimes they did not appear under the project time history;
this was fixed. Another tester requested more customization of
time reported, outside the regular intervals offered by the app,
but this was deemed unnecessary because of time and budget
constraints.

Chat Communications
For the chat function, testers noted that sometimes
communication between devices and push notifications were
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inconsistent and noted that there was no feature to indicate that
a text was read or received. One student requested the ability
to add new contacts to the chat, outside the project participants,
but this was deemed unnecessary as the app is intended only
for SHIFT study participants, with user entry by researchers.

Stage 2: End User Testing
Overview
After fixing the issues reported by the students, the app was
deployed to end users. The average SUS scores for the 15 end
users were similar for the 2 interfaces; scores of 62.33 (SD 20)
for the mobile app and 62.5 (SD 17.7) for the website were
achieved, equating to acceptable usability. The usability issues
from end users represented 4 different themes, with the 2 most
common being recognition rather than recall and flexibility
and efficiency of use (Table 3). Task scenarios were also revised
to target the functions the researchers expected to be most
frequently used, as end users mostly had 15-45 minutes to test
the app during the deployment meeting.

Table 3. HWPPa Assistant app usability issues reported by end users (n=23).
App function and usability feedback

Remedied

Usability theme

“Finger-print option would be helpful”

No

Recognition rather than recall

“Due to employer restriction on email access, made it difficult”

Yes

Match between system and the real
world

“Need to be able to edit events”

No

Flexibility and efficiency of use

“Email addresses should auto-fill”

No

Recognition rather than recall

“Create room location on meeting app”

No

Flexibility and efficiency of use

Yes

Recognition rather than recall

Log-in

Meetings

Survey
“Surveys should be associated with meeting”
Time logs
“Add more minute options”
“A bit clunky”

No

Flexibility and efficiency of use
b

N/A

Aesthetic and minimalist design

Other
“People who work with people (clinical, care providers, etc) don’t usually like technical N/A
things”
a

Match between system and the real
world

HWPP: Healthy Workplace Participatory Program.

b

N/A: not applicable.

Download and Log-in
During testing, the app was still being approved by the university
for distribution from the web page, so end users could not
download it directly from built-in app stores. This caused some
frustration, especially for iOS users, who could not always find
the code in their institutional email. This was because of users
not having their work email on their phone or the email address
being incorrectly entered into the system, so they did not receive
the install package. During the password-change task, end users
requested the option of entering the password twice to avoid
https://formative.jmir.org/2021/10/e20739
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mistyping it. To improve efficiency, one user requested a
fingerprint login function, which has been a rising feature in
many apps during this time. However, this was forgone because
of the cost and the fact that not all phones would have this
feature.

Meeting Creation and View
For meeting creation, meetings were not always received by
the intended participants. As the users were testing as a group,
they were able to look at each other’s phones to see whether
anything was submitted. It was at this time that the site research
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assistants and coaches helped troubleshoot the issue, but there
were some issues reported regarding the validation of email
addresses. Similar to the students, end users requested the ability
to edit a meeting. Room location was requested on the app by
one user, but this feature was forgone because of the additional
cost of adding the feature and immense restructuring of the back
end to accommodate an extra field. In addition, the DTs met
consistently, which meant that meeting times and locations did
not change frequently.

Survey Submission
Some issues reported were similar to those by the student testers,
in that end users found that sometimes no survey was offered
or received, and there were some screen freezes.
Meeting-associated surveys were designed to show up after the
meeting end time, but some users found that the survey for the
next week showed up early.

Time Log Reporting
No functionality issues were reported for the time log function
by end users, but there was feedback that it was a bit clunky.
Similar to the student users, these users requested additional
time duration options, but this was forgone because of the cost.

Chat Communications
Chats developed an issue that sometimes no text box appeared
to type in. With some troubleshooting by the research assistants
on site, this issue was resolved but was still reported to the
developer.

General Feedback and Use
One user provided feedback that people who work for and with
people, such as clinical workers or care providers, “don’t usually
like technical things.”
For the 4 main functions (meetings, surveys, time logs, and
chats), users in both the control and intervention periods spent
the most time on meetings, on average, whereas the settings
function was used the least. Users were likely to use this
function to check if and when there was a meeting occurring.
The median time spent on most app functions was generally
higher at sites during the control periods than during intervention
periods, but there were more visits to each of the pages in the
intervention period than during the control periods (Table 4).
Overall, users utilized the app to answer more meeting surveys,
set more meetings, and create more time log entries during the
intervention period than those at the uncoached sites (Table 5).

Table 4. Time spent on HWPPa Assistant app functions by intervention status in the Safety and Health through Integrated, Facilitated Teams study
(n=23).
App screen

a

Control status

Intervention status

Visits, n
(%)

Minimum
screen time,
seconds

Maximum
screen time,
seconds

Median total
screen time,
seconds

Visits, n
(%)

Minimum
screen time,
seconds

Maximum
screen time,
seconds

Median total screen time,
seconds

Surveys

2 (13)

7

9

8

37 (20)

3.0

349

19

Home

3 (19)

9

98

10

32 (17)

1.0

1561

7.0

Meetings

3 (19)

6

147

130

30 (16)

1.0

899

23.5

Chats

4 (25)

5

10

7

24 (13)

1.0

107

6.5

Profile

1 (6)

29

29

29

18 (10)

2.0

58

5.0

Log-in

1 (6)

43

43

43

14 (7)

18

970

61

Time logs

1 (6)

3

3

3

19 (10)

1.0

299

6.0

Settings

1 (6)

3

3

3

13 (7)

1.0

9.0

2.0

HWPP: Healthy Workplace Participatory Program.

Table 5. Number of user entries by HWPPa Assistant app function in the Safety and Health through Integrated, Facilitated Teams study (n=23).
App function

a

Number of user entries
Uncoached period, n (%)

Coached period, n (%)

Surveys

1 (33)

57 (41)

Time logs

0 (0)

42 (30)

Meetings

2 (67)

20 (14)

Chats

0 (0)

11 (8)

Chat threads

0 (0)

9 (6)

HWPP: Healthy Workplace Participatory Program.
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Discussion
Principal Findings
The primary objective of this study is to describe the logic and
sequence of iterative usability testing that informed the
development of a mobile app to track a workplace change
process evaluation. Testing by students during early iterations
of the app was immensely useful for problem discovery and
identification of usability problems that would have led to
frustration in end users and a potential loss of data in the field.
Both student testers and end users mentioned concerns over
flexibility and efficiency of use and suggested features related
to the app’s ability to recognize information rather than asking
users to recall details, but only end users were able to provide
important feedback on the match between their real-world
occupational context and the app system. App use was aided
by the on-site encouragement of the research team, but delays
in fixing app issues may have led to initial users normalizing
the use of paper data collection alternatives.
Students ranked the usability of the mobile app and website as
good, whereas the end users ranked the 2 interfaces as ok. The
most likely reason for this discrepancy was user knowledge of
the context and ability to identify problems that students would
not have been aware of. However, the difference in SUS scores
between students and end users could also be because of student
testers being watched during the tests, which may have skewed
student responses and scores favorably, otherwise known as the
Hawthorne effect. Another possible reason is that students
completed these tests on the compensated project work time.
Therefore, when problems and errors occurred that affected
their ability to perform functions, it may not have caused as
much inconvenience as for employees with busy work schedules
who were voluntarily taking on extra responsibilities.
Some feature requests by students and end users were based on
experiences with other apps or devices’ capabilities. With mobile
app development, users’ expectations change over time; some
requests may be small, whereas others require large-scale
changes. It is difficult to plan for these considerations ahead of
time without knowing in advance what software enhancements
will become common and will be expected by users [38].
However, using participatory design during the concept stage
may be helpful in understanding users’ mental models.
Clarifying the vision and needs of the app at an early stage
between researchers, software developers, and end users is
critical for the success of the app and staying within the budget,
which has also been noted by others [38]. Having an additional
budget for feature requests may increase users’ satisfaction with
the app and potentially increase use.
The higher number of uses of the meetings, surveys, and chat
functions by the intervention group may have been because of
encouragement by the coach during regularly scheduled
meetings, whereas the control groups did not receive the same
level of in-person encouragement or support with technical
issues. These results are in line with another study’s findings
that social influences from colleagues, employers, and health
care professionals can exert a strong effect on intention to use
a personal health record app in a workplace setting [4].
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However, the fit between technical products and the user
audience must also be considered, as noted by one end user. All
apps must consider the work context, culture, and characteristics
of the intended user population [15,39]. When intended for a
specific occupational setting, the range of educational levels
and experience with new technology may vary greatly among
job groups and require strategic choices about whom to design
for.
The biggest strength of this study is that our app was uniquely
built to document the process outcomes of a workplace change
study. The findings and app evaluations from this study provide
information on the usefulness of mHealth apps as a data
collection method for other researchers conducting workplace
interventions.
Testing iteratively was a strength of this study, as it helped the
developer pinpoint problem areas, debug across platforms, and
inform each stage of development. This resulted in a more
refined app for our users during deployment and prevented
potential loss of data. The documentation of this iterative process
fills a gap noted by others that more usability studies focused
on user engagement and product interaction are needed [11].
The use of the SUS is also one of its strengths, as it is a validated
instrument for assessing usability, and when combined with the
task scenarios, it provided qualitative feedback from users as
well. This mixed methods approach provided multidimensional
information to customize the app for both the researchers’ and
target users’ needs. Future studies looking to develop an app
with a similar purpose will be able to build upon what we have
done and avoid potential pitfalls that may result in substantial
project delays.

Limitations
One weakness of our study is that the small end user sample
limited the ability to stratify by demographics, site, or other
variables of interest.
The use of Google Analytics, although useful as another measure
of app use, did not capture some user visits. We also did not
ask specific questions on reasons for adoption and reasons for
attrition, which might have provided additional information on
why some users dropped out early and some dropped out later.
However, there seemed to be a substantial shift in app users
opting for paper surveys after some fixes took longer than
expected. This delay was because of a change in the developers
hired for this research project to maintain the app, which
required onboarding time. Although not covered in this paper,
this study depended heavily on the paper duplications of the
app functions not only for nonapp users but also for when the
app encountered issues, and this should be expected for the
development of apps for assisting with data collection in a
workplace intervention study. Future work will involve the
analysis of the process data that were collected through the app
for the SHIFT study.

Conclusions
End users deemed our process evaluation mobile app to be of
acceptable usability, thanks to the student testers identifying a
number of bugs and errors that could be fixed before deployment
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to our study population. Researchers looking to develop an app
for a similar purpose would benefit from early and iterative user
testing. Understanding user standards for a usable app and
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budgeting to keep up with the pace of other apps’ features could
improve overall satisfaction and acceptability.
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Abstract
Background: Despite unprecedented advances in worldwide access to the internet via smartphones, barriers to engaging
hard-to-reach populations remain in many methods of health research. A potential avenue for conducting qualitative research is
via participatory web-based media, including the free, popular social platform WhatsApp. However, despite the clear advantages
of engaging with participants over a well-established web-based platform, logistical challenges remain.
Objective: This study aims to report evidence on the feasibility and acceptability of WhatsApp as a method to conduct focus
groups.
Methods: A pilot focus group was conducted with Spanish-speaking women near the US–Mexico border. The content focus
was knowledge and perceived risks for exposure to the Zika virus during pregnancy.
Results: Evidence was obtained regarding WhatsApp as a low-cost, logistically feasible methodology that resulted in rich
qualitative data from a population that is often reticent to engage in traditional research. A total of 5 participants participated in
a focus group, of whom all 5 consistently contributed to the focus group chat in WhatsApp, which was conducted over 3 consecutive
days.
Conclusions: The findings are noteworthy at a time when face-to-face focus groups, the gold standard, are risky or precluded
by safe COVID-19 guidelines. Other implications include more applications and evaluations of WhatsApp for delivering one-on-one
or group health education interventions on sensitive topics. This paper outlines the key steps and considerations for the replication
or adaptation of methods.
(JMIR Form Res 2021;5(10):e20970) doi:10.2196/20970
KEYWORDS
WhatsApp; synchronous text-based focus groups; Zika; Mexican-origin Latinas; social media; mHealth; focus groups; smartphones;
mobile phone

Introduction
Background
Web-based focus groups are being increasingly used in health
research to facilitate or expedite access to hard-to-reach
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respondents [1]. Compared with traditional, in-person focus
groups, web-based platforms, specifically smartphone-based
platforms, have lower costs, allow flexible time for participant
responses, better protect participant confidentiality, and may
increase acceptability in some populations of interest [2].
However, many populations with internet access remain hard
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to reach for health behavior research, in part because researchers
do not use established platforms in which the population is
already literate, resulting in limited acceptability [3]. WhatsApp
is a chat-based communication app used widely across the globe
for one-on-one and large group conversations.
Web- and chat-based focus groups provide rich qualitative data
comparable with those collected in traditional in-person focus
groups [4], promote more uniform participation rates [5,6], and
increase disclosure of personal views, presumably because of
greater anonymity than face-to-face methods [7]. Young
populations, in particular, increasingly prefer to express
themselves using text-based methods sent from their phones
[8]. Furthermore, SMS text message–based data collection may
even result in more accurate reporting of sexual and other health
behaviors than paper-based or voice formats [9]. Social media
norms of emotional expression can be qualitatively documented,
which mitigates the loss of nonverbal information that would
be observed in in-person or video-based focus groups [10-12].
Differences between web-based and in-person focus groups are
being eroded as new technologies improve group interaction
and the quality of information offered by participants [4].
Despite evidence for this phenomenon in the literature on
web-based communication [13], chat-based methods for
qualitative data have not been updated accordingly [14,15].
Distinct subgroups of frequent web-based chat users, including
young Spanish-speaking Latina women in the United States,
may be more likely to participate in research via their preferred
web-based medium [13]. For a pilot test of WhatsApp as a focus
group platform, we recruited Latina women in a Zika virus risk
area (southern Arizona) to assess their knowledge of Zika virus
infection in women who are pregnant or may become pregnant.
Secondarily, we queried participants’ preferences for receiving
health messages on the web. Mexican-origin women in southern
Arizona are often difficult to engage with in research because
of distrust, population transience related to migratory work
patterns, and fears of immigration-related surveillance [16].
High rates of smartphone ownership and WhatsApp use (which
is used by 46% of Mexicans every month [17] in lieu of
conventional SMS text messaging), especially among younger
people, make this group an ideal target population for testing
WhatsApp for qualitative research. In addition, wide-reaching
cell networks and Wi-Fi coverage in the United States reduce
accessibility issues for the purpose of pilot testing.
WhatsApp is a free, globally prevalent mobile app that
contributes an estimated 20% of the total time spent on
smartphones [18] and allows free instant messaging to
individuals or social network groups. It is used less commonly
in the United States, where conventional SMS text messaging
is more accessible, as are similar app-based group chat
platforms, such as Facebook Messenger, GroupMe, and Viber.
These apps have variable popularity among age groups, and
preferences shift over time. Smartphone users consistently use
multiple chat apps with equivalent functionality in idiosyncratic
ways, indicating that preferred communication environments
can be leveraged for different communication purposes [19].
Interactions on WhatsApp with strangers in special interest
groups are commonly accepted [20] and are a key component
of social networking [21,22]. Thus, using the platform to engage
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Mexican-origin participants in focus groups is a potential and
highly acceptable method of health data collection. As desired
participants likely spend a significant amount of time on
WhatsApp regularly (if not daily) already, incorporating a focus
group into the platform minimizes participant burden and
encourages ongoing participation over several hours or days.
WhatsApp has many other technical and logistical benefits as
a qualitative data collection medium. The platform is end-to-end
encrypted, meaning that a third party cannot decrypt a message
even if they are able to access shared data, which is ethically
essential to both researchers and participants. The relative
anonymity in a chat group with strangers likely increases
willingness to discuss sensitive or embarrassing topics;
participants can additionally send immediate, direct messages
to a group moderator if they want to share a thought but are
uncomfortable sending it to the whole group. Users can express
themselves with a variety of media ranging from emojis to
multiple languages to photos, small image files (eg, gifs), and
videos.

Objective
Despite the potential for using WhatsApp in data collection in
a variety of hard-to-reach populations, security and logistical
challenges remain to be explored and documented. The purpose
of this study is to pilot test the WhatsApp platform as a method
of conducting focus groups with Spanish-speaking Latinas and
explore its logistical feasibility for broader use. WhatsApp is
being increasingly documented in the scientific literature as a
useful tool [23-26]. We describe our methods in detail for
replication or adaptation.

Methods
Context
Environmental conditions in southern Arizona are conducive
to a future Zika virus outbreak driven by the rainy season Aedes
aegypti mosquitos. The Mexican state of Sonora shares a long
border with southern Arizona and had the highest number of
Zika virus cases in Mexico in 2018 (n=349) [27]. The Zika virus
is secondarily transmitted through sex; however, most public
health responses have focused exclusively on mosquito-borne
transmission, leaving a knowledge gap for women of
childbearing age who are at most risk of negative outcomes if
infected with the Zika virus. Latinas in the United States have
high rates of unintended pregnancy [28], possibly related to low
self-efficacy in safe sex negotiation [29] compared with
non-Hispanic Whites and may be less equipped to prevent
pregnancy to avoid the Zika virus or to use a condom once
already pregnant. Therefore, we designed the present focus
group guide and corresponding survey to qualitatively explore
current Zika virus knowledge, fears about the Zika virus among
women who may be pregnant during a future outbreak, and
preferences for future public health communications related to
Zika virus prevention.

Preparation for Implementation
Before the study began, in-depth key informant interviews based
on a loose script were performed with 6 clinical and
administrative members of 2 health care organizations to explore
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the perceived need for and feasibility of using the WhatsApp
platform for collecting information on Zika virus risk in
antenatal Latina women. The 2 partnering health care
organizations were located in southern Arizona and had prior
research relationships with the academic team. Key informants
reviewed study materials, including the consent process,
proposed focus group questions, and provided feedback on the
survey content. Questions were additionally informed by the
current literature, as described in the context section above.
Interviews were recorded, and the observing researcher (EA)
took extensive notes during the interviews. Key informants
confirmed that Zika virus awareness programs were ongoing at
the target health care organizations, although they were mostly
passive and focused on the prevention of mosquito-borne
transmission (eg, promoted use of mosquito repellent) with little
or no focus on sexual transmission. Key informants also
recommended that in-clinic recruitment flyers be provided in
English as well as Spanish.
An initial pilot test of the focus group script was conducted in
English with graduate student volunteers to remediate any
technical issues with WhatsApp. Volunteers additionally tested
the enrollment, consent, and survey forms and provided
feedback for confusing questions. Qualitative responses of the
test focus group with graduate students (n=7) were not recorded
except for notes on the process; student volunteers generally
provided detailed, high-level commentary on Zika risk as all
were health researchers themselves. Bilingual student volunteers

Anderson et al
offered instrumental feedback on the face validity and quality
of interpretation of the focus group questions, enrollment forms,
and consent documentation.

Pilot Study Design
The initial pilot study design involved a multistep recruitment,
enrollment, and data collection process. The 2 partnering health
care organizations that provided interviews with key informants
distributed flyers to Spanish-speaking women of childbearing
age seeking care at primary health clinics, prenatal clinics, and
Women, Infants, and Children clinics in a region of southern
Arizona that is predominantly home to people of Mexican origin.
Inclusion criteria were the following: Latina, aged >18 years,
and either pregnant or intending to become pregnant in the next
year. The flyers included a general study overview, information
about compensation for participation, and the WhatsApp contact
number of the study coordinator (Figure 1). Clinic staff were
briefed on the purpose and methods of the pilot study so that
they could answer questions about participation. Approximately
100 flyers were distributed, and the distribution was not limited
to women who met the inclusion criteria. Although WhatsApp
focus groups may generally be advertisable via social media,
this approach would have been unacceptable to the population
of interest because of distrust in research as described by the
key informants; the partnering clinics and the research projects
they endorse are perceived as trustworthy by the population
they serve. This study was approved by the University of
Arizona institutional review board.

Figure 1. Recruitment flyer for a pilot test of WhatsApp as a focus group platform.

https://formative.jmir.org/2021/10/e20970

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 10 | e20970 | p.350
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Enrollment
After the potential participants sent a WhatsApp message to the
study coordinator, the coordinator responded with a link to a
screening, enrollment, and consent tool on REDCap (Research
Electronic Data Capture) hosted at the University of Arizona
[30]. REDCap is highly adaptive to all mobile platforms and
can be formatted to allow users to toggle between multiple
languages on demand; it additionally allows users to save their
progress and return to forms at their convenience. Participants
were encouraged to consult the study coordinator via WhatsApp
for assistance with the enrollment process. Participants entered
their email addresses to receive a digital copy of the consent
information as well as to receive a digital gift card for their
participation later.

Anderson et al
The group moderator interacted with the participants using a
prepared script and a set of primary questions. Given the small
sample size, the moderator focused on effective elicitation of
the prespecified themes (discussed below) to maximize the
utility of the resulting data. The study coordinator followed
along and took notes but did not contribute to the group. The
group moderator and study coordinator were able to send direct,
private messages to one another while the focus group was
proceeding, which permitted real-time diagnosis of logistical
challenges as well as the ability to discuss key follow-ups and
probing questions. Similarly, participants were encouraged to
send direct, private messages to the group moderator if they
were uncomfortable sharing a thought with the broader group.

Focus Group Themes

After successful enrollment, the study coordinator messaged
participants to individually counsel about the identifying
information that would be collected (ie, phone number and email
address). Although the information was included in the consent
form, participants were again reminded that other focus group
members would be able to see their phone numbers, profile
pictures, and public status messages (often consisting of quotes,
emojis, personalized messages, or some combination thereof).
Participants were reminded to consider the privacy of other
participants (ie, they were asked not to take screenshots of group
content or contact other group members directly and were asked
to report immediately if a phone was lost or stolen while the
study was ongoing). Participants were advised to change their
profile pictures and not include images of their faces and were
offered personalized, step-by-step advice on how to create an
anonymous WhatsApp account not linked to their phone
numbers (Multimedia Appendix 1 includes instructions for both
Android and iOS systems). The study coordinator additionally
provided an estimated timeline until the study would begin.

The prepared focus group questions were organized into three
themes (general Zika virus knowledge, knowledge about sexual
transmission and attitudes toward avoiding sexual transmission,
and preferences for internet and WhatsApp use for health
messaging), which were delivered (one theme per day) over 3
consecutive weekdays to avoid exhausting the participants. Each
day, the start time varied slightly but began in the morning. The
purpose of this design was to maximize the time available for
each topic, as we anticipated that not all participants would
spend time on the app equally. Researchers were able to see
which group members had opened any given message, a
timestamp for when that message was opened, and when they
were last active on WhatsApp. This created data monitoring
points for the group moderator to make informed judgments on
whether and when to send additional follow-up probes if
participants were unresponsive to a given question. At the end
of the question set for each day, the group moderator informed
participants that data collection for the day was finished but
that participants could continue sending messages if they wished
and additionally primed participants for the next day’s theme.

Focus Group Execution

Concluding the Focus Group

Focus groups were designed to include between 5 and 7 enrolled
participants who selected the same preferred primary language
(ie, Spanish or English). A natively bilingual group moderator
with graduate-level training in health promotion (DG) was
enlisted to conduct the groups. Both the group moderator and
the study coordinator communicated with study participants
using anonymous WhatsApp accounts to avoid accidental
positive identification of study participants by linking to their
web-based identities (eg, Facebook’s people you may know
feature, which links user data such as phone numbers that an
individual has contacted to suggest new Facebook friends). The
study coordinator created a messaging group within WhatsApp,
which included participants, the moderator, and herself.

After the third day of focus group data collection, the group
moderator informed participants that they would receive their
gift cards by email. Participants were again encouraged to
contact the study coordinator with any questions or concerns
and were informed that they would be blocked from the group
at the end of the study in order to protect the privacy of fellow
participants. The study coordinator sent each participant a
private message that consisted of a series of Zika virus
infographics in either Spanish or English that were published
on the web by the Centers for Disease Control and Prevention
(Figure 2). The purpose of this follow-up was to ensure that any
misinformation provided by other group members (eg, reported
an incorrect Zika virus transmission method, such as by food)
would be dispelled.

Ensuring Participant Privacy
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Figure 2. Debrief messages shared as images with participants in a pilot WhatsApp focus group. Source: Centers for Disease Control and Prevention.

Data Processing and Analysis
All data from the focus group were exported from WhatsApp
as a text file. To deidentify the data, the study coordinator saved
each participant with a code name (eg, FG1 respondent-A) as
a phone contact rather than the phone number that was used.
Each message was indicated with a timestamp as well as the
name of the message writer. The file type additionally permitted
any emojis to be preserved with no interprogram loss of the
image. Any nontext files (eg, voice recordings, screenshots, or
shared photos) were additionally included in this export.
WhatsApp exports these deidentified files to a variety of
web-based locations (eg, Google Drive or Dropbox, or sends
them to an email address).
Two researchers (EA and DG) reviewed the transcripts jointly,
discussed emergent themes, and agreed upon translations to
English. Given the pilot nature of this project as a test of
platform feasibility (as well as the small number of participants),
the transcript was not systematically coded, and interpretation
was limited to a simple thematic analysis with exemplary quotes
[31]. We have reported quotes both as originally shared in
Spanish as well as their English translations. The reporting of
specific results was limited to general observations to protect
participant privacy in such a small study.
Corresponding Survey Data Collection
Surveys on demographics, mosquito knowledge, media and
technology use, and sexual relationship power were conducted
using REDCap to inform the interpretation of focus group data
and produce complementary sources of data. Questions were
adapted and abridged where appropriate from previous literature
to assess the relationship, if any, between focus group responses
to similar topic areas and quantifiable knowledge and ability to
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avoid Zika virus transmission either via mosquitos or from a
sexual partner [32], as well as internet use habits [33].

Alterations in Response to Feedback
After the initial distribution of flyers to the participating clinics,
the flyers were revised based on feedback from clinic staff who
were promoting the study to patients. Potential enrollees did
not initially understand how the study was to be conducted as
they had only heard of in-person focus groups. Clinic patients
also expressed hesitation about their privacy in the study.
Therefore, the flyer was revised to include more information
about how the entire study would take place on WhatsApp as
well as a more explicit assurance of participant privacy.
Additional changes in the planned methods were made to
address key informant feedback. Although we intended to collect
survey data at the time of enrollment to streamline the time
spent on the REDCap platform, data were collected after the
focus groups instead. Our key informants suggested that our
intended participants were generally hesitant to share
information with perceived authorities because of immigrationand documentation-related fears for themselves or family
members. We correspondingly moved the surveys to the end
of the process and split the proffered compensation to indicate
that responses to the questionnaires were optional (ie,
participants received a US $10 gift card for participating in the
focus group and an additional US $5 gift card if they selected
to complete the REDCap questionnaires, rather than a lump
sum of US $15). The questionnaires were linked by REDCap
to the participants’ enrollment information by their email
addresses.
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Results
Focus Groups
Of the 7 potential participants who responded to the study
coordinator for participation, 5 (71%) were included in a
Spanish-language focus group. One enrollee was excluded as
she was the only respondent who preferred to participate in
English, and one enrollee was excluded as she joined after the
first focus group was performed and no additional participants
were identified. The recruitment period (September to
December) corresponded with the end of the farm work season,
meaning that the number of individuals seeking care at the clinic
dropped off dramatically shortly after enrollment began;
therefore, we terminated enrollment after one focus group was
completed at the suggestion of the partnering clinic staff. None
of the participants opted to use an anonymous WhatsApp
account after receiving the direct message outlining the potential
risks of using her personal WhatsApp number.
Respondents consistently participated in the focus group for 3
days (ie, all participants shared at least 2 distinct responses per
day [range 2-8], either in response to a question from the
moderator or a comment from a fellow participant). The
frequency, comprehensiveness, and timing of responses to
questions appeared to be highest in the first 2 hours after the
group moderator began the daily session. Every respondent
provided at least one response per day; the longest delay
between the daily initiation and the slowest participant’s
response was approximately 2.5 hours. On average, of the 5
respondents, 2 (40%) answered any given question. Respondents
who began responding later in the day often began by
responding directly to the moderator’s earlier questions and did
not feel compelled to skip ahead to the questions that were
currently being discussed by other group members. Questions
in messages that were opened but did not result in responses
were asked again by the group moderator later in the
conversation. The overall tone of the conversation was casual,
as evidenced by the continued use of slang and internet and text
abbreviations commonly used by Mexican-origin Spanish
speakers. Approximately 40% (2/5) of participants elaborated
on answers using emojis such as these
to express fear (ie,
worry about exposure to the Zika virus through mosquito bites)
or these
to communicate the awkwardness explaining why
men do not like using condoms.
The median length of responses to focus group prompts was 14
words (range 4-66, IQR 9–22). Responses were concise and
demonstrated a clear understanding of the prompt; no responses
strayed from the topic of a given prompt, including the longest
replies. Evidence that respondents were expressing complex
and thoughtful replies was observed where separate ideas or
clauses related to the same prompt were shared in back-to-back
messages (up to 3 in a row) by the same respondent.

Corroborating Survey Data
Overview

Anderson et al
were linked to respondents by email address. Of the 5
participants, 4 (80%) responded to the optional surveys,
indicating that the additional burden of completing the
web-based click-through survey was likely not overwhelming
for the population. As the sample size was very small, we
summarized the most relevant demographic and response trends
rather than reporting which survey responses were associated
with individual participants: of the 4 respondents, 3 (75%) were
currently pregnant, and 3 (75%) had at least 1 previous live
birth; all 4 (100%) were married and living with their spouses;
2 (50%) participants indicated that they searched the internet
all the time for information, including health information such
as symptom searches, whereas one-third of participants reported
completing such searches several times a week; 3 (75%)
participants said they used social media several times a day,
though no one said they knew or regularly interacted with
strangers on the web; 2 (75%) respondents indicated that they
had lower sexual relationship power than their primary male
partners, with the other 2 (75%) indicating equal power with
their partners. The median age was 29 years; all respondents
had finished at least secondary school (high school), and only
1 was currently working.
Below are several examples that illustrate the capacity of
WhatsApp focus groups to generate meaningful responses.

Theme 1: Zika Virus Knowledge
Focus group participants were in agreement that the Zika virus
can influence babies born to infected women (“it’s a virus
transmitted by mosquitos and unfortunately mostly affects the
baby whose blood gets infected with the virus”) but had mixed
knowledge as to what the effects could be (eg, Zika virus
“causes paralysis in babies”). Participants knew about
mosquito-borne Zika virus transmission, but none had heard of
sexual transmission of the virus. There was a general perception
that everyone in their southern Arizona community was worried,
given that mosquito bite exposure is very common locally:
Respondent C: A mi en lo personal si me preocupa
mucho. Creo q a todos. Por eso trato de siempre usar
manga larga y lantalom [sic] aparte q siempre llevo
repelente de mosquitos en mi bolso.
Respondent C: *pantalon
Respondent C: For me personally, yes I’m very
worried. I think that’s true for everyone. Therefore,
I always try to wear long sleeves and lants [sic] and
additionally, I always carry mosquito repellent in my
bag.
Respondent C: *pants
Respondent A: Yo tampoco miro moskitos dentro d
mi hogar y como casi no salgo evitó mucho xk vivo
a un lado d un parke y evitamos dejar aguas en botes
o estancadas x lo mismo k no se junten mas moscos
Respondent A: I also don’t see mosquitos in my house
and since I hardly go out b/c I live next to a park, and
we avoid leaving water in containers or stagnating
so flies don’t gather

The external survey data shared by individual participants
informed the interpretation of focus group responses as the data
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Participants reported using repellents and cleaning up standing
water as their primary methods of avoiding exposure to the virus
during pregnancy.

Theme 2: Sexual and Reproductive Health
When asked about hypothetical medical recommendations to
delay becoming pregnant because of Zika virus risk, respondents
were hesitant to say that they would be willing to do so for an
indefinite period of time:
Moderator: En algunos países los doctores
recomiendan que no queden embarazadas porque no
hay tratamiento para el zika, que harían si su doctor
les dijera que eviten quedar embarazadas?
Moderator: In some countries doctors recommend
not becoming pregnant because there is no treatment
for Zika, what would you do if your doctor told you
to avoid becoming pregnant?
Respondent B: Si en verdad quisiera tener un bebé
me cuidaría lo más posible de los mosquitos [...] y lo
pensaría mucho para ver los pros y cons
Respondent B: If I really wanted to have a baby I
would take care of mosquitos as much as possible
[...] and I would think about it a lot to see the pros
and cons
Moderator: Qué tal si dice que se esperen 6 meses?
Moderator: What if they told you to wait 6 months?
Respondent B: Entonces si me espero
Respondent B: In that case, yes I’d wait
Respondent E: Si el dr lo recomienda creo que
debemos hacer caso ya que ellos son los que saben
Respondent E: If the dr recommends it, I think we
should pay attention as they are the ones who know
Respondents said they had not spoken to their doctors about the
Zika virus and that their Zika virus risk conversations with their
primary sexual partners were exclusively about mosquito bites,
not sexual transmission. When prompted about potentially
starting condom use during pregnancy, perceived confidence
was consistently high among respondents; 2 suggested that if
their partners were reluctant to use a condom, they would show
him photos of babies born with microcephaly after maternal
Zika virus exposure to change his mind. Participants said they
did not know any women whose partners would get mad or
suspicious if asked to use a condom during pregnancy and
additionally reported that there would be no barriers to getting
condoms:
Respondent A: Creo k nada ps ala pareja ps no le
gusta pero a yo pienso k si se trata d cuidarse y d
salud eso sale sobrando primero la salud d ambos si
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esta embarazada ps mas d la d el bebé y si uno esta
tratando d salir embarazada ps con musho mas
consiencia y cuidarnos para si
Respondent A: I don’t think anything about a couple
who wouldn’t like it [to use condoms or other
contraceptives], but I think it is about taking care of
yourself and your health, that means health first, for
both of you if you’re pregnant, but mostly the health
of the baby, and if you are trying to get pregnant to
be more conscientious and take care of ourselves if
we got pregnant, assuming everything goes well first

Theme 3: Technology Use and Preferences
When discussing preferences for receiving Zika virus
information from a health professional, most respondents
indicated that they would prefer to have a doctor explain
prevention methods in person. However, there were mixed
responses as to whether some women they knew would prefer
to get their information from the news, from friends, or from
the internet. Participants commented on a shared concern of
receiving false information over the internet and indicated a
preference to speak to a health professional, although not
necessarily in person:
Respondent A: Yo si miro o escucho d algo k se está
escuchando musho o algo asi en mi siguiente sita selo
comento ami doctora
Respondent A: If I see or hear something a lot [on
WhatsApp or other social media, about Zika] or
something like that I just tell my doctor at my next
appointment

Discussion
Principal Findings
The pilot WhatsApp focus group consistently involved all
participants over multiple days, elicited responses on sensitive
topics, included participant interactions that mimicked those
seen in traditional focus groups, and privately engaged a
population of Spanish-speaking Latinas that is generally hesitant
to participate in research. The use of a separate web-based
survey to collect data on demographics, knowledge, and attitudes
expanded the depth of information without high levels of
attrition. Although the focus group provided initial insight into
methodological best practices (Textbox 1), positive identification
of participants (ie, confirmation that enrollees are who they say
they are) remains a challenge. This may be of greater concern
when topic areas are sensitive or when the population is more
vulnerable to adverse events if their confidentiality is breached.
WhatsApp shows initial promise as a focus group platform in
a population that already uses the app regularly.
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Textbox 1. Best practice takeaways from a pilot test of WhatsApp as a focus group platform.
•

A smaller group (5-7 participants) worked well on the platform though other literature supports larger web-based groups (10-12 participants);
more testing is needed.

•

Having the study coordinator available to respond quickly to study inquiries and logistical questions about enrollment via WhatsApp was well
received and frequently used by participants.

•

Conducting the focus group over multiple days seemed to prevent participation fatigue among respondents, who were most responsive to questions
early in the day compared with questions asked later in the day.

•

Study staff should not link study information to their personal phone numbers or WhatsApp accounts as much as possible, as participants use
their phone numbers with other web-based media (eg, Facebook), which could compromise their privacy.

•

The burden of "data" use on the target population will likely vary but should be accounted for in the study design.

•

It was possible to enroll in the study even if a potential participant did not have an email address; in one case, the study coordinator instructed
the participant to enroll, then manually linked her to the survey at the end of the focus group and sent her gift card as a screenshot via WhatsApp,
rather than by email.

Strengths and Weaknesses
In addition to the premise that a WhatsApp-based approach to
focus group delivery could engage a reluctant population, we
identified several advantages over the course of this pilot study
(Textbox 2). For example, the total cost of the pilot group was
limited to printing costs, researcher time, and the per-participant
cost of gift cards (up to US $15 per person in this study); there
were no costs for room rental, equipment rental, snacks,
transportation, transcription, software purchases, or other
components that are frequently incurred for in-person focus
group discussions. However, the weaknesses we identified may
merit additional consideration for future implementation on a
larger scale or with more vulnerable populations. For example,
when a single individual failed to respond to a prompt, it was
not possible to distinguish between absence of response because
of not having an opinion and not understanding the question.
This problem, also present for in-person focus groups, could be
mitigated by directly tagging a nonresponding participant in a
follow-up prompt to check for understanding.
Although this pilot study spanned 3 days to concur with the 3
parent themes of inquiry, additional testing to identify the
optimal length of a WhatsApp focus group is warranted and
likely varies among populations and topics. As noted, themes
organically overlapped with other days beyond their intended
focus, although this would also be expected in a traditional
in-person focus group. Overly vocal respondents occur in all
types of focus group research; so, in a chat-based setting, it may
be that the first voice heard is also the most dominant or that it
is simply perceived as such because of the format. As noted,
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there was a delay of up to several minutes between the time
multiple participants opened and read a question and the time
the first reply was received, indicating that first repliers were
also the most enthusiastic and corresponded with the dominant
voices that emerge in traditional in-person focus groups.
Chat-based conversation etiquette varies among platforms as
well as among populations; therefore, ongoing observation of
this phenomenon is warranted for future studies using WhatsApp
as described in the present research.
Although we did not identify any safety concerns related to
breaches of privacy in our pilot, some potential issues merit
consideration if WhatsApp is used for focus groups in other
populations. Participants themselves were tasked with
determining their level of privacy in the study (eg, decision to
use a profile photo of their face, allowing their phone numbers
to be seen by other group members, and using the app to discuss
sensitive topics on a mobile device that a nonparticipant could
potentially access) as well as ensuring the privacy of other
participants. The most personal disclosure of sensitive personal
information in this study was the inclusion of questions about
current intimate partner violence experiences; however, after
participants submitted this survey, it was not possible for them
(or their intimate partners) to reaccess the answers they had
submitted. Although the sensitive topics discussed in this pilot
did not likely create a meaningful risk of anticipated or
unanticipated breaches of privacy or confidentiality, this may
not be the case in smaller subpopulations where participants
are more likely to know each other or where inappropriate
sharing of information creates a danger to other participants.
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Textbox 2. Pros and cons of WhatsApp as a focus group platform identified in a pilot study.
Pros
•

It is possible to conduct focus groups without risking the health of the population as may happen in-person gatherings during increasing numbers
of COVID-19 cases.

•

It maintains continuity of research projects despite stay-at-home orders.

•

It allows people from different geographic areas to be recruited to attend. Hard-to-reach populations, including those that are mobile, could be
easier to include.

•

There are low to no implementation costs.

•

Participants do not need to travel, make childcare plans, or adjust their daily schedules to be active respondents to the focus group discussion.

•

End-to-end encryption and no face-to-face contact increase the sense of security for those hesitant to engage in research.

•

Participants already use WhatsApp and do not need to install a new program or adopt a new behavior in order to be successful, active participants.

Cons
•

Participants are unfamiliar with the research approach, and additional recruiter training may be needed to ensure accurate study explanations
before participants enroll.

•

Interactions among the group may limit building upon others' answers, particularly for those that first comment; they may not go back to respond
to new comments from participants that interact later in the day.

•

Guarantee of privacy is limited to the extent of each participant’s compliance with privacy guidelines, although whether this risk is greater than
similar risks posed by in-person research depends on the subject area.

•

Highly vulnerable individuals are least likely to own smartphones in many global populations and may be inadvertently excluded from samples.

Implications for Future Use
Recent research has increasingly identified both intentional and
unintentional uses of WhatsApp for health communication [34].
Although most formal evaluations of WhatsApp groups in the
literature revolve around its use among health care providers
[35], a small randomized controlled trial found that moderated
group text discussions in WhatsApp reduced smoking relapse
compared with pamphlets alone [36]. However, WhatsApp has
also been a medium for the spread of serious misinformation,
including around Zika virus transmission (eg, rumors about
government conspiracies [37,38]) and vaccine safety [39],
indicating a gap in public health education coverage that could
be positively leveraged by creating WhatsApp-specific
information from demonstrably authoritative sources.
To our knowledge, our pilot study is the first to use WhatsApp
for focus group discussions. The potential for expanding access
to subpopulations is an important step in data collection. For
some global populations, data use can be a prohibitive expense,
especially where Wi-Fi is not common; however, WhatsApp
uses very little data compared with other apps, which is partly
why it has been so successful globally. Nevertheless, data use
remains a significant consideration for study design, which can
often be mitigated by reimbursing participants with phone credit
or cash equivalents.

Future Directions
Beyond focus groups or one-on-one in-depth interviews,
WhatsApp could be used to deliver structured educational

information to target groups. For example, the population
engaged in this pilot study may benefit from structured messages
about Zika virus behavior, best practices to avoid mosquito
bites, or ways to encourage a partner to consistently use a
condom during pregnancy. However, participants in our
WhatsApp focus group strongly preferred to receive Zika virus
information directly from a health care provider, which may
indicate a need to recruit trained community health workers (eg,
promotoras) who can demonstrate their health authority to
participants before intervention delivery.

Conclusions
This pilot focus group provides a template for using WhatsApp
for focus group delivery, as well as initial evidence that
WhatsApp is a feasible, low-cost medium for efficient
qualitative data enumeration. Innovative methods for distance
data collection are in high demand during COVID-19–related
restrictions on in-person methods, and low availability of
research funding may presage greater future use as well.
Additional testing is needed with a wider range of populations
and subject matter to broaden the understanding of the risks and
benefits to both researchers and participants. Beyond focus
groups, WhatsApp has strong potential for use in health
promotion research and implementation among global
populations with smartphone access, especially where health
care professionals are involved.
A full translation of this paper to Spanish is available as
Multimedia Appendix 2.
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Abstract
Background: Health care professionals (HCPs) are challenged in caring for persons with suicidal ideation or behavior. For
affected persons, professional care is essential, and being interviewed about their experiences can be stressful. The experiences
of persons ideating or attempting suicide are essential to designing eHealth products to support them in crises and provide
continuous care.
Objective: This study aimed to synthesize published qualitative research about how persons with suicidal thoughts or behavior
experience inpatient or outpatient care. A model will be derived from the meta-synthesis to guide HCPs in their work with affected
persons and provide a thorough needs assessment for eHealth development.
Methods: A qualitative meta-synthesis was conducted using an inductive approach, as proposed by Sandelowski and Barroso.
The inclusion criteria were studies in English and German that dealt with persons who ideated or attempted suicide. Relevant
articles were identified by searching the PubMed and Cinahl databases and by hand searching relevant journals and reference
lists. The findings of each study were analyzed using initial and axial coding, followed by selective coding. Finally, a conceptual
model was derived.
Results: In total, 3170 articles were identified in the systematic literature search. Articles were screened independently by 2
researchers based on the eligibility criteria. Finally, 12 studies were included. The central phenomenon observed among persons
ideating or attempting suicide is their process from feeling unanchored to feeling anchored in life again. During inpatient and
outpatient care, they experience being dependent on the skills and attitudes of HCPs. While helpful skills and attitudes support
persons ideating or attempting suicide to reach their feeling of being anchored in life again, adverse interactions are experienced
negatively and might lead to prolonging or maintaining the feeling of being unanchored in life.
Conclusions: The study promotes a differentiated view of the experiences of persons ideating or attempting suicide. The derived
conceptual model can guide HCPs in their work with affected persons to support affected persons during their recovery. Moreover,
the conceptual model is useable as a springboard to develop eHealth solutions for crisis situations and long-term care.
(JMIR Form Res 2021;5(10):e27676) doi:10.2196/27676
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Introduction
Since 2000, the suicide rate worldwide has decreased.
Nevertheless, in 2016, nearly 800,000 deaths were registered
due to suicide, with a mortality rate of 10.6 per 100,000
inhabitants. While women attempt suicide 2 to 4 times more
often than men, there are nearly 2 male suicide deaths for 1
female death [1]. However, Klonsky et al [2] state difficulties
in suicide research, especially in statistics, due to the stigma
associated with suicide, leading to underreported suicide rates.
The term suicide describes a “death caused by self-directed
injurious behavior with an intent to die as a result of the
behavior” [3]. A suicide attempt comprises self-directed,
potentially injurious behavior. The suicide attempt is performed
with an intent to die, though the attempt itself is nonfatal. The
terms suicidal self-directed violence and suicidal behavior are
used interchangeably. Thinking, considering, or planning to
attempt suicide is called suicidal ideation [3].
The consequences of suicidal ideation and behavior are complex.
On a personal level, people who are ideating or attempting
suicide experience a crisis. Persons who attempted suicide also
have difficulties coping with stigma in their interpersonal
relationships [4]. For bereaved family members, it is a challenge
to cope with grief and guilt. They fear social stigmatization [5].
For nurses, the consequences mainly include unfavorable
attitudes towards persons who attempted suicide on the ward,
as a survey indicates [6]. Nurses who experience a suicide or
suicide attempt at work indicate that such an experience can
lead to shock, anger, and frustration. They highlight the
importance of being supported afterward [7]. Therapists describe
the challenge in the limited time for direct contact with affected
persons while prioritizing standardized assessments for
diagnostics instead of therapeutic conversations [8]. Emergency
department physicians are concerned about overlooking a serious
suicide risk [9]. Studies indicate a need for increased knowledge,
training, and clinical skills among physicians [9,10].
On a broader level, suicide causes high costs for society, as
studies in Spain, Ireland, and Australia indicate. They
recommend increased efforts for suicide prevention and health
education [11-13]. Over the last few years, the internet has
become another option for suicide prevention. Different
applications and strategies have been developed and tested
[14,15]. The COVID-19 pandemic is challenging people around
the world, especially those already struggling with mental
illness. The pandemic has also challenged previously established
mental health services. Service providers had to find new ways
to maintain physical distance while providing treatment and
care [16]. Internet-based interventions were highlighted as a
convenient option during the pandemic due to actual challenges
[17]. Mental health providers perforce offered telemental
services [16]. Although there are evidence-based strategies to
prevent suicide, difficulties in realization remain prevalent [18].
Especially for telemedicine approaches, challenges arise due to
missing legal regulation and concerning ethical aspects in acute
situations with suicide risk. For this reason, family and social
networks should be involved [16,17]. Difficulties arise during
the call or video session, especially due to the patient's remote
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location [16,19]. In the context of adolescents, Holland et al
[19] recommend confirming the physical location and
determining if an adult is present. In their review, they conclude
that risk assessment and safety planning via telehealth are safe
and effective. Studies examining internet-based interventions
for persons at risk of having suicidal thoughts or behavior have
ethical and practical barriers. Nevertheless, the opinions and
experiences of persons with suicidal thoughts or behavior are
crucial for developing and testing internet-based applications
[20].
These studies show the need for support of health care
professionals (HCPs) in their work with persons who ideate or
attempt suicide and for the development of evidence-based
eHealth interventions derived from the experiences of persons
in a suicidal crisis. Therefore, we decided to synthesize the
existing qualitative research about how persons with suicidal
thoughts or behavior experience inpatient or outpatient care.
Our study sought to assess the experiences persons with suicidal
thoughts or behavior have had with the professional care they
receive in an inpatient or outpatient setting. The aim is to derive
a conceptual model to guide HCPs in working with affected
persons and provide support during their recovery. Furthermore,
the model will be reviewed critically with current literature in
the context of health services and eHealth usage of affected
persons, from which conclusions will be drawn for the
development and revision of eHealth applications. HCP refers
to nurses with or without mental health or psychiatric
specialization, psychologists, and psychiatrists.

Methods
Overview
A qualitative meta-synthesis was conducted using the approach
by Sandelowski and Barroso [21] and followed the
recommended six steps: (1) formulating a purpose, (2)
systematically searching for and retrieving qualitative research
reports, (3) appraising the research reports, (4) classifying the
findings, (5) conducting a meta-summary, and (6) developing
a meta-synthesis. The meta-synthesis method enables an
interpretive integration of the results of all included qualitative
studies, basing the results on a larger sample than would be
possible from one single qualitative research study.
Consequently, coherent experiences and events of the research
topic can be described and explained instead of merely
summarizing them [21]. Therefore, the purpose of this article
was to conduct a meta-synthesis of experiences by persons with
suicidal thoughts or behavior with nursing care.

Searching for and Appraising the Research Reports
The systematic literature search was performed between July
and October 2016, with an update in June 2021, in PubMed,
Cinahl, Medline-OVID, Embase-OVID, Psyndex-OVID, and
PsycINFO-OVID. The search terms were (experience OR “lived
experience” OR attitudes OR “patient perspective” OR
perception) AND (“qualitative research” OR qualitative OR
“qualitative design” OR “qualitative study” OR
“phenomenological study” OR phenomenology OR “grounded
theory”) AND (“suicidal ideation” OR suicidal OR suicide OR
“suicidal patient” OR “suicidal behavior” OR “suicidal
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behaviour“) AND (nursing OR nurses OR hospitalization OR
“inpatient care” OR outpatient). Search terms were slightly
adjusted to fit the different search systems; in Cinahl, subject
headings were used, and in PubMed, medical subject headings
were used. Since we aimed for a sensitive search strategy, an
additional manual search was conducted in 8 specialist journals
(ie, Zeitschrift für Psychologie, The Journal of Crisis
Intervention and Suicide Prevention, European Journal of
Psychological Assessment, GeroPsych, Nordic Psychology,
PRAXIS, Zeitschrift für Kinder-und Jugendpsychiatrie und
Psychotherapie, and European Psychologist). Afterward, a
literature search of the reference lists of the included studies
was conducted.
We included studies with a qualitative study design, reported
experiences of persons with suicidal thoughts or behavior
regarding nursing care, and were published in English or
German. Studies that reported experiences of persons with
self-injuring tendencies without suicidal self-directed violence
were excluded. We also excluded studies that focused solely
on the experiences of family members or HCPs. Studies were
excluded if a theory-based or deductive qualitative approach
was used. Records were independently screened and identified
for eligibility by 2 independent researchers. Discrepancies were
discussed with a third researcher. Based on the title and abstract,
2 researchers read the full texts of the studies that appeared to
meet the inclusion criteria. Next, the included studies were
appraised using the checklist for qualitative research of the
critical appraisal skills program (CASP) [22]. The CASP
checklist is a useful tool for appraising qualitative studies and
systematically identifying the strengths and weaknesses of the
assessed studies in design and analysis [23]. The tool appraises
the quality of studies but not the quality of the appraisal itself.
It consists of 10 “yes” or “no,” and 2 researchers can select
“can’t tell” as needed. The results were compared and discussed.
The remaining discrepancies were clarified with a third
researcher. We defined criteria for each point and a cut-off score
that resulted in studies being excluded when they had less than
seven “yes” points in the 10-point questionnaire.

Classifying the Findings, Conducting a
Meta-Summary, and Developing a Meta-Synthesis
When conducting a qualitative meta-synthesis, the findings of
studies should be read to assess which methods were applied
and how the data were interpreted. Therefore, the included
studies were classified with a recommended typology [21].
Studies were categorized as thematic surveys [24,25], conceptual
or thematic descriptions [26-28], or interpretive explanations
[29-35].
The basic assumption for conducting a meta-summary and
developing a meta-synthesis was that the results of the included
studies are interpretations of the data collected by the
researchers. Consequently, the results sections of the included
studies were treated as transcripts of a qualitative study and
used as meta-synthesis data. The results sections of the studies
were read several times and then analyzed inductively [36].
MAXQDA2018 (2018; VERBI GmbH) was used to support
and manage the analysis process. As a first cycle method, initial
sentence by sentence coding of the published material was used
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to go beyond what was said and discover deeper patterns [36].
In the second step, the results sections were then axially coded.
With the method of constant comparison, similarities and
differences could be identified. Both helped to identify
categories and subcategories. Axial coding promoted a
meta-summary reflecting the contents of the included studies.
We used constant and comparison and interwove the emerging
categories inductively to develop generic categories. A deeper
theoretical level of abstraction could be gained with selective
coding as the third cycle method and further axial coding [36].
With this interpretive approach, the main concepts emerged
from the data, and a conceptual model was derived.

Results
Overview
A total of 3169 studies were identified based on a systematic
literature search of databases. One additional study could be
identified by a hand search in relevant journals or by screening
the references of the included articles. The flowchart of the
literature search is shown in Figure 1. Finally, 12 qualitative
studies with a total of 208 persons were included in the
meta-synthesis, including affected persons (n=176), parents
(n=5) or other family members (n=2), nurses or psychiatric
nurses (n=27), and psychiatrists (n=3). Affected persons received
outpatient or inpatient care due to suicidal ideation or suicidal
self-directed violence. They received care in various health care
settings, such as emergency rooms or units, day hospitals,
stationary psychiatric departments of hospitals, or outpatient
psychiatric settings. Data were collected through interviews in
all studies [24-35] and additional observation in 2 studies
[27,34]. Minors aged 11 to 17 years were interviewed in 3
studies [27,33,34]. Children aged 11 to 14 years were observed
in one study, and their parents were interviewed [27]. HCPs
were interviewed in 3 studies [24,34,35], and 2 interviewed
family members [27,35]. A detailed overview of the studies in
the meta-synthesis is provided in Table 1.
In order to address the research question, a conceptual model
was synthesized based on the analysis of all articles comprising
two main concepts that reflect experiences during inpatient or
outpatient care of people with suicidal ideation and behavior.
The first main concept, “from suicidal ideation and behavior to
feeling anchored in life,” describes the person with suicidal
thoughts or behaviors in a process from feeling unanchored
while experiencing a suicidal crisis to feeling anchored in life
at the end of the subsequent recovery. This phenomenon
includes the categories that describe the experience of suicidal
ideation and behavior: (1) suicide as an option, (2)
communication, and (3) transformation. Persons who ideate or
attempt suicide are individually motivated to consider suicide
because they cannot communicate their suffering. When
speaking about suicide ideation is not taken seriously, they can
experience suicide attempts as transformations. Moreover,
suicide attempts serve as entrances to health care services.
During the recovery process, individuals are being cared for by
HCPs. The second main concept describes the “dependency on
the skills and attitude of HCPs” in the recovery process. This
phenomenon includes the categories (1) “adverse therapeutic
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experiences” and (2) “helpful therapeutic experiences” (2).
These findings reveal certain hindering and helpful skills and
attitudes of HCPs. Helpful skills support affected persons in
reaching their feeling of being anchored in life again. Hindering
skills are experienced negatively and might lead to prolonged

Hechinger & Fringer
or maintained feelings of being unanchored in life. Textbox 1
provides an overview of the identified concepts, categories, and
subcategories. The conceptual model is presented in Figure 2.
The model, its inherent concepts and categories, as well as the
corresponding findings, will be presented subsequently.

Figure 1. Flow diagram of the review process.
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Table 1. Overview of included studies.
Author(s), year

Country of
study

Sample/setting

Focus of interest

Method/analysis

Berg, Rørtveit,
Walby, & Aase,
2020 [29]

Norway

18 adults (mean age 40) with
Exploring the experiences of persons in suici- Semistructured interviews;
suicidal ideation and behavior in dal crisis with safe clinical practice during
phenomenological-hermeneupsychiatric wards in hospitals.
hospitalization.
tic approach

Cardell & Pitula,
1999 [26]

USA

20 adults (mean age 32 years)
Exploring the experiences of persons with
with suicidal ideation in psychi- suicidal ideation who have been constantly
atric wards in hospitals.
monitored within the last 2 weeks to determine whether this protective intervention had
therapeutic benefits for the affected persons.

Cutcliffe, Stevenson, Jackson, &
Smith, 2006 [31]

UK

20 adults who ideated or attempted suicide. They received care
from “emergency” psychiatric
services as inpatients, outpatients, or day hospital patients.

Investigating whether and how psychiatric or Semistructured interviews;
mental health nurses provide meaningful,
analysis adhered to principles
caring care to persons with suicidal ideation of grounded theory (Glaser)
or behavior.

Cutcliffe, McKenna, Keeney,
Stevenson, & Jordan, 2013 [30]

Northern Ireland

36 male persons with suicidal
ideation or behavior between 18
and 34 years old who had been
treated in mental health inpatient
or outpatient facilities.

Developing a theory on how informal and
formal services can be better configured or
reconfigured to respond more effectively to
the needs of young men with suicidal ideation
or behavior.

Hagen, Knizek, &
Hjelmeland, 2018
[32]

Norway

5 adults with suicidal ideation or Exploring the experiences of former suicidal Semistructured interviews;
behavior between 33 and 54
inpatients with treatment and care in psychi- interpretative phenomenologyears old who had been admitted atric wards.
ical analysis
to a district psychiatric center.

In-depth interviews, at least 2
times for each person;
grounded theory analysis
(Hutchinson)

Semistructured interviews;
analysis based on principles
of grounded theory (Glaser &
Strauss)

Holliday & Vander- USA
mause, 2015 [33]

6 adolescents (15-19 years) who To gain a comprehensive understanding of
were treated in an emergency
the experiences of adolescents who attempted
room after a suicide attempt.
suicide and were taken to an emergency room
and their meaning of ideating or attempting
suicide as adolescents.

Open, unstructured interviews; Heideggerian
hermeneutic methodological
approach, phenomenology

Lees, Procter, &
Fassett, 2014 [24]

Australia

9 adults (mean age 41 years) receiving care due to suicidal crisis
and 11 mental health nurses who
assisted persons in suicidal crises
(hospital and community setting).

Exploring the experiences and needs of individuals who had a suicidal crisis, the degree
to which their needs have been met, the role
of mental health nurses, and the key factors
to improve quality of care.

Qualitative findings from a
multimethod study. In-depth,
semistructured interviews;
analysis based on critical discourse, constant comparison,
and classical content analysis

Montreuil, Butler,
Stachura, & Pugnaire Gros, 2015
[27]

Canada

5 children (11-14 years) with
suicidal risk factors and one of
their parents. They were recruited from pediatric mental health
inpatient, outpatient, and day
hospital settings.

Assessing perceptions of children with risk
factors associated with suicide and their parents regarding helpful care in a pediatric
psychiatric setting.

Observations of children and
semistructured interviews
with parents; inductive data
analysis (Colaizzi)

Samuelsson, Wiklander, Asberg, &
Saveman, 2000
[25]

Sweden

18 adults (18-53 years) who at- Investigating the experiences of patients in a Semistructured interviews;
tempted suicide and were treated psychiatric ward after having attempted sui- content analysis (Burnard)
in an inpatient psychiatric ward. cide.

Sun, Long, Boore,
& Tsao, 2006 [34]

Taiwan

15 persons (16-47 years) with
suicidal ideation or suicidal behavior and inpatient treatment on
psychiatric wards; 15 psychiatric
nurses

Sun, Long, Tsao,
& Huang, 2014
[35]

Taiwan

14 adults (22–83 years) who at- Exploring contextual and intervening condi- Semistructured interviews;
tempted suicide were recruited
tions that influence individual healing after grounded theory (Strauss &
from an outpatient clinic; 6 care- a suicide attempt.
Corbin)
givers (family members, psychiatrists, a psychiatric nurse)

Vatne & Nåden,
2014 [28]

Norway

10 adults (21-52 years) who
Exploring the experiences of being suicidal
ideated or attempted suicide.
and encounters with health care personnel.
They were recruited in emergency psychiatric units and from a
crisis resolution team.
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Exploring experiences of nurses and affected Semistructured interviews and
persons to develop a care theory that guides observations; grounded theory
the care of people with suicidal thoughts or (Strauss & Corbin; Eaves)
behavior.

Semistructured interviews;
thematic analysis (Braun &
Clarke)
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Textbox 1. Concepts, categories, and subcategories (excerpts from data analysis).
From suicidal ideation and behavior to feeling anchored in life:
Suicide as an option:
•

Being unanchored in life

•

Wanting to escape

•

Seeing no way out

Suicide as communication:
•

Having difficulties speaking about suicidal ideations

•

Hiding behind a mask

•

Shouting without words

Suicide as transformation:
•

Reconnecting through help

•

Giving meaning to life

•

Moving towards feeling anchored in life again

Dependency on the skills and attitude of health care:
Adverse therapeutic experiences:
•

Having an impersonal or unempathetic attitude

•

Lacking commitment and acknowledgment

•

Applying coercive interventions

•

Lacking time

•

Not building a trusting relationship

Helpful therapeutic experiences:
•

Empathetic attitude

•

Acknowledging affected persons

•

Appreciative communication

•

Promotion of a trusting relationship

•

Presenting and providing a safe environment

Legend:
Concept:
Category
•

Subcategory 1

•

Subcategory 2
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Figure 2. Conceptual model of therapeutic experiences.

From Suicidal Ideation and Behavior to Feeling
Anchored in Life
While having suicidal thoughts or attempting suicide, affected
persons experience feelings of being unanchored in life. For
different reasons, they consider “suicide as an option” and ideate
or attempt suicide. The motivation for suicide has to be taken
into account to understand the phenomenon of being unanchored
in life. A suicidal crisis is multifactorial and is described
individually [24]. For some persons who attempted suicide, the
battle in their brain was a motive. They describe it as wanting
to flee, having lost control of thoughts, and their mind playing
tricks on them. The authors explain “that the thoughts flooded
their brain making it difficult for them to ‘think in reality’ and
that such thoughts enhanced the confusion and ambiguity” [33].
At the same time, participants describe having low self-esteem
[32].
Another motive is the desire to end or escape from emotional
as well as psychological pain and suffering. Painful experiences
and the inability to cope with life or problems were further
statements [24,33,34]. An interviewee felt ”better off dead”
[24]. Feelings and thoughts of powerlessness, loneliness,
inability to solve problems in life, manipulation of others, or
feeling down led to considering or attempting suicide as a way
out [24,33,34]. Others stated mourning the loss of an important
fellow human being was a motivation for suicide [24,28]. For
interviewed persons from Northern Ireland, being male was one
reason for suicidal ideation, as society expects great and strong
men not to show their feelings and problems [30]. Some of those
persons who ideated or attempted suicide reported multiple
strains in everyday life. Various physical and psychological
problems or illnesses, stress, interpersonal stress, social
exclusion, and unpredictable life events also contribute to
considering or attempting suicide [24,28,30,34].
Another subcategory describes “suicide as communication.”
Persons attempting suicide described that they wanted to hide
their suffering and end their indescribable suffering. The suicide
https://formative.jmir.org/2021/10/e27676
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attempt was a cry “for” help but not only in the sense of calling
attention. It was like a cry “of” pain that allowed their pain to
become visible to others. Before the suicide attempt, they could
not communicate their suffering to their environment through
speech. The suicide thus served as a message for others. They
put their pain into a social context by making others “hear” their
pain [28,33]. Persons with suicidal behavior did not consider
themselves ill but realized their problems and knew they needed
help [25]. However, it seemed difficult for them to ask for help
and access health services. They point out that they were in a
vulnerable situation. They express shame for ideating and
attempting suicide and the fear of forced admission [25,27,28].
They could talk about physical suffering but not about their
sadness, hopelessness, suffering, and feelings. When someone
talked about suicidal thoughts, that person seemed weak [28,33].
They feared being judged and stigmatized [30]. They told no
one about their suicidal thoughts and wore a mask that concealed
their true feelings. Suicide is still a taboo subject, and they do
not want to be condemned by others. The thoughts of suicide
are perceived as unusual and incomprehensible by the people
around them, sometimes leading to the humiliation of the
persons with suicidal self-directed violence. Thus, many of
those affected hoped that someone would notice their intentions
and make small gestures without verbally expressing themselves
[28,29,33]. Others tried to communicate but still required the
HCPs to interpret their words and understand the severity of
their suicidal ideations [29].
The subcategory “suicide as transformation explains” the process
of feeling unanchored during suicidal ideation and attempting
suicide to recovery with professional help and feeling anchored
again. Before the suicide attempt, young people describe the
feeling of being disconnected. They feel lonely, rejected as
outsiders, neglected, unloved, and spiraling down. They believe
that no one else could understand these feelings of emotional
pain [33]. Others have the feeling of “falling between two
stools” and are in a struggle for life in which support from HCPs
is needed [28]. One interviewee described it as follows: “You
JMIR Form Res 2021 | vol. 5 | iss. 10 | e27676 | p.366
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feel like you’re in the bottom of a hole and its all black and you
don’t’ see nothing…you’re just trapped” [33].
Affected persons state that without the suicide attempt, they
would not have received the necessary treatment. Some consider
attempting suicide when talking about suicidal ideation is not
taken seriously. Although some already had treatment in the
past, they described the treatment after attempting suicide as
helpful and gaining better insights [25,28,33]. Consequently,
the attempt can be the entrance to receiving more appropriate
support from health care services. Persons with suicidal ideation
or self-directed violence are given access to treatment, similar
to the beginning of the transformation from a death wish to a
wish to live. However, the process was perceived as challenging
[28,31,33,35]. Hagen et al [32] state that affected persons are
in the process of development that relates to existential,
relational, and practical aspects of life: “The experiences
appeared to be a part of a personal recovery process that was
influenced by the support they received form [sic] mental health
workers.”
Cutcliffe et al [31] describe the change from death orientation
to life orientation in a three-stage healing process that reconnects
the person with humanity. The first stage is “reflecting an image
of humanity” [31]. Those affected describe that they restore
confidence in humanity through reconnecting with HCPs who
function as representatives. They can give persons with suicidal
ideation or behavior the feeling they are not being left alone
and that they care for them, show compassion, and try to offer
them help [31,34]. People with suicidal ideation or behavior
need to have someone who listens and shows understanding
and interest [31,33,34]. Persons with suicidal thoughts or
behavior describe that HCPs can show them they are important
and an individual. The relationship with HCPs is different from
that with family and friends, which gives them a feeling of
emancipation [31]. Most interviewed persons reported that their
hospitalization was helpful. An affected person may assume he
or she has ruined other persons’ confidence in oneself by
attempting suicide, which leads to the feeling that he or she
needs ”some kind of babysitter,” which means inpatient
observation and care [25]. Furthermore, inpatient care helps
persons who attempt suicide realize that connecting with others
can help in recovery, and they still have a connection to their
support group. It also helps to reflect on one’s constructs
influenced by their hopelessness [31,33]. Affected persons need
to be treated without judgment and experience acknowledgment
of their narratives and acceptance from others and themselves
[30,31,33,35].
In the second stage, “guiding the individual back to humanity,”
nurses have a more active part in their nursing role than in the
first stage [31]. They support the individual in taking on new
perspectives to think about one’s personality, life, and
opportunities [31]. Individualized treatment and care enable
affected persons to disclose their thoughts and increase their
self-awareness [32]. They experience a transformation of their
understanding “from feeling uncared for to understanding that
others have always cared for them” [33]. Persons with suicidal
ideation or behavior realize that many people have similar
emotional problems. They learn to accept help and have the
ability to accept support, reconnect, and form new connections.
https://formative.jmir.org/2021/10/e27676
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They experience and accept support from the family by
reconnecting with them. Those affected find more harmony
with society again [30-33,35]. The inclusion of strong social
support systems served as a helpful therapy. This reduced stress
and made it possible to overcome difficulties. The awareness
helped them realize that their families did not reject them
because of their suicidal nature and instead forgives them; their
families will continue to care for them, accept them, and help
them in their therapy [30,35]. During the recovery process, they
want to live in a friendly environment and experience being
needed by others. This helped them feel valuable and accepted,
enabling self-acceptance [35]. Being accepted by significant
others promotes increased hope for persons with suicidal
ideation or behavior [30].
In the third stage, “learning to live,” persons with suicidal
ideation or behavior focus on the balance between reconnecting
with family, friends, and other people and disconnecting
gradually from HCPs [31,32]. They successively learn to give
meaning to life again, to make plans, and to set goals. They
make sense of the events and gain a new understanding. Giving
meaning to life and learning to live is crucial for the recovery
process [30,31,33]. It is like becoming a new person and
building oneself up again [30,33]. It is important for those
affected to feel needed and accepted in society again [35].
Nevertheless, some people express fear of coming back to reality
and feel the potential disappointment of others [33]. Feeling
able to cope with symptoms and life situations is a prerequisite
for discharge from the hospital [29]. Psychiatric treatment can
give persons with suicidal ideation or behavior the opportunity
to reflect on themselves and their lives. The journey to recovery
is a long process, but it provides the opportunity to connect with
other people, gain access to the social network, and establish
trust [30]. The predictability of follow-up treatment after
hospitalization ensures safety. In contrast, feeling unprepared
can trigger a suicide attempt, as one participant notes [29].
Affected persons can re-establish internal emotional control
when treated as individuals as their stressors can be addressed
[29]. Through professional care, persons with suicidal ideation
and self-directed violence can reach the feeling of being
anchored in life again. Many realize they need support from
HCPs. Professional care is central to this recovery process.
Experiences during inpatient or outpatient care affect the
recovery of persons with suicidal ideation or behavior
[25,30,31,33,34]. These experiences with professional care are
described in the second concept that follows.

Being Dependent on HCPs’ Skills and Attitudes
The second concept describes experiences of persons with
suicidal thoughts or behavior as dependent on the HCPs’ skills
and attitudes. During inpatient or outpatient care, affected
persons need professional care and support. According to the
HCPs’ skills and attitudes, the analysis revealed that affected
persons experienced therapeutically adverse or helpful aspects
during their recovery process.

Therapeutically Adverse Experiences
Persons with suicidal ideation or behavior experienced these
skills and attitudes as therapeutically hindering (ie, having an
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impersonal or unempathetic attitude, lacking commitment and
acknowledgment, applying coercive interventions, lacking time,
and not building a trusting relationship).
Impersonal HCPs and those who lack empathy and commitment
are experienced negatively by those who ideated or attempted
suicide [25,26]. It is perceived as hindering when HCPs have
judgmental attitudes, especially when combined with the
affected persons’ negative feelings regarding the provided care
[34]. A lack of commitment is described as therapeutically
adverse. Some HCPs seem to be simply doing their job,
prioritizing their needs without using the available time
effectively or supporting persons with suicidal ideation in the
struggle for their lives [24,25]. A lack of commitment and
emotional confirmation also results in persons with suicidal
behavior not wanting to talk about themselves [25,29]. HCPs
who act impersonally or do not show empathy can contribute
to affected persons’ damaged self-esteem, increased anxiety,
and dysphoria [26]. When affected persons arrive in the
emergency room, they experience a lack of consideration [25].
For example, after a suicide attempt in the emergency room,
the physical, but not the psychological well-being, was assessed,
with the affected person noting, “they just checked my heart
and said everything was fine” [33]. They describe HCPs as if
they were distracted, disinterested, indifferent, or uncaring.
They have the impression that no one seems to care for them
and as if they were a burden [25,26].
Affected persons and HCPs state a lack of knowledge
[25,28,32,34].“Of particular concern was the finding that many
nurses did not have the best possible attitude, education, training,
or support to optimally meet the challenges and opportunities
at hand, and more fully realize therapeutic engagement” [24].
These attitudes towards care resulted in people feeling lonely
and not cared for, which ultimately led to fear, aggression, and
a lack of trust in HCPs, although they longed for trust [24,25,28].
Some people did not feel taken seriously in their illness or
received inadequate responses and information. Without their
perspective being acknowledged, they sometimes feel
misunderstood [25,26,28,32,34]. “When the patients did not
feel that they were confirmed, it sometimes gave rise to feelings
of being burdensome, a desire to go home, or even another
suicide attempt” [25].
Experiencing a lack of trust leads to withdrawal from seeking
help from HCPs [29,32]. Coercive interventions are unhelpful
because they restrict autonomy and privacy and lead to feelings
of confinement [24,26,34]. According to the person who
constantly observes them, persons with suicidal ideation have
uncomfortable or distressing feelings. They prefer HCPs to be
supportive rather than impersonal and detached. An example
of this behavior is “not responding to the participant’s initiation
of conversation and perceived hostile facial expressions” [26].
In the absence of engagement, affected persons experience
interpersonal isolation, distress, objectification, and loss of
control [24]. They sometimes feel treated like a child, which
was experienced as humiliating [25,28,34]. Persons with suicidal
ideation or suicidal self-directed violence describe
environmental stressors as obstructive to their therapeutic
experience. For example, television noise was described as
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annoying and caused stress and excessive demands, as
participants had to stay in recreation rooms [26]. Others perceive
a lack of respect when HCPs behave like guardians [25]. In
situations with coercive interventions, communication is seen
as very important. If HCPs failed to communicate relevant
information (eg, about constant observation and the observer,
or did it abruptly), affected persons stated frustration, irritability,
and anxiety [26].
Some people mentioned the lack of time for care, with busy
HCPs looking after many patients and having no time for the
affected persons [24,32,34]. Additional adverse contextual
factors included the lack of teamwork and support and
inadequate professional supervision [24]. Some HCPs “did not
prioritize interpersonal engagement, or thought it was sometimes
inappropriate or countertherapeutic” [24]. Affected persons
wanted more time for conversations to establish a close
therapeutic relationship. They longed for dialogue and trust
[28]. Without individual treatment, they experienced that they
were a risk to themselves after discharge [29].
This also had an impact on the relationship between persons
with suicidal behavior and HCPs. Instead of sharing their
thoughts, they kept them to themselves if they did not feel safe
with the HCP [25,28,32]. It takes time to establish a close
relationship. However, sometimes this relationship was not
possible due to “bad chemistry” [28]. Affected persons state a
lack of therapeutic engagement with little interaction and few
possibilities to talk [24]. Others experienced HCPs changing
topics rather than talking about themes that persons having
attempted suicide need to discuss. This leads to feelings of
humiliation and annoyance [28].

Therapeutically Helpful Experiences
In addition to therapeutically adverse experiences, persons with
suicidal thoughts or behavior also experience therapeutically
helpful experiences. These concerns relate to an empathetic
attitude, acknowledging affected persons, appreciative
communication, promoting a trusting relationship, and
presenting and providing a safe environment.
Persons with suicidal thoughts or behavior in the included
studies describe the importance of an empathetic attitude from
HCPs [24-26,34]. HCPs should be warm, pleasant, talking,
listening, and understanding [27]. For those affected, it is
important that HCPs honestly put themselves in their position
and show concern and care [24,28,31]. They need HCPs “to be
willing and able to listen intently […], to attempt to see the
world ‘through the eyes of the young person and be supportive”
[30]. Therefore, being nonjudgmental is important [30,31,34].
HCPs with knowledge, experience, and understanding of
physiological processes and stages in mental illness are seen as
helpful [27,28,32]. An optimistic attitude on the part of the
HCPs also provided therapeutically helpful care and increased
self-esteem. The optimistic behavior of care is perceived as
loving, helpful, and hopeful [26]. It is essential for those affected
to be regarded as individuals, supported in their autonomy, and
not condemned for their illness. This enabled them to realize
that they were worth something and that they were being cared
for [24,25,29,34]. Persons with suicidal ideation and behavior
need acknowledgment of their person and their illness [26,35].
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It was also experienced as helpful when professional care and
treatment were individualized to the needs of the affected
persons [27,29,32]. Persons with suicidal ideation and behavior
experienced safe clinical practice when they received
tailor-made treatment. This type of treatment relieved their
emotional pressure as stressors were addressed [29].
Communication between HCPs and those affected plays a
central role in recovery. The basis is a holistic assessment of
persons with suicidal thoughts or behavior, including their needs
and causes of suicidal tendencies. Some people actively seek
dialogue with HCPs to talk about their suicidal thoughts and
behaviors, about issues they have not yet entrusted to anyone,
or answers to questions they have [24-26,28]. They value
cooperation and open communication between different HCPs
to understand themselves and plan their treatment [27,34].
Talking to HCPs and being understood and supported was felt
by some to be vital, although talking about it was initially felt
by many to be terribly painful [24,25,31]. In addition, speaking,
active listening, and being taken seriously are important. The
commitment of HCPs is essential to explore the complexities
of suicidal ideation in affected persons [24,28,29,32].
Discussions between those affected and HCPs without judgment,
and on the same level, helped many sort out their thoughts
[24,25,28,31]. One interviewee put it as follows:
She wasn’t...yes, “pitying” again then. We were two
people talking together on equal terms, not prisoner
and jailer...She would not divert the conversation, no
matter what [28]
It was considered important that HCPs should not scream but
speak in a calm tone [27]. The direct inquiry into suicidal
thoughts or plans was also positively perceived by those affected
[28,34]. Some people found the denial of these thoughts
impossible because HCPs often knew persons with suicidal
self-directed violence well and recognized their needs and
feelings through nonverbal communication [25,29].
A trusting relationship between the HCPs and their entrusted
persons with suicidal thoughts or behavior served as a basis for
both parties [24,25,34]. Participants noted that having an open
conversation requires a “good chemistry” and connection with
a health care professional [32]. Many persons with suicidal
thoughts or behavior had difficulties trusting people and had
no support from friends or family, so trusting caregivers was
important [28,31]. A trusting relationship at the same level
between the HCPs and those affected had a positive effect on
suicidal tendencies [28,29]. It is essential for the therapeutic
relationship that HCPs show appreciative behavior, respect, and
interest for the well-being of persons with suicidal thoughts
[26,32]. It is important that HCPs introduce themselves with
their name when meeting each other the first time [26], and they
should also know the affected persons’ names [27]. Developing
a caring relationship can be promoted through getting to know
each other and personalized care [27]. Persons with suicidal
self-directed violence want to be met on equal terms, which “is
a situation whereby the parties accept each other’s inherent
value” [28]. The therapeutic relationship can be established with
communication basics, such as showing compassion, acceptance,
and appreciation and serving the healing process.
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Additionally, worthiness was fundamental as it increased
well-being and reduced anxiety, dysphoria, and loneliness in
persons with suicidal ideation [26]. A sense of companionship
provides a sense of safety and well-being and enables affected
persons to disclose suicidal thoughts [32]. Therapeutic closeness
served as the basis for subsequent interventions [30,32].
Promoting trust with HCPs helped the affected person reconnect
with an individual as the first step before reconnecting with
their social environment [31].
Another helpful experience with HCPs was present
[24,26,27,29,35]. Although it sometimes felt difficult, especially
for children and adolescents, to ask for help, it was important
to persons with suicidal self-directed violence that someone
was always available to give them security and help. The HCPs
were described as very sensitive and often recognized how they
felt, whether they needed time to talk or wanted to be left alone
[25,27,35]. Some of the affected persons also used HCPs after
discharge and called them by telephone [25,27]. Many of them
describe that the greatest help was knowing that care was always
present and that someone was available to take time for them
[24,25,29]. Parents of minors with suicidal ideation also
described this as very helpful and used the opportunity to call
at their convenience [27].
Being present also affected the therapeutic environment.
Experiencing protection and safety through 24-hour care of
HCPs positively affects therapy and the relationship between
caregivers and persons with suicidal ideation or behavior
[27,29,34,35]. Protection and security within the institution
have been described by many as a reason to stay, live, and take
time for therapeutic interventions in this environment. However,
it was not easy for many of those affected to be treated in a
psychiatric institution [25,26,35]. However, many expressed
that the institution would provide them with personal security,
protection, peace, and no stress [29,35]. Due to the vigilant
presence, constant observation, and physical presence of HCPs,
suicide was hardly possible. This is also due to locked stations
and the prohibition of bringing sharp objects such as knives and
weapons. As a result, some persons with suicidal thoughts or
behavior felt safer from their suicidal impulses thanks to the
institution [26,29,34]. Additionally, a quiet, friendly atmosphere,
a good climate on the ward, and a meeting on the same level
had a positive effect on the therapeutic environment [28,35].
Persons with suicidal self-directed violence also experienced
care without coercion as therapeutically helpful. The participants
expressed that they felt relief through unconstrained
hospitalization. Although hospitalization was described as a
terrible feeling, HCPs stressed that the need for inpatient care
was helpful if treated voluntarily. In addition, not being forced
to speak but simply to be allowed to sit quietly was experienced
positively [25,28].

Discussion
Principal Results
This study aimed to synthesize qualitative research to develop
a model that supports HCPs in their work with persons with
suicidal thoughts or behavior and provides an evidence base for
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developing eHealth tools. The results of the meta-synthesis
revealed two central categories shown in the conceptual model
(Figure 2). The first concept describes persons with suicidal
ideation or behavior in their struggle as they feel unanchored
in life to feeling anchored in life again. A suicide attempt can
function as an entrance to health care services to more easily
achieve feelings of being anchored in life again. When receiving
inpatient or outpatient care by HCPs, the affected persons are
dependent on the skills and attitudes of the professionals present.
Helpful therapeutic experiences stated by persons with suicidal
ideation or behavior have been synthesized. HCPs’ helpful skills
and attitudes support persons ideating or attempting suicide to
feel anchored in life again. On the other hand, the identified
therapeutically adverse skills and attitudes from HCPs may
hinder affected persons in proceeding with their recovery and
allow them to maintain the feeling of being unanchored in life.
In the following discussion, we focus on two main aspects. First,
a suicide attempt can function as an entrance to health care
services. Second, adverse therapeutic experiences that hinder
affected persons from feeling anchored in life again versus
helpful experiences that promote their way toward being
anchored. Aspects concerning eHealth are taken into account
within each point.

Need for More eHealth Devices to Prevent Suicide
Attempts as Entrances to Health Care Services
The meta-synthesis revealed that persons with suicidal ideation
sometimes considered attempting suicide when they felt they
were not being taken seriously. Through suicide attempts, they
enter the health care system and receive necessary or more
appropriate treatment [25,28,33]. Our results and qualitative
analysis of motives show that attempting suicide is not a
conscious decision but rather a complex interaction of different
factors [37]. Another qualitative study focused on experiences
disclosing suicidal thoughts. Persons who attempted suicide
experienced difficulties disclosing primarily during and after
the crisis. They did not find the right words, found themselves
unable to share their thoughts, or feared being stigmatized by
family, friends, or HCPs [38]. They felt ambiguous about
sharing and being unable or fearing to do so. Nevertheless, one
interviewee stated, “Nobody hears a silent cry for help” [38].
Difficulties in disclosing, or feeling one is not being taken
seriously, can result in an initial or subsequent suicide attempt,
which can be the first step in a recovery process as most
unsuccessful suicide attempts gain access to appropriate health
care services. Experiencing helpful skills and attitudes from
HCPs is critical to feeling anchored in life again. Professional
care plays a central role in helping individuals find their way
back to feeling anchored in life again. The phenomenon
identified in our meta-synthesis of attempting suicide as an
entrance to health care services has not been found in the
literature. The reason could be that we identified it from our
analysis of persons who attempted suicide and reflected on their
experiences. Therefore, it may not be an intention of persons
with suicidal ideation but may be seen as such when reflecting
it from a future perspective.
Regarding the aims of this study, using eHealth tools could
potentially intervene when persons have suicidal thoughts or
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behavior or are at risk for self-harm [14,15,39]. Positive
outcomes of utilizing eHealth applications included reducing
depression, psychological distress, and self-harm [14], while
others reduced suicidal ideation [15,39]. Using an app is an easy
and anonymous way to deal with upcoming thoughts. Other
possibilities are web-based technologies or social networks. In
particular, younger people can be more easily addressed through
technology-based interventions for suicide prevention [40]. A
study stated that young people confronted with depression,
suicidal ideation, or stress are less likely to talk to their parents
about their problems and more likely to speak to no one [41].
It is challenging to identify people at risk in order to manage
the crisis with close persons. Holland et al [19] propose the
presence of an adult as a backup to ensure safety during calls
and video sessions. A significant improvement for quality and
outcome of intervention has also been found with the
involvement of family or caregivers as youth and family receive
coping tools and psychoeducation. One opportunity would be
to detect people at risk in social networks and facilitate access
to a supportive network and specialists. However, there is a lack
of studies concerning suicide prevention in social networks [40].
Young persons with suicidal ideation used four types of
technology-based telemental health resources: self-help,
anonymous chat, crisis text lines, and online therapists or
counselors [41]. Online interventions can be helpful, especially
if persons with suicidal ideation or behavior have difficulties
disclosing their crisis to family or friends, as studies have shown
[38,41].
Nevertheless, it is vital to guide affected persons to helpful
resources. A survey indicated that a search for suicide-specific
themes could lead to preventive (68%) resources but also to
mixed (22%) and neutral (8%) content concerning attitudes
towards suicide or even prosuicide content (1%) [42]. There is
a growing body of interventions for suicide prevention. In their
systematic reviews, Melia et al [14] and Kreuze et al [15]
conclude that there are technology-based interventions for
suicide prevention. However, further research is needed to
evaluate their efficacy. Difficulties also arise in the missing
evaluation of self-management applications for suicidal thoughts
or behavior [39,40].

Need for Integration of HCPs’ Helpful Skills and
Attitudes in eHealth Applications
The meta-synthesis revealed that persons with suicidal thoughts
or behavior had therapeutically helpful experiences when HCPs
had an empathetic attitude, acknowledged affected persons,
used appreciative communication, were present, promoted a
trusting relationship, and provided a safe environment. Two
systematic literature reviews, a meta-synthesis, and a
mixed-methods study of persons who self-harm and have
suicidal ideation or behavior identified a positive relationship
between patients and HCPs as crucial. They find it important
that HCPs are supportive, compassionate, and ready to listen
[43-46]. Although 2 of these studies are about self-harm, the
focus on the importance of the relationship is the same as that
shown in our results. Understanding and nonjudgmental HCPs
were seen as important for future help-seeking. Studies also
state the need for boundaries through a safe environment and
that sometimes safety measures as special observations are
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appropriate [43,45,46]. This is congruent with our result of
HCPs providing a secure environment. Knowing HCPs are
present creates a feeling of comfort for persons with self-harm,
suicidal ideation, and behavior [44-46].
Our results show that affected persons experienced skills and
attitudes of HCPs as therapeutically adverse when they have an
impersonal, unempathetic attitude, lack commitment and
acknowledgment, apply coercive interventions, lack time, and
do not promote a trusting relationship. Similar results were
found in literature about adults who self-harm, have suicidal
ideation, or behavior. HCPs who have a judgmental attitude,
are unsupportive, lack empathy, or exert power are seen as part
of unsatisfactory care [43-46]. Negative experiences could even
be a barrier for future help-seeking, while trust in services
encouraged future help-seeking [43,44]. Hagen et al [8]
examined therapist challenges with persons who self-harm and
have suicidal thoughts or behavior. The interviewed psychiatrists
and psychologists described challenges between categorizing
the illness and connecting with the affected persons while
following guidelines for diagnoses and treatment. Moreover,
they experience challenges forming a trusting relationship due
to limited time in direct care and formal obligations.
Consequently, therapists spend less time with affected persons,
and the greater part of direct care is done by other staff members
such as psychiatric nurses. This underlines the importance of
cultivating helpful skills and attitudes in nurses.
For eHealth interventions, it is a challenge to consider how
affected persons benefit from the skills and attitudes of HCPs.
Some eHealth resources are solely informational or unguided
self-management applications, while others provide exchanges
with other persons seeking help or provide virtual contact with
HCPs. From the meta-synthesis results, it has to be considered
how an empathetic attitude, appreciative communication, being
present, and promoting a trusting relationship can be transferred
into an eHealth application. The use of artificial intelligence
for mental health care provides a multifaceted opportunity,
although unanswered ethical questions remain [47]. A literature
review identified chatbots that can be used in mental health.
They are applied for different purposes, such as therapy,
self-management, counseling, or diagnosis. For example, one
was identified for screening symptoms of depression and suicide
[48]. These chatbots could be “trained” with helpful skills and
attitudes. In addition to unguided self-management applications,
the focus should be on those with direct contact and crisis
support. Via video conferencing, telemental, or similar tools,
affected persons can communicate with HCPs directly. During
the COVID-19 pandemic, a survey reported mainly positive
experiences of users with telepsychiatry. Most of the participants
(82.2%) found that the overall experience with telepsychiatry
was excellent or good. In addition, participants either agreed or
strongly agreed (63.6%) that the remote sessions were as helpful
as in-person treatment [49]. Another opportunity could be a
brief text message-based intervention that showed the potential
to support persons who attempted suicide in connecting them
with a crisis support team to reduce re-attempts [50]. Franco et
al [40] stated an upward trend in using technology-based
interventions for suicide prevention. However, these are mostly
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in English [40], presenting a barrier for persons who are not
familiar with the English language.

Strengths and Limitations
The strength of this meta-synthesis is the conceptual model
derived from how persons with suicidal ideation and behavior
experience inpatient and outpatient care. To our knowledge,
this is the first meta-synthesis of these experiences with
professional care. This is important for ethical reasons, as no
affected persons need to be newly involved in this
meta-synthesis. The results can be used as a basic needs
assessment for eHealth development and nurture an empathetic
culture among HCPs. However, our findings are limited by the
different study designs exploring the experiences of affected
persons. Half of the studies relied on grounded theory or were
analyzed with the principles of grounded theory. The other
studies used content analysis, inductive data analysis, or a
Heideggerian hermeneutic approach. Through the grounded
theory–based analysis, we gained a high theoretical level of
abstraction. Nevertheless, we could not formulate theory but
could speak of a conceptual model. Including experiences from
the different samples broadened the range of perspectives.
However, it must be taken into account that the samples had
different cultural origins. Therefore, we suppose the results
could be transferred to different cultural contexts, but they must
be checked beforehand.

Conclusions
We derived a conceptual model of experiences made by persons
with suicidal ideation and behavior. The model showed the main
helpful skills and attitudes of HCPs that can support affected
persons to be anchored in life again. Conversely, we also
identified hindering skills and attitudes that lead to adverse
therapeutic experiences, which may prolong the recovery of
persons with suicidal ideation and behavior.
We focused our research on persons who have suicidal ideation
or have already attempted suicide. The discussion in previous
studies showed that persons with self-harming behavior
experience similar challenges and can likewise benefit from
eHealth tools that address suicidal thoughts or behavior. It is
useful to address these groups with one application, as the
boundaries may be indistinct for affected persons.
This meta-synthesis has some practical and theoretical
implications. As practical implications, the results can be used
as a blueprint for technicians and HCPs to develop eHealth
interventions. These could especially address younger persons,
as they are more likely to use online resources or eHealth
applications in cases of suicidal ideation or behavior. Especially
during the COVID-19 pandemic, eHealth tools are a convenient
solution. Another practical implication addresses HCPs. Our
results show that suicidal ideation should be taken seriously by
HCPs. They could use the conceptual model for training and
education to improve professional care and improve outcomes
for affected persons. HCPs need to be sensitized for the effects
their skills and attitudes have on persons with suicidal ideation
and suicidal self-directed violence. They should react with
appreciative communication and an empathetic attitude and be
present to promote a trusting relationship. Moreover, they should
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ensure a safe environment to help affected persons feel anchored
in life again without using a suicide attempt as another effort
to benefit from health care services.
As theoretical implications, further research is needed. Research
should focus on experiences made by persons with suicidal
ideation or behavior from a hermeneutical perspective. The
meta-synthesis with the derived conceptual model can function
as a basis for developing new interventions to support affected
persons. These interventions could focus on deepening the

Hechinger & Fringer
helpful skills and attitudes of HCPs in interactions with persons
with suicidal thoughts or behavior. Other interventions should
promote eHealth applications for affected persons, which are
evaluated as to whether they accurately fit and support persons
with suicidal thoughts and behavior. More research is also
needed to identify helpful interventions for affected persons.
Moreover, a questionnaire could be developed from the
conceptual model to promote the quality of care of affected
persons.
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Abstract
Background: Diagnosing major depressive disorder (MDD) is challenging, with diagnostic manuals failing to capture the wide
range of clinical symptoms that are endorsed by individuals with this condition.
Objective: This study aims to provide evidence for an extended definition of MDD symptomatology.
Methods: Symptom data were collected via a digital assessment developed for a delta study. Random forest classification with
nested cross-validation was used to distinguish between individuals with MDD and those with subthreshold symptomatology of
the disorder using disorder-specific symptoms and transdiagnostic symptoms. The diagnostic performance of the Patient Health
Questionnaire–9 was also examined.
Results: A depression-specific model demonstrated good predictive performance when distinguishing between individuals with
MDD (n=64) and those with subthreshold depression (n=140) (area under the receiver operating characteristic curve=0.89;
sensitivity=82.4%; specificity=81.3%; accuracy=81.6%). The inclusion of transdiagnostic symptoms of psychopathology, including
symptoms of depression, generalized anxiety disorder, insomnia, emotional instability, and panic disorder, significantly improved
the model performance (area under the receiver operating characteristic curve=0.95; sensitivity=86.5%; specificity=90.8%;
accuracy=89.5%). The Patient Health Questionnaire–9 was excellent at identifying MDD but overdiagnosed the condition
(sensitivity=92.2%; specificity=54.3%; accuracy=66.2%).
Conclusions: Our findings are in line with the notion that current diagnostic practices may present an overly narrow conception
of mental health. Furthermore, our study provides proof-of-concept support for the clinical utility of a digital assessment to inform
clinical decision-making in the evaluation of MDD.
(JMIR Form Res 2021;5(10):e27908) doi:10.2196/27908
KEYWORDS
major depressive disorder; subthreshold depression, transdiagnostic symptoms; digital assessment; digital mental health; mobile
phone
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Introduction

symptoms or anxiety disorders, especially generalized anxiety
disorder (GAD) [31].

Background

In this regard, a transdiagnostic view of MDD encompassing
symptoms of anxiety and other commonly co-occurring
disorders may improve early and accurate diagnosis, reflect
biological disease understanding (eg, twin studies have shown
shared genetic predisposition for MDD and GAD [36]), and
allow for personalized treatment strategies. An extended
definition of MDD symptomatology may also reduce the
misdiagnosis of bipolar disorder (BD) as MDD [37,38], which
is particularly problematic, with many individuals having to
wait 8-10 years before receiving a correct diagnosis [39,40].

Major depressive disorder (MDD) is a common and
heterogeneous condition representing the leading cause of
disability worldwide [1]. MDD has been associated with poor
global outcomes, including impaired social functioning, lower
quality of life, inability to return to work, and suicide [2]. The
condition is typically diagnosed in primary care settings, with
most help seekers exhibiting subthreshold or subsyndromal
presentations of the disorder [3,4]. Critically, recognizing
diagnosable symptomatology of MDD can be particularly
challenging, with any 2 individuals’ meeting criteria for the
condition potentially having no symptoms in common [5]. In
fact, short consultation times coupled with the complexity and
subjectivity of diagnosing MDD results in primary care
practitioners misdiagnosing >50% of low-mood help seekers
[6]. This means that many patients do not receive the most
effective treatment and support.
In an attempt to improve the current diagnostic practice, the
search for objective diagnostic tests and valid biomarkers for
depression has received a lot of attention. However, despite
substantial research expenditures and large-scale genome-wide
studies, no pathognomonic biological markers of depression
have been identified [7-11]. In fact, with the exception of a few
neuropsychiatric disorders, not a single psychiatric diagnosis
can still be validated by molecular, genetic, or imaging
biomarkers [12]. Importantly, psychiatric diagnostic criteria
were not conceptualized to facilitate biological differentiation
[13], with extensive comorbidity across conditions being the
rule rather than the exception [14] and no single condition
representing a discrete entity [15-17].
Another issue pertaining to psychiatric nosology is incomplete
symptom capture [18,19]. It has been argued that the symptom
profiles described in diagnostic manuals, such as the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) [20] and the International Statistical Classification of
Diseases, Eleventh Revision (ICD-11) [21], may be overly
narrow, failing to capture the wide range of clinical symptoms
that are endorsed by individuals with MDD [18]. For instance,
although anxiety is not listed as a core symptom of the condition,
many individuals with MDD experience co-occurring symptoms
of anxiety and typically meet the criteria for at least one anxiety
disorder [22-26].
Some authors suggest that assessing the presence of anxiety
symptoms in patients with MDD is critical [27,28]. Others
propose combining depression and anxiety disorders, which
present with largely overlapping symptomatology. Combining
these disorders may be a useful strategy for better clinical
evaluation and management of patients with MDD [29]. This
is important, given that estimates of prevalence rates for
treatment-resistant depression range between 30% and 50%
[30,31], with incomplete remission often leading to relapse [32],
increased chronicity and severity of episodes [33], greater
functional impairments [34], and higher risk of suicide [35].
One of the established risk factors that predispose patients to
develop treatment-resistant depression are comorbid anxiety
https://formative.jmir.org/2021/10/e27908
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Critically, time is premium in primary care settings, where
relying on brief symptom-count checklists, such as the Patient
Health Questionnaire–9 (PHQ-9) [41], is a common practice.
Importantly, the PHQ-9 may overestimate depression severity
in primary care patients relative to other self- and clinician-rated
scales [42], resulting in a greater reliance on medication as a
first-line treatment option and an increased potential for adverse
drug effects [43,44]. In addition, some researchers have
suggested that the PHQ-9 may be missing the presence of
symptoms that are meaningful for patients and that longer
assessments may be better at capturing diagnosable levels of
low mood [45]. To this end, digital technologies allow for the
cost- and time-effective collection of a vast range of important
patient and symptom data [46]. Such an approach offers an
innovative way to improve and advance mental health care
provision. In turn, the use of digital technologies could help
alleviate the load on the health care system by providing
individuals with subthreshold or mild MDD with self-help tips
and psychoeducation. This would reserve the limited and
specialized services for more severe or highly comorbid and
complex patients.

Objectives of This Study
This study aims to provide evidence for an extended definition
of MDD symptomatology using a digital assessment that was
developed for the delta study [47]. The digital assessment was
designed following an extensive analysis of existing validated
questionnaires for mood disorders [48-57], the DSM-5 [20], and
the International Statistical Classification of Diseases, Tenth
Revision (ICD-10) [21], as well as input from psychiatrists and
a service user group. In an attempt to move away from a
symptom-count approach to psychopathology, our study uses
machine learning (ML) methods (advanced statistical and
probabilistic techniques that automatically learn from data) to
construct a data-driven view of MDD. We examined the extent
to which (1) disorder-specific symptoms (ie, symptoms of
depression) and (2) transdiagnostic symptoms (ie, cross-disorder
symptoms) could be used to answer the following question:
“when does depression become a mental disorder?” To do this,
we compared individuals with MDD with those with
subthreshold levels of depressive symptoms. Although this was
largely an exploratory study, it was predicted that, relative to a
disorder-specific model of psychopathology, an extended model
would be better at identifying individuals with diagnosable
levels of MDD. In particular, we predicted that symptoms of
anxiety would be highly indicative of the disorder.
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Methods
The Delta Study
This study used data from the delta study that was conducted
by the Cambridge Centre for Neuropsychiatric Research between
April 2018 and November 2019. Olmert et al [47] provided a
detailed description of the delta study design and sampling
procedures. In brief, the key objectives of the study were to
develop and validate a diagnostic algorithm to (1) reduce the
misdiagnosis of MDD and BD and (2) achieve a more accurate
and earlier diagnosis of MDD in individuals presenting with
depressive symptoms. The target population for the primary
objective was those who had received a recent diagnosis of
MDD (within the past 5 years) by a general practitioner or
psychiatrist and those who were experiencing depressive
symptoms at the time of recruitment. The target population for
the secondary objective included those without a previous mood
disorder diagnosis and who were experiencing depressive
symptoms at the time of recruitment. Individuals aged between
18 and 45 years could take part in this study. This age group
was selected in consultation with a practicing psychiatrist (SB)
on the basis that individuals aged between 18 and 45 years are
most likely to have undiagnosed BD (primary objective of the
delta study). Further inclusion criteria were being a resident in
the United Kingdom, not pregnant or breastfeeding, not suicidal,
and a score of at least five on the PHQ-9 [41]. Information on
treatment history was collected but was not deemed an inclusion
or exclusion criterion. All participants provided informed
consent to participate in the study, which was approved by the
University of Cambridge Human Biology Research Ethics
Committee (approval number HBREC 2017.11).
Over 5000 participants were recruited on the web through email,
via paid Facebook (Facebook Inc) advertisements, and updates
on the Cambridge Centre for Neuropsychiatric Research
laboratory website. Eligible participants were invited to take
part in the main study; of these, 3232 completed the digital
assessment via the delta study website. The digital assessment
was designed following an extensive analysis of validated
questionnaires for mood disorders [48-57], the DSM-5 [20], and
the ICD-10 [21], as well as input from psychiatrists to ensure
the inclusion of a wide range of clinically meaningful and
well-validated symptoms of MDD and BD and other symptoms
of interest (eg, other psychiatric conditions). The assessment
was further refined following advice from a service user group
on features, including tone of voice and user journey. For each
participant, an individualized dashboard guided their progress
through the study. The digital assessment could be completed
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on a smartphone, laptop, tablet, or desktop computer and
comprised 635 distinct questions. One question was presented
at a time, with participants required to select the answer that
best described their feelings and experiences (eg, from “No, not
at all” to “Yes, very much”). The questions were grouped into
six sections: (1) demographics and personal history; (2) bipolar
and manic and hypomanic symptoms; (3) depressive symptoms;
(4) personality traits; (5) medication, treatment, and substance
use; and (6) other psychiatric disorders and symptoms, including
GAD, social anxiety disorder, emotional instability, panic
disorder, eating disorders, insomnia, and obsessive-compulsive
disorder. Participants were required to press next to take them
to the following question. Each section could be completed in
10-15 minutes, although response times varied because of the
adaptive nature of the assessment, where only relevant questions
were asked based on responses to previous questions.
A subgroup of the original study cohort (n=1740) consented to
provide dried blood spot samples and complete a telephone
interview for MDD and BD using the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV)–based
Composite International Diagnostic Interview (CIDI [48]), with
924 participants completing both steps. Of these 924
participants, 241 (26.1%) self-reported having been diagnosed
with MDD by a general practitioner or psychiatrist and were
confirmed to have met the criteria for the condition by the CIDI.
Of these 241 participants, 64 (26.6%) participants (11/64, 17%
participants were male) met the criteria for current MDD (ie,
symptoms present in the past month according to the CIDI).
This formed the MDD group. The subthreshold depression
group included 15.2% (140/924) participants (male: 35/140,
25%) who self-reported no diagnosis of MDD and whose
symptoms of depression were confirmed to not meet the criteria
for MDD according to the CIDI. None of the selected
participants had ever experienced a manic or hypomanic episode.

Data Analytic Strategy
Participant Characteristics
Participant characteristics and comorbidities were collected via
digital assessments and are shown in Table 1. Group differences
in continuous variables were explored using Mann–Whitney U
tests as the data were nonnormally distributed, with effect sizes
reported as r (small ≥0.1; medium ≥0.3; and large ≥0.5) [58].
Group differences in categorical variables were evaluated using
chi-square tests or Fisher exact test for low-frequency data (ie,
values <5). Effect sizes are reported as Cramer V (φc; small
≥0.1; medium ≥0.3; and large ≥0.5) [58].
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Table 1. Participant characteristics and comorbidities: major depressive disorder versus subthreshold depression group comparisons.
Characteristics

Subthreshold depression MDDa (n=64)
(n=140)

Ub

P value

rc

Chi-square (df)

φcd

Age (years), mean (SD)

25.84 (6.66)

25.94 (5.7)

4209

.49

0.05

N/Ae

N/A

BMI, mean (SD)

24.62 (4.73)

28.29 (6.8)

2901

<.001

0.28

N/A

N/A

Male

49 (35)

11 (17.2)

N/A

N/A

N/A

N/A

N/A

Female

91 (65)

53 (82.8)

N/A

.01

N/A

6.7 (1)

0.18

Yes

87 (62.1)

37 (42.2)

N/A

N/A

N/A

N/A

N/A

No

53 (37.1)

27 (57.8)

N/A

.56

N/A

0.4 (1)

0.04

Employed

81 (57.9)

35 (54)

N/A

N/A

N/A

N/A

N/A

Unemployed

5 (3.6)

8 (12.5)

N/A

N/A

N/A

N/A

N/A

Student

54 (38.6)

21 (32.8)

N/A

.05

N/A

6.0 (2)

0.17

Secure and stable relationship

84 (59.6)

133 (55.4)

N/A

N/A

N/A

N/A

N/A

Insecure and unstable relationship

9 (6.4)

14 (5.8)

N/A

N/A

N/A

N/A

N/A

Single

48 (34)

93 (38.8)

N/A

.54

N/A

1.3 (2)

0.08

Yes

9 (6.4)

9 (14.1)

N/A

N/A

N/A

N/A

N/A

No

131 (93.6)

55 (85.9)

N/A

.07

N/A

3.2 (1)

0.13

GADg

12 (8.6)

47 (73.4)

N/A

<.001

N/A

89.9

0.66

Personality disorder

0

3 (4.7)

N/A

N/A

N/A

N/A

N/A

3 (2.1)

3 (4.7)

N/A

.28

N/A

0.4 (2)

0.07

Panic disorder

0

7 (10.9)

N/A

N/A

N/A

N/A

N/A

Social anxiety

1 (0.7)

9 (14.1)

N/A

<.001

N/A

16.8 (2)

0.29

Eating disorder

2 (1.4)

5 (7.8)

N/A

.03

N/A

5.4 (2)

0.16

Thyroid disease

4 (2.9)

2 (3.1)

N/A

.99

N/A

0.0 (3)

0.01

Cardiovascular disease

1 (0.7)

0

N/A

N/A

N/A

N/A

N/A

Irritable bowel syndrome

6 (4.3)

2 (3.1)

N/A

.99

N/A

0.2 (3)

0.03

Chronic pain

30 (21.4)

14 (21.9)

N/A

.94

N/A

0.0 (3)

0.01

Migraines

53 (37.9)

31 (48.4)

N/A

.15

N/A

2.0 (3)

0.10

SSRIi antidepressants

12 (8.6)

32 (50)

N/A

<.001

N/A

44.6 (3)

0.47

SNRIj antidepressants

0

5 (7.8)

N/A

N/A

N/A

N/A

N/A

Tricyclic antidepressants

0

3 (4.7)

N/A

N/A

N/A

N/A

N/A

Other antidepressants

1 (0.7)

8 (12.5)

N/A

<.001

N/A

14.5 (3)

0.27

Anxiety medication

4 (2.9)

10 (15.6)

N/A

.002

N/A

11.2 (3)

0.23

Antipsychotics

0

3 (4.7)

N/A

N/A

N/A

N/A

N/A

Mood stabilizers

0

2 (3.1)

N/A

N/A

N/A

N/A

N/A

Sex, n (%)

Higher educationf, n (%)

Employment, n (%)

Support network: relationships, n (%)

Support network: living alone, n (%)

Psychiatric history, n (%)

OCD

h

Medical history, n (%)

Current psychiatric treatment, n (%)
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Characteristics
Psychotherapy
a

Martin-Key et al
Subthreshold depression MDDa (n=64)
(n=140)

Ub

P value

rc

Chi-square (df)

φcd

4 (2.9)

N/A

<.001

N/A

24.4 (3)

0.35

16 (25)

MDD: major depressive disorder.

b

Mann–Whitney U test.

c

Effect size (r).

d

Effect size (Cramer V).

e

N/A: not applicable.

f

Undergraduate degree or equivalent and above was coded as yes, whereas A level or equivalent and below was coded as no.

g

GAD: generalized anxiety disorder.

h

OCD: obsessive-compulsive disorder.

i

SNRI: serotonin–norepinephrine reuptake inhibitor.

j

SSRI: selective serotonin reuptake inhibitor.

Model Construction and Performance
Random forest classification models were constructed in Python
3.7.4 (Python Software Foundation) using the scikit-learn library
0.21.3 to distinguish between MDD and subthreshold depression
using (1) disorder-specific symptoms (ie, symptoms of
depression), and (2) transdiagnostic symptoms (ie, cross-disorder
symptoms). We constructed two models: a depression model,
including 36 symptoms of depression and an extended model,
comprising 134 symptoms (36 symptoms of depression, 12
symptoms of GAD, 19 symptoms of BD or mania, 15 symptoms
of hypomania, 6 symptoms of social anxiety, 11 symptoms of
emotional instability, 14 symptoms of panic disorder, nine
symptoms of obsessive-compulsive disorder, two symptoms of
eating disorders, and 10 symptoms of insomnia). These
symptoms were manually selected based on the maximum
number of available symptoms from the digital assessment.
Scores per symptom ranged from 0-1, with higher scores
indicating increased severity. Mean symptom severity per group
can be found in Table S1, Multimedia Appendix 1.
Although some symptoms overlapped across disorders (eg,
tiredness, low energy, and irritability), we did not feel that it
would be appropriate to combine these as the questions were
framed in the context of each condition. Furthermore, although
all participants were asked about symptoms of depression, BD
or mania, and hypomania, the questions for the remaining
conditions were adaptive in nature, such that only relevant
questions were asked based on responses to previous questions.
This resulted in some participants having missing data. These
data were imputed as zeros. Furthermore, owing to the adaptive
nature of the digital mental health assessment, participants
answered questions on current (eg, present in the past 2 weeks)
or past symptoms of all disorders.
For each of the models, nested cross-validation (NCV) was
performed to obtain the highest algorithmic accuracy while
ensuring the generalizability of the models. At each iteration
of NCV, the data were randomly split into three folds; two-thirds
of the data were used in the inner loop for model training and
validation, and one-third was used for testing the model in the
outer loop. The inner loop was (further) randomly split into
three folds, whereby the hyperparameters (ie, number of
estimators and maximum depth) were tuned, and the best
cross-validated model was selected. To do this, two of the three
https://formative.jmir.org/2021/10/e27908
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folds were used to tune the model parameters and train the
model, which was then validated on the third fold. This
procedure was repeated with the remaining combinations of
training and validation folds. The final model (ie, the optimized
classifier) was obtained by fitting a model with the tuned
parameters to all three data folds from the inner loop and then
evaluating the hold-out test data in the outer loop. This
procedure was repeated 100 times with different splits of the
data (into train and test sets), resulting in a total of 300 unique
models for each feature set (ie, depression model vs extended
model).
Model performance was evaluated by measuring the area under
the receiver operating characteristic curve (AUC) for the 300
models and averaging across all models for each feature set.
The AUC shows the degree of separability between two
conditions (ie, MDD vs subthreshold depression) and represents
the probability that a randomly selected subject with the
condition is rated or ranked as more likely to have the condition
than a randomly selected individual without the condition (AUC:
≥0.9=excellent; ≥0.8=good; ≥0.7=fair; ≥0.6=poor; ≥0.5=fail)
[59]. Mann–Whitney U tests were used to determine significant
differences in AUCs across the 300 models between the
depression and transdiagnostic models.
The mean sensitivity, specificity, and accuracy scores per model
were also evaluated. Here, sensitivity refers to the model’s
ability to classify MDD cases correctly (ie, true positives),
whereas specificity refers to the model’s ability to classify
subthreshold depression cases correctly (ie, true negatives).
Accuracy corresponds to the model’s ability to classify all true
cases (ie, both true positives and true negatives).

Feature Importance and Occurrence
Relative feature importances (ie, Gini impurity [60]) were
calculated for the 300 models and averaged across all models
for each feature set, with features with higher values showing
better discrimination between MDD and subthreshold
depression. Feature occurrence was calculated by summing the
number of times each feature contributed to each of the 300
models and computing a percentage score per feature for each
feature set, with higher values representing higher feature
occurrence.
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Finally, to establish the diagnostic performance of the PHQ-9
on the basis of its intended use, we calculated the sensitivity,
specificity, and accuracy in the current sample using the standard
cut-off score of ≥10 [41]. This mimics what would ordinarily
happen in the clinic (ie, those scoring ≥10 would be classified
as MDD).

to be unemployed than the subthreshold depression group, which
was more likely to be employed or in full-time education. The
groups had different psychiatric histories, with the MDD group
having a significantly higher proportion of individuals with
comorbid GAD, social anxiety disorder, and eating disorders.
Finally, relative to the subthreshold depression group,
individuals with MDD were more likely to be currently taking
psychiatric medication and receiving psychotherapy.

Results

Depression Model

Participant Characteristics

This model comprised 36 features, with analyses demonstrating
good discriminatory performance on both the training
(AUC=0.89±0.03) and test sets (AUC=0.89±0.04; Figure 1).
Approximately 81% (52/64) of the MDD cases and 81.4%
(114/140) of the subthreshold depression cases were correctly
classified by the model, corresponding to the mean sensitivity
and specificity scores, respectively. The mean accuracy of the
model was 81.6%, corresponding to the proportion of individuals
correctly classified by the model.

Diagnostic Performance of the PHQ-9

Table 1 presents information on the characteristics of each
group, with statistical comparisons. The groups did not differ
significantly in age, level of education, support network (ie,
relationships and living conditions), or medical history.
However, the MDD group had a significantly higher proportion
of women and a higher mean BMI than the subthreshold
depression group. The MDD group was significantly more likely

Figure 1. Area under the receiver operating characteristic curves showing mean predictive performance of the depression model. The models were
applied to predict the probability of major depressive disorder in the: (1) training and (2) test sets. AUC: area under the receiver operating characteristic
curve; CV AUC: cross-validated area under the receiver operating characteristic curve; MDD: major depressive disorder; ROC: receiver operating
characteristic.
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The top 20 features contributing to the depression model
(averaged across all 300 models) were leaden paralysis,
tiredness, low energy, harder to concentrate, functional
impairment (work), restlessness, functional impairment (leisure),
excessive or inappropriate guilt, short-tempered, easily annoyed,
easily fatigued, functional impairment (home), decreased
enjoyment, irritability, blaming oneself, significant weight

Martin-Key et al
change, functional impairment (relationships), decreased
interest, large appetite, and unable to relax. Figure 2 shows the
mean relative feature importances. These features appeared
across at least 81.3% (244/300) of the models. Multimedia
Appendices 2 and 3 show the relative feature importances and
percentage occurrences of all 36 features.

Figure 2. Top 20 mean relative importance for the depression-specific model. Features have been ordered from most to least important.

Extended Model
Next, we added 98 features to the model, resulting in an
extended model comprising 134 features. Analyses demonstrated
excellent discriminatory performance on both the training
(AUC=0.94±0.03) and test sets (AUC=0.94±0.04; Multimedia
Appendix 4). Mann–Whitney U tests confirmed a significant
improvement in model performance (ie, AUC) relative to the
depression-specific model (training set: U=12922.50, P<.001;
test set: U=33525.50, P<.001). Here, 83% (53/64) of MDD
cases (ie, sensitivity) and 90% (126/140) of subthreshold
depression cases (ie, specificity) were correctly classified by
the model, whereas the ability of the model to correctly classify
both MDD and subthreshold depression cases was 87.7% (ie,
accuracy). Feature importances can be found in Multimedia
Appendix 5, with percentage occurrences found in Multimedia
Appendix 6.
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On the basis of these findings, we then reran the analyses using
a truncated version of the extended model, which only included
features that appeared across at least 90.3% (271/300) of the
models (Multimedia Appendix 6). The truncated model
comprised 12 symptoms of depression, 11 symptoms of GAD,
six symptoms of insomnia, three symptoms indicative of
emotional instability, and one panic disorder symptom, resulting
in a total of 33 features.
The analyses revealed a significant improvement in the model’s
discriminatory performance on both the training
(AUC=0.95±0.02) and test sets (AUC=0.95±0.03; Figure 3)
relative to the full extended model (training set: U=12856,
P<.001; test set: U=322798.50, P<.001). The mean sensitivity,
specificity, and accuracy scores were 86.5%, 90.8%, and 89.5%,
respectively. The mean relative feature importance for the 33
features can be found in Figure 4, with percentage occurrences
found in Multimedia Appendix 7.
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Figure 3. Area under the receiver operating characteristic curves showing mean model performance of the truncated version of the extended model.
The models were applied to predict the probability of major depressive disorder in the: (1) training and (2) test sets. AUC: area under the receiver
operating characteristic curve; CV AUC: cross-validated area under the receiver operating characteristic curve; MDD: major depressive disorder; ROC:
receiver operating characteristic.
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Figure 4. Mean relative importance for the 33 features in the truncated version of the extended model. Features have been ordered from most to least
important and colored according to the disorder or symptom cluster they correspond to.

Diagnostic Performance of the PHQ-9
The sensitivity of the PHQ-9 for detecting MDD was 92.2%,
whereas the specificity was 54.3%, and the overall diagnostic
accuracy was 66.2%.

Discussion
Principal Findings
This study provides evidence for an extended definition of MDD
symptomatology and supports the use of a digital assessment
as an aid to clinical decision-making in the identification of
MDD. Relative to a disorder-specific model of MDD
psychopathology, an extended model of symptomatology was
better at distinguishing between individuals with MDD and
those with subthreshold levels of the disorder. In particular, a
truncated version of the model, comprising symptoms of
depression, GAD, insomnia, emotional instability, and panic
disorder, demonstrated excellent predictive performance
(AUC=0.95; sensitivity=86.5%; specificity=90.8%; and
accuracy=89.5%).
https://formative.jmir.org/2021/10/e27908
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Critically, although the PHQ-9 was particularly good at detecting
MDD in the current sample, it tended to overdiagnose MDD in
subthreshold depression and, in turn, was associated with poor
overall diagnostic performance. Overdiagnosis of MDD presents
a significant problem and has the potential for antidepressant
overprescription and adverse drug effects in individuals who
may benefit from alternative treatment options [43], such as
psychotherapy or psychoeducation. Furthermore, relying on a
simple cut-off score does not allow for personalized treatment
plans and strategies, potentially resulting in incomplete
remission rates.
Overall, the findings from our models are in line with the notion
that current diagnostic practices may present a narrow
conception of mental health that does not allow for the wide
range of clinical signs and symptoms that are endorsed by
individuals with MDD. Across our models, the most predictive
symptom of MDD was leaden paralysis, which refers to an
extreme form of fatigue or heavy, leaden feelings in the arms
and legs. This finding is in line with a recent study by Han et
al [61], whose findings revealed that leaden paralysis was a
JMIR Form Res 2021 | vol. 5 | iss. 10 | e27908 | p.383
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
robust and important predictor of first-onset MDD. Critically,
although leaden paralysis is included in the DSM-5 specifier
for atypical depression, it is not deemed a core feature of the
disorder [20]. In fact, even fatigue or loss of energy and tiredness
are not considered essential symptoms according to the DSM-5
[20]. Importantly, exhaustion, extreme tiredness, and loss of
energy are typically seen in primary care settings and are often
the predominant presenting complaint [62]. In fact, in a large
European study comprising approximately 2000 depressed
primary care patients across 6 countries, almost two-thirds of
patients reported feeling tired [63]. These findings suggest that
leaden paralysis and its lesser extreme variants (ie, tiredness
and low energy) may be particularly important for the
recognition of MDD in the primary care setting.
As expected, symptoms of GAD were among the most predictive
features of MDD, with overlapping symptoms between GAD
and depression (eg, tiredness, low energy, and irritability) being
particularly indicative of the disorder. For instance, regarding
the latter, irritability has been seen to occur in one-third to
one-half of patients with MDD [64-66] and is associated with
greater severity and chronicity, a history of suicide attempts,
and reduced quality of life [64]. Other GAD-specific symptoms
that were highly predictive of MDD included unwanted
thoughts, excessive worrying, and emotional distress.
Importantly, it could be argued that our model simply reflects
the significantly higher rates of comorbidity in the MDD group
relative to the subthreshold depression group, particularly with
regard to GAD. Similarly, our model may capture higher levels
of severity or a higher p factor in the MDD group [67] rather
than important components of the condition.
Although our findings should be interpreted with caution, our
view is that this should not detract from the importance of
assessing for transdiagnostic symptoms of MDD, especially as
these are likely to share common underlying pathophysiology
and genetics [36,68]. Indeed, the evaluation of anxiety symptoms
in the context of MDD is critical, particularly given the
chronicity of the conditions, with research indicating that anxiety
disorders may be a precursor to MDD [69]. Notably, combining
clinical information with biological biomarkers, such as serum
analytes, can be used to predict the development of future
depressive episodes in individuals presenting with social anxiety
[70] and panic disorder [71]. Identifying those who may be at
a heightened risk for comorbid anxiety and depression is of
clinical importance, particularly given that these individuals are
likely to exhibit more pervasive and recurrent forms of illness,
reduced remission rates, and increased suicidality [72-74].
Indeed, suicidality has particularly been associated with the
co-occurrence of depression and panic disorder [75,76], with
our findings indicating that the frequency of panic attacks was
an important predictor of MDD. Importantly, comorbid panic
disorder and MDD have been related to increased depression
severity, an earlier age of onset, increased functional
impairment, and a poorer clinical prognosis [77], suggesting
that assessing for panic disorder may be important when
diagnosing and treating MDD. Similarly, our findings indicate
that a more in-depth evaluation of the symptoms associated
with sleep problems or insomnia, including emotional distress
caused by disordered sleep, warrants inclusion when diagnosing
https://formative.jmir.org/2021/10/e27908
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MDD. This is particularly important as sleep problems have
been shown to reduce the efficacy of depression treatment [78].
Finally, symptoms of emotional instability or personality
disorder, including feeling empty, low self-esteem, and
self-harm, were also seen to be important when distinguishing
between MDD and subthreshold depression. Feeling empty or
chronic emptiness has been closely related to depression and
suicidal ideation [79]. Interestingly, a recent qualitative study
in adolescents with depression revealed that a partial or complete
blunting of any emotion (negative or positive), with feelings of
flatness, emptiness, and lack of emotions, was an important
component of anhedonia [80]. It is interesting that self-esteem
but not self-worth (a diagnostic criterion for MDD) was a
predictor of the disorder. This finding suggests that wording
may also have an important impact on individuals’ subjective
evaluations of their symptoms, with the concept of self-esteem
perhaps being easier to grasp than that of self-worth. Finally,
although diagnostic descriptions of MDD symptomatology
include suicidality as a criterion for the disorder, expanding this
to include self-harm may facilitate its identification.
Taken together, our findings indicate that the current diagnostic
criteria for MDD may fail to evaluate relevant clinical
information that is important for the diagnosis and treatment of
individuals with the disorder. Although time is a luxury in the
primary care setting, our study supports the use of digital
technologies as a means for obtaining a more comprehensive
depiction of MDD symptomatology in a time-efficient manner.
Notably, related research using the same digital mental health
assessment has highlighted the utility of the tool in
distinguishing individuals with MDD from those with BD [81].
Indeed, digital technologies have the potential to aid in the
recognition of a wide range of psychiatric conditions, allowing
for more time to be spent managing and treating symptoms. In
turn, digital technologies can reduce the number of in-person
appointments, alleviate health care professionals’ workload,
and reduce the risk of burnout. The use of digital technologies
also has the potential to reduce some of the barriers associated
with disclosing mental health difficulties, such as discomfort
as well as issues related to stigma and discrimination.
Furthermore, research has demonstrated that patients are more
likely to report severe symptoms on technology platforms than
to a health care professional [82] and value the independence
and empowerment that can be obtained from the use of a digital
platform [83].

Strengths and Limitations
To our knowledge, this is the first study to provide evidence
for an extended definition of MDD symptomatology using a
digital assessment. Furthermore, the digital assessment was
designed following an extensive analysis of existing validated
questionnaires for psychiatric disorders and diagnostic manuals,
as well as input from psychiatrists and a service user group. In
addition, as opposed to the use of healthy controls as a reference
population against which patients are compared, our
subthreshold depression group represented a clinically relevant
reference group. Finally, the use of ML methods meant that
patterns in data could be more readily and accurately identified,
whereas our NCV approach allowed us to obtain high
JMIR Form Res 2021 | vol. 5 | iss. 10 | e27908 | p.384
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Martin-Key et al

algorithmic accuracy while ensuring the generalizability of the
models.

for inclusion in our analyses, which may have allowed for a
more comprehensive depiction of MDD symptomatology.

This study also had several limitations. First, as with any
supervised ML approach to psychopathology, our analyses were
limited by the truthfulness of the diagnostic labels (MDD vs
subthreshold depression). Second, given the adaptive (nonlinear)
nature of the question flow, missing data were imputed with
zeros, which may have resulted in an overly artificial data set.
This should be borne in mind when interpreting these findings.
In addition, the MDD sample was small in size and primarily
comprised women, reflecting the higher prevalence of MDD in
women than in men [84] and the difficulties in recruiting males
with MDD. Furthermore, given that suicidality was an exclusion
criterion in this study, measures of suicidal thoughts, ideations,
plans, or impulses do not appear in our list of important features
of MDD. This is a key limitation of the study, as suicidality
denotes an important component of the condition. Similarly,
symptoms from other disorders that frequently co-occur with
MDD, such as posttraumatic stress disorder, were not available

Conclusions
In an attempt to answer the question “when does depression
become a mental disorder?”, our study demonstrated that a
data-driven view of MDD may improve our understanding of
the condition. A more comprehensive conceptualization of the
psychopathology of MDD, including symptoms of depression,
GAD, insomnia, panic disorder, and emotional instability, may
not only facilitate patient stratification but also allow for
personalized treatment plans and strategies. Although further
studies with larger sample sizes are required to replicate our
findings, our study shines a positive light on the use of digital
technologies as an innovative way to help develop and facilitate
mental health care provision. In particular, digital technologies
have the capacity to collect a vast range of key clinical
information that may be important for the diagnosis and
treatment of individuals with MDD.
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Mean symptom severity per group was separated by disorder or symptom clusters.
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Multimedia Appendix 3
Depression model: percentage feature occurrences.
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Multimedia Appendix 4
Receiver operating characteristic curves showing the mean predictive performance of the extended model. The models were
applied to predict the probability of major depressive disorder in the training and test sets.
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Multimedia Appendix 5
Extended model: mean relative feature importance colored by disorder or symptom clusters.
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Multimedia Appendix 6
Extended model: percentage feature occurrences colored by disorder or symptom clusters.
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Multimedia Appendix 7
Truncated model: percentage of feature occurrences colored by disorder or symptom clusters.
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Abstract
Background: Individuals living with sickle cell disease (SCD) may benefit from a variety of disease-modifying therapies,
including hydroxyurea, voxelotor, crizanlizumab, L-glutamine, and chronic blood transfusions. However, allogeneic hematopoietic
stem cell transplantation (HCT) remains the only nonexperimental treatment with curative intent. As HCT outcomes can be
influenced by the complex interaction of several risk factors, HCT can be a difficult decision for health care providers to make
for their patients with SCD.
Objective: The aim of this study is to determine the acceptability and usability of a prototype decision support tool for health
care providers in decision-making about HCT for SCD, together with patients and their families.
Methods: On the basis of published transplant registry data, we developed the Sickle Options Decision Support Tool for Children,
which provides health care providers with personalized transplant survival and risk estimates for their patients to help them make
informed decisions regarding their patients’ management of SCD. To evaluate the tool for its acceptability and usability, we
conducted beta tests of the tool and surveys with physicians using the Ottawa Decision Support Framework and mobile health
app usability questionnaire, respectively.
Results: According to the mobile health app usability questionnaire survey findings, the overall usability of the tool was high
(mean 6.15, SD 0.79; range 4.2-7). According to the Ottawa Decision Support Framework survey findings, acceptability of the
presentation of information on the decision support tool was also high (mean 2.94, SD 0.63; range 2-4), but the acceptability
regarding the amount of information was mixed (mean 2.59, SD 0.5; range 2-3). Most participants expressed that they would use
the tool in their own patient consults (13/15, 87%) and suggested that the tool would ease the decision-making process regarding
HCT (8/9, 89%). The 4 major emergent themes from the qualitative analysis of participant beta tests include user interface, data
content, usefulness during a patient consult, and potential for a patient-focused decision aid. Most participants supported the idea
of a patient-focused decision aid but recommended that it should include more background on HCT and a simplification of medical
terminology.
Conclusions: We report the development, acceptability, and usability of a prototype decision support tool app to provide
individualized risk and survival estimates to patients interested in HCT in a patient consultation setting. We propose to finalize
the tool by validating predictive analytics using a large data set of patients with SCD who have undergone HCT. Such a tool may
be useful in promoting physician-patient collaboration in making shared decisions regarding HCT for SCD. Further incorporation
of patient-specific measures, including the HCT comorbidity index and the quality of life after transplant, may improve the
applicability of the decision support tool in a health care setting.
(JMIR Form Res 2021;5(10):e30093) doi:10.2196/30093
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Introduction
Background
Sickle cell disease (SCD) is a chronic blood disorder affecting
approximately 100,000 adults and children in the United States
[1]. It is characterized by the inheritance of a point mutation in
the β-globin gene, leading to the sickle shape of red blood cells.
Complications of SCD include painful vaso-occlusive episodes,
acute chest syndrome, stroke, splenic sequestration, progressive
organ dysfunction, and premature mortality [2-5].
Disease-modifying therapies, such as hydroxyurea, L-glutamine
[6], voxelotor [7], and crizanlizumab [8], offer the possibility
of long-term amelioration of the disorder. Despite undergoing
these therapies, patients with SCD have a diminished quality
of life (QoL) and life expectancy, which may be 20 years less
than that of the general African-American population in which
SCD is most prevalent [4].
Autologous gene therapy (GT) is an emerging treatment based
on genetic modification of the patient’s own hematopoietic stem
cells to minimize the polymerization of abnormal hemoglobin.
Early phase clinical trials of GT suggest that it has the potential
to result in long-term amelioration of the disease [9,10].
However, for now, allogeneic hematopoietic stem cell
transplantation (HCT) remains the only nonexperimental
treatment with curative intent. Although HCT offers the promise
of long-term disease amelioration without maintenance
medications, it is associated with substantial risks of morbidity
and mortality in the short term as well as the risk of new chronic
and disabling complications. The safety and efficacy of HCT
have improved with advances in supportive care [11]. Clinical
trials and registry-based data collected by the Center for
International Blood and Marrow Transplant Research, Eurocord,
and the European Society for Blood and Marrow Transplantation
registries have provided estimates on the survival and risk of
HCT-related morbidities for patients with SCD, such as graft
failure and graft-versus-host disease (GVHD) which occurs
when donor stem cells perceive the recipient’s body as foreign
[11-15]. These studies suggest an overall survival (OS) rate for
the sampled population of >90%, with the best patient outcomes
observed in younger patients with an HLA antigen–identical
related donor [11,14,15]. Thus, certain patients with severe
manifestations of SCD may benefit from undergoing HCT.
The unavailability of HLA antigen–identical sibling donors and
the disparity between physicians' and patients’ or parents’
assessment of the patient’s disease severity may be a barrier to
HCT [16-18]. There is an increasing application of HCT for
SCD with the advent of HCT from HLA antigen–matched
unrelated donors, HLA antigen–haploidentical family donors,
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and emerging GT [15-19]. The availability of novel treatments,
as well as the increased willingness of physicians and patients
to consider HCT, may contribute to the increasing uptake of
this treatment [20-22]. Previous studies have investigated the
decision-making process and preferences of patients and families
considering HCT [18,23-27].

Objectives
Although the reported HCT survival outcomes for patients with
SCD are generally favorable, it may be difficult for health care
providers to personalize risk factors for an individual patient or
have expert knowledge of the field. In addition, although age
and type of donor are the most important predictive factors of
HCT outcomes, there is no available tool to individualize the
risk factors for age, type of donor, type of conditioning, or other
factors to provide estimates for an individual patient [11-15].
A decision support tool that incorporates published registry
patient data could be used by health care providers to determine
personalized risk and survival estimates post-HCT, including
overall and event-free survival (EFS) and risk of GVHD, and
present them to the patient and their family. The tool may help
patients weigh the risks and pros and cons in the context of their
own values and preferences. We are not aware of any study or
decision support tool that presents personalized transplant
outcomes of overall and EFS and risk of GVHD to health care
providers. The objectives of this study are to: (1) create a
prototype decision support tool that presents personalized risk
and survival estimates related to HCT, and (2) determine the
acceptability and utility of such a tool for health care providers
in helping their patients with SCD make informed decisions
regarding HCT.

Methods
Selection of Registry Data for Predictive Models
In preparation of creating prediction models for HCT outcomes,
we analyzed registry-based studies that depicted transplant
registry data reported to the Center for International Blood and
Marrow Transplant Research, Eurocord, and European Society
for Blood and Marrow Transplantation databases [11,14,15].
Studies were selected based on several criteria, including a large
patient sample (>100 per donor type) and diversity of patients
with respect to age, sex, type of donor, stem cell source, and
type of conditioning regimen used for transplant. Three studies
were selected to represent the 4 donor types associated with
HCT: HLA antigen–matched sibling, HLA antigen–matched
unrelated, haploidentical, and HLA antigen–mismatched
unrelated. Patient profiles for each donor type are shown in
Table 1.
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Table 1. Selected patient samples from registry data.
Study and stem cell source

Patients (adults and children), n (%)

Cappelli et al [14]
HLA antigen–matched sibling
Age (years)
0-5

175 (23.8)

6-15

436 (59.2)

>15

125 (17)

Gluckman et al [11]
HLA antigen–matched sibling

1000a (100)

Eapen et al [15]

a

HLA antigen–matched unrelated

111 (12.2)

Haploidentical

137 (15.1)

HLA antigen–mismatched unrelated

104 (11.4)

Adults: 154; children: 846.

All 5 cohorts excluded patients who received uncommon
conditioning regimens and inadequate follow-ups after
transplant. All 5 cohorts used multivariable survival analysis
to estimate hazard ratios for the events of interest. As we did
not have access to the raw registry data, the published hazard
ratios were extrapolated to estimate survival probabilities for
combinations of patient factors.

Transplant Characteristic Variables
The registry-based studies containing data for the 5 cohorts
were examined for OS, EFS, graft failure, and GVHD (acute
and chronic). EFS was defined as the percentage of patients
who both survived the transplant and did not experience graft
failure during the follow-up period. For the purpose of the
decision support tool, we only examined demographic
information, including sex and age at HCT. Age was regarded
as a continuous variable on transplant outcomes, and all possible
ages in the analyzed cohorts were included. Transplant
characteristics were also examined, including the donor type,
stem cell source (bone marrow, peripheral blood, and cord
blood), and conditioning regimen (myeloablative, reduced
intensity, and nonmyeloablative). Race, ethnicity, and
pretransplantation comorbidities such as vaso-occlusion and
other chronic organ complications were not regarded for cohort
patients.

Analysis of Registry Data
We conducted an initial analysis of the selected registry data
by creating custom data sets in Microsoft Excel. These data sets
included the number of patients for each donor type sorted by
stem cell source, conditioning regimen, and sex. By assuming
a uniform distribution of the data, we were able to divide these
data sets into 2 or 3 subsets based on the median age of patients
in each cohort.
Next, multivariate survival analysis was performed by
examining the hazard ratios for each risk factor of HCT. Hazard
ratios were interpreted as relative risks between subpopulations
and held constant over the follow-up time after HCT (25-48
https://formative.jmir.org/2021/10/e30093
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months depending on the stem cell source). We calculated the
relative risk of transplant options by conducting a proportional
analysis. This involved taking the age-based subset directly
from the registry data, and for each transplant factor, we
multiplied the percentage of patients who shared a variant by
the corresponding hazard ratio. This allowed us to determine
the relative risks for 2 or more variants for a transplant factor.
This process was repeated until we had determined the relative
risks for all combinations of transplant factors for each HCT
outcome: overall and EFS, GVHD, and graft failure. We
repeated this process for all age-based subsets of each of the 4
stem cell sources.
The hazard ratios used were pulled directly from registry-based
studies that contained the respective cohorts. This is with the
exception of the HLA antigen–matched sibling data, which
combined the cohort data of Cappelli [14] with the hazard ratios
of Gluckman [11] as the cohort contained more age-based
subsets.

Creation of Transplant Prediction Models
We compiled all the proportional analyses that were conducted
on the selected registry data and sorted them by transplant
characteristics (sex, donor type, stem cell source, and
conditioning regimen). This was done for all 5 HCT outcomes,
including OS, EFS, graft failure, acute GVHD, and chronic
GVHD. For each patient combination of transplant
characteristics, we included proportional analyses for 2 or 3
age-dependent subgroups from our initial analysis. This allowed
us to perform statistical regression on our data. From the several
types of statistical regressions we analyzed, an exponential
regression provided the highest coefficient of determination;
therefore, this type of regression was performed for all possible
patient combinations of transplant characteristics. We then tested
each exponential regression equation with patient ages based
on the original cohort with regard to donor type. Although the
transplant outcomes of children matched the registry data,
transplant outcomes for older adults, in many cases, were poorer
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than expected; hence, we limited the older ages from being
selected on the decision support tool.

Development of the Decision Support Tool
The Sickle Options Decision Support Tool for Children is a
mobile-focused app that calculates survival and risk estimates
for pediatric patients undergoing HCT. The tool was created to
help health care providers make more informed decisions
regarding their patients’ management of SCD. The decision
support tool is coded in HTML and JavaScript using the Monaca
Onsen UI 2 framework to allow for a more native mobile user
experience. Open-source JavaScript libraries such as Chart.js,
which is licensed under the MIT license were incorporated to

Veludhandi et al
provide rich graphics for to visual aids. The app was hosted on
the Heroku cloud app platform. The support tool provides a
brief questionnaire that asks the user 5 basic questions regarding
the characteristics of their patients. From this information, the
decision support tool is able to display the survival and risk
predictions of the selected patient in the form of pie charts and
percentages. Help dialogs and tooltips are present to provide
context to major keywords and percentages (refer to Figure 1
for screenshots of the Sickle Options Decision Support Tool
for Children). Figure 1 depicts individual app screens of entering
information for a patient’s transplant to viewing a personalized
transplant summary using the prediction model, which contains
estimates for OS, EFS, and risk of GVHD.

Figure 1. Screenshots of Sickle Options, a decision support tool for children (mobile web app).
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Study Design
Following the development of the Sickle Options Decision
Support Tool for Children, we conducted alpha testing with a
number of staff members familiar with SCD and HCT and made
iterative changes in the tool. Once the design of the tool was
finalized, we started enrolling participants in qualitative
interviews for beta testing and surveys of acceptability and
usability. Participants were asked to take part in a 20-minute
phone call, starting with a brief overview of the study
procedures. After providing verbal consent, participants were
then provided with a link to the decision support tool to beta
test on their own smartphones. They were asked to express their
thoughts and feelings out loud as they proceeded with the tool.
Participants were asked to select a transplant for a hypothetical
patient before being provided with a personalized survival
summary for the patient within the app. Specific questions were
posed to the participants based on the particular app screen they
were on at the time. The same questions were asked of each
participant to maintain consistency. Following their initial
run-through of the tool, the participants were asked additional
questions pertaining to the tool and for any additional feedback
before concluding the interview. After the beta test, participants
were asked to complete 2 short surveys, sent via email, on
acceptability and usability on REDCap (Research Electronic
Data Capture). The interviews were recorded and then
transcribed verbatim. Interview transcripts were analyzed using
content analysis in Microsoft Excel [28]. The analysis included
(1) generating codes based on participant responses to existing
interview questions, (2) assessing the insight or other feedback
raised by participants in the context of improving the decision
support tool, and (3) comparing codes to create common themes
exhibited from the data. Participant responses were divided into
4 categories related to user interface, data content, usefulness
during patient consultation, and potential for a patient-focused
decision aid. A second coder (CBS) reviewed the participant
responses and the associated categories to ensure intercoder
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reliability. Emory University institutional review board provided
ethical review and approval for the study (Reference ID:
STUDY00000842).

Recruitment
Heal-Sickle ECHO (Extension for Community Health Care
Outcomes) is a telementoring program that uses Project ECHO.
Physicians and other health care providers signed up to
participate in a 24-week series of fortnightly meetings with
didactic presentations and case presentations related to HCT
for SCD. Most participants were hematologists, HCT physician
faculty, or fellowship trainees. We sent a recruitment email to
approximately 65 participants in the Heal-Sickle ECHO series,
inviting them to participate in a telephone interview and
evaluation of Sickle Options Decision Support Tool for Children
for acceptability and usability. Potential users from Heal-Sickle
were included if they were (1) physicians who had experience
and expertise in providing care to patients with SCD, (2) able
to beta test the decision support tool on their phone, (3) willing
to complete 2 surveys on acceptability and usability, and (4)
willing to participate in a follow-up interview. Although the
tool currently provides estimates of HCT outcomes for pediatric
patients only, we intend to include estimates for adult patients
once more data become available. For this reason, we recruited
both pediatric and adult care providers for this study. In total,
18 physicians consented to participate in the study, indicating
a response rate of 28%. The participants were compensated with
a US $25 gift card for their involvement in the study.

Qualitative Interview
Study participants were asked for their feedback on the tool
through a semistructured qualitative interview. The selection
of questions posed to the participants is described in Textbox
1. In addition to these questions, participants were asked to give
their thoughts on each screen of the decision support tool and
suggest any improvements or modifications to the tool.
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Textbox 1. Selections from the qualitative interviews.
Questions
1.

2.

How do you feel about the general user interface?
•

How easy is it to navigate through the app?

•

How useful are the help dialogs and tooltips?

What did you think about how the data was visualized?
•

What format would you prefer?

•

What other information would you like to see visualized?

3.

Is there anything you specifically liked about the tool?

4.

Is there anything you would like to change about the tool?

5.

Do you see a decision support tool like this fitting into your consultations with patients?

6.

•

(If the participant indicated that the tool was suitable) How will it assist you in decision-making about bone marrow transplant (BMT)?

•

(If the participant indicated that the tool was unsuitable) How do you think the tool should be changed to your satisfaction?

•

Would this information help to ease the decision-making process?

We are also planning to create a patient-focused decision aid version of the tool. Any thoughts?
•

What things would you like to see changed in the patient decision aid version?

•

How will a patient-focused decision aid affect your consultations with your patients?

Acceptability and Usability Questionnaires
An acceptability survey was created for the decision support
tool by adapting the Ottawa Decision Support Framework
(ODSF) [29]. This survey measured the tool comprehensibility,
presentation of information, and overall suitability for
decision-making. This was done using a mixed-scale
questionnaire. The rating of sections (bone marrow transplant
[BMT], evidence on BMT, and risk factors) was scored on a
4-point Likert scale ranging from 1 (poor) to 4 (excellent). The
remaining questions scored the information presented in the
tool on a 3-point Likert scale (more, less, and just right) and
dichotomous scales of yes or no and easy or difficult. The
acceptability survey was adapted from the original ODSF to
include references to the tool and omissions regarding the
references of information presented on the tool.
Next, a usability survey was created for the tool by adapting
the mobile health app usability questionnaire (MAUQ) [30].
This survey measured the tool ease of use and overall usefulness.
This comprised an 18-question survey in which participants
responded to each statement on a 7-point Likert scale ranging
from 1 (strongly disagree) to 7 (strongly agree). The usability
survey was not altered in any way from the original MAUQ.
Question items from both surveys were assessed for mean and
SD. In addition, open-ended questions were analyzed
qualitatively and viewed in conjunction with the participants’
feedback during the beta test.
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Results
Participant Characteristics
A total of 18 physicians with a background in SCD participated
in this study. Of the 18 participants, 9 (50%) were male, and 9
(50%) were female. Most participants had completed their
fellowship training (14/18, 78%) and had up to 15 years of
medical experience following fellowship (13/18, 72%).

Qualitative Interview
User Interface and Experience
Participants were first asked to describe their experience in
using the decision support tool. All participants stated that the
tool was easy to use and straightforward overall. In addition,
39% (7/18) of participants who commented directly on the
navigation of the tool reported smooth navigation between
pages. In particular, participants pointed out the intuitive user
experience:
Good size, easy to select stuff, easy to know what I’ve
selected if I want to change. Looks pretty fluid.
[Participant 7]
Further discussion was focused on the individual components
and dialogs of the user interface. Help dialogs were activated
at the bottom of the tool screen to present additional information
pertaining to the respective screen. Of the 6 participants who
used these during the beta test, 3 (50%) mentioned that the
dialog boxes were useful, whereas 1 (17%) participant indicated
no preference. Participants reviewed the 2 transplant summary
screens that contained posttransplant risk and survival estimates.
Most participants (17/18, 94%) approved of the pie charts on
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the transplant summary screens as an efficient way to visualize
the survival summary:

and institutional outcomes for a specific transplant might be at
variance from the registry data.

I like the fact that you're given the percentages with
the pie charts. I think that's the most important thing.
It updates very quickly. This is great. [Participant 12]
However, of the 15 participants who commented directly on
the pie chart percentages, 7 (47%) expressed reservations about
having to tap on the pie charts to view them. They preferred
that the percentages be displayed automatically over the pie
chart and suggested that it would save time and be more
intuitive. Some participants also reported visual glitches during
the beta test. A few participants (5/18, 28%) mentioned that the
chart overlapped with the bottom navigation buttons, making
it difficult to view it. Finally, 11% (2/18) of participants
proposed the idea of a quick-edit menu on the summary page
before the transplant summary screens. They attested that a
quick-edit menu would be more usable as it would save time
when modifying data for a particular patient. Modifications
were made to the tool iteratively by incorporating the feedback
and suggestions received.

Some physicians (5/18, 28%) suggested that information on the
HCT comorbidity index should be incorporated into the tool to
allow for more accurate survival estimates as it would affect
the success of the transplant. In addition, a few participants
requested QoL assessments in the estimates and in the results
screens to provide more context to a patient’s posttransplant
survival. Some participants indicated that the lack of information
on GVHD prophylaxis, HCT comorbidity index, and QoL might
limit the utility of the decision support tool to educate patients
regarding HCT for SCD:

Data Content and Significance
Participants were asked to provide feedback related to the pie
charts. Of the 11 participants who commented on the
information contained in the pie charts, 9 (82%) liked that the
displayed pie chart information pertaining to survival, GVHD,
and graft failure. In their clinical experience, they believed that
these items were most likely what patients would want to know
most about transplant:
I think it gives you an idea of living without SCD.
Survival summary, and how things are potentiallylike, gives you the risk. [Participant 4]
A few participants who dealt primarily with adult patients
suggested having larger age ranges when selecting a patient’s
age. The second transplant summary screen is analogous to the
first except that it allows the user to calculate transplant
outcomes after specifying the transplant delay in years. Of the
13 participants who commented directly on the delayed
transplant feature of the app, 11 (85%) liked the feature of
demonstrating a change in outcome when delaying a patient’s
transplant as being potentially clinically useful. However, a few
participants suggested increasing or refining the range of years
for delaying transplant. These participants maintained that some
pediatric patients might want to wait until adulthood to make
the decision for themselves, whereas others may have reasons
to delay the transplant.
Participants provided feedback on the individual risk and
survival estimates. A few participants (4/18, 22%) suggested
that the GVHD risk summary should be broken down by severity
(grade) to better understand a patient’s prognosis after transplant.
In addition, some participants (6/18, 33%) proposed that the
tool should include information related to GVHD prophylaxis
to better understand a patient’s risk of GVHD. A few physicians
stated that definitions of the types of conditioning regimens
such as myeloablative are very ambiguous in the published
literature. Some also indicated that their individual strategies
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Quality of life, pain. I mean I'm trying to think of what
my patients are going to want to know and they're
going to kind of want to know is my life going to get
better. Like for a 16-year-old, survival doesn't mean
a whole lot. [Participant 15]

Usefulness to Support Patient Consultations
Participants were asked about the usability of the decision
support tool in their own patient consultations. Of the 15
participants who responded to this question, 13 (87%) expressed
enthusiasm about the potential use of the tool. Common reasons
included tool convenience, risk and survival estimates, and
interactivity with patients:
You know, thinking about having something on hand,
so I don’t have to search through the literature or go
online, which takes a lot of time [...] something that’s
easy and readily accessible. Yeah, this is very handy.
[Participant 6]
Approximately 11% (2/18) of participants expressed reservations
about using the tool during patient consultations because of the
unavailability of adult data and the fact that the HCT
comorbidity index was not included in the current version of
the tool. Others mentioned that they would use the tool in certain
situations, such as HCT with matched sibling donors or not
enrolling a patient for HCT in a clinical trial. Finally, of the 9
participants who were asked directly if the tool would help ease
the decision-making process during the consult, 8 (89%) attested
that it would. Participants discussed the tool function as a visual
aid and the potential to better capture a patient’s attention:
This is very useful for people - for physicians who are
- you know doing consults on families and reviewing
their results with them so I think it's a useful tool. I
do like it. I think it's very user friendly and very simple
which is good because it's easy to explain to the
families. [Participant 18]

Potential for a Patient-Focused Decision Aid
Of the 12 participants who commented on a potential patient
decision aid, 9 (75%) indicated that the medical terminology
currently used in the tool, including the type of donor and
conditioning regimen, would need to be simplified in the patient
decision aid version. Participants pointed to concerns about a
patient’s background and the potential for patients to take results
out of context because of low health literacy:
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Pie charts are a good way to accurately represent
the risks associated with it. It's very visual [...] saying
a bunch of numbers but [...] a lot of information in a
short period of time for families that may not have
high literacy can be very overwhelming. [Participant
8]
The participants later discussed the timeline regarding when
the patient decision aid should be used. Of the 6 participants, 3
(50%) expressed that the decision aid should be used before a
consultation. Participants suggested that using the decision aid
before consultation would result in more physician-patient
interactions.
Other participants expressed doubts about the patients’ ability
to use a decision aid before consultation. They stated that
patients might not know what donor or conditioning regimen
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they were eligible for until meeting with the transplant
physician. They also expressed doubts about the potential of
the decision aid to steer patients away from transplant.

Acceptability and Usability Questionnaires
Participant Questionnaire Responses
Analysis of participant feedback from postinterview
questionnaires on acceptability and usability of the decision
support tool centered on 3 major themes of discussion: (1) user
interface and experience, (2) data content and significance, and
(3) usefulness to support decision-making. Participant responses
to the acceptability and usability questionnaires with itemized
ratings are further described in Tables 2 and 3, respectively.
The acceptability questionnaire uses a mixed Likert scale and
a dichotomous scale, whereas the usability questionnaire uses
a 7-point Likert scale with a score of 7 indicating strongly agree.

Table 2. Responses to acceptability questionnaire.
Statements

Value, mean (SD)

Please rate each section by circling “poor,” “fair,” “good,” or “excellent” to showa:
Bone marrow transplantation

2.94 (0.66)

Evidence about transplantation

2.94 (0.66)

Risk factors including age, donor type, stem cell source, and conditioning regimen

3.29 (0.47)

The amount of time the learning took was: 1=too long, 2=too short, and 3=just right

2.81 (0.40)

The amount of information was: 1=too much information, 2=too little information, and 3=just right

2.59 (0.51)

I found the learning: 1=slanted towards taking bone marrow transplantation, 2=slanted against taking bone marrow transplantation, and 3=balanced

2.88 (0.49)

Do you find this decision support tool useful while you are making your decision for your patient about bone marrow
transplantation? 1=yes and 2=no

1 (0)

What did you think of the way to calculate risk factors with bone marrow transplantation? Was it: 1=easy to find your patient’s 1.06 (0.24)
risk level, or 2=difficult
Do you think we included enough information to help someone with sickle cell disease decide whether or not to start bone 1.53 (0.51)
marrow transplantation? 1=yes, and 2=no

a

What did you like about the decision support tool?

—b

What suggestions do you have to improve the decision support tool?

—b

For the rating of sections, 1=poor, 2=fair, 3=good, 4=excellent.

b

Participants provided open-ended responses instead of numerical ratings.
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Table 3. Responses to usability questionnaire
Statements

Valuea, mean (SD)

The app was easy to use.

6.71 (0.59)

It was easy for me to learn to use the app.

6.81 (0.54)

The navigation was consistent when moving between screens.

6.53 (0.87)

The interface of the app allowed me to use all the functions (such as entering information, responding to reminders, and viewing 6.29 (1.10)
information) offered by the app.
Whenever I made a mistake using the app, I could recover easily and quickly.

6.41 (1.06)

I like the interface of the app.

6.35 (0.86)

The information in the app was well organized, so I could easily find the information I needed.

6.29 (0.92)

The app adequately acknowledged and provided information to let me know the progress of my action.

6.29 (0.92)

I feel comfortable using this app in clinical settings.

6.47 (0.94)

The amount of time involved in using this app has been fitting for me.

6.59 (0.62)

I would use this app again.

6.47 (1.01)

Overall, I am satisfied with this app.

5.94 (1.09)

The app would be useful for my health care practice.

6 (1.12)

This app improved my access to delivering health care services.

6.18 (0.88)

This app helped me manage my patients’ health effectively.

5.76 (1.20)

This app has all the functions and capabilities I expected it to have.

5.53 (1.81)

I could use the app even when the Internet connection was poor or not available.

4.88 (1.93)

This mHealthb app provides an acceptable way to deliver health care services, such as accessing educational materials, tracking 5.35 (1.50)
my own activities, and performing self-assessment.
a

Cumulative mean, 6.15 (SD 0.79).

b

mHealth: mobile health.

User Interface and Experience
As shown in Table 3, the usability of the decision support tool
was shown to be high, with overall usability of 6.15 (SD 0.79;
range 4.2-7) on the MAUQ. This is reflected in the high scores
on statements related to ease of use (mean 6.71, SD 0.58; range
5-7), navigation (mean 6.53, SD 0.89; range 4-7), user interface
pertaining to functionality (mean 6.29, SD 1.14; range 4-7) and
overall look (mean 6.35, SD 0.87; range 5-7). The participants
were also pleased with the length of the tool and the amount of
time it took to complete. This statement was scored high on
both the acceptability questionnaire (mean 2.81, SD 0.41; range
2-3; Table 2) and usability questionnaire (mean 6.59, SD 0.62;
range 5-7).
Participants scored the web-based app low on question 17 of
the MAUQ, which asked about using the app during a poor
internet connection. This question had a mean score of 4.88
(SD 1.98; range 1-7; Table 3). This is in accordance with
statements made by participants during the interview that
mentioned spotty Wi-Fi at their medical office. These statements
provide support for creating a downloadable app that can be
used offline. In addition, a few participants indicated user
interface glitches related to visual components in the suggestions
portion of the acceptability questionnaire, matching the feedback
given during the qualitative interviews.
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Acceptability Data Content and Significance
In the acceptability questionnaire, participants suggested that
the tool was not biased for or against HCT (mean 2.88, SD 0.5;
range 1-3) and was easy to calculate risk factors with (mean
1.06 SD 0; range 1-2). Participants also indicated that they were
satisfied with the types of information present on the tool,
including BMT (mean 2.94, SD 0.63; range 2-4) and risk factors
(mean 3.29, SD 0.48; range 3-4; Table 2). With regard to the
amount of information presented in the tool, the participants
were split. This statement was scored with a mean of 2.59 (SD
0.5; range 2-3), indicating a mix of too little and just right.
Some participants were not satisfied with the functions and
capabilities of the tool, as shown in the usability questionnaire
(mean 5.53, SD 1.61; range 2-7; Table 2). In the acceptability
questionnaire, participants were asked to provide suggestions
for improving the decision support tool. Most suggestions were
focused on adding more context to the risk and survival
summaries the tool presented. These include adding the time
period for registry data, HCT comorbidity index, and type of
chemotherapy in relation to the conditioning regimen used. All
suggestions given in the acceptability questionnaire matched
the feedback given in the qualitative interviews. Participant
responses were mixed regarding whether the tool provided
enough information as well as its overall acceptability to deliver
health care services. In the acceptability questionnaire,
participants were split regarding whether the tool provided
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enough information to help someone with SCD decide on HCT
(mean 1.53, SD 0.52; range 1-2; Table 2). This rating is
analogous with an earlier statement in the acceptability
questionnaire, which asked about the amount of information in
the tool.

Usability
Starting with the MAUQ in Table 3, participants indicated their
approval of the organization of information in the tool (mean
6.29, SD 0.95; range 4-7). As shown in Table 3, participants
attested in the MAUQ that the tool would be useful for their
health care practice (mean 6, SD 1.02; range 3-7), improve
access to delivering health care services (mean 6.18, SD 0.86;
range 4-7), and help manage their patients’ health effectively
(mean 5.76, SD 1.22; range 3-7). In the acceptability
questionnaire, all participants indicated that the decision support
tool would be useful when making the decision for their patients
about HCT (mean 1, SD 0; Table 2).
In the MAUQ, participants were asked whether the tool provided
an acceptable way to deliver health care services, including
access to materials, activity tracking, and self-assessment
performance. This statement was rated with a mean score of
5.35 (SD 1.54; range 2-7), indicating that participants somewhat
agreed with the statement (Table 3). These lower ratings are
likely representative of the desired additional features that
participants requested during qualitative interviews and while
answering questionnaires on acceptability and usability.
Although some of these features are dependent on research
being available in the public domain, such as the HCT
comorbidity index affecting a specific type of HCT, others, such
as adding the time period for registry data, can be addressed
independently.

Discussion
Principal Findings
In this study, we report the development, usability, and
acceptability of the Sickle Options Decision Support tool for
HCT to clinicians in pediatric SCD. These data provide a
proof-of-concept of the potential acceptability and utility of
such a decision support tool for use by hematologists and HCT
physicians. To the best of our knowledge, this is the first
decision support tool to provide individualized and age-specific
risk and survival estimates for pediatric patients considering
HCT. Brazauskas et al [13] published a risk prediction model
for patients with SCD based on age and donor type. The model
was derived from large registry-based data sets [11,14,15].
These studies report age as a continuous variable for outcomes
of HCT for SCD; however, the model does not individualize
the risks of outcomes for a given patient. Age was correlated
with OS, EFS, and GVHD risk. The lack of individualization
of outcomes that families may consider important in
decision-making regarding HCT is a barrier to decision-making.
The Sickle Options Decision Support Tool for Children was
designed to provide health care providers specializing in SCD
with individualized risk and survival estimates for their pediatric
patients considering HCT. The tool risk prediction models were
made possible by large-scale clinical studies that depicted
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registry data on transplant outcomes in thousands of patients
with SCD [11,14,15]. With this information, the tool can present
transplant outcomes based on a patient’s sex, age, donor type,
stem cell source, and type of conditioning regimen used in HCT.
The decision support tool provides outcomes based on the
current age of the patient as well as a selected future age of the
patient. Caregivers may exhibit mixed perceptions of HCT for
their child in relation to the risk of death or other HCT-related
complications (graft failure and GVHD) when making decisions.
In addition, although some patients and caregivers may have
an interest in wanting to learn more about HCT, there may still
be a decisional dilemma, especially when deciding whether to
postpone transplant [18]. The use of the decision support tool
may help fill a potential information gap by either the patient
or the health care provider as well as encourage
physician-patient collaboration regarding the decision-making
process.
The decision support tool is available as a mobile web app. We
conducted a comprehensive beta test of this mobile app and
qualitative interviews with 18 hematologist–oncologists with a
special interest in curative therapies for SCD. The participants
found the decision support tool to be usable and acceptable
based on the scoring frameworks of the MAUQ and ODSF,
respectively.
Decision support tools can play a useful role in a health care
setting in assisting health care providers with the delivery of
individualized evidence-based care to their patients. Decision
support tools may be used to present a visual display of data to
educate patients regarding the risks, benefits, and outcomes of
HCT. Thus, they can be used as tools to enhance patient
knowledge and engagement, improve standards of care, and
help clinicians analyze large sets of data quickly given the
time-sensitive nature of decision-making [31]. The development
of this tool was largely informed by experience with using the
app iChoose Kidney, an app-based decision aid, which uses risk
prediction models to help identify whether a patient would be
best suited for kidney transplant or dialysis [32]. We believe
that a mobile-focused decision support tool will be easily
accessible for use by health care providers during their patient
consultations and present clear visuals that both health care
providers and patients can understand.
Participants engaged in beta testing of the decision support tool
provided feedback and made several suggestions that allowed
us to refine the decision support tool. We optimized the display
of the pie chart by adding automatic percentages to the view
and also introduced quick-edit menus to switch between
different types of transplants. In addition, after transplant and
when it is available, we intend to add information pertaining to
QoL in future versions of the decision support tool.
Regarding the comorbidity index reported by registry studies,
the index includes factors that do not overlap with the factors
found to predict HCT risk and survival outcomes. Eapen et al
[15] reported that patients who underwent HCT with a
haploidentical donor were much more likely to have an HCT
comorbidity index of >3 than patients who underwent HCT
with any other type of donor. The lack of impact of the
comorbidity index on post-HCT outcomes is likely reflective
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of the predominantly young patient population in the registry
data. However, as more adults with advanced progressions of
SCD undergo HCT, it is possible that the HCT comorbidity
index may be more of a factor in predicting post-HCT outcomes.
We intend to include comorbidity data in future versions of the
decision support tool when such a determination is made.

Limitations
We recognize several limitations of this study. Qualitative
content analysis also brought to light the limitations of the
current data in providing individualized risk. First, currently
available data do not permit the incorporation of patient
characteristics, including comorbidities, severity of SCD, organ
damage or QoL, chronic pain, or psychological comorbidities
into the risk prediction models of the tool. Thus, there are
inherent limitations to individualizing risk estimates and
predicting outcomes. The availability of such information and
its impact on outcomes would provide a more complete picture
of a patient’s risk and survival outcomes after undergoing HCT.
Currently, there is research based on the effect of the pre-HCT
comorbidity index on overall after transplant [33]. On the basis
of the outcomes of these studies, we plan to incorporate this
information and other information regarding patient
comorbidities in future versions of the decision support tool.
Second, we developed this prototype app based on published
data that contained registry data tables [11,14,15]. Therefore,
we make some assumptions regarding the exact number of
individuals with a specific donor type, stem cell source, and
conditioning regimen for a given age based on cumulative data
published. As a result, rounding off may present some error
when providing the risk and survival summary for a specific
patient, and we only present this tool as a prototype to provide
a proof-of-concept for such a tool. To properly assess the tool
validity, the next step would be to obtain the raw patient data
so that we may construct appropriate multivariate statistical
models that incorporate several risk factors of HCT, including
the HCT comorbidity index. We are in the process of obtaining
the study data set on HCT of 1518 patients with SCD aged <1
to 58 years transplanted in the United States from 106 transplant
centers from the Biologic Specimen and Data Repositories
Information Coordinating Center, which has been established
by the National Heart, Lung, and Blood Institute (NHLBI). The
Biologic Specimen and Data Repositories Information
Coordinating Center combines the resources of the NHLBI
Biologic Specimen Repository, which has been managed by
the division of blood disease resources since 1975, and the
NHLBI Data Repository, which has been managed by the
division of cardiovascular sciences since 2000. We will perform
validation studies of the app on this study data set and finalize
the development of the app. Third, the registry data we used
comprises transplants completed over a wide time
frame—1986-2017 for matched sibling donor data [14] and
2008-2017 for all remaining donor data [15]. Gluckman et al
[11] reported an era effect in the outcome of HCT for SCD.
Refinements in supportive care may render much of the registry
data out of date as they may not consider the latest clinical
practices in supportive care and the prevention and treatment
of GVHD and graft failure. Fourth, the completion of ongoing
clinical trials of haploidentical donor BMT in adults and children
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with SCD or autologous GT may add new dimensions to the
consideration of curative options. Fifth, the published registry
data may not account for underreporting of outcomes,
institutional volume, center experience effect, or physician
expertise. Institutions that perform more transplants for SCD
may see better outcome success than smaller institutions that
perform fewer transplants. Thus, some physicians with
experience and expertise in the field expressed hesitation in
using the decision tool as they felt that the outcomes at their
institutions were likely to be superior to those reported by the
registry. This, of course, may also reflect an unconscious bias.
These findings suggest the need for future studies examining
outcomes with center experience in performing HCT for SCD.
Such data will allow physicians to generate individualized
estimates of outcomes in centers, such as their center, and they
are more likely to use the decision support tool for determining
individualized estimates of outcomes and sharing them with
their patients.
Some physicians expressed a desire to see QoL pre-HCT and
the anticipated impact of HCT on QoL in the risk prediction
model of the decision support tool. Studies of decision-making
by patients suggest that patients and families consider QoL
important in decision-making about HCT [18,23-27]. Recent
clinical trials have suggested that HCT can improve QoL after
HCT [34-40]. Uniform and systematic collection of QoL before
and after HCT in clinical trials and registries is necessary before
such data can be incorporated into a decision support tool. Some
participants mentioned the desirability of incorporating
comparison data on anticipated outcomes with non-HCT
disease-modifying therapies. This would, of course, require the
availability of such comparative data in large clinical trials.
As most data on HCT for SCD deals with pediatric outcomes,
we limited the decision support tool to children. However, future
app versions may incorporate adult outcomes because of the
rapid increase in the uptake of HCT in adults with SCD and the
potential of GT to become the standard treatment.
We recruited participants exclusively from the Heal-Sickle
ECHO program for the study. As these physicians have a
declared interest in curative therapy and decision-making about
HCT for SCD, their perspective may not be generalizable to
that of hematologists and transplant physicians who may be less
involved in the field. On the other hand, the experience and
expertise of the participants were extremely useful in optimizing
the design of the tool and identifying future areas of research.
Participants in the study also made several recommendations
for a proposed version of the decision support tool specifically
designed for patients and families. Considering the technical
nature of information regarding myeloablation, conditioning
regimen, and donor types, the decision support tool may be
inherently better suited for use with guidance by physicians
who could then use the tool to display individualized risk to
their patients. Finally, the response rate of the physicians for
the study was low—at 28%. A potential reason for the low
response rate may be physician preferences for more traditional
modes of research, such as a paper survey rather than a
web-based survey [41]. In addition, as the decision support tool
was limited to pediatric patients with SCD, some physicians
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who predominantly treated adult patients with SCD may have
considered the app to be beyond the scope of their practice.

Conclusions
We report the development, beta testing, usability, and
acceptability of a decision support tool for individualizing
estimates of outcomes of HCT for patients with SCD. Refining

Veludhandi et al
the predictive algorithms for era and center experience,
incorporating data on QoL, comparison of other
disease-modifying therapies, outcomes in adults, and autologous
GT offers he possibility of expanding the applicability of such
a decision support tool in helping shared decision-making in
HCT for SCD.
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Abstract
Background: Many have proposed the use of Bluetooth technology to help scale up contact tracing for COVID-19. However,
much remains unknown about the accuracy of this technology in real-world settings, the attitudes of potential users, and the
differences between delivery formats (mobile app vs carriable or wearable devices).
Objective: We pilot tested 2 separate Bluetooth contact tracing technologies on a university campus to evaluate their sensitivity
and specificity, and to learn from the experiences of the participants.
Methods: We used a convergent mixed methods study design, and participants included graduate students and researchers
working on a university campus during June and July 2020. We conducted separate 2-week pilot studies for each Bluetooth
technology. The first was for a mobile phone app (“app pilot”), and the second was for a small electronic “tag” (“tag pilot”).
Participants validated a list of Bluetooth-identified contacts daily and reported additional close contacts not identified by Bluetooth.
We used these data to estimate sensitivity and specificity. Participants completed a postparticipation survey regarding
appropriateness, usability, acceptability, and adherence, and provided additional feedback via free text. We used tests of proportions
to evaluate differences in survey responses between participants from each pilot, paired t tests to measure differences between
compatible survey questions, and qualitative analysis to evaluate the survey’s free-text responses.
Results: Among 25 participants in the app pilot, 53 contact interactions were identified by Bluetooth and an additional 61 by
self-report. Among 17 participants in the tag pilot, 171 contact interactions were identified by Bluetooth and an additional 4 by
self-report. The tag had significantly higher sensitivity compared with the app (46/49, 94% vs 35/61, 57%; P<.001), as well as
higher specificity (120/126, 95% vs 123/141, 87%; P=.02). Most participants felt that Bluetooth contact tracing was appropriate
on campus (26/32, 81%), while significantly fewer participants felt that using other technologies, such as GPS or Wi-Fi, was
appropriate (17/31, 55%; P=.02). Most participants preferred technology developed and managed by the university rather than
a third party (27/32, 84%) and preferred not to have tracing apps on their personal phones (21/32, 66%), due to “concerns with
privacy.” There were no significant differences in self-reported adherence rates across pilots.
Conclusions: Convenient and carriable Bluetooth technology may improve tracing efficiency while alleviating privacy concerns
by shifting data collection away from personal devices. With accuracy comparable to, and in this case, superior to, mobile phone
apps, such approaches may be suitable for workplace or school settings with the ability to purchase and maintain physical devices.
(JMIR Form Res 2021;5(10):e31086) doi:10.2196/31086
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Introduction
Background
Following its identification in Wuhan, China in December 2019,
SARS-CoV-2 rapidly spread across the globe, resulting in
millions of infections and deaths due to COVID-19 [1]. As
health organizations throughout the world worked to develop
adequate pharmaceutical therapies and vaccines, many public
health agencies relied on nonpharmaceutical interventions to
reduce community transmission of SARS-CoV-2. In particular,
the world relied on mass screening [2], lockdowns [2], physical
distancing [3], mask wearing [4], and contact tracing [5]. While
large-scale lockdowns and comprehensive masking interventions
are less commonly seen in public health interventions, contact
tracing is a traditional intervention that has proven effective in
many other contexts [6-8]. However, the implementation of
contact tracing for SARS-CoV-2 has faced many challenges
due to high incidence rates, even among asymptomatic
individuals [9], presymptomatic transmission [10], and, in many
places, a lack of staffing and infrastructure [11]. These
challenges made it difficult in many settings to achieve the yield
(proportion of cases and contacts interviewed, isolated, and/or
quarantined) and timeliness (time from symptom onset or testing
to isolation for cases, and time from exposure to quarantine for
contacts) thought to be required for effectiveness [12,13].
These challenges shifted the focus of many health agencies to
mitigation (rather than containment) and led many to propose
contact tracing innovations designed to make tracing more
feasible [14]. While traditional contact tracing relies on
interviewing cases and contacts in-person or by telephone,
several countries augmented data collection using
individual-level GPS data [15], Bluetooth technology [16], and
other personalized data sources [17]. One technology in
particular, Bluetooth, gained widespread attention in both the
press [18] as well as scientific literature [19]. Despite the
theoretical benefits of Bluetooth-assisted contact tracing and
its implementation in various countries [16], the public health
and lay communities are far from reaching consensus regarding
the appropriateness [20] and effectiveness [21,22] of this
innovation, largely due to 2 reasons.
First, many have raised concerns about the loss of individual
privacy associated with automated data collection methods such
as Bluetooth-assisted tracing [23,24]. In many countries,
mandating participation in Bluetooth-assisted contact tracing
is not feasible, and the effectiveness of this approach relies on
a high user uptake among the population [22]. Implementation
of Bluetooth-assisted tracing apps in nonmandated settings has
so far been met with low uptake [25,26], and therefore, a better
understanding of potential users’ perceptions and privacy
concerns is needed. Second, while research in other contexts
has found various technologies, including radio frequency
detectors, Wi-Fi, and Bluetooth, to be helpful in the detection
of contact interactions [27-29], there are few studies evaluating
the overall impact and effectiveness of Bluetooth-assisted tracing
https://formative.jmir.org/2021/10/e31086

XSL• FO
RenderX

in the context of COVID-19 [30,31]. Although it seems intuitive
that Bluetooth-assisted data collection may lead to an increase
in the total number of identified COVID-19 “close contacts”
(defined by the Centers for Disease Control and Prevention
[CDC] as in-person interactions within 6 feet for at least 15
minutes) and more rapid identification of these individuals,
there is little real-world data to directly verify this or to evaluate
the accuracy of Bluetooth data [21,30].

Goal of This Study
Together, doubts about the appropriateness and acceptability
of Bluetooth-assisted contact tracing and the accuracy and
reliability of the data pose challenges to implementation and
adoption. Due to low vaccine uptake [32,33] and breakthrough
transmission by variant strains [34], overcoming these
challenges is critical as contact tracing will remain a core part
of the public health response to COVID-19, even in the
postvaccine phase of the pandemic. To address these knowledge
gaps, we pilot tested 2 different Bluetooth-assisted tracing
technologies on a university campus, one which collected
Bluetooth data using a mobile phone app and another that used
a separate carriable device (“tag”) with Bluetooth functionality.
Using a convergent mixed methods design, we measured the
sensitivity and specificity of each Bluetooth technology and
assessed participant perceptions regarding appropriateness,
usability, acceptability, and adherence, using a quantitative
survey and qualitative free-text analysis.

Methods
Study Setting and Population
We conducted 2 separate pilot studies in June to July 2020 at a
medium-sized private university in the US Northeast. During
this time, only essential personnel and select individuals were
allowed on campus with prior approval. Campus-wide
precautions included mask wearing, physical distancing, daily
symptom assessments, and testing. Study participants included
graduate students and researchers working during this period;
graduate students or researchers working from home were
ineligible for participation. We recruited participants by emailing
faculty members and lab supervisors who subsequently
forwarded our recruitment emails to their students and research
staff. We then selected labs with the highest acceptance rates.
We also prioritized enrollment from labs that shared workspaces
with other recruited labs. Due to the focused nature of the pilots,
we did not collect demographic data from participants. Each of
the sequential pilots lasted 2 weeks (14 days) starting on a
Monday, and different labs participated in the separate pilots.
Sample size was determined by the availability of required study
devices. The collected data were stored on secure university
servers throughout the study and analysis period.
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Pilot 1: Mobile Phone–Based Bluetooth
Technology
In the first pilot (hereafter referred to as the “app pilot”), we
evaluated a mobile phone app developed by the university’s
information technology services staff (Multimedia Appendix
1). It functioned by detecting Bluetooth signals emitted by other
phones that had the same app downloaded and activated. The
app estimated the distance between mobile phones based on
signal strength while recording the duration of the interaction.
The app also had functionality for users to enter a date of
symptom onset or positive test; however, this function was not
used during the pilot. Data were automatically sent to a
centralized server. The university provided Android phones to
participants for the duration of the study, so that they did not
have to download the app on their personal devices.

Setting and Data Collection
All app pilot participants were provided with written instructions
describing how to install and use the mobile app and how to
validate and report new contact interactions, as well as contact
information for technical support if needed. Participants were
asked to carry the study phone while on campus. At the end of
each day, participants reviewed an online spreadsheet of their
Bluetooth-identified close contacts and confirmed or denied
each interaction. We also asked participants to identify
additional contacts that were not detected by Bluetooth, and we
subsequently removed any self-reported contacts who were not
study participants. Participants were asked to use their best
judgment when estimating the length of each interaction.

Pilot 2: Tag-Based Bluetooth
Technology
In the second pilot (hereafter referred to as the “tag pilot”), we
evaluated a carriable device (“tag”) equipped with Bluetooth
functionality, designed by the author RM (Multimedia Appendix
2 and Multimedia Appendix 3). The tags recorded Bluetooth
signals emitted from other tags, using signal strength to
determine distance while recording the duration of interactions.
Data were stored locally on the tags and routinely synced to a
central server by study participants using a mobile app that
paired with the participant’s tag. The app only used Bluetooth
to communicate with the tag while syncing and otherwise did
not collect any additional data or use Bluetooth to communicate
with any nonpaired tags or other devices. The tag software
additionally allows for contact interactions to be encrypted when
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recorded and stored in the central server, thereby anonymizing
the data. When this feature is active, decrypting the data requires
the user to provide permission by submitting a decryption token
through the app. However, this feature was not enabled during
the study, so that we could determine all contact records for the
purpose of evaluating the system’s efficacy. Additional details
regarding the tag’s development can be found elsewhere [35].
The university provided participants with Android phones for
the duration of the pilot to facilitate syncing of tag data.
Participants were asked to use their best judgment when
estimating the length of each interaction.

Setting and Data Collection
All tag pilot participants were provided with written instructions
describing how to install and use the mobile syncing app, how
to pair it with their Bluetooth tag, and how to validate and report
new contact interactions, as well as contact information for
technical support if needed. Participants were asked to carry
the tag while on campus and to sync their Bluetooth data after
each shift. At the end of each day, participants reviewed a list
of their Bluetooth-identified close contacts and confirmed or
denied each interaction using an online web interface. We also
presented participants with the estimated duration of each
recorded interaction and asked participants to report if the
duration was underestimated or overestimated. Similar to the
app pilot, we asked participants to identify additional contacts
not detected by Bluetooth and subsequently removed those who
were not study participants.

Postparticipation Survey
Following each pilot, we sent a survey to participants focusing
on their experiences using the pilot technology, as well as their
perceptions regarding the appropriateness of technology-assisted
tracing on campus (see Table 1 for survey domains). We adapted
this survey from a previously validated mHealth usability
questionnaire [36]. Most questions used a 7-point Likert scale
ranging from strong agreement to strong disagreement,
including a neutral response option. The survey also contained
a free-text question asking participants to provide any additional
comments about their experience or suggestions about the
technology. We used Cronbach alpha to measure the reliability
of our adapted scale after aligning the directionality of question
responses. We excluded the free-text response and 2 other scale
items from the reliability measurement that asked participants
to select various ways in which they carried the devices or
reasons why they were not carried.
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Table 1. Postparticipation survey overview.
Domain and subdomain

Goals within the domain/subdomain

Appropriateness

To measure participant perceptions about the appropriateness of Bluetooth contact tracing and the use
of certain types of data (Bluetooth, GPS, Wi-Fi, etc)

Usability
Ease of use

To measure the ease with which participants install, learn to use, and use the apps

Interface and satisfaction

To measure participant experiences and satisfaction with the design and interface of the app

Acceptability
Usefulness

To evaluate participant beliefs surrounding the usefulness of the tracing technology

Coherence

To evaluate participants’ understanding of how data are collected and protected by the technology

Social influence

To measure the presence of social influence from peers or supervisors regarding uptake of technologyassisted tracing

Setting

To measure perceptions about available assistance for the use of the apps and/or devices and individual
agency in uptake

Adherence

To measure adherence and participant preferences with regard to carrying the study devices

Analysis Plan
Quantitative Study Outcomes and Measurements
We used participants’ daily contact validation responses to
estimate the sensitivity and specificity of the 2 technologies
(see Table 2 for outcome and measure definitions) and used
2-tailed tests of proportions to compare these values between
pilots. We also described the postparticipation survey by
presenting proportions of participants agreeing with each Likert
question or selecting responses from other categorical questions,

as well as means for responses to continuous questions. We
measured differences in survey responses between participants
from different pilot groups using 2-tailed tests of proportions
for Likert agreement and categorical questions, and unpaired
2-tailed t tests for continuous questions. Additionally, we used
paired tests of proportions to measure differences between
agreement with several comparable survey questions, including
(1) appropriateness of Bluetooth vs location data (GPS and/or
Wi-Fi) for contact tracing, (2) peer vs supervisor vocal support
of study technology, and (3) peer vs supervisor vocal concern
about the study technology.

Table 2. Definitions of Bluetooth measures and outcomes.
Measures/outcomes

Definition

Measuresa
True positive

Bluetooth-identified contact that is confirmed by the participant

True negative

No contacts detected, confirmed by the participant

False positive

Bluetooth-identified contact denied by the participant

False negative

Participant-recalled contact that was not detected by Bluetooth

Outcomes
Sensitivity

True positive/(true positive + false negative)

Specificity

True negative/(true negative + false positive)

a

15 minutes of interaction within 6 feet required to meet the definition of “close contact.” In addition to confirming/denying each close contact interaction,
participants from the tag pilot were asked to comment on the underestimation or overestimation of the recorded contact duration. We allowed a 5-minute
window of error, within which a contact’s measurement type could be altered. For example, a contact detected for 15-19 minutes would be designated
as a false positive if the study participant noted that the interaction length was overestimated, while a contact detected for 10-14 minutes would be
designated as a false negative if the study participant noted that the interaction length was underestimated.

Qualitative Analysis of Free-Text Responses
The coding team (TS and LG) used a codebook that was
deductively based upon the survey topics. TS coded the free-text
responses, and the coding team met regularly to review the
coded text and reach agreement on all coding decisions. The
coding team also refined code definitions and generated new
codes when applicable throughout the coding process.
“RADaR,” a rapid qualitative analysis approach [37], was used,
https://formative.jmir.org/2021/10/e31086
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in which the coding and analysis were done in Microsoft Excel
(Microsoft Corp) rather than in a traditional qualitative analysis
software. We synthesized the qualitative and quantitative aspects
as part of the mixed methods analysis [38,39] by identifying
quotes that provided greater context or deeper understanding
for the findings from the quantitative survey analyses. Selected
quotes are presented alongside the quantitative findings within
the relevant survey domains.
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This study was approved by the Yale Human Subjects
Committee, and written consent was obtained from participants
prior to enrollment. We did not offer incentives for participation.

data unusable. The cases were then replaced, and only the data
from the second study week were further analyzed. In the second
week of data collection, 171 contact interactions were identified
by Bluetooth and an additional 4 were reported by participant
recall.

Results

Sensitivity and Specificity

Study Participants, Number of Shifts, and Frequencies
of Contact Interactions

We present estimates of sensitivity and specificity, and counts
of true/false positives and negatives in Table 3, stratified by
pilot. The tag pilot had significantly higher sensitivity compared
to the app pilot (46/49, 94% vs 35/61, 57%; P<.001), as well
as higher specificity (120/126, 95% vs 123/141, 87%; P=.02).
Of note, 3 participants in the tag pilot reported leaving their
tags on their desks during days on which they were not on
campus, resulting in false recordings of contact interactions.
When these interactions were removed from the data set,
sensitivity and specificity became 93% (43/46) and 100%
(111/111), respectively.

Study Approval

We invited 33 participants from 7 labs for the app pilot, of which
30 agreed to participate, and 25 completed the 2-week period
of follow-up. Overall, 53 contact interactions were identified
via Bluetooth, and an additional 61 were reported by participant
recall. We invited 24 participants from 2 labs for the tag pilot,
of which 17 agreed to participate, and all completed the 2-week
period of follow-up. A defect was identified in the tag cases at
the end of the first week of data collection that rendered the

Table 3. Counts of true/false positives and negatives, and estimates of sensitivity and specificity.
Measures/outcomes

App pilot

Tag pilot

True positive

35

46

True negative

123

120

False positive

18

6

False negative

26

3

Sensitivity

57%

94% (93%a)

Specificity

87%

95% (100%a)

Measures, n

Outcomes, %

a

Adjusted values after removing erroneous contact records from tags left on participants’ desks when they were not on campus.

Postparticipation Survey
Twenty participants from the app pilot and 12 participants from
the tag pilot completed the postparticipation survey (Cronbach
α=.90). Below, we present the quantitative results from each
section alongside qualitative findings when applicable.

Appropriateness
Overall, there were no differences in perceived appropriateness
of technology-assisted tracing among participants between pilot
groups (Table 4). Most participants felt that contact tracing via
Bluetooth was appropriate but felt that the use of additional
location data such as GPS or Wi-Fi was less appropriate (26/32,
81% approval for Bluetooth vs 17/31, 55% approval for
GPS/Wi-Fi; P=.02). Most participants also preferred technology
developed and managed by the university rather than a third
party (27/32, 84%) and preferred to not download apps on their
personal devices (21/32, 66%).
Regardless of the approach, most participants (24/32, 75%),
though not all, reported concerns about how their privacy would
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be protected, and these concerns were expanded upon in the
free-text data.
One [lab member] voiced concerns about how
individual GPS contact data might be used against
individuals (such as by police in the case of protests)
- sadly, similar to what actually happened with a
Mayor releasing names publicly recently....I think if
the privacy aspect is addressed VERY clearly and
intentionally it might increase the acceptance. [App
pilot, Participant #3]
I do have some concerns with privacy, but I am not
sophisticated enough in this topic to articulate my
concerns or to understand if I should be concerned
or not. I think the data from a school-wide system
does have the potential to be abused, but I think an
effective contact tracing system should/could
significantly increase the safety of students, faculty,
and staff on campus. [Tag pilot, Participant #17]
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Table 4. Postparticipation survey: appropriateness domain.
Questions

P valuec

Total percentage agree-

App percentage agree-

Tag percentage agree-

menta (N=32)b, % (n/N)

menta (N=20)b, % (n/N)

menta (N=12)b, % (n/N)

It is appropriate for the university to use Bluetooth apps 81 (26/32)
to monitor interactions on campus in order to more efficiently perform contact tracing.

80 (16/20)

83 (10/12)

.82

It is appropriate to use location information such as GPS 55 (17/31)
and Wi-Fi connection data for contact tracing.

58 (11/19)

50 (6/12)

.67

I would prefer to use a contact tracing app on a univer- 66 (21/32)
sity-owned device as opposed to downloading the app
on my personal phone.

65 (13/20)

67 (8/12)

.92

I would prefer to use an app developed and owned by
the university as opposed to an app developed and
owned by an independent third party.

84 (27/32)

85 (17/20)

83 (10/12)

.90

I have concerns about how using this app, or an app like 75 (24/32)
it, could affect my privacy.

70 (14/20)

83 (10/12)

.40

a

Percentage agreement was calculated by dividing the number of Likert responses indicating agreement by the total number of Likert responses for each
question.
b

Some questions were not answered by all participants; exact counts of agreement and total responses are shown in parentheses for each question.

c

P values obtained using tests of proportions to evaluate differences between pilots.

Usability
There were no observed differences between pilot groups
regarding app usability (Table 5), and most participants from
both pilots felt their respective apps were easy to install (25/31,
81%) and use (31/32, 97%). They also reported moderate levels
of satisfaction with the app interfaces (21/32, 66%) and feedback
from the apps (18/31, 58%). The amount of time required to
use the apps was acceptable to most (29/32, 91%), and overall
satisfaction was high (26/32, 81%). However, several
participants from both pilots described difficulties downloading
and installing the apps, syncing tags to mobile devices for
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uploading data, discerning how the app was responding to the
user due to unclear feedback from the app, or experiencing other
technological glitches.
[The app] would switch tracking off by itself. [App
pilot, Participant #13]
When I first obtained the phone, there was no contact
tracing app on it, and I could not find a way to
download it…When I tried syncing the tag to the
phone, there was never a message telling me that the
tag was synced, only “connecting” and
“communicating.” [Tag pilot, Participant #19]
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Table 5. Postparticipation survey: usability domain.
Subdomains and questions

P valuec

Total percentage agree- App percentage agree-

Tag percentage agree-

menta (N=32)b, %
(n/N)

menta (N=20)b, %
(n/N)

menta (N=12)b, %
(n/N)

It was easy for me to install the app on the device.

81 (25/31)

84 (16/19)

75 (9/12)

.53

It was easy for me to learn to use the app.

97 (31/32)

95 (19/20)

100 (12/12)

.43

The app was easy to use.

97 (31/32)

95 (19/20)

100 (12/12)

.43

I like the interface of the app.

66 (21/32)

65 (13/20)

66 (8/12)

.92

The information in the app was well organized, so I
could easily find the information I needed.

71 (22/31)

63 (12/19)

83 (10/12)

.23

The app adequately acknowledged and provided infor- 58 (18/31)
mation to let me know the progress of my action.

53 (10/19)

66 (8/12)

.44

The amount of time involved in using the app is accept- 91 (29/32)
able.

85 (17/20)

100 (12/12)

.16

I would use this system again.

78 (25/32)

70 (14/20)

92 (11/12)

.15

Overall, I am satisfied with this system.

81 (26/32)

80 (16/20)

83 (10/12)

.82

Ease of use

Interface and satisfaction

a

Percentage agreement was calculated by dividing the number of Likert responses indicating agreement by the total number of Likert responses for each
question.
b

Some questions were not answered by all participants; exact counts of agreement and total responses are shown in parentheses for each question.

c

P values obtained using tests of proportions to evaluate differences between pilots.

Acceptability
Most participants felt that their respective app or tag would be
useful for contact tracing (25/31, 81%), though a lack of
consistency between recalled interactions and Bluetooth data
diminished some participants’ confidence in the technology.
The device initially failed to detect other devices, and
therefore I'm worried about the efficiency of the app.
[App pilot, Participant #7]
I think that when it worked, it was great. There were
times, such as my first day, where it didn't detect
anyone even though I was well within 6 feet. [Tag
pilot, Participant #15]
Most participants understood how their respective device
collected (27/32, 84%) and protected their data (22/32, 69%)
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(Table 6). With regard to social influence and study setting,
there were no significant differences between pilot
environments. Across both pilots, participants more frequently
reported vocal support for the technology from supervisors than
from peers (21/26, 81% from supervisors vs 10/27, 37% from
peers; P=.001). The opposite was true regarding vocal concern,
with participants more frequently reporting vocal concern from
peers compared to supervisors (13/29, 45% from peers vs 2/25,
8% from supervisors; P=.003). Within the study environment,
most participants felt that adequate technical assistance was
available when needed (20/28, 71%), and also felt that, should
the university adopt such technology, they would maintain
individual agency over whether or not they used the devices
(26/31, 84%).
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Table 6. Postparticipation survey: acceptability domain.
Subdomains and questions

P valuec

Total percentage agree-

App percentage agree-

Tag percentage agree-

menta (N=32)b, % (n/N)

menta (N=20)b, % (n/N)

menta (N=12)b, % (n/N)

81 (25/31)

74 (14/19)

92 (11/12)

.22

42 (8/19)

83 (10/12)

.02

84 (27/32)

80 (16/20)

92 (11/12)

.38

I understand how this system currently protects my 69 (22/32)
privacy.

65 (13/20)

75 (9/12)

.56

Usefulness
The system would be useful for contact tracing.

The app has all the functions and capabilities I ex- 58 (18/31)
pected it to have.
Coherence
I understand how data collected with this system
would be used for contact tracing.

Social influence
Peers whose opinions I value have vocalized their
support for this system.

37 (10/27)

24 (4/17)

60 (6/10)

.06

Supervisors in my workplace have vocalized their
support for this system.

81 (21/26)

83 (15/18)

75 (6/8)

.62

Peers whose opinions I value have voiced concerns 45 (13/29)
about using this system.

50 (9/18)

36 (4/11)

.47

Supervisors in my workplace have voiced concerns 8 (2/25)
about using this system.

12 (2/17)

0 (0/8)

.31

Setting
Technical assistance was available when needed.

71 (20/28)

71 (12/17)

73 (8/11)

.90

The decision to use or not use this system will remain under my control.

84 (26/31)

79 (15/19)

92 (11/12)

.35

a

Percentage agreement was calculated by dividing the number of Likert responses indicating agreement by the total number of Likert responses for each
question.
b

Some questions were not answered by all participants; exact counts of agreement and total responses are shown in parentheses for each question.

c

P values obtained using tests of proportions to evaluate differences between pilots.

Adherence
There was no difference between pilots in overall adherence
rates based on self-reported percentages of shifts during which
the study device was carried (mean 87%) (Table 7), although
participants in the tag pilot more commonly reported that their
study device was convenient to carry than did participants from
the app pilot (tag pilot: 11/12, 92% vs app pilot: 11/20, 55%;
P=.03). While some participants from the app pilot reported
leaving the device at home (2/13, 15%), participants from both
pilots reported that the most common reason for not carrying
the devices was forgetting it at a workstation (17/23, 74%). App
pilot participants also reported inabilities to carry the study
device into certain lab environments (app pilot: 5/13, 38% vs
tag pilot: 0/10, 0%; P=.03), while tag pilot participants reported
that charging the device interfered with adherence (tag pilot:
3/10, 30% vs app pilot: 0/13, 0%; P=.03).
Many participants from the app pilot used the free-text response
to note the inconvenience of carrying an additional phone and
suggested that a smaller device be used. A minority suggested
that they be allowed to download the tracing app directly on
their personal phones. Gender-specific difficulties in carrying
the app pilot study phone were also noted by 1 participant, while
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a separate participant from the tag pilot noted the relative ease
of carrying the tag.
The only problem I found with this [study phone] is
that it is big. For women it just does not fit in the front
pocket of the jeans and in the summer, you are not
wearing a jacket under your lab coat. So, the only
place left is the pocket of the jeans in the back. And
that is a bit uncomfortable when you sit down, or you
are scared it might fall out. I also do not feel good
putting it in the pockets of my lab coat because I
consider them “dirty” and I do not want to have lab
dirt in my home, or touch it without gloves. So, it
would be much more convenient if it would be a
bracelet or a watch or something around those lines.
[App pilot, Participant #12]
The shape of [the tag] is pretty clunky to carry
around, but as long as you wear pants with pockets
it's easy enough to just wear in your back pocket. [Tag
pilot, Participant #16]
The vast majority of participants from the app pilot reported
that they would be more likely to carry a Bluetooth device if it
were smaller than a phone (19/20, 95%), while no participants
from the tag pilot (0/12, 0%) agreed that increasing the size of
JMIR Form Res 2021 | vol. 5 | iss. 10 | e31086 | p.412
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the tag would increase adherence (P<.001), indicating an overall

preference for smaller devices.

Table 7. Postparticipation survey: adherence domain.
Questions

Total percentage agree-

App percentage agree-

Tag percentage agree-

menta,b (N=32)c, % or % menta,b (N=20)c, % or % menta,b (N=12)c, % or %
(n/N)
(n/N)
(n/N)
Over the course of the 2-week study period, for what
proportion of your total work shifts did you have the
device either on you or within arms’ reach?

87e

The device was convenient to carry with me throughout 69 (22/32)
my work shifts.

P valued

91e

81e

.06

55 (11/20)

92 (11/12)

.03

How did you carry the device with you throughout your workday? (tag only)
Pocket

N/Af

N/A

92 (11/12)

N/A

Bag

N/A

N/A

0 (0/12)

N/A

Belt/lanyard

N/A

N/A

8 (1/12)

N/A

Left at workspace

N/A

N/A

8 (1/12)

N/A

What were the most common reasons why you would not carry the device with you during a work shift?

a

Forgot at home

9 (2/23)

15 (2/13)

0 (0/10)

.19

Intentionally left at home

0 (0/23)

0 (0/13)

0 (0/10)

N/A

Forgot at desk/workstation

74 (17/23)

69 (9/13)

80 (8/10)

.56

Intentionally left at desk/workstation

9 (2/23)

15 (2/13)

0 (0/10)

.19

Unable to carry it into certain lab environments

22 (5/23)

38 (5/13)

0 (0/10)

.03

Left it to charge

13 (3/23)

0 (0/13)

30 (3/10)

.03

I would be more likely to carry the device with me if it N/A
were smaller (for instance, the size of a thumb drive that
could be attached to a lanyard). (app only)

95 (19/20)

N/A

<.001

I would be more likely to carry the tag with me if it were N/A
larger (for instance, the size of a phone). (tag only)

N/A

0 (0/12)

<.001

Unless otherwise specified.

b

Percentage agreement was calculated by dividing the number of Likert or binary responses indicating agreement by the total number of responses for
each question.
c

Some questions were not answered by all participants; exact counts of agreement and total responses are shown in parentheses for each question.

d

P values obtained by tests of proportions for differences in percentage agreement and by unpaired t tests for differences in means.

e

Mean response.

f

N/A: not applicable.

Discussion
Principal Findings and Implications
Incomplete vaccine uptake [32,33] and potential for
breakthrough transmission due to new variants [34] suggest that
contact tracing will remain an important tool in the ongoing
response to COVID-19. However, its use thus far in the
pandemic has revealed many challenges to scaling-up traditional
contact tracing [40-43] and identified a need to improve upon
existing methods. Digital contact tracing tools offer many
opportunities to improve the impact of contact tracing [44], and
increasing our understanding of how different technologies may
be applied for this purpose is critical. In our dual-pilot evaluation
of 2 novel contact tracing technologies, we found that Bluetooth
contact tracing was perceived as appropriate to the majority of
study participants, adherence to device carrying was high, and
participants were largely satisfied with their experiences.
https://formative.jmir.org/2021/10/e31086

XSL• FO
RenderX

However, most participants still reported concerns about privacy,
and both technologies encountered occasional technical glitches.
Importantly, we also found that the tag-based device was easier
to carry and had superior sensitivity and specificity. These
increased performance metrics may have been due to differences
between the Bluetooth signal strength settings of the
technologies or in how participants carried the different study
devices, as reflected in the postparticipation survey.
Our findings are similar to a recent study [45] that compared a
Bluetooth mobile app to a wearable, radio frequency-based,
real-time locator device within a health care setting. The
researchers found the wearable device to be superior to
Singapore’s “TraceTogether” app with regard to sensitivity and
specificity, and also found that the app’s performance was worse
on iPhones compared to Android devices. In a similar study, a
wearable device was compared to electronic medical
record-assisted tracing and was again found to be superior [46].
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(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
Our study builds upon these findings by evaluating similar
app-based technology in a new university setting, while also
comparing it directly to a novel Bluetooth tag device, rather
than a radio frequency-based device.
Although most proximity-based contact tracing technologies
offer similar benefits, such as the ability to identify unknown
contacts or customize detection thresholds based on evolving
knowledge of transmission dynamics [47], different approaches
(eg, app vs carriable device) offer certain additional benefits
and drawbacks. Below, we discuss key differences while paying
heed to the importance of context. While traditional contact
tracing focuses on community and population transmission,
COVID-19 has led many closed-door environments, such as
workplaces, schools, universities, and hospitals, to conduct
contact tracing independently from, or in partnership with, local
public health systems [48,49]. The differences between
community tracing and closed-door tracing are important when
comparing app-based and tag-based systems, as different
contexts are often coupled with different funding capacities,
thresholds for acceptable uptake of tracing technology, and user
privacy concerns.
Deploying Bluetooth tracing technology to communities or
populations at large is likely only feasible using an app-based
system. App-based tracing technologies, such as those developed
by Apple and Google, have already been deployed throughout
the globe [16], including in many US states [26], with relatively
little cost to distribution beyond social marketing. Meanwhile,
it would not be logistically or financially feasible to deploy a
similar number of tag devices throughout the population, as
each tag costs approximately US $10. Furthermore, while
updating apps is relatively seamless, updating hardware poses
a greater challenge, as we encountered in this study when we
discovered a defect in our tag cases. Despite these potential
drawbacks, tags and similar approaches may be more feasible
in closed-door environments that have available funds to spend
on the protection of a much smaller population.
Acceptable thresholds for uptake may also differ between
environments, making the logistical concerns noted above more
or less important across different settings. Public health officials
in many countries are often hesitant or unable to mandate
participation in health interventions, as demonstrated with mask
policies in response to COVID-19 [50]. Public health programs
also frequently lack funding to properly incentivize participation.
As a result, population-wide uptake of app-based technology
for tracing will likely always be limited. Closed-door
environments, on the other hand, may face greater pressure to
standardize and ensure the safety of all staff, students, or
workers, and therefore may prioritize, or mandate,
comprehensive uptake, as demonstrated by many universities
requiring vaccination for all students [51]. However, reaching
such a high uptake of digital contact tracing without diminishing
individual agency or ignoring privacy concerns poses a
challenge.
Privacy concerns are often related to the types of information
collected as well as the organization or government collecting
the data [23,24], and may be heightened in the context of a
pandemic [52]. Notably, our study participants felt that using
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Bluetooth data for tracing was more appropriate than GPS or
Wi-Fi data. While technologies, such as blockchain, may
increase the security of app-based approaches [53] and further
reduce the risks of data leakage, effectively communicating
such methods and establishing trust with potential users may
remain difficult as long as data collection relies on personal
devices, as reflected by our participants’ preferences against
using apps on their phones. This provides several arguments
for shifting data collection away from personal devices and onto
organization-owned tracing tags when possible. First, the
tag-based system offers users in closed-door environments the
opportunity to participate in contact tracing without requiring
data collection on their phones. While our study still relied on
an app to sync the tag’s data, the provision of “syncing stations”
throughout closed-door environments could eliminate the need
for an app entirely and further reduce concerns about leakage
of personal phone data. Second, the use of organization-owned
tags addresses concerns about governments or third-party
companies accessing personal data [23,52], which was reflected
in our participants’ preferences against third party apps.
Ultimately, these features offer the potential to reduce privacy
concerns and increase uptake within closed-door environments.
There are several key strengths to this study, including the use
and evaluation of novel technologies developed directly in
response to the COVID-19 pandemic. Second, the setting in
which the study was conducted is typical of some other
environments, in particular schools and universities, that have
struggled to perform contact tracing throughout the pandemic,
making this study increasingly relevant to public health
practitioners or researchers operating in similar environments.
Lastly, the use of mixed methods, including sensitivity and
specificity estimations, survey analyses, and qualitative analysis,
allowed us to triangulate our findings and present a layered
evaluation of the technologies’ performance metrics as well as
the users’ experiences.
There are also several important limitations in this study. First,
the sample size was relatively small, increasing the risk of type
II errors. Second, the recruitment of different labs and
participants for each pilot created some uncertainty about the
mechanisms driving the observed differences in Bluetooth
performance metrics and user experiences or perceptions.
However, the lack of significant differences in survey responses
regarding setting and social influences, and the baseline
similarities in lab environments selected for the study minimize
this risk. Third, the lack of a true “gold standard” measurement
for close contact interactions introduces the potential for bias
in the estimations of sensitivity and specificity. In particular,
recall bias may have led to misreporting of self-report contacts,
and the lack of precise measurements for the length of self-report
interactions between participants may have introduced additional
uncertainties. However, participants’ daily review and validation
of contact interactions likely minimized the potential for recall
bias, which would have been more severe if the data were
collected less frequently. Furthermore, these potential biases
likely affected each pilot similarly, which lessens the degree to
which such biases may have affected the comparisons between
pilots. Fourth, based upon the participant-initiated method of
qualitative data collection (optional free-text box vs traditional
JMIR Form Res 2021 | vol. 5 | iss. 10 | e31086 | p.414
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interview queries), it is doubtful that meaning saturation [54]
was achieved and likely that themes would have been better
explicated and perhaps more abundant if a traditional approach
to qualitative interviewing had been used. Nonetheless, the
study provides preliminary evidence about the relative merits
of the 2 technologies that can inform larger studies in the future.
Fifth, demographic data were not collected from participants at
the time of recruitment, limiting our ability to evaluate
differences across participant characteristics. Considering the
small sample size and short timeframe of the pilots, we lacked
statistical power to evaluate differences across participant
characteristics and therefore did not include this as a study goal.
Last, the relative homogeneity of the study sample may limit
the generalizability of our findings to other nonuniversity
contexts, which may feature differences in behavior, familiarity
with technology, and/or attitudes [55].

Conclusion

Shelby et al
response to COVID-19. Increasing the efficiency of contact
tracing through adoption of technologies, such as those evaluated
here, may improve its impact and ability to prevent or control
outbreaks. This is among the first studies to directly evaluate
the performance metrics of novel Bluetooth technologies when
used for COVID-19 contact tracing in conjunction with
evaluations of user experiences. Our participants found
Bluetooth-assisted tracing to be appropriate, and we noted
several key differences between app-based and tag-based
approaches. The benefits of the app-based system include its
low cost and theoretical ease of mass distribution, and the
drawbacks include increased privacy concerns of users. The
benefits of the tag system include its superior sensitivity and
specificity, the ease of carrying the tag, and the potential to
alleviate user privacy concerns, and the drawbacks include its
reliance on hardware that may be less feasible to deploy in
certain settings.

As vaccine uptake remains noncomprehensive and new variants
appear, contact tracing will remain a pillar of the public health
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Abstract
Background: In April 2020, as cases of the novel COVID-19 spread across the globe, MTV Staying Alive Foundation created
the educational entertainment miniseries MTV Shuga: Alone Together. In 70 short episodes released daily on YouTube, Alone
Together aimed to disseminate timely and accurate information to increase young people’s knowledge, motivation, and actions
to prevent COVID-19.
Objective: We sought to identify Alone Together viewer’s perspectives on the global COVID-19 pandemic and national
lockdowns by examining the words, conversations, experiences, and emotions expressed on social media in response to the Alone
Together episodes. We also assessed how viewers used the series and its online community as a source of support during the
global pandemic.
Methods: A total of 3982 comments and 70 live chat conversations were extracted from YouTube between April and October
2020 and analyzed through a data-led inductive thematic approach. Aggregated demographic and geographical data were collected
using YouTube Analytics.
Results: The miniseries had a global reach across 5 continents, with a total of 7.7 million views across MTV Shuga platforms.
The series had over 1 million views over 70 episodes on YouTube and an average of 5683 unique viewers per episode on YouTube.
The dominant audience was adults under the age of 35 years and women. Across diverse countries such as Nigeria, Ghana, the
United States, and the UK, viewers believed that COVID-19 was serious and expressed that it was socially responsible to follow
public health measures. Storylines of the series about the impact of self-isolation on mental health, exposure to violence in
lockdowns, and restricted employment opportunities due to the pandemic resonated with young viewers. Tuning in to the miniseries
provided viewers with reliable information, entertainment, and an online community during an isolating, confusing, and worrying
time.
Conclusions: During the first wave of COVID-19, viewers from at least 53 countries connected on social media via the MTV
miniseries. The analysis showed how digitally connected people under the age of 35 years, predominantly women, felt compelled
to follow COVID-19 safety measures despite the pandemic’s impact on their social, educational, and financial needs. Viewers
used social media to reach out to fellow viewers for advice, solace, support, and resources. Organizations, governments, and
individuals have been forced to innovate during the pandemic to ensure people can access services safely and remotely. This
analysis showed that women under 35 years of age were especially receptive to receiving support from online communities and
media services. Peer influence and support online can be a powerful public health tool as people have a great capacity to influence
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each other and shape norms around public health. However, online services are not accessible to everyone, and COVID-19 has
increased disparities between digitally connected and unconnected younger adults.
(JMIR Form Res 2021;5(10):e30449) doi:10.2196/30449
KEYWORDS
COVID-19; adolescents; young people; social media; edutainment

Introduction
The quick dissemination of accurate information has been an
essential priority to educate the global public about the
transmission and prevention of the novel SARS-CoV-2. Mass
media is a cost-effective method for reaching and informing
large populations quickly, like the TV and radio dramas used
to educate captive audiences about the HIV epidemic [1-5].
During the COVID-19 pandemic, social media platforms used
algorithms to direct its over 2 billion users toward trusted
sources of information and flag misinformation, though it has
also been responsible for fueling rumors, hoaxes, and
misinformation about COVID-19 [6,7]. Younger adults (aged
<35 years) rely particularly heavily on social media and online
news platforms during the COVID-19 pandemic compared with
older adults who additionally rely on close social partners and
more traditional media [8].
In April 2020, as the novel COVID-19 spread across the globe,
MTV Staying Alive Foundation (SAF) quickly produced an
online “edutainment” miniseries that aimed to disseminate
timely and accurate information to increase young people’s
knowledge, motivation, and actions to reduce the spread of
SARS-CoV-2. The series was called MTV Shuga: Alone
Together and included storylines about the pandemic’s impact
on employment, sexual and intimate partner violence, and
mental health. MTV Shuga is MTV SAF’s flagship behavior
change campaign, including a multiseason TV drama series,
which integrates health messaging into storylines that reflect
the lives and experiences of youth audiences. Social media
engagement is a crucial element of the MTV Shuga campaign.
The Alone Together series featured characters from previous
MTV Shuga series experiencing challenges with COVID-19
and lockdown measures across 6 countries: Cote d'Ivoire, Kenya,
Nigeria, South Africa, Botswana, and the United States. MTV
Shuga producers and writers formed a real-time collaboration
with epidemiologists and social science researchers to create
scripts and storylines that incorporated the most current
COVID-19 science and country-specific guidance. Five-minute
episodes were released daily, freely available on the internet
using social media channels, where viewers could make
comments as they watched.
Here we will present an analysis of the online viewer
engagement with the MTV Shuga: Alone Together miniseries
on YouTube. The analysis had 2 main objectives. First, by
examining how viewers reacted to the miniseries storylines, we
explored people’s perspectives on the burgeoning COVID-19
pandemic and national lockdown measures happening in real
life. Second, we examined how viewers used an online
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community of virtual peers and fictional characters as a source
of support during the pandemic.

Methods
Data Extraction
MTV SAF released 70 short episodes in daily instalments on
YouTube, the MTV Shuga website, and Facebook Live. We
extracted data from the YouTube comment section and the live
chat stream within 2 weeks after episodes had aired during the
first phase of data extraction. We then conducted the second
data collection stage of extraction in October 2020, where 3982
comments and 70 live chats were extracted from YouTube as
the series steadily gained more viewers and engagement. The
series was broadcast in English; French subtitles were provided
on a separate MTV Shuga YouTube channel. Comments that
were not in English were excluded so no comments from the
episodes with French subtitles were selected.

Consent and Ethics
All comments and live chats extracted are public content, freely
available on the internet, and we did not seek research ethics
approval. We sought to treat the material responsibly, avoiding
the publication of identifying information (ie, usernames) and
deductive disclosure. We did not seek to identify the
demographic data of individuals who posted in the comment
section and live chat discussions; however, we collected
aggregate demographic data from the series viewers who
consented to YouTube’s terms and conditions.

Analysis
We used NVivo software version 12 (QSR International) for
data extraction, management, and analysis of the YouTube
comments and live chats. As the data were unstructured, we
chose to conduct data-led research using an inductive thematic
approach [9]. In the first stage of data extraction and analysis,
we analyzed the data in batches and compiled weekly reports
to describe themes and codes emerging from the online
comments. The reports were discussed weekly with the
production and research team to identify viewer reactions and
areas in which subsequent scripts and social media engagement
could maximize the series’ impact on viewers. This timeline
captured audience participation while allowing a rapid analysis
that encapsulated the evolving global trajectory and
epidemiological understanding of the COVID-19 pandemic,
impacting country responses and public health messaging.
The comments from the first phase of analysis fell into 5
different categories (Textbox 1).
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Textbox 1. Categories of comments.
Hooks
Comments about the entertainment elements of the show that made viewers want to engage in Alone Together, including music, actors, country
representation, drama, and suspense.
COVID-19 Storylines
Comments about COVID-19 and lockdown-related storylines, including stories about COVID-19, isolation, social distancing, domestic violence in
lockdown, and economic hardships caused by COVID-19 restrictions.
Non–COVID-19 Storylines
Comments about storylines that were not COVID-19 or lockdown specific, including stories about romance, racial justice, and family conflicts.
Viewers Experiences
Comments that revealed viewers’ personal experience with the pandemic and their coping mechanism.
Irrelevant Data
Comments about self-promotion, spam, or random topic that did not relate to Alone Together or the COVID-19 pandemic.

Once the series was complete, we conducted a more detailed
data analysis with a narrower scope. Using data extracted
between April and October 2020, we selected data that fell into
the categories of comments about COVID-19–related storylines
and viewers’ personal experiences and coping mechanisms
during the pandemic. Using a thematic analysis, we identified
patterns in viewers’ comments that appeared across episodes.
We familiarized ourselves with the data by reading through the
comments and live chats from all episodes, then coded the data,
and grouped codes into themes. Themes were finalized based
on their reoccurrence throughout the data set and if they fell
within the scope of the second analysis. We compiled a coding
frame to demonstrate overarching patterns and categories across
all episodes and then summarized and selected quotes to
illustrate each theme.
We used YouTube Analytics to collect data about Alone
Together viewers’ ages, gender, and locations in aggregate, and
the number of views and minutes watched for each episode.
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Results
Viewers’ Characteristics
As of April 2021, the Alone Together series had 1 million views
over 70 episodes on YouTube, with an average of 5683 unique
viewers per episode and over 6.7 million views on Facebook
Live (Multimedia Appendix 1). On YouTube, the series had a
large reach across 5 continents and was most popular in Nigeria,
Ghana, the United States, the United Kingdom, Kenya, Canada,
and South Africa. The majority of the audience on the English
YouTube channel (Table 1) were aged 18-24 years
(529,856/974,000, 54.40%, viewers) or 25-34 years old
(394,470/974,000, 40.50%, viewers), and most were female
(861,990/974,000, 88.50%). The gender breakdown was
consistent through the series.
On a separate YouTube channel, the series provided episodes
with French subtitles. Overall, the series with subtitles generated
over 27,000 views and had a similar gender and age breakdown
to the English series. Cote d’Ivoire was the most prevalent
reported location of the audience (Table 2).
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Table 1. Reported characteristics of Alone Together YouTube viewers: English channel (N=974,000).
Reported characteristics (English)

Viewers

Gender, n (%)a
Female

861,990 (88.50)

Male

112,010 (11.50)

Age group (years), n (%)a
13-17

22,403 (2.30)

18-24

529,856 (54.40)

25-34

394,470 (40.50)

35-44

26,298 (2.70)

44+

974 (0.10)

Geographical location, n (%)
Nigeria

336,030 (34.50)

Ghana

73,050 (7.50)

United States of America

61,362 (6.30)

United Kingdom

30,194 (3.10)

Canada

29,220 (3.00)

Kenya

13,636 (1.40)

South Africa

11,688 (1.20)

46 Other countries

36,038 (3.70)

Country unknown

382,782 (39.30)

a

Absolute number of viewers is estimated based on the total viewer population of 974,000 and percentage breakdown provided by YouTube Analytics
(percentage of missing data were unavailable).
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Table 2. Reported characteristics of Alone Together YouTube viewers: French channel (N=27,552).
Reported characteristics (French)

Viewers

Gender, n (%)a
Female

23,805 (86.40)

Male

3747 (13.60)

Age group (years), n (%)a
13-17

0 (0)

18-24

14,933 (54.20)

25-34

12,619 (45.80)

35-44

0 (0)

44+

0 (0)

Geographical location, n (%)
Côte d'Ivoire

5621 (20.40)

France

771 (2.80)

États-Unis (United States of America)

110 (0.40)

Italie (Italy)

110 (0.40)

Maroc (Morocco)

55 (0.20)

Sénégal (Senegal)

28 (0.10)

Botswana

28 (0.10)

18 other countries

165 (0.60)

Country unknown

20,664 (75.00)

a

Absolute number of viewers is estimated based on the total viewer population of 27,552 and percentage breakdown provided by YouTube Analytics
(percentage of missing data were unavailable).

Themes
Overview
There were 3985 comments posted in the YouTube comment
section, and all 70 episodes had viewers engaging in live chat
conversations. By examining reactions to Alone Together
storylines and the opinions viewers expressed online, we
identified the following perspectives on the COVID-19
pandemic and national lockdown measures expressed by the
predominantly young female audience: (1) people have a social
responsibility to follow COVID-19 measures; (2) lockdowns
are creating significant economic challenges for people in their
community; (3) social isolation is necessary but affects mental
health; and (4) lockdowns make it difficult for people who
experience intimate partner violence to seek help. We also
identified ways in which watching the Alone Together series
and engaging with MTV Shuga producers and fellow viewers
online helped younger adults to cope with the pandemic by (1)
forming online communities through shared experience; (2)
asking for resources and information; (3) using the series as a
link to the real world; and (4) enjoying entertainment together.
We extracted comments to illustrate these themes and have
presented them below. To accurately represent the viewers, we
have presented comments using the spelling and slang that
viewers use on YouTube.
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People Have a Social Responsibility to Follow COVID-19
Measures
From the earliest episodes in April 2020, many commenters
expressed that COVID-19 was serious (“COVID19 is definitely
no joke”) and that everyone should follow public health
measures to control the “virus” spread. “I just hope people take
it seriously for the sake of the vulnerable amongst us.”
Commenters reacted with anger when Alone Together characters
chose to disregard social distancing rules. For example, they
rebuked the character “Tobi” who planned an exclusive party
during the countrywide lockdown in Nigeria.
This Tobi guy, he wants to infect about 100 people
exclusively. It's alright. community service and fines
day await.
[Reply] T you have no sense
[Reply] Right? Like how dumb is that idea?' 'You'd
think corona skips exclusive parties?
The audience reacted similarly to “Lemo” in South Africa when
he chose to meet friends despite being exposed to his aunt, who
had tested positive for COVID-19. “Bruh I’m this close to put
my hands on that little boy Lemo like wtf .” Commenters
also criticized characters who did not wear masks or spread
misinformation online and appealed to their online peers to keep
themselves and others safe. They viewed individuals as selfish
who were not taking COVID-19 seriously or did not recognize
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(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
their role in protecting vulnerable people. This was most evident
in response to the character “Joe Massive,” the Instagram
influencer who contracts COVID-19 after encouraging his fans
not to wear masks.
Hopefully Massive does another [Instagram] live
video saying [COVID-19 is] real so that he can
correct his wrong information. Not only positive vibes
should be shared.
[Reply] Joe Massive is a wakeup call to everyone
#Lets all stay safe.
[Reply] Massive please learn your lesson…. COVID
is not a joke.
[Reply] Yes wear your mask please.
Many found these scenes relatable, and they mentioned people
in their own lives who were not following social distancing
measures.
Definitely going to parties and into large gatherings
rn is not advised at all
[Reply] Right....my family just had a big wedding. I
stayed home.
In the first 2 weeks of the show, there were a few comments in
which viewers were distrustful or skeptical with COVID-19
health messages around lockdowns and social distancing.
No offence it’s two COVID cases in Nigeria, why y’all
in lockdown?
The propagandists have polluted the whole world
with this economy killing lockdown BS […] this sh*t
is toxic and detrimental to black folks. unsubscribed.
Although many viewers reacted very strongly to characters who
were not adhering to COVID-19 regulations, viewers did not
engage with comments from their peers online who resisted
COVID-19 measures. Comments opposing COVID-19 measures
became less frequent as the series progressed.

Lockdowns Are Creating Significant Economic
Challenges for People in Their Community
Many episodes prompted viewers to comment on the economic
hardship that COVID-19 mitigation measures created for many
people.
Covid 19 is definitely not a holiday, it’s really money
sapping and the lockdown is limiting.
Commenters reminded themselves and their online peers to be
compassionate and grateful.
I love how @MTV Shuga brought the issue of ‘hunger
virus’, people are literally going through hell in times
like this. A little kindness will save a life.
For example, in one episode, the character “Leo” complains
about being bored in lockdown. His friend “Zamo” tells him he
is being selfish and is lucky to live in a comfortable, luxurious
home, and commenters agree.
Leo was a bit selfish.
[Reply] Zamo gonna be real with him.
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[Reply] He is maybe a little bit…he should be
supportive [to Zamo].
One commenter reinforces this message of awareness and
gratitude by openly reflecting on their privilege of access to the
internet and electricity, which her online peers, who can watch
Alone Together online also share.
I remember chatting with my brother in Nigeria that
I am bored and he said I have electricity, internet and
food, why was I complaining. I felt bad
Audiences reacted to the storylines of “Wasiu” (based in Lagos)
and “Zamo” (in Johannesburg), who were both without income
during lockdowns in Nigeria and South Africa, by discussing
how to navigate a challenging economic situation during the
pandemic. Commenters acknowledged the difficulty of finding
work during the lockdown or making money safely and
responsibly. At a point in the series when “Wasiu” seeks to
supplement his rent by letting strangers with possible COVID-19
symptoms sleep in his home, commenters weighed the risk in
his decision as they discussed his potential exposure to
COVID-19 versus his economic situation.
Wasiu shouldn’t have allowed [people to live with
him].
[Reply] But he needs the money.
[Reply] He needs to find a job, a real one.
[Reply] Wasiu has collected the money for subletting
so he either returns the money or he deals with the
consequences.
[Reply] Where is the job in this lockdown?
In this exchange, 1 commenter links this scenario to the real
world, noting the scarcity of work many people face during the
lockdown. Commenters demonstrated shared creative ways for
the characters to make money within the constraints of
lockdown, possibly providing advice to their peers who are
struggling in real life.
Zamo can give beauty tutorials classes online and
charge a registration fee. She can make money that
way and not have to leave her house, she can even
link up with Leo to help her promote it.

Social Isolation Is Necessary but Affects Mental Health
Social isolation was another topic in the series that resonated
strongly with commenters: “Truth is we need human interaction
everyday.” Many were sympathetic to the series’ characters
“Leo” and “Daniel” who lived alone during the lockdowns in
Kenya and Cote d’Ivoire, respectively.
Daniel doesn’t look ok at all.
[Reply] He definitely doesn’t. Tough time to be living
on one’s own, away from family.
Commenters explained how loneliness and isolation impacted
their mental health. They described being stuck at home alone
as depressing, unnaturally sad, draining, limiting, and boring.
Leo, it always depressed- but I understand that being
stuck in the house 24/7 isn’t easy.
[Reply] Yes it isn’t easy.
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[Reply] It can drain you mentally.
[Reply] Leo it’s ok not to be ok.
They also explained how being unable to control their loneliness
due to social distancing measures and lockdowns worsened
their situation.
Let us not forget persons living on their own (from
the young adults to the elderly). It’s one thing to be
alone, but to be lonely and not be able to do much
about it, is sad.
One viewer sympathized with the character Mbali, whose mental
health is suffering while isolating due to a COVID-19–positive
test. She comments that Mbali should go see a friend because
of the toll isolation is taking on her mental health. Other viewers
responded that Mbali should continue her isolation.
Mbali looks a mess, Jesus. She should go hang out if
it’ll make her feel better, lol.
[Reply] No, I think she should just avoid the risk and
stay safe at home.
[Reply] Personally, I don’t think she should.
[Reply] She definitely needs to isolate.
[Reply] Mbali should not go, I sense danger.
[Reply] Mbali looks fine - She just needs to heal.
Commenters expressed the challenges for those who are away
from their family at this time. “Being without my family all this
time is draining.” One viewer shared their painful experience
of losing their father and being unable to travel to attend his
funeral. Online peers offered support, empathy, and condolences.

Dineo can’t just leave during this pandemic if she got
no place to go.
Look at [Dineo’s] situation. She can’t leave even to
go buy something, he won’t let her. The most she can
do is call the police or a hotline but she isn’t even
mentally capable cause he is fooling and abusing her.
I've heard experiences of ladies in Dineo's shoes!
Once you're in a relationship with a manipulative
abuser, it's hard to leave them.
Commenters agreed that despite the COVID-19 lockdown
measures, it was important that Dineo finds a safe way to leave
home and escape the violence.
Dineo get out! Pandemic or not this situation isn't
good for your physical or mental health! Talk to
someone anyone!
Most comments on episodes about intimate partner violence
were oversimplified calls for Dineo to leave her relationship
“Dineo, run”. Only a few viewers offered strategies for leaving
the violent relationship.
Dineo.....gurrrrll you better order a pizza. 911 child!
This having a code word [to signify to a friend you
are in trouble] is definitely a great thing.
People! Know where your friends live! Code word
for what if you can't find them when they're in trouble.
Sha!

Creating an Online Community Through Shared
Experience

pain
[Reply] So so sorry for your loss. I believe he’s
resting.
[Reply] May his soul rest in peace amen.
[Reply] Hard luck dear, it is so painful.
[Reply] Ooh sorry dear...may the good Lord comfort
you.

The comment section reflected a desire from viewers to connect
with their peers by sharing advice, support, and their own
experiences during the pandemic. Conversations on the Alone
Together online platform offered a socially distant way to
reactivate community engagement, while in-person connections
were restricted. The shared experiences and hardships created
by the COVID-19 pandemic, enacted by Alone Together
characters, helped develop a sense of community. One common
way viewers utilized the comments was to thank frontline
workers.

Many commenters appreciated a storyline about partner violence
as they felt it reflected current reality, especially during the
pandemic.
My heart breaks for the women who actually go
through this especially now during the lockdown. My
mom left my abusive father this year and my heart is
at peace finally cause I know the pain she felt.
The dramatic arc in the storyline for the character “Dineo”—in
which it becomes evident that she is living with a violent partner
during the lockdown—generated many responses and discussion.
Although some commenters blamed Dineo for her situation, “I
don’t feel sorry for her because when a relationship is toxic u
should leave,” online peers explained why it was difficult for
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women to leave violent relationships, even more so during a
pandemic.

I lost my dad this period and they buried him, I can’t
even go and pay the last respect… I’m so much in

Lockdowns Make It Difficult for People Who Experience
Intimate Partner Violence to Seek Help
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Shout out to all health workers out there.
Salute to all our frontline health workers
They also urged their peers to think communally and raised
awareness about those making sacrifices or struggling during
the pandemic.
I appreciate the introduction of the hospital cleaners
and other non-medic staff in hospitals as high-risk
workers. We should remember them as we pray and
celebrate our doctors, nurses and lab technicians etc.
Prayer for single mothers out there

through this

pandemic

JMIR Form Res 2021 | vol. 5 | iss. 10 | e30449 | p.425
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Baker et al

Viewers also used the online community to build camaraderie
with other viewers and encourage optimism and resolve despite
the challenges of the pandemic and lockdowns.
Wait, am I the only one seeing this loneliness brings
love? I guess there's something positive about
COVID-19.
[Reply] True.
[Reply] Yh, like you have time for others.
They expressed how their engagement with Alone Together
went beyond watching the series and helped to connect them
across countries and cultures.
Been watchin Shuga since day one from a French
country, first time to comment but I just wanted to
say this is a real family. From different places but a
real family

Alone Together raised awareness about available mental health
resources, abortion care, domestic violence, and COVID-19.
Viewers used the comment section to connect directly with the
Alone Together team to receive links to resources that fit their
individual need.
I actually need these links to talk to these mental
health organisations, MTV Shuga if it's possible
please.
[Reply] MTVShuga: "Hi, please let us know what
country you're in at the moment, or visit
www.mtvshugaalonetogether.com to access the
helplines for the countries currently available. Thank
you.
Viewers also used the comment section to ask Alone Together
producers for more education and awareness about specific
scenarios that people might be facing during COVID-19. Some
of the requests included characters (some from past series of
MTV Shuga) struggling with family support, pregnancy, and
addiction.
@MTVShuga you should also address addiction,
especially now.
@MTVShuga, I want to see [the character from MTV
Shuga, Down South] Sol, a lot going there, losing his
...

Used the Series as a Link to the “Real World”
Commenters expressed that they found the series realistic and
reflected on what is happening in real life. As viewers grappled
with isolation and disconnection from their communities, Alone
Together served as a link to unite viewers to fictional but
relatable community members. “This is like a glimpse into the
outside world...” Watching the series raised their awareness of
how COVID-19 might be affecting certain groups
disproportionately:
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I legit started crying when [the character] Dr. Sope
started talking about corona virus patients.
[Reply] It takes a lot of gut to be a nurse or a doctor.

Enjoying Entertainment Together

A Link to Resources From Alone Together

mum, taking care of his sis and then Covid-19
a lot.

Hmmm cannot imagine being a child and having to
deal with a sick parent or guardian with a contagious
disease. Great job again MTV Shuga.
Single mothers must be going through alot RN.
[Reply] Honestly they are...I wonder how they are
coping?
[Reply] A day at a time is what I am doing.
Commenters were empathetic toward characters who were sick
with COVID-19 or had a loved one who was ill. Additionally,
the series made them aware of the working conditions in
overwhelmed hospitals and the sacrifices frontline workers
made for their community.

People tuned into the series as a source of support during the
pandemic. Commenters applauded the episodes’ short and daily
format, which served as a consistent and enjoyable moment in
their day during an unstable time. For some people, watching
Alone Together “kept them sane” and lifted their mood:
Love love this show... It's amazing how I look forward
to my 5 exciting minutes 5 days a week… hum not
bad huh? Looking forward to Monday
On the season finale, commenters shared that tuning into the
series made lockdown more enjoyable and expressed that the
series had been a source of comfort to them over the past
months.
I appreciated what you guys did as a way to occupy
our minds and attention during the pandemic. All in
all I want to say thank you for #alonetogether it was
entertaining for me as well as being informative
#alonetogether
#staymasked
#covidisreal
#SENDINGLOVEFROMTHEBAHAMAS
Am so proud of you all for putting all this beautiful
content together through this hard, scary and stressful
moment. Love all your content. ALONE TOGETHER
. All this will be something of the past by God's
grace.
Thank you so much MTV Shuga for keeping me
informed and entertained, you guys make me wanna
do better and I’m going to miss 'Alone together'.

Discussion
Principal Findings
Our findings showed that the new miniseries based on
COVID-19—MTV Shuga: Alone Together—reached dominantly
female audiences who understood the importance of individual
behaviors to prevent COVID-19, and encouraged their online
peers to follow COVID-19 mitigation measures. However, the
audience also empathized and related to those suffering the most
from COVID-19 lockdowns and were significantly concerned
about the psychosocial and economic implications of strict
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COVID-19 mitigation measures. Thus, there appeared to be a
struggle between social responsibility (following COVID-19
prevention rules for the social good) and the isolation and
hardship that this entailed for people. In the absence of
face-to-face meet-ups due to social distancing measures, Alone
Together’s YouTube page became a place where people could
safely connect and discuss current events and their personal
experiences. It became a valued support system, particularly
for adult women under 35 years of age, during the first wave
of the COVID-19 pandemic. Viewers used the Alone Together
social media platform to share support, decision making, and
coping strategies to face challenges created by the pandemic
measures, uniting viewers across diverse places and cultures.
Alone Together reached at least 53 countries, with the largest
reported audience in Nigeria, where 4 previous seasons of the
MTV Shuga series were filmed and have an established MTV
Shuga fanbase. The United States, UK, and Canada also had
high reported viewership, which is likely aided by very
high-speed internet access in these countries. Episodes with
French subtitles had the most reported viewers in Cote d’Ivoire,
which is the location for the latest series of MTV Shuga.
Although MTV Shuga creates its content for young people (ages
15-24 years), 43.37% (434,361/1,001,552 viewers) of French
and English viewers were above the age of 24 years. MTV
Shuga also aims to develop gender-balanced content; however,
overall, the MTV Shuga series are more popular with a female
audience on YouTube. Alone Together, which likely gathered
viewers from fans who had watched the previous series of MTV
Shuga, was more successful at attracting female viewers from
the premiering episode. Young men appear less receptive to
watching or are unaware of the MTV Shuga series on YouTube.
Although men in the analysis are unrepresented, it allows us to
understand the views, perceptions, and experiences of women
under the age of 35 years, primarily in countries across Africa
and the United States, Canada, and UK, during the pandemic.
The social and economic challenges of the COVID-19 pandemic
have had an immense impact on the daily lives of younger
adults. Viewers shared how national lockdowns had exposed
themselves and people they knew to economic uncertainty.
People in their 20s and 30s are more likely than other age groups
to work in sectors heavily affected by the pandemic. In
particular, women were more likely to lose employment and
take on unpaid care responsibilities [10]. Oxfam International
estimated that COVID-19 has cost women US $800 billion in
lost income globally in 2020 and has widened both gender and
economic inequalities [11,12]. Viewers also discussed their
isolation and loneliness and being away from family and friends
during this time. A UK study showed that adults aged 18-30
years and adults living alone experienced a greater risk of
loneliness during the COVID-19 pandemic than other groups
[13]. Young people with existing mental health illnesses have
reported that COVID-19 made their condition worse, and for
some, it restricted their access to mental health services [14].
Additionally, the national lockdowns across the world caused
spikes in household violence, leaving girls and women
particularly vulnerable [15]. Viewers struggled to find solutions
for the character in the series that was stuck in a violent
relationship. This issue played out in real life as women
https://formative.jmir.org/2021/10/e30449
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worldwide reported difficulties accessing essential gender-based
violence services because they could not leave their homes or
seek help online or over the phone [14,16].
Social media provided viewers with a space to raise awareness
about the challenges they face during the pandemic and ask for
the resources they need. For many younger adults, online
connections are as much a part of their social life as in-person
peers and have possibly become more vital during lockdowns
and social distancing. If channeled in positive and constructive
ways, social connection online can buffer anxiety and depression
induced by isolation in the pandemic and offer support in the
absence of in-person contact [17]. Social media can also be a
useful public health tool for establishing prosocial public health
behaviors. Content on social media influences people’s
perception of their peers’ behavior, affecting their own intentions
for that behavior [18]. Young people are especially susceptible
to peer influence and have a great capacity to influence one
another [19]. Viewers who engaged with or consumed Alone
Together’s social media content saw their online peers imploring
others to follow COVID-19 measures despite the psychosocial
impact and to show empathy, compassion, and concern for
people struggling during the pandemic. Commenters mainly
were united in these expressions, establishing social norms
about the appropriate and ethical behavior their peers should
demonstrate during the first waves of the COVID-19 pandemic.

Limitations and Strengths
Those who watched Alone Together represent individuals with
access to media (the internet and a device). Their experiences
of COVID-19 may be different from those who lack such access.
This audience is more likely to have access to other resources
and may experience fewer challenges due to COVID-19. In
such situations, the choice to act with social responsibility may
come with fewer personal consequences (eg, than somebody
who is facing hunger and homelessness). Furthermore, those
who commented on the series comprised only a small percentage
of viewers and may not represent all viewers. Demographic
information extracted by YouTube Analytics represents all
viewers, not just those who post comments. YouTube analytic
data are self-reported, so viewers can select their gender and
age. Young people under 18 years might be motivated to set
their age to over 18, so their content is not restricted. A large
number of participants chose not to share their location
information with YouTube, causing the location data to be
incomplete. Additionally, by excluding non-English comments,
the voices and experiences of viewers from French-speaking
countries will not be represented in the data. Viewers were free
to choose if and how they engaged in topics, so commenters
may reflect viewers who are more confident, experienced (with
digital media), have better internet access, or are more engaged
and supportive of the show. This may explain in part why most
comments were positive and supportive, and relatively few
commenters challenged the content or themes raised in the
series. Also, those who were not receptive to Alone Together’s
messages could have unsubscribed, stopped watching the series,
or stopped posting comments.
Although social media’s anonymous nature can enable candid,
honest comments and viewpoints, it is also possible that viewers
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can misrepresent themselves [20]. For example, in their
YouTube account, viewers could list themselves as a different
age or gender. Their comments could present a persona or
opinions that differ from those they offer in person. By contrast,
viewers who are truthful about their identity could have
potentially shied away from sharing opinions, personal
experiences, and asking for help due to fears of judgment,
identification, or cyberbullying. These factors could influence
the comments’ validity and the risk of treating social media
posts as empirical data.
Despite these limitations, most comments were validated
through the agreement of fellow viewers, and it was clear (from
responses to posts) that viewers found value and truth in what
their peers posted. There was little reason or incentive for
viewers to misrepresent themselves, and we have assumed that
most are sharing honest views. The comments represent viewers’
own choices about what to share, and thus reflect the themes
and experiences that resonated most for them. Our study result
offers a valuable first-person perspective from young people
facing a dramatic global event. As future waves of COVID-19
infections and lockdown measures occur, their reactions provide
insights and lessons to help support young people through
further challenges.

Baker et al

Conclusions
This analysis has shown how younger adults across the globe
responded to the first wave of the COVID-19 pandemic and the
strict lockdowns implemented in most countries. These
viewers—predominantly women under 35 years of age who
were digitally connected and engaged—recognized the critical
role they played in keeping other people safe, even at the
expense of their own economic and social needs. They
recognized the immediate and lasting impact that COVID-19
restrictions were having on younger adults’ mental health,
livelihoods, and relationships. As future waves of infection and
lockdown occur, especially in low- and middle-income countries
with limited COVID-19 vaccine availability, it will be
increasingly difficult for younger adults to continue to make
such sacrifices. Support systems are needed, and within those
edutainment supported by social media can offer connectedness
and linkages to resources to cope with the COVID-19 crisis.
Viewers who commented on the series showed that they are
receptive to receiving support from online communities and
media services. Online, people have a great capacity to influence
each other and establish social norms. Peer influence and support
online can be a powerful public health tool, particularly during
a pandemic where individual behaviors need to shift rapidly to
prevent disease transmission.
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Abstract
Background: On March 13, 2020, Ethiopia reported the first confirmed case of COVID-19 in Addis Ababa. COVID-19 is
likely to overwhelm an already-fragile health care delivery system and reduce the availability of essential health services. This
analysis of data from the Somali Region of Eastern Ethiopia on health care workers’ (HCWs) knowledge, attitudes, and practices
regarding the prevention and control of COVID-19 may be used in planning health education programs about the emerging viral
disease.
Objective: This study aimed to investigate the knowledge, attitudes, and practices of HCWs regarding COVID-19 infection.
Methods: This cross-sectional study was conducted among HCWs in three public health facilities in the Somali Region, Eastern
Ethiopia. A self-administered questionnaire was shared with all HCWs working at the public health facilities. A total of 15
knowledge questions were scored as 1 or 0 for correct or incorrect responses, respectively. A total of 14 practice questions were
scored on a 3-point scale from 1 (“always”) to 3 (“never”). A total of six attitude questions were rated on a 5-point Likert scale,
in a negative dimension, as follows: 1 (“strongly agree”), 2 (“agree”), 3 (“neutral”), 4 (“disagree”), and 5 (“strongly disagree”).
Mean scores were calculated and used as a cut point to dichotomize the outcome variables (>13.7 indicated good knowledge,
<18.8 indicated good practices, and ≤10.5 indicated favorable attitudes). We used t tests and analyses of variance (ie, F tests) to
analyze the mean score differences of knowledge, attitudes, and practices between the independent variables. Spearman correlation
was used to assess the relationship between mean knowledge and attitude scores.
Results: Of the 686 HCWs approached, a total of 434 HCWs responded (63.3% response rate). The mean age of the participants
was 27.6 (SD 5.3) years, and the majority of the participants were male (293/434, 67.5%). The mean knowledge score was 13.7
(SD 2.6), and 73.3% (318/434) of participants had sufficient knowledge. The mean attitude score was 10.5 (SD 4.1), and 54.8%
(238/434) of the participants had a good attitude toward COVID-19. The mean practice score was 18.8 (SD 5.8), and 61.5%
(267/434) of the participants practiced precautionary measures to prevent COVID-19. There was a negative correlation between
knowledge and attitude scores (r=–0.295, P<.001) and between knowledge and practice scores (r=–0.298, P<.001).
Conclusions: The overall levels of knowledge and practice were relatively better than the attitude level. This highlights the
need to implement strategies that enhance the positive attitudes and safe practices of the HCWs for better containment of the
pandemic and supporting of essential health care services.
(JMIR Form Res 2021;5(10):e26980) doi:10.2196/26980
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Introduction

manifestation, diagnosis, proposed treatment, and established
prevention strategies.

COVID-19 is an emerging, rapidly changing global health
challenge affecting all sectors, including the health sector [1].
In Ethiopia and in the Somali Region, in particular, there is
already a limited number of health care workers (HCWs) in the
health sector, which puts extreme strain on the capacity to serve
patients, especially for nonemergency care [2]. Thus, COVID-19
is likely to overwhelm an already-fragile health care delivery
system and reduce the availability of services for endemic health
concerns, such as malaria and diarrheal diseases including
cholera [3]. The proportion of Ethiopia’s water supply that is
safe is 30%, which means the water supply serves as the leading
cause of communicable diseases in the country. As a result,
pre-existing inadequate hygiene practices, insufficient coverage
in water and sanitation services, and overcrowding living
situations all contribute to the virus’s occurrence and
transmission. The pandemic is also adding to the burden of
endemic infectious diseases that prevail in many countries with
an ongoing humanitarian response; these diseases include
cholera, measles, malaria, HIV, and tuberculosis.

Thus, this study aimed to investigate the knowledge, attitudes,
and practices of HCWs regarding COVID-19 infection. The
findings may be useful in recommending any remedial measures
and additional interventions in the study area to improve
awareness, attitudes, and practices among HCWs.

To date, no specific antiviral treatment has been confirmed to
be effective against COVID-19 [4]. Regarding infected patients
with COVID-19, it has been recommended to apply appropriate
symptomatic treatment and supportive care [5,6]. Therefore,
applying preventive measures to reduce the spread of disease
is of the utmost importance.
In this regard, airborne precautions and other protective
measures have been discussed and proposed for prevention.
Recommended preventive measures include regular
handwashing with soap, social and physical distancing, and
respiratory hygiene (ie, covering the mouth and nose while
coughing or sneezing) [5,7].
The World Health Organization (WHO) also issued guidelines
on the use of face masks in different settings, including in the
community, in home-based care, and in the health care settings
of COVID-19 [8]. In this guideline, HCWs are recommended
to use face masks, such as certified N95 respirator masks, when
performing aerosol-generating procedures and to use medical
masks when providing care to suspected or confirmed
COVID-19 cases. However, these effective prevention and
control practices depend on awareness and compliance among
HCWs at all levels.
A poor level of knowledge has been implicated in the rapid
spread of infections in health facilities [9,10] and delay of
treatment [11], which may put patients’ lives at risk. On the
other hand, HCWs are not only at the forefront of the fight
against this highly contagious infectious disease, but are also
directly or indirectly affected by it, and the likelihood of
acquiring this disease is higher among HCWs compared to the
general population [12]. Therefore, it is crucial that HCWs
across Ethiopia and in the Somali Region have adequate
knowledge about all aspects of the disease, including clinical
https://formative.jmir.org/2021/10/e26980
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Methods
Study Design, Setting, and Period
An institution-based cross-sectional study was conducted from
June to August 2020 at Jigjiga University Teaching Hospital
and two health centers in Jigjiga City, Somali Region, State of
Ethiopia. There are two hospitals in the town; one is a
multidisciplinary specialized teaching hospital with 351 inpatient
beds and the other one is a general hospital with 193 inpatient
beds. Currently, they provide health services to more than one
million inhabitants in the catchment area. During data collection,
Karamara General Hospital was turned into a COVID-19
treatment center and was not accessible for the study. Most of
its staff were reassigned to other health facilities to support the
provision of basic health services.

Sample Size Determination and Sampling
Employees that were invited to participate in this study were
all HCWs employed by the public health facilities in Jigjiga
City. We included HCWs who were believed to have patient
care or specimen contact, such as physicians, nurses, midwives,
health officers, laboratory professionals, x-ray professionals,
pharmacists and druggists, anesthetists, and biomedical
professionals.
All public health facilities in the city, except for the one fully
dedicated to COVID-19, were included. We contacted the
human resources units to receive the lists of HCWs who have
direct patient and specimen contact in the respective facilities.
Finally, we came up with a total of 686 HCWs, which
constituted the final sample size.

Eligibility Criteria
Only full-time employees (ie, HCWs) who were potentially at
high risk of COVID-19 infection (ie, physicians, medical
laboratory technologists, nurses, and midwives), were available
during the data collection period, and were ready to take part
in the study were included.

Data Collection and Quality Control
A structured self-administered questionnaire was used to collect
the data. The questionnaire was designed in reference to the
study by Asaad et al regarding knowledge and attitudes toward
the Middle East respiratory syndrome coronavirus, and it was
adapted from the current interim guidance and information for
HCWs published by the US Centers for Disease Control and
Prevention (CDC) [5,13]. The questionnaire consists of six
sociodemographic questions and 35 questions on knowledge,
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attitudes, and infection control practices related to COVID-19
in the health care setting. A pretest was done among 5.0%
(34/686) of the study participants to estimate the duration
required to complete the survey, ensure clarity of the questions,
avoid potential bias, and validate the internal consistency of the
items in attitude measurement. The Cronbach α value was .72,
which was acceptable. The questionnaire has a satisfactory level
of construct validity and internal consistency, according to this
result.
The questionnaires were collected daily and checked for
completeness; in the case of an incomplete questionnaire, the
respondent was contacted in order to complete it. In addition,
timely supervision of the data collection process was done by
the investigators. During collection of the questionnaires,
precautionary measures, such as wearing of masks and physical
distancing, were observed. Data quality was ensured during
data collection, and regular supervision and follow-up were
performed.

Measurements of Knowledge, Attitudes, and Practices
Knowledge questions were scored as 1 or 0 for correct or
incorrect responses, respectively. The total knowledge score
ranged from 0 (with no correct answer) to 15 (for all correct
answers); a mean score of ≤13.7 indicated poor knowledge, and
a mean score of >13.7 indicated good knowledge. There were
14 practice questions, which were scored on a 3-point scale
from 1 (“always”) to 3 (“never”). Total practice scores ranged
from 14 to 42; a mean score of >18.8 (answering “never” or
“occasionally”) indicated poor practices, and a score of ≤18.8
(answering “always”) indicated good practices. Thus, the lower
the practice scores were, the higher the probability of good
practices, and vice versa. Attitude questions were scored on a
5-point Likert scale as follows: 1 (“strongly agree”), 2 (“agree”),
3 (“neutral”), 4 (“disagree”), and 5 (“strongly disagree”). There
were six attitude questions. The total score ranged from 6 to
30; a mean score of >10.5 (answering “disagree,” “strongly
disagree,” or “neutral”) indicated a negative attitude, and a score
of ≤10.5 (answering “strongly agree” or “agree”) indicated a
positive attitude. Therefore, the lower the attitude scores were,
the higher the probability of positive attitudes, and vice versa.
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Data Analysis
Data were coded and entered into Epi Info software (version
3.5.1; CDC) and exported into Stata software (version 14.1;
StataCorp LP) for analysis. Summary statistics, such as
frequencies and proportions, were computed as appropriate. We
conducted t tests and analyses of variance to analyze the
relationship between the dependent (ie, knowledge, attitudes,
and practices) and independent variables (ie, demographic
characteristics of the participants). Spearman correlation was
used to assess the relationship between mean knowledge and
attitude scores. The differences in estimated variables were
considered statistically significant at P<.05.

Ethical Considerations
Ethical clearance and support letters were obtained from the
Ethical Review Committee of the College of Medicine and
Health Sciences, Jigjiga University. The support letter was then
submitted to the public health facilities. Permission was then
obtained from the health facilities’ director and department or
section heads. Study participants were informed about the
purpose and importance of the study through written informed
consent before the data collection process. In addition,
participants who were unwilling to take part in the study and
those who needed to quit their participation at any stage were
informed that they could do so without any restriction.

Results
Sociodemographic Characteristics
Of the 686 HCWs approached, a total of 434 responded (63.3%
response rate). The mean age of the participants was 27.6 (SD
5.3) years, and the majority of the participants were male
(293/434, 67.5%) and below 40 years of age (423/434, 97.5%).
The majority of the participants were working in the referral
hospital (345/434, 79.5%), were nurses (322/434, 74.2%), and
had more than 5 years of experience (307/434, 70.7%). The
main sources of information about COVID-19 were the WHO
followed by government health authorities and media (Table
1).

JMIR Form Res 2021 | vol. 5 | iss. 10 | e26980 | p.433
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Farah et al

Table 1. Sociodemographic characteristics of health care workers in Jigjiga City.
Variable

Value (N=434)

Sex, n (%)
Male

293 (67.5)

Female

141 (32.5)

Age in years
Mean, SD

27.6 (5.3)

18-39, n (%)

423 (97.5)

≥40, n (%)

11 (2.5)

Occupation, n (%)
Nurse (including midwives)

322 (74.2)

Physician

36 (8.3)

Pharmacist

26 (6.0)

Dentist

7 (1.6)

Laboratory technologist

31 (7.1)

X-ray physician

12 (2.8)

Place of work, n (%)
Referral hospital

345 (79.5)

Karamara General Hospital

33 (7.6)

Ablele Health Center

44 (10.1)

Ayrdage Health Center

12 (2.8)

Work experience in years
Mean, SD

8.3 (9.1)

0-4, n (%)

127 (29.3)

≥5, n (%)

307 (70.7)

Source of COVID-19 information, n (%)

a

World Health Organization

241 (55.5)

Government site and media

105 (24.2)

Social mediaa

52 (12.0)

Other news media

30 (6.9)

Others

6 (1.4)

Social media platforms include WhatsApp, Facebook, and Telegram.

Knowledge
Table 2 shows the details of the responses given by the health
professionals for each knowledge question dealing with
COVID-19 signs and symptoms, potential admission criteria
required to identify patients at risk, approaches to prevent
transmission in hospitals, and possible supportive treatment for
patients with COVID-19.
Of the total HCWs who participated in the study, 73.3%
(318/434) had sufficient knowledge (Table 3). Almost all HCWs
were able to correctly identify COVID-19 key symptoms. Data
from this study revealed that 95.4% (414/434) of respondents
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fully understood the common signs and symptoms of
COVID-19. A total of 89.9% (390/434) were also aware of
factors likely to be associated with severity of the disease.
The majority of the respondents understood the dynamics of
COVID-19 infectiousness: 91.5% (397/434) of respondents
were aware of the possibility that one could infect others before
the onset of symptoms and 90.8% (394/434) of HCWs
responded “true” to the question about droplets as a major
transmission route. A considerable proportion of respondents
(404/434, 93.1%) knew that the incubation period is not constant
and could vary from 2 to 14 days.
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Table 2. Health care workers’ (HCWs) knowledge regarding COVID-19.
Statements about knowledge

Responses by HCWs (N=434), n (%)
True

False

I don’t know

The common symptoms of COVID-19 are fever, fatigue, and dry cough.

414 (95.4)

13 (3.0)

7 (1.6)

The causative agent of COVID-19 is coronavirus.

410 (94.4)

12 (2.8)

12 (2.8)

The incubation period of COVID-19 is 2 to 14 days.

404 (93.1)

21 (4.8)

9 (2.1)

Not all persons with COVID-19 will develop severe cases. Only those who are elderly and have
chronic illnesses are likely to be severe cases.

390 (89.9)

33 (7.6)

11 (2.5)

COVID-19 can be transmitted through direct contact of respiratory droplets when infected persons
cough or sneeze.

394 (90.8)

28 (6.4)

12 (2.8)

The disease can be transmitted from asymptomatic patients.

397 (91.5)

26 (6.0)

11 (2.5)

Training and observation of standard precautionary measures are required by caregiving personnel in
suspected and probable cases of COVID-19 infection.

392 (90.3)

30 (6.9)

12 (2.8)

Visitors to patients with suspected, probable, and confirmed cases of COVID-19 infection should be
limited, both in hospital and at home.

406 (93.6)

22 (5.1)

6 (1.3)

The disease can be spread by people touching a surface or object that has the virus on it and then
touching their own mouth or nose or possibly their eyes.

401 (92.4)

22 (5.1)

11 (2.5)

Isolation and treatment of people who are infected with the COVID-19 virus are effective ways to reduce 404 (93.1)
the spread of the virus.

23 (5.3)

7 (1.6)

People who have contact with someone infected with the COVID-19 virus should be immediately
isolated in a proper place. In general, the observation period is 14 days.

400 (92.2)

24 (5.5)

10 (2.3)

A person with mild symptoms of COVID-19 must remain at home until resolution of clinical symptoms. 398 (91.7)

30 (6.9)

6 (1.4)

Standard precautions should be followed by health care providers in dealing with suspected, probable, 395 (91.0)
and confirmed cases of COVID-19 infection.

29 (6.7)

10 (2.3)

Oxygen therapy should be given to all cases of severe COVID-19 with acute respiratory infection.

54 (12.5)

11 (2.5)

40 (9.2)

15 (3.5)

369 (85.0)

Ventilation with an endotracheal tube must be carried out in patients with confirmed and/or suspected 379 (87.3)
COVID-19 with clinical manifestations of acute respiratory distress symptoms.

Table 3. Knowledge, attitude, and practice levels among health care workers.
Domain

Good level (N=434), n (%)

Poor level (N=434), n (%)

Knowledge

318 (73.3)

116 (26.7)

Attitude

238 (54.8)

196 (45.2)

Practice

267 (61.5)

167 (38.5)

With respect to prevention of transmission from known or
suspected patients, HCWs knew most of the preventive
measures. The majority of HCWs (400/434, 92.2%) responded
that isolation could be one of the possible ways to prevent
COVID-19. The majority of HCWs (395/434, 91.0%) responded
that standard precautions should be followed by health care
providers when dealing with suspected, probable, and confirmed
cases of COVID-19 infection (Table 2).
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Attitude
Of the total of HCWs who participated in the study, 54.8%
(238/434) had positive attitudes (Table 3). Only 48.8%
(212/434) were conﬁdent that COVID-19 can be controlled by
public health institutes. More than half of the HCWs (226/434,
52.1%) agreed that this disease can be prevented, and less than
half of the HCWs (214/434, 49.3%) agreed that it is imperative
to use surgical masks when working with patients with
COVID-19; unfortunately, 52.1% (226/434) of the HCWs were
not confident in dealing with patients with COVID-19 (Table
4).
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Table 4. Health care workers’ (HCWs) attitudes toward COVID-19.
Statements about attitudes

Responses by HCWs (N=434), n (%)
Strongly agree Agree

Neutral

Disagree

Strongly
disagree

Caring for patients with COVID-19 infection may be a threat to health care 226 (52.1)
personnel.

147 (33.9)

28 (6.4)

24 (5.5)

9 (2.1)

Public health agencies, like the Ethiopia Public Health Institute, can control 212 (48.8)
the outbreak of COVID-19.

121 (27.9)

42 (9.7)

50 (11.5)

9 (2.1)

COVID-19 can have a negative effect on the economies of the countries
involved.

231 (53.2)

135 (31.1)

24 (5.5)

36 (8.3)

8 (1.9)

It is important to report suspected cases to health authorities.

301 (69.3)

104 (24.0)

11 (2.5)

13 (3.0)

5 (1.2)

COVID-19 is preventable.

226 (52.1)

136 (31.3)

33 (7.6)

23 (5.3)

16 (3.7)

It is imperative to use surgical masks when working with patients with
COVID-19.

214 (49.3)

136 (31.3)

23 (5.3)

26 (6.0)

35 (8.1)

Practice
Of the 434 HCWs who participated in the study, 61.5% (n=267)
practiced precautionary measures to prevent COVID-19 (Table
3). Practical measures put in place by HCWs in order to protect
themselves and their families are presented in Table 5. A total
of 72.4% (n=314) of the 434 HCWs reported that they always
wore personal protective equipment when coming into contact
with the patients, and 67.5% (n=293) washed their hands before

and after touching each patient. Other measures observed
included the following: 72.8% (n=316) of the HCWs always
avoided going to crowded places and 71.4% (n=310) always
avoided shaking hands, hugging, or kissing. In addition, 71.7%
(n=311) of the HCWs always kept a safe distance and 71.0%
(n=308) covered their mouths when sneezing or coughing.
Unfortunately, as high as 72.6% (n=315) of the participants had
avoided patients with symptoms suggestive of COVID-19.

Table 5. Health care workers’ (HCWs) practices regarding COVID-19.
Statements about practices

Responses by HCWs (N=434), n (%)
Always

Occasionally

Never

I always wear the personal protective equipment (PPE) when handling a patient.

314 (72.4)

101 (23.3)

19 (4.4)

I wash my hands with water and soap before putting on the gloves.

302 (69.6)

105 (24.2)

27 (6.2)

For residual protection, I use hand sanitizer after washing my hands with soap and water.

303 (69.8)

103 (23.7)

26 (6.5)

I wash my hands between patients (before and after examining).

293 (67.5)

105 (24.2)

36 (8.3)

I wash my hands whenever they are soiled.

298 (68.7)

113 (26.0)

23 (5.3)

I wash my hands after blowing my nose or covering a sneeze.

289 (66.6)

114 (26.3)

31 (7.1)

I wash my hands with soap and water and apply hand sanitizer when leaving the health facility.

208 (71.0)

107 (24.6)

19 (4.4)

When I sneeze or cough, I cover my nose or mouth with a tissue or clean cloth or do so into my
elbow.

308 (71.0)

106 (24.4)

20 (4.6)

I keep at least 1 meter of distance from a sick person.

311 (71.7)

108 (24.9)

15 (3.4)

I avoid shaking hands with, hugging, or kissing colleagues and patients.

310 (71.4)

110 (25.4)

14 (3.2)

I avoid touching my mouth, nose, and eyes with my hands if I have not washed them with water
and soap.

307 (70.7)

117 (27.0)

10 (2.3)

I avoid going to crowded places.

316 (72.8)

107 (24.7)

11 (2.5)

I safely dispose of the used PPE items when I finish the service.

315 (72.6)

100 (23.0)

19 (4.4)

I avoid patients with signs and symptoms suggestive of COVID-19.

315 (72.6)

91 (21.0)

28 (6.4)

Distribution of Knowledge, Attitudes, and Practices
The relationships between sociodemographic characteristics
and knowledge, attitudes, and practices regarding COVID-19
are demonstrated in Table 6. The mean knowledge, attitude,
and practice scores were 13.7 (SD 2.6), 10.5 (SD 4.1), and 18.8
(SD 5.8), respectively. Male participants had a higher mean
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knowledge score than female participants (13.9, SD 2.3, and
13.3, SD 3.1, respectively; P=.01). Nurses had the highest
knowledge scores, followed by pharmacists and other
professions (P=.04). No difference in knowledge was found
with respect to age and work experience. Mean knowledge
scores were significantly related to the place of work as well as
to the source of knowledge. Participants from the referral
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hospital had a significantly higher mean knowledge score
compared to those working in other health facilities (P<.001).
Additionally, significantly increased knowledge scores were
observed in those getting information from WHO websites
followed by government media (P<.001).
Similarly, male participants had more positive attitudes than
female participants (10.3 , SD 4.1, and 10.8, SD 4.1,
respectively) with no statistically significant difference. No
difference in attitude was found with respect to qualification,
work experience, and age. A positive attitude was significantly
related to the place of work as well as to the source of
knowledge. Participants from the referral hospital had a
significantly lower mean attitude score compared to those
working in other health facilities (P<.001). Additionally, a
significantly decreased attitude score was detected among those
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getting information from social media, followed by WHO
websites (P=.02).
Likewise, male participants tended to practice precautionary
measures more than female participants (18.6, SD 5.8, and 19.3,
SD 6.3, respectively) with no statistically significant difference.
No difference in practice was found with respect to qualification
and work experience. Good practice was significantly related
to age, place of work, and source of knowledge. Older
participants (≥40 years) tended to practice precautionary
measures more than those in younger age groups (P=.04).
Additionally, significantly better practices were observed among
participants working at Ayrdage Health Center (P=.01) and
those getting information from government sites and media
(P=.02).
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Table 6. Distribution of knowledge, attitude, and practice scores among health care workers.
F testc
(df=433)

P
value

Attitude

13.7 (2.6) —f

—

—

10.5 (4.1) —

Male

13.9 (2.3) 2.49

—

.01

Female

13.3 (3.1) —

—

18-39

13.7 (2.6) 0.014

≥40

13.7 (1.8) —

Variable

Knowledge

t testb
(df=432)

P
value

Practice

t test
(df=432)

F test
(df=433)

P value

—

—

18.8 (5.8)

—

—

—

10.3 (4.1) –1.02

—

.31

18.6 (5.8)

–1.18

—

.24

—

10.8 (4.1) —

—

—

19.3 (6.3)

—

—

—

—

.99

10.5 (4.1) 0.24

—

.81

18.9 (6.0)

2.01

—

.04

—

—

10.2 (2.9) —

—

—

15.3 (2.7)

—

—

—

Nurse (in13.9 (2.2) —
cluding midwives)

2.39

.04

10.3 (3.8) —

1.45

.21

19.2 (6.1)

—

1.61

.16

Physician

12.9 (3.9) —

—

—

11.0 (4.4) —

—

—

19.3 (5.9)

—

—

—

Pharmacist

13.2 (2.4) —

—

—

10.7 (3.8) —

—

—

16.5 (3.5)

—

—

—

Dentist

12.2 (3.5) —

—

—

9.9 (2.3)

—

—

—

18.3 (4.5)

—

—

—

Laboratory
technologist

13.0 (3.5) —

—

—

10.9 (5.6) —

—

—

17.3 (5.9)

—

—

—

X-ray physi- 13.6 (3.1) —
cian

—

—

13.2 (6.7) —

—

—

17.4 (4.4)

—

—

—

Referral hos- 14.3 (1.8) —
pital

40.5

<.001 10.1 (4.1) —

5.93

<.001 18.8 (6.0)

—

3.87

.01

Karamara
12.3 (3.4) —
General Hospital

—

—

12.0 (4.2) —

—

—

17.6 (4.4)

—

—

—

Ablele
Health Center

10.6 (4.0) —

—

—

12.3 (3.8) —

—

—

20.9 (6.6)

—

—

—

Ayrdage
Health Center

12.6 (2.4) —

—

—

11.5 (2.4) —

—

—

15.3 (1.8)

—

—

—

—

.08

18.9 (6.0)

0.54

—

.59

—

—

15.3 (2.7)

—

—

—

scorea,
mean
(SD)
Overall

scored,
mean
(SD)

t test
F test
(df=432) (df=433)

scoree,
mean (SD)

Sex

Age in years

Occupation

Place of work

Work experience in years
0-4

13.8 (2.3) 0.41

—

.68

9.9 (3.4)

–1.78

≥5

13.7 (2.7) —

—

—

10.7 (4.4) —

World
14.0 (2.0) —
Health Organization

5.94

<.001 10.4 (3.9) —

2.96

.02

19.2 (6.1)

—

2.88

.02

Government
site and media

13.9 (2.2) —

—

—

11.1 (4.4) —

—

—

17.2 (4.5)

—

—

—

Social media 13.3 (3.1) —

—

—

9.1 (3.3)

—

—

—

19.1 (6.1)

—

—

—

Other news
media

12.6 (3.9) —

—

—

11.6 (4.4) —

—

—

19.7 (7.0)

—

—

—

Other

9.8 (6.9)

—

—

12.2 (7.0) —

—

—

22.2 (11.2) —

—

—

Source of COVID-19 information

a

—

Knowledge questions were scored as 1 or 0 for correct or incorrect responses, respectively. The total knowledge score ranged from 0 (with no correct
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answer) to 15 (for all correct answers).
b

The t test was used to compare two mean scores within demographic characteristic categories with two subitems (eg, sex) for knowledge, attitude, and
practice.
c

The analysis of variance (ie, F test) was used to compare three or more mean scores within demographic characteristic categories with three or more
subitems (eg, occupation) for knowledge, attitude, and practice.
d

Attitude questions were scored on a 5-point Likert scale from 1 (“strongly agree”) to 5 (“strongly disagree”). The total score ranged from 6 to 30.

e

Practice questions were scored on a 3-point scale from 1 (“always”) to 3 (“never”). Total practice scores ranged from 14 to 42.

f

Values are reported in the top row of each category only when the corresponding statistical test (ie, t test or F test) was conducted.

Correlation Between Knowledge, Attitude, and
Practice Domains
Table 7 presents the correlation coefficients between the
domains of knowledge, attitude, and practice. It was found that
the attitude (r=–0.295, P<.001) and practice (r=–0.298, P<.001)
domains were inversely associated with the knowledge score.
A significant positive correlation was found between attitude

and practice (r=0.173, P<.001). The lower the attitude and
practice scores were, the higher the probability of positive
attitudes and good practices, while the higher the knowledge
scores were, the higher the probability of good knowledge.
Therefore, good knowledge of COVID-19 was directly
associated with a positive attitude and good practices. Similarly,
a positive attitude was directly associated with good practices.

Table 7. Correlation analysis (Pearson r and two-tailed P value) among the research variables.
Variable

Knowledge

Attitude

Practice

r

1

–0.295a

–0.298

P value

—b

<.001

<.001

r

–0.295

1

0.173

P value

<.001

—

<.001

r

–0.298

0.173

1

P value

<.001

<.001

—

Knowledge

Attitude

Practice

a

The correlation is significant at a significance level of .05 (two-tailed).

b

Not applicable.

Availability of Data and Materials
The data set for this study is available from the corresponding
author on reasonable request.

Discussion
Principal Findings
This study assessed the knowledge, attitudes, and practices
related to COVID-19 among HCWs working at public health
facilities. In this study, responses from 434 HCWs regarding
sociodemographic characteristics, knowledge, attitudes, and
infection prevention practices were analyzed. We found that
the majority of HCWs had good knowledge and that over half
of them had positive attitudes and good practices regarding
COVID-19.
Our study found that most of the HCWs were well informed
about COVID-19–related knowledge during the outbreak.
Among these HCWs, the level of knowledge about COVID-19
was higher among male participants and nurses. From our study,
we found that 73.3% (318/434) of the HCWs had sufficient
knowledge about COVID-19, which is almost the same as the
values reported by studies conducted in Uganda and Northern
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Ethiopia [14,15], where 69% and 74% of HCWs had sufficient
knowledge, respectively. The proportion of HCWs with
sufficient knowledge in this study was lower than in studies
conducted in Vietnam and China [16,17].
This study explored the overall mean knowledge score, which
was 13.7 (SD 2.6). These results were higher compared to a
study from Vietnam that reported a mean knowledge score of
8.17 (SD 1.3). Their findings showed that HCWs had a high
level of knowledge and a positive attitude regarding the
COVID-19 outbreak [16]. In contrast, our results showed a
lower knowledge level and a less positive attitude than in studies
conducted in Egypt [18].
In general, having sufficient knowledge may reflect the
successful dissemination of information about COVID-19 by
different media. In this regard, most of the participants in this
study used information from international and governmental
media (ie, websites and veriﬁed social media pages). Our study
suggests that the majority of HCWs used WHO websites as a
source of information for COVID-19. This could be explained
by the fact that the WHO website is regularly updated with
facts. This suggests that such media should be frequently used
to disseminate information on COVID-19 by the stakeholders
involved in the COVID-19 response.
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About 52.1% (226/434) of HCWs believed that caring for
patients with COVID-19 may be a threat to HCWs, which is
similar to findings by a study conducted in China [17] that
showed that around 85% of the surveyed HCWs were afraid of
getting infected while caring for their patients. HCWs help
patients during their routine tasks, such as patient consultation,
infusion, dressing changes, and surgery. They must also deal
with many other emergency situations, and they may become
infected with the virus if they are not cautious. Similarly, about
14.1% (61/434) of HCWs believed that wearing general medical
masks may not protect the spread COVID-19, contrary to
ﬁndings by Ng et al, which showed adequate protection [19].
Our study revealed that more than two-fifths of HCWs had
negative attitudes toward COVID-19, which is in congruence
with a knowledge, attitude, and practice study on COVID-19
in Uganda among HCWs [15], but in contrast to studies about
COVID-19 in China and Ethiopia [17,20]. This study also
explored the overall mean attitude score, which was 10.5 (SD
4.1). These results were lower than those in a study from Egypt
that reported a mean knowledge score of 13.3 (SD 2.1) [18].
However, a Spearman analysis found a significant negative
correlation between the mean knowledge and attitude scores of
HCWs regarding COVID-19 (r=–0.295, P<.001), which is
consistent with studies conducted in Vietnam and Egypt [16,18].
In other words, the lower the attitude scores were, the higher
the probability of positive attitudes, while the higher the
knowledge scores were, the higher the probability of good
knowledge and practice. Therefore, good knowledge of
COVID-19 was directly associated with a positive attitude and
good practices. Similarly, a good attitude was positively
associated with good practices.
Our study showed that the majority of HCWs had good
COVID-19 prevention practices, which is in line with ﬁndings
by other studies on COVID-19 [14,15,17]. The majority of the
HCWs were following key infection prevention and control
practices recommended by the Ministry of Health Ethiopia and
the WHO. These included regular hand hygiene, social
distancing, and wearing of personal protective equipment when
in high-risk situations. A total of 72.4% (314/434) and 67.5%
(293/434) of HCWs reported wearing personal protective
equipment when in contact with patients as well as washing
hands before and after handling patients, respectively. These
are vital practices to prevent transfer of COVID-19 from patient
to patient and to the HCWs themselves. This finding is in line
with a study conducted in Ethiopia [20], but the values are lower
than in many other studies [21-23]. However, up to 72.6%
(315/434) of HCWs admitted having avoided patients with
symptoms suggestive of COVID-19. This can be attributed to
a global shortage of personal protective equipment [24,25].
It was also observed that occupation was significantly associated
with knowledge. Nurses and pharmacists showed relatively
better knowledge than other health professionals. This finding
is in line with a study conducted in Vietnam that showed that
pharmacists had better knowledge than other health professionals
[16]. Similarly, a significant increase in the knowledge score
was detected in those getting information from WHO websites,
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followed by government media. This finding corroborates a
report from Egypt that found that HCWs who gained information
about the disease from the internet, either through social media
or the WHO website, had better knowledge scores [18]. This
could be explained by the fact that younger, highly educated
persons tend to use the internet more than older, less educated
persons. In contrast, a study conducted in Uganda showed that
HCWs who gained information from the traditional news media,
such as television, radio, and newspapers, had more knowledge
[15].
Our results also found that good knowledge was significantly
associated with positive attitudes. This is in line with several
studies that found an association between the COVID-19
knowledge level of HCWs and their attitudes [16,21].
Knowledge of HCWs is a very important prerequisite for
positive attitudes and for promoting positive practices. Attitudes
toward COVID-19 were also better among HCWs who got
information from social media, followed by WHO websites.
This is in line with a study that showed that social media
exposure to COVID-19 information influences the adoption of
preventive attitudes and behaviors through shaping risk
perception [26]. Thus, understanding the role of social media
during the pandemic could help policy makers and
communicators to develop better communication strategies that
enable HCWs to adopt appropriate attitudes and behaviors.
We also observed that older participants tended to practice
precautionary measures more than younger participants; our
findings support a report from Bangladesh that showed that a
notable proportion of young adults did not have good preventive
practices regarding COVID-19 [27]. This could be explained
by the fact that younger participants considered themselves less
at risk compared to older participants.

Limitations
Our study has some limitations. Firstly, no standardized tool
for assessing knowledge, attitudes, and practices regarding
COVID-19 has been previously validated. We adapted and
modiﬁed a previously published tool for assessment of
knowledge, attitudes, and practices regarding the prevention of
respiratory tract infections. Secondly, only HCWs in public
health facilities in parts of the Somali Region were surveyed,
and the results of this study may not reﬂect the knowledge,
attitudes, and practices of HCWs in the private sector. A similar
study may be extended to the community.

Conclusions
This study highlights that more than 73% of HCWs had
sufficient knowledge on the transmission, diagnosis, and
prevention of COVID-19; more than half had positive attitudes
toward COVID-19; and two-thirds had good practices regarding
COVID-19 precautionary measures. There was a statistically
signiﬁcant difference in the level of knowledge about COVID-19
among HCWs. In a nutshell, the overall levels of knowledge
and good practice were better compared to the positive attitude
level. Hence, efforts to enhance the capacity of HCWs can be
very helpful for the containment of the pandemic through
enhancing positive attitudes and good practices.
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Abstract
Background: For several major chronic diseases including asthma, chronic obstructive pulmonary disease, chronic kidney
disease, and diabetes, a state-of-the-art method to avert poor outcomes is to use predictive models to identify future high-cost
patients for preemptive care management interventions. Frequently, an American patient obtains care from multiple health care
systems, each managed by a distinct institution. As the patient’s medical data are spread across these health care systems, none
has complete medical data for the patient. The task of building models to predict an individual patient’s cost is currently thought
to be impractical with incomplete data, which limits the use of care management to improve outcomes. Recently, we developed
a constraint-based method to identify patients who are apt to obtain care mostly within a given health care system. Our method
was shown to work well for the cohort of all adult patients at the University of Washington Medicine for a 6-month follow-up
period. It is unknown how well our method works for patients with various chronic diseases and over follow-up periods of different
lengths, and subsequently, whether it is reasonable to perform this predictive modeling task on the subset of patients pinpointed
by our method.
Objective: To understand our method’s potential to enable this predictive modeling task on incomplete medical data, this study
assesses our method’s performance at the University of Washington Medicine on 5 subgroups of adult patients with major chronic
diseases and over follow-up periods of 2 different lengths.
Methods: We used University of Washington Medicine data for all adult patients who obtained care at the University of
Washington Medicine in 2018 and PreManage data containing usage information from all hospitals in Washington state in 2019.
We evaluated our method’s performance over the follow-up periods of 6 months and 12 months on 5 patient subgroups
separately—asthma, chronic kidney disease, type 1 diabetes, type 2 diabetes, and chronic obstructive pulmonary disease.
Results: Our method identified 21.81% (3194/14,644) of University of Washington Medicine adult patients with asthma. Around
66.75% (797/1194) and 67.13% (1997/2975) of their emergency department visits and inpatient stays took place within the
University of Washington Medicine system in the subsequent 6 months and in the subsequent 12 months, respectively, approximately
double the corresponding percentage for all University of Washington Medicine adult patients with asthma. The performance for
adult patients with chronic kidney disease, adult patients with chronic obstructive pulmonary disease, adult patients with type 1
diabetes, and adult patients with type 2 diabetes was reasonably similar to that for adult patients with asthma.
Conclusions: For each of the 5 chronic diseases most relevant to care management, our method can pinpoint a reasonably large
subset of patients who are apt to obtain care mostly within the University of Washington Medicine system. This opens the door
to building models to predict an individual patient’s cost on incomplete data, which was formerly deemed impractical.
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Introduction
Background
Care management is widely used to improve the outcomes of
patients with chronic diseases [1]. Typically, a model is built
to predict an individual patient’s cost [1-5]. For a patient
predicted to incur high costs in the future, we enroll the patient
in a care management program for preemptive interventions.
Then a care manager will call the patient regularly to check the
patient’s status and help arrange health and related services
[1-5]. Proper use of care management can lower costs by up to
15%, can reduce hospital visits (emergency department visits
and inpatient stays) by up to 40%, and has many other benefits
[4,6-13]. Care management is typically used for managing
several chronic diseases including asthma, chronic obstructive
pulmonary disease, chronic kidney disease, and diabetes, as
these diseases fulfill 3 conditions that allow a care management
program to be economically feasible for implementation: (1)
The disease has a high prevalence rate. (2) If not treated
appropriately, the disease can result in acute exacerbations,
which are associated with high expenses. (3) Relatively low-cost
and effective interventions within the patient’s control are
available for the disease [6,14].
In the United States, a patient often obtains care from several
health care systems such as academic medical centers and
private physician groups. Therefore, the patient’s medical data
are spread across these health care systems, and none has
complete medical data for the patient. Our prior work [15]
showed that less than one-third of hospital visits by adult
patients at the University of Washington Medicine (UWM) took
place within the UWM in a 6-month follow-up period from
April to October 2017. Other researchers showed similar
evidence of care fragmentation for adult hospital visits in
Massachusetts [16] and for emergency department visits in
Indiana [17]. Typical models for forecasting an individual
patient’s cost presume complete historical data [14,18,19]. These
models cannot be used for a health care system with incomplete
data, resulting in many patients with future high costs that could
be predicted being missed by care management interventions
and having poor outcomes.
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Recently, we developed the first constraint-based method to
pinpoint a reasonably large subset of patients who are apt to
obtain care mostly within a given health care system [15]. For
a 6-month follow-up period from April to October 2017, we
showed that this constraint-based method worked well for the
cohort of all adult patients at the UWM [15]. However, we do
not yet know how well our method works for patients with
various chronic diseases and over follow-up periods of different
lengths. If our method performs well in these cases, for the
subset of patients with chronic diseases that is pinpointed by
our method and for which the health care system has more
complete data, it would then be possible to build a model to
predict an individual patient’s cost. This would be better than
the current practice of not using any cost prediction model to
facilitate care management for this health care system at all.

Objectives
To understand the potential of our constraint-based method at
enabling building models to predict an individual patient’s cost
using incomplete medical data, we aimed to assess our method’s
performance at the UWM for 5 subgroups of adult patients and
over follow-up periods of 2 different lengths. Each subgroup
corresponds to one of the 5 major chronic diseases for which
care management is used—asthma, chronic kidney disease,
chronic obstructive pulmonary disease, type 1 diabetes, and
type 2 diabetes.

Methods
Ethics Approval
The UWM’s institutional review board approved this
retrospective cohort study (STUDY00000118).

Patient Population
As the largest academic health care system in Washington state,
the UWM provides both clinic-based and hospital-based care
for adults. The patient cohort (Figure 1) included adult patients
(age ≥18 years) who visited the UWM during 2018 and who
had information stored in the UWM’s enterprise data warehouse.
Unless explicitly specified as a particular type of visit, a visit
can be of any type (outpatient visit, emergency department visit,
or inpatient stay) in this paper. Patients who died during 2018
were excluded from the cohort.
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Figure 1. The patient cohort and the 5 patient subgroups.

Data Set
We used clinical and administrative data for the period from
2011 to 2018 stored in the UWM’s enterprise data warehouse.
The data set included information on demographics, visits,
diagnoses, laboratory tests, medications, and primary care
physicians for patients in our cohort. We also used data of UWM
patients from 2019 collected in the commercial product

PreManage (Collective Medical Technologies Inc). PreManage
contains diagnosis and visit data of hospital visits (emergency
department visits and inpatient stays) at all hospitals in
Washington state as well as those from many hospitals in other
US states [20]. We used January 1, 2019 as the index date to
separate the subsequent and prior periods for our analysis task
(Figure 2).

Figure 2. The time periods used to compute the patient subgroups and the percentages of patient hospital visits that took place within the UWM. UWM:
University of Washington Medicine.

Patient Subgroups
Overview
We considered 5 patient subgroups that comprised patients with
a specific major chronic disease in our patient cohort in 2018.
One subgroup was created for each of 5 major chronic diseases:
asthma, chronic kidney disease, chronic obstructive pulmonary
disease, type 1 diabetes, and type 2 diabetes.

Asthma
A patient was deemed to have asthma in 2018 if the patient had
≥1 International Classification of Diseases, Ninth Revision
(ICD-9) or Tenth Revision (ICD-10) diagnosis code for asthma
(ICD-9: 493.0x, 493.8x, 493.1x, 493.9x; ICD-10: J45.x) in 2018
[21-23].

Chronic Kidney Disease
A patient was deemed to have chronic kidney disease if the
patient had an estimated glomerular filtration rate (eGFR) <60
mL/min/1.73m2 or proteinuria in 2 measurements that were ≥3
months apart [24,25]. The UWM computes eGFR using the
Modification of Diet in Renal Disease equation: eGFR
(mL/min/1.73m2) = 175 × age-0.203 × serum creatinine-1.154 ×
0.742 (if female) × 1.212 (if Black or African American) [26].
Proteinuria was detected by urine dipstick test result for protein
≥ 1+ (ie, ≥30 mg/dL) [24].
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Chronic Obstructive Pulmonary Disease
By adjusting the criteria adopted by the National Quality Forum
and the Centers for Medicare and Medicaid Services [27-29],
we encompassed emergency department and outpatient visit
data [30] to identify patients with chronic obstructive pulmonary
disease. A patient was deemed to have chronic obstructive
pulmonary disease if the patient was ≥40 years and fulfilled any
of these 4 conditions: (1) an outpatient visit diagnosis code of
chronic obstructive pulmonary disease (ICD-9: 491.22, 491.21,
491.9, 491.8, 493.2x, 492.8, 496; ICD-10: J42, J41.8, J44.*,
J43.*) followed by ≥1 prescription of long-acting muscarinic
antagonist (aclidinium, glycopyrrolate, tiotropium, and
umeclidinium) within 6 months, (2) ≥1 emergency department
or ≥2 outpatient visit diagnosis codes of chronic obstructive
pulmonary disease (ICD-9: 491.22, 491.21, 491.9, 491.8, 493.2x,
492.8, 496; ICD-10: J42, J41.8, J44.*, J43.*), (3) ≥1 inpatient
stay discharge having a principal diagnosis code of chronic
obstructive pulmonary disease (ICD-9: 491.22, 491.21, 491.9,
491.8, 493.2x, 492.8, 496; ICD-10: J42, J41.8, J44.*, J43.*),
and (4) ≥1 inpatient stay discharge having a principal diagnosis
code of respiratory failure (ICD-9: 518.82, 518.81, 799.1,
518.84; ICD-10: J96.0*, J80, J96.9*, J96.2*, R09.2) and a
secondary diagnosis code of acute chronic obstructive
pulmonary disease exacerbation (ICD-9: 491.22, 491.21, 493.22,
493.21; ICD-10: J44.1, J44.0).
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Type 1 and Type 2 Diabetes

Data Analysis

We used Nichols et al’s method [31] to identify patients with
diabetes. A patient was deemed to have diabetes if the patient
had ≥1 inpatient stay diagnosis code for diabetes (ICD-9: 250.x,
357.2, 362.0x, 366.41; ICD-10: E10.x, E11.x) or if any 2 of the
following events occurred on the patient within 2 years of each
other: (1) hemoglobin A1c (HbA1c) ≥6.5%, (2) random plasma
glucose ≥200 mg/dL, (3) fasting plasma glucose ≥126 mg/dL,
(4) an outpatient visit diagnosis code of diabetes (ICD-9: 250.x,
357.2, 362.0x, 366.41; ICD-10: E10.x, E11.x), and (5) a
prescription of antihyperglycemic medication (α-glucosidase
inhibitor, amylin analogue, biguanide, dipeptidyl peptidase-4
inhibitor, incretin mimetic, insulin, meglitinide, sulfonylurea,
and thiazolidinedione). Two events of the same type, such as 2
instances of HbA1c ≥6.5%, qualified as separate events if they
occurred on 2 different days. We did not count 2 prescriptions
of metformin or thiazolidinedione with no other manifestation
of diabetes, as metformin (a biguanide) and thiazolidinedione
could be used for other diseases. We also excluded events that
occurred during a pregnancy.

We considered 2 follow-up periods: the subsequent 6 months
(January 1, 2019 to June 30, 2019) and the subsequent 12
months (January 1, 2019 to December 31, 2019) (Figure 2).
The 6-month follow-up period was chosen to be consistent with
the duration of the follow-up period used in our prior paper
[15]. The 12-month follow-up period was chosen because, to
facilitate care management, typically a minimum of 1 year of
historical data is needed to build models that predict an
individual patient’s cost [14]. For each of the 5 patient subgroups
and each of the 2 follow-up periods, we computed our method’s
performance in identifying patients who are apt to obtain care
mostly within the UWM. We employed administrative data in
the UWM’s enterprise data warehouse to assess whether a
patient fulfilled the parameterized primary care physician
constraint. For each of the 5 patient subgroups, we calculated
the percentage of patients identified by the constraint =
n0/m0×100%. Here, n0 is the number of patients in the subgroup
fulfilling the constraint. m0 is the number of patients in the
subgroup. For all patients in the subgroup fulfilling the
constraint, we used PreManage data to calculate

We used Klompas et al’s method [32,33] to distinguish type 1
diabetes and type 2 diabetes. Using all diagnosis codes,
laboratory test results, and medication prescriptions during the
period 2011 to 2018, we deemed a patient with diabetes to have
type 1 diabetes if the patient fulfilled any of the following 4
conditions: (1) the number of type 1 diabetes diagnosis codes
(ICD-9: 250.x3, 250.x1; ICD-10: E10.x) was greater than the
number of type 2 diabetes diagnosis codes (ICD-9: 250.x2,
250.x0; ICD-10: E11.x) and there was a prescription of
glucagon, (2) the number of type 1 diabetes diagnosis codes
(ICD-9: 250.x3, 250.x1; ICD-10: E10.x) was greater than the
number of type 2 diabetes diagnosis codes (ICD-9: 250.x2,
250.x0; ICD-10: E11.x) and there were no prescriptions of oral
hypoglycemic medications other than metformin, (3) a negative
C-peptide laboratory test result, and (4) a positive diabetes
autoantibody laboratory test result. A patient with diabetes was
deemed to have type 2 diabetes if the patient was not deemed
to have type 1 diabetes.

Constraint-Based Method for Identifying Patients
We looked at 3 UWM hospitals whose clinical and
administrative data are kept in the UWM’s enterprise data
warehouse: University of Washington Medical Center,
Harborview Medical Center, and Northwest Hospital (all are in
Seattle, Washington). To identify patients who are apt to obtain
care mostly within the UWM, we used the parameterized
primary care physician constraint developed in our recent paper
[15]: the patient has a UWM primary care physician and resides
within d km of at least 1 of the 3 UWM hospitals. The distance
between a UWM hospital and a patient’s home is the ellipsoid
great-circle distance computed by the distVincentyEllipsoid
function contained in R’s geosphere package (version 1.5-5
[34]). d is a parameter. For all UWM adult patients and the
follow-up period of 6 months, we showed that the optimal value
of d is approximately 8 km (5 miles) [15].
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the percentage of their hospital visits taking place within
the UWM in the subsequent 6 months = n1/m1×100%, where
n1 is the number of their hospital visits taking place within
the UWM in the subsequent 6 months, and m1 is the number
of their hospital visits taking place anywhere in the
subsequent 6 months; and
the percentage of their hospital visits taking place within
the UWM in the subsequent 12 months = n2/m2×100%,
where n2 is the number of their hospital visits taking place
within the UWM in the subsequent 12 months, and m2 is
the number of their hospital visits taking place anywhere
in the subsequent 12 months.

Since an average hospital visit costs much more than an average
visit of another type, this percentage signifies the proportion of
those patients’ care obtained from the UWM.
To determine the optimal value of the distance threshold
parameter d, we balanced 2 goals. (1) The proportion of hospital
visits taking place within the UWM should be as large as
possible for patients fulfilling the constraint. This will maximize
the completeness of UWM medical data and minimize bias in
the results of analyses done on those data. As outpatient visits
are often handled by primary care physicians and these patients
each have a UWM primary care physician, we expect most of
their outpatient visits to occur within the UWM in the
subsequent 12 months. (2) The percentage of patients fulfilling
the constraint should be as large as possible. This will help
maximize the impact of the application using UWM medical
data.
To show how our method performs for every UWM hospital,
for all patients in the subgroup fulfilling the constraint, we
employed PreManage data to calculate (1) the percentage of
their hospital visits taking place at the UWM hospital in the
subsequent 6 months = n3/m1×100%, where n3 is the number
of their hospital visits taking place at the UWM hospital in the
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subsequent 6 months, and m1 is the number of their hospital
visits taking place anywhere in the subsequent 6 months, and
(2) the percentage of their hospital visits taking place at the
UWM hospital in the subsequent 12 months = n4/m2×100%,
where n4 is the number of their hospital visits taking place at
the UWM hospital in the subsequent 12 months, and m2 is the
number of their hospital visits taking place anywhere in the
subsequent 12 months.

Tong et al

Results
The cohort of adult patients who visited UWM facilities during
2018 with information stored in the UWM’s enterprise data
warehouse comprised 343,681 patients (Table 1).
Figures 3 and 4 present the percentage of patients fulfilling the
parameterized primary care physician constraint for each of the
5 patient subgroups. The percentage rises with increase in d, at
first swiftly when d is small and then at a slower pace when d
grows larger.

Table 1. Demographic and clinical characteristics of the study cohort.
Characteristic

Patients (n=343,681), n (%)

Age
18 to <40 years

120,422 (35.04)

40 to 65 years

149,418 (43.48)

>65 years

73,841 (21.49)

Gender
Male

159,964 (46.54)

Female

183,701 (53.45)

Unknown or not reported

16 (<.01)

Race
Black or African American

25,513 (7.42)

American Indian or Alaska native

4795 (1.40)

Asian

34,474 (10.03)

Native Hawaiian or other Pacific islander

2843 (0.83)

Multiple races

1 (<0.01)

Unknown or not reported

45,094 (13.12)

White

230,961 (67.20)

Ethnicity
Non-Hispanic

271,582 (79.02)

Hispanic

21,718 (6.32)

Unknown or not reported

50,381 (14.66)

Insurance
Private

163,908 (47.69)

Public (Medicare and Medicaid)

160,026 (46.56)

Self-paid or charity

19,747 (5.75)

Disease
Asthma

14,644 (4.26)

Chronic kidney disease

25,363 (7.38)

Chronic obstructive pulmonary disease

7579 (2.21)

Type 2 diabetes

56,551 (16.45)

Type 1 diabetes

2879 (0.84)
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Figure 3. The percentage of patients in each of the 5 patient subgroups fulfilling the parameterized primary care physician constraint. CKD: chronic
kidney disease. COPD: chronic obstructive pulmonary disease. T1D: type 1 diabetes. T2D: type 2 diabetes.

Figure 4. The percentage of patients in each of the 5 patient subgroups fulfilling the parameterized primary care physician constraint, when d is ≤10.
CKD: chronic kidney disease. COPD: chronic obstructive pulmonary disease. T1D: type 1 diabetes. T2D: type 2 diabetes.
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For all patients in each of the 5 patient subgroups fulfilling the
parameterized primary care physician constraint, Figures 5 and
6 present the percentages of their hospital visits taking place
within the UWM in the subsequent 6 months and in the
subsequent 12 months. Except for a few cases at small values
of d, the percentage decreases with increasing d, swiftly when
d is small and then slowly when d is large.

Tong et al
corresponding performance measures of our constraint-based
method.
For every UWM hospital and all patients in each of the 5 patient
subgroups fulfilling the parameterized primary care physician
constraint, Multimedia Appendix 1 shows the percentages of
their hospital visits taking place at the UWM hospital in the
subsequent 6 months and in the subsequent 12 months.

We chose d=8 km as the optimal value to use for each patient
subgroup and each follow-up period. Table 2 shows the
Figure 5. For all patients in each of the 5 patient subgroups fulfilling the parameterized primary care physician constraint, the percentages of their
hospital visits taking place within the University of Washington Medicine (UWM) in the subsequent 6 months and in the subsequent 12 months. CKD:
chronic kidney disease. COPD: chronic obstructive pulmonary disease. T1D: type 1 diabetes. T2D: type 2 diabetes.
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Figure 6. For all patients in each of the 5 patient subgroups fulfilling the parameterized primary care physician constraint when d is ≤10, the percentages
of their hospital visits taking place within the University of Washington Medicine (UWM) in the subsequent 6 months and in the subsequent 12 months.
CKD: chronic kidney disease. COPD: chronic obstructive pulmonary disease. T1D: type 1 diabetes. T2D: type 2 diabetes.

Table 2. For d=8 km and for each of the 5 patient subgroups, the percentage of patients fulfilling the parameterized primary care physician constraint,
the percentages of patient hospital visits taking place at the University of Washington Medicine (UWM) in the subsequent 6 months and in the subsequent
12 months, and the percentages of hospital visits by patients fulfilling the constraint that took place within the UWM in the subsequent 6 months and
in the subsequent 12 months.
Patient subgroup

a

Patients fulfilling the
parameterized primary
care physician constraint, n/N (%)

Patient hospital visits
taking place within the
UWMa in the subsequent 6 months, n/N
(%)

Hospital visits by patients fulfilling the
constraint that took
place within the
UWM in the subsequent 6 months, n/N
(%)

Patient hospital visits
taking place within the
UWM in the subsequent 12 months, n/N
(%)

Hospital visits by patients fulfilling the constraint that took place
within the UWM in the
subsequent 12 months,
n/N (%)

Adult patients with
asthma

3194/14,640 (21.81)

2648/7135 (37.11)

797/1194 (66.75)

6857/18,206 (37.66)

1997/2975 (67.13)

Adult patients with
chronic kidney disease

5081/25,363 (20.03)

7503/18,404 (40.77)

2178/2918 (74.64)

19,558/45,994 (42.52)

5634/7496 (75.16)

Adult patients with
1456/7579 (19.21)
chronic obstructive pulmonary disease

2587/6659 (38.85)

831/1157 (71.82)

7026/16,941 (41.47)

2179/3009 (72.42)

Adult patients with type 361/2879 (12.54)
1 diabetes

317/1333 (23.78)

63/112 (56.25)

845/3330 (25.38)

169/281 (60.14)

Adult patients with type 7744/56,551 (13.69)
2 diabetes

10,926/30,707 (35.58)

2847/3923 (72.57)

29,272/79,775 (36.69)

7177/10,065 (71.31)

UWM: University of Washington Medicine.
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Discussion
Principal Results
For each of the 5 major chronic diseases most relevant to care
management (asthma, chronic obstructive pulmonary disease,
chronic kidney disease, type 1 diabetes, and type 2 diabetes),
our constraint-based method with a properly chosen value of
the parameter d can pinpoint a reasonably large subset of
patients who are apt to obtain care mostly within the UWM.
Using our method to pinpoint a subset of UWM adult patients
with asthma, we roughly doubled the percentage of patient
hospital visits taking place within the UWM in the subsequent
6 months from 37.11% (2648/7135) to 66.75% (797/1194), and
the corresponding percentage for the subsequent 12 months
from 37.66% (6857/18,206) to 67.13% (1997/2975). The results
for adult patients with chronic kidney disease, adult patients
with chronic obstructive pulmonary disease, adult patients with
type 1 diabetes, and adult patients with type 2 diabetes are
relatively similar. As the patients fulfilling the constraint all
have a UWM primary care physician, we expect a majority of
their outpatient visits to happen within the UWM in the
subsequent 12 months, although we did not examine this in our
study.

Explanation of the Results Shown in Figure 5
UWM primary care physicians are inclined to refer within the
UWM. Thus, intuitively, patients with a UWM primary care
physician are apt to obtain a larger percentage of their care from
the UWM than other patients. All else being equal, the UWM
tends to provide a larger portion of a patient’s care when the
patient resides closer to UWM hospitals. This is reflected in
Figure 5. When d=+, distance is no longer relevant for
identifying patients. No matter how small d is, for all patients
in each of the 5 patient subgroups fulfilling the parameterized
primary care physician constraint, the percentage of their
hospital visits taking place within the UWM in the subsequent
6 months (or in the subsequent 12 months) never becomes 100%,
partially because patients can also visit multiple non-UWM
hospitals within 1.6 km of some of the UWM hospitals. For
each positive d, the percentage is relatively similar across the
5 patient subgroups and the 2 follow-up periods.

Comparison With our Prior Work
The findings in this paper are relatively similar to those of our
previous study [15]—for the group of all adult patients and the
6-month follow-up period from April to October 2017. The
optimal value of d=8 km found in this study is the same as that
chosen in our previous study. In our previous study, using our
constraint-based method with a parameter value of d=8 km to
pinpoint 16.01% (55,707/348,054) of the UWM adult patients,
we roughly doubled the percentage of patient hospital visits
taking place within the UWM in the subsequent 6 months from
31.80% (39,171/123,162) to 69.38% (10,501/15,135).

Differences in the Results for Patients With Type 1
Diabetes and Patients With Type 2 Diabetes
Type 1 diabetes tends to occur in younger people than type 2
diabetes. There are many young adults who are students at the
University of Washington and several other universities in the
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Seattle metropolitan area. During the summer and other
university breaks, many of these students return to their
hometowns outside the Seattle metropolitan area that the UWM
primarily serves. The hospital visits that they incur during these
periods are likely to be outside of the UWM system. Partly due
to this, as shown in Table 2, the percentage of hospital visits by
UWM adult patients with type 1 diabetes that took place within
the UWM in each follow-up period is approximately 30% less
than the corresponding percentage for UWM adult patients with
type 2 diabetes. For patients fulfilling the parameterized primary
care physician constraint with d=8 km (5 miles), the percentage
of hospital visits by patients with type 1 diabetes taking place
within the UWM in each follow-up period ranges from 15% to
30% less than the corresponding percentage for patients with
type 2 diabetes.

Possible Use of our Results
We showed that for each of 5 major chronic diseases most
relevant to care management, the UWM offers most of the care
and has decently complete medical data for patients fulfilling
the parameterized primary care physician constraint with d=8
km (5 miles). For these patients, we can build a predictive model
to identify future high-cost patients and intervene preemptively
via care management to avert poor outcomes [1-5]. As patients
residing farther from the 3 UWM hospitals were inclined to
obtain a smaller percentage of their care from the UWM, the
UWM could consider adopting differing preventive interventions
for patients residing at different distances from the UWM
hospitals, which could help care management gain better results.
For patients obtaining only a small percentage of their care from
the UWM, it is hard for the UWM to adopt costly preventive
interventions in an economic way.

Possible Ways to Assess our Method’s Performance
for Other Health Care Systems That Have No Access
to PreManage Data
Like many other health care systems, the UWM has no complete
claims data on its patients’ health care use outside of the UWM.
If a health care system has complete claims data on its patients’
outside health care use, we could employ claims data instead
of PreManage data to perform a similar study.
A health care system with no access to PreManage data could
also adopt our method. Without using PreManage data, one
could assess our method’s performance by asking some patients
of the health care system about care obtained elsewhere.

Limitations
This study has 2 limitations, which could be interesting topics
for future work.
This study assessed the performance of our constraint-based
method for 5 chronic diseases at the UWM, which primarily
serves an urban region. To know how well our method
generalizes to other health care systems, we need to redo our
analysis at other health care systems, such as those providing
care to rural regions or primarily serving urban regions.
Residence are more concentrated in urban regions than in rural
regions. For a health care system primarily serving rural regions,
we expect d>8 km for the optimal value.
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For a health care system having incomplete medical data for its
patients, we can employ our method to identify a subset of
patients who are apt to obtain care mostly within the health care
system and assess the degree of data incompleteness for this
subset. Analyzing incomplete data could lead to biased results,
which are better than no result if the degree of bias is small. At
present, we know neither the exact relationship between data
incompleteness and bias nor the extent of data incompleteness
that can be tolerated before the results of data analysis become
invalid. This is a gap. To assess whether our method could safely

Tong et al
enable the data analysis task in such a health care system, we
could obtain a more complete data set from Kaiser Permanente
or any other similar healthcare system, remove different portions
of the data set, and assess the effect on analysis results.

Conclusions
Our constraint-based method to pinpoint a reasonably large
subset of patients who are apt to obtain care mostly within a
given health care system opens the door to building models to
predict an individual patient’s cost on incomplete data, which
was formerly deemed infeasible.
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Abstract
Background: Internet searching is a useful tool for seeking health information and one that can benefit low-literacy populations.
However, low-literacy Hispanic survivors of breast cancer do not normally search for health information on the web. For them,
the process of searching can be frustrating, as frequent mistakes while typing can result in misleading search results lists. Searches
using voice (dictation) are preferred by this population; however, even if an appropriate result list is displayed, low-literacy
Hispanic women may be challenged in their ability to fully understand any individual article from that list because of the complexity
of the writing.
Objective: This observational study aims to explore and describe web-based search behaviors of Hispanic survivors of breast
cancer by themselves and with their caregivers, as well as to describe the challenges they face when processing health information
on the web.
Methods: We recruited 7 Hispanic female survivors of breast cancer. They had the option to bring a caregiver. Of the 7 women,
3 (43%) did, totaling 10 women. We administered the Health LiTT health literacy test, a demographic survey, and a breast cancer
knowledge assessment. Next, we trained the participants to search on the web with either a keyboard or via voice. Then, they had
to find information about 3 guided queries and 1 free-form query related to breast cancer. Participants were allowed to search in
English or in Spanish. We video and audio recorded the computer activity of all participants and analyzed it.
Results: We found web articles to be written for a grade level of 11.33 in English and 7.15 in Spanish. We also found that most
participants preferred searching using voice but struggled with this modality. Pausing while searching via voice resulted in
incomplete search queries, as it confused the search engine. At other times, background noises were detected and included in the
search. We also found that participants formulated overly general queries to broaden the results list hoping to find more specific
information. In addition, several participants considered their queries satisfied based on information from the snippets on the
result lists alone. Finally, participants who spent more time reviewing articles scored higher on the health literacy test.
Conclusions: Despite the problems of searching using speech, we found a preference for this modality, which suggests a need
to avoid potential errors that could appear in written queries. We also found the use of general questions to increase the chances
of answers to more specific concerns. Understanding search behaviors and information evaluation strategies for low-literacy
Hispanic women survivors of breast cancer is fundamental to designing useful search interfaces that yield relevant and reliable
information on the web.
(JMIR Form Res 2021;5(10):e22809) doi:10.2196/22809
KEYWORDS
low literacy; health literacy; online searches; Hispanic breast cancer survivors
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Introduction
Background
Internet searching has become an increasingly popular tool for
patients to find health-related information [1], and it has been
linked to improved health outcomes and greater patient
engagement [2]. Despite efforts to mitigate the challenges that
Hispanics face when seeking information on the web (guided
user searches [3] and video, audio, and simplified text [4-7]),
Hispanics still do not use web-based health information at the
same rate as non-Hispanic White individuals do.
In this paper, we report an observational study that explores
web-based information seeking behaviors (search and selection
of results) of low-literacy Hispanic survivors of breast cancer
and some of their caregivers when using either a voice- or
text-based search engine. We describe behaviors that stress the
difficulty of processing web-based information by this
population as well as attributes inherent to the interface
(traditional search engine or voice search engine) that make this
task even more difficult and provide recommendations for future
search interface designs.

Health Information Search Behaviors and Hispanics
The Health Information National Trend Survey has shown for
several years that the internet is the most used source of health
information [8]. Searching for health information on the web
has been linked with improved health outcomes and greater
patient engagement [2]. A study on US adults found that using
the internet for health information has been strongly correlated
with self-reports of very good or excellent health status, and
the largest increase in health status has been observed in adults
without a high school diploma [9]. However, education is also
highly correlated with the kind of information favored by
individuals. For example, adults with a high school diploma
use more text-based sources (the dominant modality of
web-based sources), whereas adults without a high school
diploma use more verbal sources [9]. Consistent with this,
another study of US adults’ trends over 4 years revealed that
education level was positively correlated with using the internet
for health information and negatively correlated with using
friends, family, and coworkers for health information [8].
Although this suggests that populations with lower literacy
should benefit the most from web-based health information
seeking, they do not search for web-based health information
frequently.
As health information migrates to digital formats, Hispanics
and other minorities are at a disadvantage, as more of them do
not report using the internet as their source of information
(except through surrogates) [10]. In particular, researchers found
that in recent years (2011-2016), US-born Mexicans and
foreign-born Hispanics do not use the internet for health
information seeking or for sending emails to health providers
as US-born non-Hispanic White people do [11,12]. Overall,
Hispanic participants are more likely to use health care
professionals as a source of health information compared with
non-Hispanic participants. Moreover, being older, having low
internet skills, and being Hispanic were determinants of using
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a health care provider or traditional media, such as print and
magazines, as a source of health information versus using the
web. Being Hispanic and having a history of cancer is highly
correlated with using health care professionals as a primary
source of health information [8]. These studies suggest that
Hispanic survivors of breast cancer do not use the internet to
find information.

Barriers to Accessing Web-Based Health Information
Hispanics of low socioeconomic status may be at an even further
disadvantage of using web-based health information. Research
that has tried to explain the barriers that low socioeconomic
status individuals may encounter while trying to seek health
information on the web has found that spotty internet access as
well as frustration with the information search process are
detrimental to seeking information on the web [13]. Web-based
searching is a challenging task for low-literacy Hispanics. Over
a decade ago, Birru et al [14] described problems with
formulating queries, selecting and understanding results by
low-literacy Hispanics who searched for information
independently. As to what mode of internet search is favored
by low-literacy adults, they tend to prefer voice searching
(dictating search queries) to written searches when given the
option [15]. This can be a strategy to mitigate common mistakes
such as misspelling, misappropriation of words (writing
lymphoma when they mean lymphedema), and incomplete
search queries that can result in inadequate results and
misleading information [14].
In addition, the complexity of information on the web is difficult
to process for individuals with low literacy. Most internet health
content is written at a level that is above the average reading
level of adults in the United States [16-20]. For example, Walsh
and Volsko [19] analyzed the reading levels of 100 publicly
accessible articles related to the top leading causes of death in
the United States—heart disease, stroke, cancer, chronic
obstructive pulmonary disease, and diabetes—using three
different readability assessment tools: Flesch-Kincaid, simple
measure of gobbledygook, and frequency of gobbledygook.
They found that the reading levels and comprehension of the
articles consistently surpassed the average reading level in the
United States, which is between seventh and eighth grade. Leroy
et al [20] examined information from WebMD and MEDLINE
and reported similar findings, with readability levels above 12th
grade. This is also the case for health websites with information
written in Spanish [21]. More specifically, research on
information finding about breast cancer survivorship shows that
overly complicated web-based information can negatively affect
patients’ care seeking and treatment decisions [22].
This is problematic, particularly for Hispanics. Hispanic adults
in the United States have significantly lower literacy scores
when compared with White adults with the same educational
level. In terms of reading comprehension, Hispanics scored the
lowest of any ethnic group in the United States [23]. When
processing web-based information, research shows that, in
general, low literacy and low health literacy are detrimental to
an individual’s ability to evaluate health information [17].
In general, many researchers state that strategies to increase
Hispanics’ access to internet health information will likely help
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them become empowered and educated consumers, potentially
having a favorable impact on health outcomes [24]. However,
internet content has changed little to make this possible, and
we believe it is important to understand the internet health
information search behaviors of Hispanics to effect change.
Given the research cited here, Hispanic survivors of breast
cancer fall into a segment of the population that tends to turn
away from internet searches. To the best of our knowledge, the
present pilot study is the first that does not rely on surveys or
interviews to study Hispanics’ health information search
behaviors on the web but instead relies on observation.

Methods
Recruitment and Study Design
We recruited 7 women from a support group for Hispanic
patients and survivors of breast cancer and from a pool of
Hispanic women who had participated in other mobile health
studies related to cancer education [25]. The women were in
remission after diagnosis and treatment of breast cancer. As
many of these women rely on their caregivers for information,
we asked them to bring their caregivers to the experiment if
desired; 43% (3/7) of women brought their caregivers. This
resulted in 3 survivor-caregiver dyads and 4 individual survivors.
We asked the participants to talk about their experiences
searching for information and the importance of web-based
content and search abilities. After this short conversation, we
proceeded to have them complete demographic information,
the McArthur social mobility ladder [26], and the Health LiTT
health literacy questionnaire. This is a short questionnaire that
has been used previously in web-based settings with Hispanic
women and was designed to address important attributes
recommended by the Medical Outcomes Trust for multi-item
measures of latent traits [27]. Finally, we asked them to fill out
a 16-item breast cancer knowledge questionnaire used in
previous mobile health interventions [25]. These questionnaires
were given in the language of preference of the participant
(English or Spanish).
Following previous research methodology [14], we proceeded
to ask them to search for information they thought was relevant
on several topics. Each search was given a maximum time of
10 minutes. In addition, we showed participants that they could
search using their voice (using Google Chrome and the Google
search engine with the option of voice search). For those who
preferred to search in Spanish, we configured their search
engines to understand Spanish and conducted the whole session
in Spanish. After each search, we asked participants to switch
to a note-taking application and write a sentence or two about
the information they found interesting regarding the topic they
were searching.
The first search was free form, and participants were directed
to search for any topic they thought was important. We
encouraged them to pick topics that may have come up in the
questionnaires they had just answered. The purpose of this
search was to allow participants to become accustomed to
searching on the computers we provided and to switch back and
forth from the web browser to the note-taking application. As
https://formative.jmir.org/2021/10/e22809
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research suggests that Hispanics prefer voice searches to written
ones [15], participants had the chance to search via voice and
via text. Once this task was completed and the participants felt
comfortable using the computers, voice and written queries,
and note-taking applications, the researcher proceeded to ask
them to perform three more searches. At this point, the
participants could choose whether to use voice searches or
written ones. The topics of these additional searches were based
on those that are highly correlated with the quality of life of
Hispanic survivors of breast cancer [28] and that have come up
on surveys and user studies [4]. The topics to search were (1)
maintaining good spirits as a survivor of breast cancer, (2)
affording treatment and medication, and (3) breast cancer and
most common treatments. Consistent with previous research
[14], we observed that our first 3 participants were formulating
their searches almost verbatim from the researcher’s prompt.
Therefore, we added a fourth, more free-form search for the
remaining participants: (4) search for any lingering issues they
had related to survivorship.
After participants had finished searching, we debriefed and
asked about their thoughts regarding their experience searching
for these topics. These responses were audio recorded, whereas
all computer screen activities were video and audio recorded.

Analysis
To analyze the participants’ search activities and behaviors, we
created a coding scheme with codes divided into four categories.
(1) Web activity: in this category, we recorded clicks, clicks on
advertisements, images, and clicks on a result. Tracking where
users click and the number of clicks it takes a person to find
information have traditionally been good indicators of search
proficiency and interest in results [29,30]. In this category, we
also tracked whether the searches were made by voice or typed
as research indicates a different mindset—expectations and
behaviors are associated with the modality of search [15]. (2)
Participant behavior: here, we recorded whether participants
read aloud, whether dyads discussed or talked to each other, or
whether there were durations of silence without action;
behaviors such as these are mechanisms frequently used by
beginner or nonproficient readers for memorization and
comprehension [31,32]. (3) Content: under this category, we
coded the text of the query, the text of a note, and the webpage
URLs they accessed. These allowed for qualitative examination
of the search queries and notes taken and allowed us to trace
and find information such as the readability level of the websites
visited, trustworthiness, and whether they found answers to
their queries. Tracking this is important, as readability is
important to understand obstacles to low literacy information
seekers [33,34], and it can lead to an information rabbit hole
where users would not find answers to their original query [35].
(4) Information retrieval–related issues: In this category, we
tracked misspellings, misappropriations (the wrong word for a
given term; for example, lymphomas instead of lymphedema),
and speech recognition misunderstandings. All these have been
documented as barriers for low-literacy populations when
searching on the web [14]. We used the initial free-form searches
to train our coders and establish the reliability of the coding
scheme. We obtained interrater reliability of k=0.89.
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However, because of the small sample size, we mostly report
descriptive statistics.

Participant Characteristics

as the proportion of items correct, the minimum score obtained
by a participant was 21.4%, the maximum was 50%, and the
mean was 37.5% (SD 9.9%). All the women considered
themselves Hispanic. Approximately 80% (8/10) of women
reported that they felt very comfortable speaking Spanish, and
only 40% (4/10) felt very comfortable in English.

The average age of the participants and caregivers was 57.7
(SD 9.9) years. Of the 10 participants, 3 (30%) participants had
less than high school education, 2 (20%) had high school
diplomas or equivalent, and 5 (50%) had some college
education. Of the 10 participants, 3 (30%) were caregivers: 2
(20%) were daughters of the survivor, and 1 (10%) was a friend.
None of the participants had a college diploma or higher. In
terms of health literacy scores in the Health LiTT test, measured

In terms of knowledge about breast cancer, in one dyad, the
caregiver knew more about breast cancer than the survivor. The
average score on the knowledge of breast cancer questionnaire
among these women was 66.88%. The 2 caregivers who were
daughters of the survivors scored above the mean score, whereas
the caregiver who was a friend of the survivor scored very low.
Table 1 shows the scores of each participant in the breast cancer
knowledge test.

Results

Table 1. Breast cancer knowledge scores of survivors and caregivers.

a

Dyad per participant

Caregiver score, % (relationship to survivor)

Survivor score (%)

1

75 (daughter)

50

2

43.8 (friend)

75

3

N/Aa

62.5

4

N/A

62.5

5

N/A

93.8

6

N/A

68.8

7

68.8 (daughter)

68.8

N/A: individual participated alone.

Query Formulation
For each of the searches, we tracked whether they were done
via speech (spoken query) or writing (written query). Tables
2-5 show the attempts by our users and whether the search was
spoken or written. When a cell has multiple lines, it denotes
multiple queries for the same search task. The modality of each
query is at the end of each query (S: spoken query; W: written
query). The queries in Spanish have their corresponding
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translations in italics and were provided by one of the
researchers. All the original text has been maintained as typed
or as transcribed by the speech-to-text Google engine.
As can be seen from these searches, most participants (and
dyads) use speech to search for one point or another. In five of
the seven sessions, the participants used spoken searches several
times before reaching the desired results. Figure 1 shows the
number of written searches versus voice searches per participant
or dyad.
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Table 2. Search queries used by participants on the first search.
ID

Searches about breast cancer and most common treatments

Individual or dyad

1

•

Dyad

•
•
•

a

What is breast cancer (Sa);
The whole thing (S);
What is breast cancer in the most common treatment (S);
What is breast cancer and the most common treatments (Wb)

2

•

What is breast cancer and better treatment (S)

Dyad

3

•

Que es el cancer de seno y sus mejores tratamientos? (W; what is breast cancer and its best treatments?)

Individual

4

•
•

What is breast cancer and the most common (S)
What is breast cancer and the most common treatment(S)

Individual

5

•

Qué es el cáncer de mama (S; what is breast cancer)

Individual

6

•
•

What is breast cancer and the most common treatments (S);
What is breast cancer (S)

Individual

7

•

Cancer de mama y sus tratamientos mas comunes (W; breast cancer and its most common treatments)

Dyad

S: spoken query.

b

W: written query.

Table 3. Search queries used by participants on the second search.
ID

Searches about maintaining good spirits as a breast cancer survivor

Individual or dyad

1

•

Dyad

•

b

•
•

Positive outlook for breast cancer survival (W );
How to have a positive attitude about cancer (S);
omo mantener el animo positivo (W; [how] to maintain good spirits)
Como mantener el animo positivo sobreviviente (W; how to maintain good spirits survivor)
Como mantener el animo positivo sobreviviente de cancer de mama (W; how to maintain good spirits survivor
breast cancer)
Como animar a alguien que tuvo cancer (W; how to cheer up someone who had cancer)
Maintaining a positive outlook after cancer (W)

2

•
•
•

Breast cancer survivor (S);
How to maintain my humor (S);
How to maintain a good humor after being a breast cancer survivor (S)

Dyad

3

•
•
•

Cómo mantener un buen ánimo Después (S; how to maintain good spirits after)
Cómo mantener el ánimo después del cáncer de seno (S; how to maintain good spirits after breast cancer)
Cómo mantener el ánimo después de los del cáncer de seno; (S; how to maintain good spirits after of the breast
cancer)
Cómo mantener el ánimo después del cáncer de seno (S; how to maintain good spirits after breast cancer)

Individual

How to maintain good spirits (S);

Individual

•
•
•
•

•
4

•
•
•

a

No surviving breast cancer (Sa);

Here’s a summary from URMCc University (S);
How to maintain good spirits as a breast cancer survivor (S)

5

•
•

Cómo tener buen ánimo para cel- (S; how to keep good spirits for cel-[sic])
Individual
Cómo es mantener buen ánimo para ser sobreviviente de cáncer de mama (S; how is it to maintain good spirits to
be a survivor of breast cancer)

6

•

How do I maintain a good spirit after breast cancer (S)

7

•

Como mantener buen animo siendo sobreviviente de mama (W; how to maintain good spirits being a breast survivor) Dyad

Individual

S: spoken query.

b

W: written query.

c

URMC: University of Rochester Medical Center.
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Table 4. Search queries used by participants on the third search.
ID

Searches about affording treatment and medication

Individual or dyad

1

•

How to afford cancer treatment and medication (Wa)
Cancer patient assistance programs (W)

Dyad

How could someone (Sb)
Height of someone (S);
How could someone afford (S);
How can someone afford (S);
How can someone afford medication (S);
Half of someone afford (S);
How can someone afford medication (S);
How can someone afford medication cancer and treatment (W)

Dyad

•
2

•
•
•
•
•
•
•
•

a

3

•

Como pagar tratamientos y medicamentos para el cancer de seno? (W; how to afford treatment and medi- Individual
cation for breast cancer?)

4

•

How can someone afford treatment and medication (S)

5

•

Hay organisaciones que ayunan para el tratamiento de mama (W; are there organizations [misspelled] that Individual
fast [misspelled help] for the treatment of breast)

6

•
•

Is there an affordable way (S);
Is there an affordable way for breast cancer treatment (S)

7

•

Que opciones hay para pagar tratamientos del cancer de mama (W; what options are there to afford treatment Dyad
of breast cancer)

Individual

Individual

W: written query.

b

S: spoken query.

Table 5. Search queries used by participants on the fourth search.

a

ID

Searches about any lingering issues they had related to survivorship

Individual or dyad

1

•

N/Aa

Dyad

2

•

N/A

Dyad

3

•

N/A

Individual

4

•

After 5 years of a breast cancer survivor, can breast cancer come back (Sb)

Individual

5

•

Como yo puedo saber que mi cancer no va alvolver (Wc; how can I know if my cancer is not coming back Individual
[misspelled])

6

•
•
•
•
•

After cancer treatment (S);
After tonsil cancer treatment (S);
Here’s some information for the treatment of tonsil cancer according to cancer research UK (S);
Tonsil cancer treatment after surgery combined with chemotherapy (S);
Once cancer treatment is over are you considered in (S)

Individual

7

•

Me podria regresar el cancer (W; could my cancer come back?)

Dyad

N/A: not applicable.

b

S: spoken query.

c

W: written query.
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Figure 1. Number of voice versus written search queries per participant per dyad.

We also noticed several search queries that lacked content. For
example, “How can someone afford treatment and medication
(S)” or “How to maintain good spirits survivor (W).” The results
were not necessarily focused on breast cancer because of the
lack of context. Moreover, on several occasions, participants
clicked to search by voice, and the search engine picked up
speech that was not part of the intended search. These included
(1) spoken information from a previous result set that Google
was still reading when the participants started a new search (eg,
“Here’s a summary from URMC University” and “here’s some
information for treatment of tonsil cancer according to cancer
research UK”); (2) making comments while the computer was
listening (eg, “the whole thing”); or (3) not completing their
utterance before the search engine started retrieving results,
which led to several searches being performed until a query was
completely articulated (eg, participant 2 [dyad] in two occasions;
Table 4).
Participants reformulated their queries by adding search terms,
by switching between spoken or written searches, or, in one
case (participant 1 on search 2; Table 3), switching from English
to Spanish, trying to obtain adequate results.
It is important to note the behavior of participant or dyad 7.
They used only written searches and only one attempt at
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searching. This was a dyad where the caregiver told us that the
survivor was unable to read and trusted her caregiver with
finding information. They also arrived late at the experiment
and were somewhat constrained by time.

Readability of Websites Chosen
We kept track of the websites where users obtained information
to later take notes they considered important. We submitted the
text of the websites in English to a Fleish-Kinkaid analysis.
However, Fleisch-Kinkaid does not reflect a correct grade level
in Spanish texts, mainly because of the difference in the average
number of syllables in a word between English and Spanish.
Therefore, for websites in Spanish, we used the Gilliam et al
[36] adaptation of the Fry graph for readability (FGR), which
has been validated in previous research [21]. As the length and
number of sentences are one of the main components of the
FGR, we excluded titles and lists that make sentences artificially
short and selected a sample of the first two paragraphs of each
article in Spanish. The average grade level of the websites in
Spanish was 7.15 (SD 0.83). Table 6 shows the websites visited
and their average reading grade levels. Websites in Spanish are
marked next to their readability grade level. The average is
shown separately for the English and Spanish websites.
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Table 6. Readability scores for websites visited.
Website

Reading grade level

Cancer.net

12.22

Cancer.org

12.08

Komen.org

10.35

Cdc.gov

9.44

Verywellhealth.com

12.51

Lynparzahcp.com

19.28

Ibtimes.com

14.1

Webmd.com

7.78

Chemocare.com

11.2

Prescriptionhope.com

10.56

Cancer.gov

9.07

Mayoclinic.org

8a

Roche.com

8a

Cancer.gov

6a

Vidaysalud.com

7a

Cancer.org

7a

Unimiamihealth.org

8a

Medlineplus.gov

6a

Cdc.gov

7a

Overall total, mean (SD)

a

English

11.33 (3.01)

Spanish

7.15 (0.83)a

Websites in Spanish.

The mean grade level readability was 11.33 (SD 3.01) for all
the articles in English. All but one of the articles had a
readability score below the sixth-grade level. The average
readability exceeded the recommended readability (sixth grade)
by 5.33 grade levels. Moreover, the readability of the articles
exceeded the eighth-grade level by an average of 3.33 grade
levels. The only article with readability below the sixth-grade
level was one of the articles from WebMD with readability
(F-K)=5.8.
The mean grade level readability of the Spanish language articles
was 7.15 (SD 0.83), with articles ranging from sixth to eighth
grade. This suggests a higher grade level readability for articles
in English. Moreover, in one article from cdc.gov, we found an
English version and its manual translation into Spanish. The
Spanish version from cdc.gov [37] yielded a grade level of
seventh grade readability using the Gilliam et al adaptation of
the FGR. However, when accessing the translation in English
[38], it yielded 14th grade level using the FGR.

Answers to Participants’ Questions
When analyzing participants’ notes on each search, we found
that although many typed pertinent answers, some copied
https://formative.jmir.org/2021/10/e22809
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verbatim from snippets in the results lists, resulting in notes
with mixed contextual information such as, “Breast cancer is a
tumor or mass. Treaty [sic] by chemo, mastectomy or
Lumpectomy. Radiation therapy.” Others copied and pasted,
resulting in notes including URLs and characters that had to do
with the formatting of the web pages or notes ending with the
start of a new topic: “[...] despues de cinco anos de estar libre
de cancer, el viaje aun no termina>> tener los cuidados
necesarios, a largo plazo” (“[...] after five years of being cancer
free, the journey is not over yet>>having appropriate care in
the long term”).
In addition, 2 participants did not find any information with
respect to the questions they posed. However, the other
participants who visited the same website did. Finally, our
coders determined whether the participants answered the
questions they posed and found that on eight occasions, the
participants did not. Most notably, none of the participants
answered their original question on the fourth search, which
was free form. For example, participant 4’s question was, “After
5 years of breast cancer survivor, can breast cancer come back,”
and her written answer was, “You should keep doing breast
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self-exams checking the treated area and your other breast
exams.”
Satisfactory information was mostly found after clicking, on
average, between 1 and 2 websites. However, some users found

the information they needed straight from the snippets of text
in the results list. In particular, participant 6 never visited a
website to answer her questions. Table 7 shows the number of
websites visited before the participants wrote their notes to
answer their queries.

Table 7. Number of websites visited before writing down useful information.

a

Participant

Search 1a

Search 2b

Search 3c

Search 4d

1

2

3

2

N/Ae

2

1

1

1

N/A

3

4

3

1

N/A

4

2

1

1

1

5

1

0

0

1

6

0

0

0

0

7

0

1

1

1

Search 1: average 1.4 (SD 1.39).

b

Search 2: average 1.3 (SD 1.25).

c

Search 3: average 0.9 (SD 0.7).

d

Search 4: average 0.75 (SD 0.5).

e

N/A: not applicable.

Our participants spent, on average, 25.5 seconds browsing result
lists and 52.9 seconds on actual articles (STAYONRES).
However, in 3 of the 7 sessions, participants spent more time
browsing the search’s result list than reading information pages.
To further explore whether health literacy could be related to
the amount of time spent on individual articles, which are

comprised of significantly more health-related content than
snippets in a list of results, we plotted the Health LiTT scores
versus STAYONRES. Figure 2 suggests a potential correlation
with this small sample size, which may be worth exploring in
future work.

Figure 2. Exploratory correlation of Health LiTT scores as predictors of time (in seconds) spent on individual articles (STAYONRES); R=0.78; P=.04.
STAYONRES: staying on the results page; Health Litt: Health Literacy Assessment Using Talking Touchscreen Technology.
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Discussion
Principal Findings
In this observational study, we set out to review the search
behaviors of Hispanic survivors of breast cancer when
examining health-related content. To our knowledge, this study
is unique in that it focuses on low-literacy Hispanic survivors
of breast cancer and examines searching (1) in their language
of preference, (2) using voice as an alternative to writing search
queries, and (3) with regard to health literacy and prior
knowledge of breast cancer.
None of our participants used isolated search terms (keywords)
to formulate queries, as was done in previous studies [14,39].
Instead, they all attempted to use full sentences, whereas on a
few occasions inserting the terms cancer or breast cancer for
context. Often, participants searched for a given problem without
specifying the context of the search and, thus, obtained less than
satisfactory results lists. In particular, and as Birru et al [14]
found, search queries were often a verbatim transcription of the
prompt the researchers gave the participants. However, in this
study, the last search performed was such that the participants
needed to find any information interesting to them as naturally
as they would search at home. This resulted in mostly fully
formulated questions, as opposed to isolated search terms.
Perhaps the familiarity with technology has increased in our
population to the point that they understand that the interfaces
now respond well to full natural language queries.
In terms of results, we found that in agreement with studies
from over 15 years ago [21,39], the grade level of the
information displayed on the web is far above what most
participants are prepared to read.
To find the results, in several instances, participants simply
grabbed content from the lists of results. This can be because
of their familiarity with their condition and as they may already
know some of the answers. However, it can also be as the
snippets in the list of results are simpler to read than full-fledged
articles, given their low literacy and health literacy levels. This
may pose a danger of finding snippets of information without
the appropriate context to interpret them adequately. Despite
the information being readily available in the articles visited,
some participants still struggled to find something useful even
when others did. This, again, can be because of a lack of
comprehension or novelty of the information. That is, as the
patient may already know the basic answers displayed in the
results, they may have determined that the information displayed
was not useful. It is interesting to note that on the fourth search,
which was free form, all patients asked about their cancer

Iacobelli et al
coming back but took notes that did not answer the question
directly. All searches asked whether cancer could come back.
However, their notes were about the continuing care they should
take as survivors; that is, their notes were related to the question
but not to a direct answer. This could indicate that they have
difficulty formulating a question that captures their exact
concerns; instead, they ask a more general question hoping to
find a detailed answer that resonates with their direct concern.
Perhaps their intention was to know how to monitor and prevent
the recurrence of breast cancer (which is what all the notes were
about).

Search Modality
Although some participants preferred written searches, most
used the spoken search capabilities to a large extent. However,
when using the spoken searches, the search engine detected
pauses (as to think what to say) as a sign that the query had
finished and retrieved results with an incomplete query. For
example, “how could someone” was a search term in which the
results were not related to breast cancer survivorship. At other
times, when faced with a spoken search that retrieved no good
results at first, participants wrote the same query hoping that
they would get a different results list. However, overall,
participants persisted in searching via voice. In conversations
after their experiment, they all expressed a desire for it to work
and said it was very useful.

Limitations and Future Work
The main limitation of this study is the number of participants.
More participants will certainly add strength to some of our
intuitions and may result in strong patterns. For any quantitative
analysis to find correlations and significant statistical effects,
a power analysis reveals that for the correlations to be ≥0.5,
with 80% power and P=.05, we would need 18 participants and
18 dyads (to account for correlations of dyads only). A second
limitation is that although each participant received training on
the use of the computer, technological fluency was not assessed
or controlled for. A third limitation is that the notes taken are
not necessarily a direct reflection on the comprehension of the
texts. Perhaps more subtle measurements of comprehension can
be obtained after each search, or we could simulate an urgency
to find appropriate results, as this has been documented to
enhance and focus on the use of search engines [40]. Finally,
not all participants used these kinds of tools on the web (voice
search or internet search). Instead, some let their caregivers
search on the web and tell them what to do. Therefore, it is
important to have an adequate number of caregivers in future
research.
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Abstract
Background: Over 60% of military personnel in the United States currently use dietary supplements. Two types of dietary
supplements, weight loss and sports performance (WLSP) supplements, are commonly used by military personnel despite the
associated serious adverse effects such as dehydration and stroke.
Objective: To understand peer-to-peer communication about WLSP supplements among military personnel, we conducted a
pilot study using the social media website, Reddit.
Methods: A total of 64 relevant posts and 243 comments from 2009 to 2019 were collected from 6 military subreddits. The
posts were coded for year of posting, subreddit, and content consistent with the following themes: resources about supplement
safety and regulation, discernability of supplement use through drug testing, serious adverse effects, brand names or identifiers,
and reasons for supplement use.
Results: A primary concern posted by personnel who used supplements was uncertainty about the supplements that were not
detectable on a drug test. Supplements to improve workout performance were the most frequently used.
Conclusions: Our pilot study suggests that military personnel may seek out peer advice about WLSP supplements on Reddit
and spread misinformation about the safety and effectiveness of these products through this platform. Future directions for the
monitoring of WLSP supplement use in military personnel are discussed.
(JMIR Form Res 2021;5(10):e28957) doi:10.2196/28957
KEYWORDS
dietary supplements; social media; Reddit; OPSS

Introduction
The dietary supplement market in the United States is enormous
and steadily growing, with a projected $56.7 billion in annual
revenue by 2024 [1]. Supplements are widely available both
online and in brick-and-mortar retail outlets across the country.
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XSL• FO
RenderX

Recent estimates suggest that approximately 52% of the adult
population [2] and 60%-70% of military personnel [3] in the
United States have used dietary supplements. A meta-analysis
by Santos et al [4] found that approximately 10% of the adult
population in the United States has used dietary supplements
specifically for weight loss [4]. Many dietary supplements are
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marketed with claims that these suppress appetite, reduce fat
absorption, increase the body’s ability to burn fat through
increased metabolism, and decrease water weight [4]. Sports
performance supplements are marketed with claims that these
increase energy, improve sports or workout performance, and
build muscle. These performance supplements are popular
among military personnel, who have reported higher use of
these types of supplements than civilians [5]. In a random
sample of soldiers on active duty in the army, Lieberman et al
[5] found that 25% of soldiers who reported dietary supplement
use did so to increase their muscle strength and 17% did so to
enhance their physical performance [5].
The Dietary Supplement Health and Education Act of 1994
allows the US Food and Drug Administration (FDA) to loosely
regulate supplements, but the FDA cannot mandate rigorous
testing and reporting of the efficacy, safety, or purity of dietary
supplements before these are placed on the market [6]. These
weak regulatory conditions have led to companies marketing
dietary supplements with inaccurate efficacy claims and using
undisclosed proprietary formulas without rigorous premarket
testing [6].
Weight loss and sports performance (WLSP) supplements have
been associated with a myriad of adverse health effects,
including dehydration, electrolyte imbalance, digestive
dysfunction, stroke, renal failure, and death [7-11]. A study of
preworkout supplement use among adults in the United States
found that over half of the participants who used these
supplements reported adverse effects such as lightheadedness,
rapid heart rate, and nausea [12]. Despite the large market and
well-documented health risks, there is no national systematic
surveillance to assess the prevalence of use or adverse effects
of these products in the general population.
Military personnel are particularly vulnerable to using these
products and adopting other dangerous weight control behaviors
because of their rigorous training regimens and long work hours
and the need to reach a certain weight to be eligible for military
service [13,14]. Dietary supplement use has been associated
with serious adverse effects, including death, in military
personnel [15,16]. For instance, Eliason and colleagues [15]
reported the cases of 2 soldiers who died after ingesting dietary
supplements containing 1,3-dimethylamylamine, a powerful
stimulant that is a derivative of amphetamine [15]. The use of
supplements containing ephedrine, which can have similar
life-threatening effects, has long concerned the air force and
other branches of the military [17]. Ephedrine was routinely
advertised to increase energy and weight loss, but its use in
dietary supplements was prohibited by the FDA in 2004 [18].
To circumvent the FDA ban on dietary supplements containing
ephedrine, some consumers create an ephedrine, caffeine, and
aspirin (ECA) supplement mix, colloquially referred to as an
ECA or EC (ephedrine and caffeine) stack, and often combine
over-the-counter drugs and supplements or food sources as
ingredients for this mix [19]. ECA stacks are commonly used
as preworkout supplements, with the expectation that this mix
will increase performance during workouts or reduce body
fat—colloquially referred to as “cutting” fat—and lead to weight
loss.
https://formative.jmir.org/2021/10/e28957
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In 2012, the US Department of Defense (DoD) created the
Operation Supplement Safety (OPSS) campaign to increase
awareness of the dangers of dietary supplement use [20]. The
OPSS website was created to educate military personnel about
the risk of supplement use and to address questions that
personnel may have in general on dietary supplements and on
supplement safety and legality. The OPSS website also has a
portal for voluntary reporting of adverse effects experienced
after dietary supplement use. Despite the serious risk to service
members and troop readiness and the concerning ad hoc adverse
effects reported through the OPSS website, the DoD does not
conduct routine systematic surveillance of the use of these
dietary supplements or the resulting health problems in these
personnel.
Social media platforms, such as Reddit, have been employed
to understand the mental health needs and experiences of
military personnel [21]. Because there is no routine systematic
surveillance system for dietary supplement use in military
personnel, social media platforms can help researchers better
understand peer-to-peer communication about the use and
patterns of use of these products. As of 2019, the social media
site Reddit has 430 million active monthly users, and all Reddit
data are publicly available and can be used for research [22].
Reddit allows users to follow and post on specific topics in
communities called subreddits. Any user can create a new
subreddit or post in existing subreddits. There are subreddits
specifically for military personnel broken down by military
branch, such as the air force or army. In these subreddits, users
can post and comment in a thread format on a variety of topics.
This thread format allows users to obtain opinions and
viewpoints from any Reddit user.
In several studies, Reddit has been used to assess peer-to-peer
communication on topics such as mental health [23], eating
disorders [24], substance use [25,26], and vaping [27-29].
Coelho et al [21] conducted a study of military personnel
subreddits on Reddit to assess veterans’ experiences with
posttraumatic stress disorder. To our knowledge, no studies
have examined discussions on supplement use by military
personnel on Reddit. Therefore, we conducted a pilot study with
the primary aims to assess whether military personnel subreddits
have content on WLSP supplement use and to estimate
intercoder agreement and a secondary aim to identify the main
content of peer information on this topic. We anticipate the
findings of this study will inform our understanding of the
feasibility of a larger future investigation on the patterns of use
of WLSP supplements among military personnel and
peer-to-peer messaging around these supplements in service
member spaces.

Methods
Our pilot study used data from Reddit to examine peer-to-peer
communication about WLSP supplements among military
personnel. The Boston Children’s Hospital institutional review
board determined this study to be exempt from the need to obtain
informed consent given the nonidentifying nature of the data.
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Data Source and Platform
Reddit hosts the following 6 publicly available military
personnel subreddits for the air force, army, military, navy, and
coast guard: r/AirForce, r/army, r/Military, r/navy, r/uscg, and
r/USMC. To identify all potentially relevant posts between
January 1, 2009, and December 31, 2019, we used the following
search terms: “supplements,” “dietary supplements,” “ECA
stack,” “EC stack,” and “drug test.” A total of 570 potentially
relevant posts were extracted for review to identify those related
to WLSP supplements. Posts related to vitamins and other types
of dietary supplements were excluded. A total of 64 relevant
posts, to which users posted 243 relevant comments in response,
were included in the analytic database for this study.

Data Capture and Coding
Posts and comments were captured as PDF files and imported
into QSR International’s qualitative software, NVivo 12, for
coding [30]. Our study followed a data collection and reporting
protocol similar to that used by Sowles and colleagues [26]. An
inductive coding protocol created from commonly posted
information in the Reddit posts and key terms from recent
literature on WLSP dietary supplements were used to categorize
posts and comments by year of posting (2009-2019) and
subreddit. These posts and comments were then coded by two
independent coders (KJS, JAV) for the following 6 key themes:
the OPSS website, research on WLSP dietary supplements,

Sharp et al
discernability of supplement use through drug testing, brand
names or identifiers, serious adverse effects, and reason for
supplement use.
One of the primary aims of our pilot study was to evaluate the
intercoder agreement for the Reddit posts. We assumed that
feasibility would be achieved if the lower bound of the two-sided
95% exact binomial CI for the proportion of successfully coded
subreddits exceeded 80%; this is equivalent to observing
successful coding of at least 58/64 (91%) posts. Cohen κ [31]
was used to evaluate the interrater reliability of the two ratings
of the 6 key themes, and CIs for the κ coefficient were estimated
using the method developed by Fleiss, Cohen, and Everitt [32].
Statistical significance was defined as a two-sided P<.05, and
no adjustments were made for multiple comparisons. Cohen κ
values in the range of 0.61-0.80 indicate substantial agreement,
and values >0.80 indicate almost perfect agreement [33]. Cohen
κ results indicated very strong agreement between the two
coders’ evaluations, with all P values <.001 (Table 1).
The word frequency analysis tool in NVivo 12 was used to
identify words that were frequently used in the collected Reddit
posts and comments. The tool identifies exact matches for
strings of 3 or more characters. Frequent words were analyzed
if they appeared in the Reddit posts 3 or more times. Common
words including “the,” “like,” “and,” and “but” were excluded
from the results.

Table 1. Interrater agreement for coding of Reddit post themes appearing in military personnel subreddits from 2009 to 2019 (N=64 posts).
κ value (95% CI)

P value

0.85 (0.56-1.0)

<.001

Other research cited

0.74 (0.39-1.0)

<.001

Drug testing/positive test result

0.92 (0.75-1.0)

<.001

Products and ingredients

0.97 (0.91-1.0)

<.001

Reasons for use

0.97 (0.91-1.0)

<.001

Adverse effects

1.0b (1.0-1.0)

N/Ac

Themes
Operation Supplement Safety
a

a

Research from sources other than Operation Supplement Safety (eg, the US Food and Drug Administration website).

b

Variance was estimated to be zero as a result of perfect agreement between coders.

c

N/A: not applicable.

Peer-to-peer communication about WLSP supplements was
seen in all 6 military personnel subreddits beginning in the year
2012, but no relevant posts were identified from 2009 to 2011
(Table 2). The largest number of relevant posts (23/64, 36%)
was seen in the r/AirForce subreddit and in 2019 (16/64, 25%).
A total of 64/64 (100%) posts in the military subreddits were
successfully coded by both coders, which indicated the
feasibility of our pilot study. The two-sided 95% exact binomial
CI for this proportion is 94.4%-100%. Of the 64 total posts, 60
(94%) were posts asking for advice, and 4 (6%) were posts with
general information.

WLSP supplements were legal and which might lead to a
positive result on a drug test (Table 3). Other frequently used
terms were those related to places from where supplements
could be bought, such as “base,” “GNC,” and “online.” General
Nutrition Center (GNC) stores and other stores on military bases
were the most frequently mentioned places from where these
products could be bought. Reddit users mentioned the OPSS
website 23/307 (7.5%) times in the posts and comments, and
they mentioned this site in a way that conveyed it to be a source
for determining if a supplement was allowed for use by military
personnel. Preworkout and bodybuilding were the most
frequently mentioned reasons for purchasing and using these
supplements.

Terms related to drug testing, such as “drug test,” “illegal,”
“banned,” and “pop,” appeared frequently in posts and
comments, suggesting that users were concerned with which

As shown in Table 2, ECA or EC stacks were mentioned 27/307
(8.8%) times in the Reddit posts and comments. The most
commonly misused drug used in place of ephedrine in ECA

Results
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stacks was Bronkaid—an over-the-counter asthma medication
easily available for purchase in most pharmacies in the United

Sharp et al
States—which was specifically mentioned 8/307 (2.6%) times
in the posts and comments.

Table 2. Keywords in military personnel subreddit posts and comments by year (2009-2019) and subreddit.
Reddit post information

Frequency of words, n

Keywords searched (N=307)
Supplements/dietary supplements

232

Drug test

84

ECa/ECAb stack

27

Number of relevant posts per subreddit (N=64)
r/AirForce

23

r/army

13

r/Military

11

r/navy

8

r/uscg

2

r/USMC

7

Number of relevant posts per year (N=64)

a

2009

0

2010

0

2011

0

2012

7

2013

5

2014

5

2015

4

2016

9

2017

8

2018

10

2019

16

EC: ephedrine and caffeine.

b

ECA: ephedrine, caffeine, and aspirin supplement mix.
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Table 3. Frequently used words representing key themes in military personnel subreddit posts (N=64) and comments (N=243) from 2009 to 2019.
Key theme

Frequency of words, n

Operation Supplement Safety
Link to Operation Supplement Safety website

23

Other research citeda
Food and Drug Administration

30

Department of Defense

25

Drug testing/positive test result
Banned

93

Illegal

30

Pop/popped/popping

53

Products and ingredients
Animal Pak

20

Bronkaid

8

Caffeine

12

DMAAb

46

Ephedrine

32

Ephedra

7

Jack3d

17

Pseudoephedrine

4

Stack

16

Tea

3

Reasons for use
Bodybuilding

12

Detox

3

Preworkout

60

Where to purchase
Base (ie, military base)

31

Online

14

Over the counter

12

GNC

a

22

c

Research from sources other than Operation Supplement Safety (eg, the US Food and Drug Administration website).

b

DMAA: 1,3-dimethylamylamine.

c

GNC: General Nutrition Center.

Table 4 presents exemplar quotes showcasing each of the 6 key
themes. Similar to the word frequency results, the quotes
illustrate peer-to-peer communication by Reddit users on topics
such as the safety of preworkout supplements and the likelihood
of a positive result on a drug test. Adverse effects of WLSP
supplement use were mentioned, including elevated heart rate
and death. Many posts included misinformation about these
supplements; one user stated, “if you buy [supplements] at GNC,
you’re good to go,” with respect to passing a drug test, though
this view was not consistent across users. Some users posted
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that they had failed drug tests after using supplements purchased
at GNC or other stores on their base.
Reddit users asked their subreddit peers about ECA stacks,
where to purchase the ingredients, and if the use of these
supplements would lead to a positive result on a drug test.
Several users shared similar reasons for using ECA stacks, as
expressed by one user who wanted to “cut some fat and [get]
below [my] max weight.” The OPSS website and other research
sites, such as the FDA website, were mentioned as resources
by some Reddit users.
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Table 4. Exemplar quotes related to weight loss and sports performance dietary supplements for each key theme appearing in military personnel
subreddits from 2009 to 2019.
Theme and subreddit

Year of posting

Quote

Coded themes

r/army

2012

“Just curious if supplements such as preworkouts or proteins •
are allowed in basic?”
•

Regulation of supplements
Preworkout

r/army

2012

“…the Army (and pro-sports) has banned any preworkout
with 1,3 Dimethylamylamine [DMAA] in them (such as
Jack3d and Oxyelite Pro).”

•
•

Regulation of supplements

Drug testing/positive test result

•
•

DMAAa
Jack3d
OxyElite Pro

Operation Supplement Safety
r/navy

2019

“https://www.opss.org/dietary-supplement-ingredients-pro- •
hibited-department-defense
Looks like it’s listed under the ‘unapproved drugs’ section.” •

Operation Supplement
Safety
Regulation of supplements

2019

“If you are ordering stuff from sketchy suppliers on the internet, who knows what’s in it.

•
•

Other research
Regulation of supplements

“Are we allowed to take EC stack? I’ve heard anecdotes of
people saying you can take it and there’s no problem, but
just to be clear, ephedrine can cause false positives for
methamphetamine. You have to buy Bronkaid or Primatene
at a pharmacy in order to use the EC stack because ephedrine
isn’t sold as a standalone product.”

•
•

Positive test result

•
•

ECc stack
Ephedrine
Bronkaid

Other research citedb
r/army

https://www.fda.gov /ForConsumers/ConsumerUpdates/ucm
173739.htm”
Products mentioned
r/AirForce

2015

r/army

2018

“I am thinking of starting an E/C stack taking Bronkaid
(OTC) and Caffeine pills in order to cut some fat and get
below my max weight. I wanted to just ensure that this is ok
for me to do, and that it wouldn't get me in any sort of trouble. I appreciate any and all advice, thanks!”

•
•
•
•

Regulation of supplements
Weight loss
Bronkaid
EC stack

r/navy

2019

“E/C stack is about the only stack that's not a waste of
money”

•

EC stack

2018

“Want to take a preworkout with DMHA in it. DMAA is on
the banned substance list, but DMHA is not. If I pop a false
positive on a drug test, will I get charged? Or will they do
further tests and determine it was a legal stimulant in a preworkout?”

•
•
•
•

Regulation of supplements
Preworkout
DMAA

Reason for supplement use
r/USMC

DMHAd

Adverse effects

a

r/AirForce

2019

“PSA for all you PT/Mock test takers. Do not, under any
•
circumstances, take multiple energy pills you bought at the •
gas station before you test. Never thought it would be a
•
problem, but I was testing one of our officers this morning.
He completed 1 lap and proceeded to vomit. His heart rate
was over 210 and I was starting to worry that we would have
to call an ambulance.”

r/army

2019

“jack3d apparently did [make you test positive on a drug
test] back in like 2009-2010. I used to use it lmao but never
popped hot or anything. The military banned it and the
product changed to remove some sort of amphetamine it had.
It also killed a [couple] dudes in the Army and at USMA
though from heart attacks so it could also have been that.”

•
•
•
•

Vomiting
Elevated heart rate
Energy supplements

Regulation of supplements
Drug testing
Jack3d
Heart attack

DMAA: 1,3-dimethylamylamine.

b

Research from sources other than OPSS (eg, the US Food and Drug Administration website).
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EC: ephedrine and caffeine.

d

DMHA: 1,5-dimethylhexylamine.

Discussion
To our knowledge, our pilot study is the first to examine
peer-to-peer communication about WLSP supplements on a
social media platform and document messaging around these
products within all 6 publicly available military personnel
subreddits from 2009 to 2019. Our results suggest that military
personnel are interested in using these supplements regardless
of existing DoD regulations and the potentially serious adverse
effects.
The DoD has prohibited the use of some of these types of
supplements because of the associated serious adverse effects
[15], but the supplements that were banned for use were not
clear to all Reddit users. A total of 60/64 (94%) posts were
questions about supplement types, drug testing, or supplement
use, while only 7/243 (2.9%) comments referenced the OPSS
website. Thus, more education on this important resource is
needed for service members [20].
The results of this study suggest that there is interest in using
muscle-building and preworkout supplements among military
personnel despite DoD prohibitions and the risk associated with
the use of some types of supplements. ECA stacks were
frequently mentioned in these subreddits and seemed to be
favored by Reddit users over preformulated performance and
preworkout supplements because of the perceived effects of the
ECA ingredients on the body. Reddit users posted simple
instructions for their peers explaining how users can make their
own ECA stack from easily obtained ingredients. Many users
suggested that the supplements had the effect of “cutting” fat,
which would help them reach the weight required for service.
Our results showed that the r/AirForce subreddit had the highest
number of posts, but it is unclear if WLSP supplement use is
higher in this branch than in the other branches of the military.
A limitation of this pilot study is that Reddit does not provide
any demographic information on their users. Therefore, we
could not determine the location, age, or gender of these users.
There may be important differences in these demographic
characteristics among military personnel who use these products.
In addition, the subreddits included in our study were publicly
accessible; although these communities are described as affinity

groups for military personnel in different branches, it is possible
that nonmilitary Reddit users join and post on these subreddits.
Another limitation is that our research team could not access
certain subreddits. For example, r/Marines is a private subreddit
and a user has to be invited and approved by a moderator to
access the subreddit. We do not know if WLSP supplements
are discussed in these subreddits and—if they are—whether
these conversations are similar to those in the publicly available
subreddits.
Our investigation was restricted to Reddit to evaluate the
feasibility of studying peer-to-peer communication about WLSP
supplements among military personnel on a social media
platform. Our findings suggest that such a study is not only
feasible but can also provide novel insight into peer-to-peer
communication about beliefs, misconceptions, concerns, and
behaviors vis-à-vis WLSP supplements. Future research should
focus on other social media platforms to examine similar
communication among military personnel and other populations.
With the current use of dietary supplements at over 60% for
military personnel [3], future studies should investigate WLSP
supplement use patterns by branch of service and sources of
supplements purchased, frequency of failed drug tests
attributable to WLSP supplement use, chemical composition
and safety of commonly used WLSP supplements, and adverse
effects experienced by military personnel using WLSP
supplements. The danger these products pose to the health and
safety of military personnel is becoming increasingly clear even
through current ad hoc channels for reporting adverse effects,
which raises serious concerns about the negative impact of
WLSP supplement use on the overall military readiness of the
nation’s armed forces. Through the OPSS program, the DoD
may consider further steps to address the use of these types of
dietary supplements by military personnel. For instance, the
DoD could disseminate more information for military personnel
and military medical providers on the dangers of WLSP
supplement use. DoD leadership could consider implementing
routine, systematic surveillance to track the use of WLSP
supplements within the military. Finally, the DoD could consider
more stringent restrictions on the sale of these products on
military bases.
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Abstract
Background: To better direct assessments and interventions toward the general population during both the ongoing COVID-19
pandemic and future crises with societal restrictions, data on the types of practical and emotional problems that people are
experiencing are needed.
Objective: The aim of this study was to examine the types of practical and emotional problems that the general population is
experiencing during the COVID-19 pandemic and to construct an empirically derived inventory based on the findings.
Methods: A total of 396 participants, recruited among members of the general public in Sweden who were experiencing practical
and/or emotional problems during the pandemic, accessed a self-guided digital problem-solving intervention for a period of 1
week to report and solve the problems they experienced. Prior to accessing the intervention, the participants completed a short
self-assessment regarding symptoms of depression and anxiety. Content analysis was used to account for the types of problems
participants reported. A set of items for an inventory was later proposed based on the problem categories derived from the analysis.
Results: A majority of participants had clinically relevant symptoms of either depression or anxiety. The problems reported
were categorized as 13 distinct types of problems. The most common problem was difficulty managing daily activities. Based
on the categories, a 13-item inventory was proposed.
Conclusions: The 13 types of problems, and the proposed inventory, could be valuable when composing assessments and
interventions for the general population during the ongoing pandemic or similar crises with societal restrictions. The most common
problem was of a practical nature, indicating the importance of including examples of such problems within assessments and
interventions.
Trial Registration: ClinicalTrials.gov NCT04677270; https://clinicaltrials.gov/ct2/show/NCT04677270
(JMIR Form Res 2021;5(10):e31722) doi:10.2196/31722
KEYWORDS
digital intervention; COVID-19; problem-solving; self-guided intervention; content analysis; public health; mental health;
depression; anxiety; pandemic
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Introduction
Background
The COVID-19 pandemic is considered a threat to the mental
well-being of the general public and may increase the suicide
risk for some people [1,2]. This threat consists of both emotional
problems, such as anxiety, loneliness, and low mood [2,3], and
practical problems, such as not being able to work remotely or
to travel as before the pandemic [4,5].
Population-level efforts aiming to prevent negative mental health
consequences have been called for since the first months of the
COVID-19 pandemic [1]. Furthermore, remotely implementable
digital interventions for treatment and prevention have been
seen as critical to achieve the scalability necessary to have an
impact on the health of the general public [6]. An example of
a successful population-level effort during the COVID-19
pandemic is described in a previous study in which an existing
intervention for extensive worry was adapted to
COVID-19–related worry, transformed into a self-guided format
[7], and later implemented in the Swedish regular health care
system. However, because worry is only one possible problem
experienced by the general population during the COVID-19
pandemic [8], there is a need to assess what types of practical
and emotional problems the general population is experiencing.
This could facilitate the direction of assessments and
interventions toward the general public both during the ongoing
pandemic and in future similar crises.
Problem-solving therapy is a well-examined intervention that
was originally constructed for major depression, targeting the
ability to solve problems [9]. Moreover, the ability to solve
problems has been highlighted as one of several protective
factors for individuals in the general population affected by the
COVID-19 pandemic when considering societal suicide
prevention [10]. A problem-solving intervention could thus be
a suitable intervention for the general public experiencing
practical or emotional problems during the ongoing pandemic.
Ideally, it should be easy to gain access to such an intervention,
and the intervention should be self-guided to facilitate
scalability. An open access and self-guided internet-based
psychological support intervention (PATH), which includes
problem-solving as well as conflict management and stress
management, has been examined with regard to participants’
input to the program during the COVID-19 pandemic [11]. In
that study, conflicts with others, worry, and difficulties
concentrating stood out as the most common types of problems
during the pandemic.

Aim
The aim of this study was to examine the types of practical and
emotional problems that the Swedish help-seeking population
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is experiencing during the COVID-19 pandemic. An additional
aim was to construct an empirically derived inventory to
facilitate the assessment of problems and direction of
interventions in the general population during the ongoing
pandemic or similar crises with societal restrictions.

Methods
Setting and Study Design
This study was part of a project aiming to investigate treatment
engagement with a self-guided digital problem-solving
intervention between two different user interfaces. The results
concerning the effect of the user interfaces on treatment
engagement have been presented in a previous paper [12]. In
this paper, the focus lies on the types of practical and emotional
problems that the general help-seeking population in Sweden
reported experiencing during the COVID-19 pandemic when
using a self-guided digital problem-solving intervention. The
study was approved by the Swedish national ethical review
board (ID 2020-02739), and although the article does not report
results of a health care intervention, the study was
retrospectively registered on ClinicalTrials.gov (ID:
NCT04677270, 2020-12-21).

Participants and Recruitment
The target population was the general help-seeking population
in Sweden who were experiencing practical and/or emotional
problems during the COVID-19 pandemic. Participants were
recruited nationwide in Sweden through advertisements on
social media during a period of 6 weeks, between August 26
and October 6, 2020. Inclusion criteria were (1) age of 16 years
or older, and (2) self-reported practical and/or emotional
problems experienced during the COVID-19 pandemic. The
second criterion was assessed through a question asking if
participants experienced practical problems, emotional problems,
practical and emotional problems, or no problems. No further
definition of these problems was given at this stage of
assessment.

Procedures
To register for the study, participants completed a digital
self-assessment on a secure digital platform. Written informed
consent was digitally provided by all participants. Of the 399
individuals who registered for the study, only 2 persons were
excluded from participating, owing to not experiencing problems
(ie, the second inclusion criterion was not met). Furthermore,
1 person withdrew consent for participation. A total of 396
participants were thus included, and they accessed a self-guided
digital problem-solving intervention for a period of one week
to report and solve problems they experienced. The study
flowchart is shown in Figure 1.
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Figure 1. Flowchart of the selection of study participants.

Intervention
A self-guided digital problem-solving intervention adapted to
the COVID-19 pandemic was created for the study. An already
existing digital problem-solving intervention, previously used
as a component in a 12-week multi-component internet-delivered
cognitive behavioral therapy program for individuals with major
depression in Swedish regular health care [13], was used as a
template and adapted for self-guidance.
The problem-solving intervention comprised psychoeducational
texts and rationale, examples of problems and suggestions of
solutions, pictures, instructions, and problem-solving exercises.
The exercises consisted of steps where participants were able
to describe and choose to work with one problem at a time; set
a goal; make a list of possible solutions to the problem, including
pros and cons; choose what solutions to try and plan how and
when to try them out; and then evaluate the solutions and reflect
https://formative.jmir.org/2021/10/e31722
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RenderX

on possible lessons learned. All material within the intervention
was in Swedish and was adapted to the pandemic situation.
Participants could read texts about four fictive users having the
following problems: health-related worry, stress because of their
financial situation, loneliness, and problems with household
activities. In total, the intervention consisted of a single module
of approximately 4800 words. The length of the intervention
was 1 week, because the current study only intended to examine
types of problems and platform use (data presented in [12]) and
not problem-solving as a clinical intervention. The intervention
could be accessed on a secure digital platform via a computer
or mobile device connected to the internet.

Measurements
When registering for the study, participants completed a digital
assessment comprising questions on demographics and whether
they experienced problems during the COVID-19 pandemic.
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(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
Participants also completed two self-assessed short scales, the
Patient Health Questionnaire-2 (PHQ-2) [14] and Generalized
Anxiety Disorder-2 (GAD-2) [15], measuring symptoms of
depression and anxiety, respectively. These scales were
administered to assess the proportion of participants with a
possible clinical symptom burden, but they were not used either
for inclusion or as an outcome measure.

Data Analysis
Content analysis [16] was used to code all participants’
problem-solving attempts that were reported and saved within
the digital platform as well as to create categories of problems
based on these. All problem-solving attempts were entered in
text on the digital treatment platform. Thus, transcription of
data was not needed.
The step-by-step categorization of data started with defining
each problem-solving attempt as the unit of analysis [17]. A
problem-solving attempt was registered every time a participant
completed the first step of the problem-solving exercises, which
was to define the problem. Thus, a problem-solving attempt did
not necessarily constitute a complete problem-solving exercise.
To create categories for the content analysis, 25 participants
were selected randomly for initial coding. Three of the authors,
AH, EF, and MK, coded these participants jointly and created
the coding instructions as well as the categories with consensus.
Then, another 25 randomly selected participants were
independently coded by the three coders, using the instructions
and categories created. The interrater agreement between the
coders was substantial [18] (Cohen κ=0.66-0.76). After checking
that the interrater reliability was acceptable, disagreements were
discussed until a consensus was reached. Afterward, the
remaining 346 participants were divided between the three
coders, and their problem-solving attempts were coded using
the identified categories. Any uncertain categorizations were
discussed with all coders. Each category was defined in turn as
mainly either a practical or emotional problem.
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The categorization of reported problem-solving attempts was
later used in a quantitative description of the content [17]:
namely, the number of problem-solving attempts that belonged
to each category, as well as the number of the participants who
had solved at least one problem that belonged to each category.
Furthermore, to ensure that the data were not skewed by a few
active participants, the use of the intervention was quantified
by the percentage of participants using the intervention at least
once, as well as the average number of problem-solving attempts
completed during the week of access. Lastly, based on the
problem categories derived from the analysis, a set of items for
an inventory was proposed.

Results
A majority of participants were women, were university
educated, and had clinically relevant symptoms of either
depression or anxiety. Table 1 shows the complete sample
characteristics.
A majority of participants used the problem-solving intervention
at least once during the week of access. Table 2 shows details
on the use of the intervention.
The problems reported within the intervention by the participants
who used the intervention at least once were categorized into
13 distinct types of problems, which can be found in Table 3.
The 3 most frequent categories of problems were of a practical
nature, such as difficulties initiating daily activities, problems
or frustration regarding one’s work and/or study situation, and
problems or frustration with public health guidelines or the
pandemic situation in general.
Based on the 13 distinct types of problems derived from the
content analysis (see Table 3), the items shown in Textbox 1
are proposed as an inventory of practical and emotional
problems during the COVID-19 pandemic.
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Table 1. Sample characteristics (N=396).
Variable

Value

Female gender, n (%)

352 (88.9)

Age (years)
Mean (SD)

40 (13)

Range

17-79

In a relationship, n (%)

246 (62.1)

Occupational status, n (%)
Employed full-time

200 (50.5)

Employed part-time

41 (10.4)

Student

68 (17.2)

Parental leave

7 (1.8)

Unemployed

34 (8.6)

Long-term sick leave

21 (5.3)

Retired

25 (6.3)

Education, n (%)

a

Primary school

7 (1.8)

Secondary school

78 (19.7)

University

311 (78.6)

Possible major depression (PHQ-2a score ≥3), n (%)

235 (59.3)

Possible generalized anxiety (GAD-2b score ≥3), n (%)

236 (59.6)

Concurrent possible depression and anxiety, n (%)

180 (44.5)

Either possible depression, anxiety, or both, n (%)

291 (73.5)

PHQ-2: Patient Health Questionnaire-2.

b

GAD-2: Generalized Anxiety Disorder-2.

Table 2. Use of the problem-solving intervention (N=396).
Variable

Value

Used the problem-solving intervention at least once, n (%)

241 (60.9)

Problem-solving attempts per participant, mean (SD)

1.13 (1.44)
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Table 3. Types of problems identified from the content analysis.
Problem type

Problem cate- Number of particigory
pants with problem
(% of number of
participants who
used the intervention at least once,
N=241)

Number of
Definition
problems (% of
total number of
reported problems, N=446)

Examples

Daily activities

Practical

51 (21.2)

59 (13.2)

Difficulties initiating daily •
activities, staying motivated, •
or maintaining focus

Not getting household activities done
Spending too much time on social
media

Work and study

Practical

46 (19.1)

51 (11.4)

Problems or frustration regarding work and/or study
situation

•
•

Working at home with children
Struggling with digital work or studies

Health behaviors

Practical

40 (16.6)

44 (9.9)

Difficulties maintaining
health promoting behaviors
such as physical activity,
satisfactory sleep patterns,
or active recovery

•
•

Getting less physical exercise than
usual
Having trouble falling asleep

Family and relation- Emotional
ship

37 (15.4)

40 (9)

Problems related to relation- •
ships, including family,
•
friends, or significant other

Feeling unhappy in a relationship
Finding it difficult to establish new
relationships

Health anxiety

Emotional

35 (14.5)

36 (8.1)

Affected emotionally by
•
health fears or worry regarding self or others
•

Worrying about being infected with
COVID-19
Worrying that relatives or friends will
become ill with COVID-19

Pandemic guidelines

Practical

31 (12.9)

45 (10.1)

Problems or frustration with •
public health guidelines or
the pandemic situation in
general
•

Being bound to home as soon as you
experience the sightliest signs of
symptoms of COVID-19
Feeling frustrated at others not following the pandemic guidelines

30 (12.4)

35 (7.8)

Affected emotionally by
non–health-related anxiety
or stress-related problems

•
•

Experiencing social anxiety or generalized anxiety
Feeling overwhelmed

Non–health-related Emotional
anxiety or stress

Financial issues

Practical

26 (10.8)

30 (6.7)

Financial problems or fears

•
•

Experiencing fear of losing your job
Experiencing loss of income

Loneliness

Emotional

22 (9.1)

22 (4.9)

Affected emotionally by
loneliness

•
•

Negatively affected by having had less
contact with family or friends
Experiencing social isolation

Low mood

Emotional

20 (8.3)

21 (4.7)

Low mood or feelings of
meaninglessness

•
•

Feeling sad most of the time
Experiencing apathy

Changes in emotional state apart
from anxiety and
low mood

Emotional

19 (7.9)

22 (4.9)

Emotional challenges other
than anxiety or low mood

•
•

Feeling angry
Experiencing low self-esteem

Health issues

Practical

19 (7.9)

23 (5.2)

Health issues related to
COVID-19 or other illness
regarding self or others

•

Experiencing difficult symptoms of
COVID-19 or other illness
Having a relative or friend with health
issues

Problems related to weight
or eating

•

Weight and eating

Practical

18 (7.5)

18 (4)

•

•
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Experiencing unintentional weight
change
Struggling with binge eating
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Textbox 1. Proposed inventory of practical and emotional problems during a crisis with societal restrictions.
Practical problems: do you experience…
•

Difficulties initiating daily activities, staying motivated or maintaining focus? Examples of these difficulties include not getting household
activities done, or spending too much time on social media.

•

Problems or frustration regarding your work and/or study situation? Examples of these problems include working at home with children, or
struggling with digital work or studies.

•

Difficulties maintaining health promoting behaviors such as physical activity, satisfactory sleep patterns, or active recovery? Examples of these
difficulties include getting less physical exercise than usual, or having trouble falling asleep.

•

Problems or frustration with public health guidelines or the pandemic situation in general? Examples of these problems include being bound to
home as soon as you experience the sightliest signs of symptoms of COVID-19, or feeling frustrated at others not following the pandemic
guidelines.

•

Financial problems or fears? Examples of these problems include experiencing fear of losing your job or of losing income.

•

Health issues related to COVID-19 or other illness regarding self or others? Examples of these problems include experiencing difficult symptoms
of COVID-19 or other illness, or having a relative or friend with health issues.

•

Problems related to weight or eating? Examples of these problems include experiencing unintentional weight change, or struggling with binge
eating.

Emotional problems: do you experience…
•

Problems related to relationships, including with your family, friends, or significant other? Examples of these problems include feeling unhappy
in a relationship, or finding it difficult to establish new relationships.

•

Being affected emotionally by health fears or worry regarding yourself or others? Examples of these difficulties include fearing or worrying
about being infected with COVID-19, or worrying that relatives or friends will become ill with COVID-19.

•

Being affected emotionally by non–health-related anxiety or stress? Examples of these difficulties include experiencing social anxiety or generalized
anxiety, or feeling overwhelmed.

•

Being affected emotionally by loneliness? Examples of these difficulties include being negatively affected by having had less contact with family
or friends, or experiencing social isolation.

•

A low mood or feelings of meaninglessness? Examples of these problems include feeling sad most of the time, or experiencing apathy.

•

Emotional challenges other than anxiety or low mood? Examples of these difficulties include feeling angry, or experiencing low self-esteem.

Discussion
Principal Results
In this study, COVID-19–related practical and emotional
problems experienced by the Swedish help-seeking population
were examined during the use of a self-guided digital
problem-solving intervention. Content analysis was used to
investigate the types of problems reported within the
intervention.
The participants reported 13 different distinct types of problems.
Practical problems, such as managing one’s daily life and work
situation, were most frequently reported, while loneliness, low
mood, and other emotional difficulties were less common. The
dominance of practical problems may have been due to
participants preferring to use the digital problem-solving
intervention to generate solutions to practical problems rather
than emotional problems. However, it may also have to do with
practical problems actually being the predominant problem type
experienced by participants in this study. Additionally, it has
been reported that the COVID-19 pandemic has had a vital
impact on people’s practical work situations [19]; societal
restrictions have also led to great challenges in managing
work-family balance, with sometimes minor support [20,21].
It should be further noted that the short scales PHQ-2 and
GAD-2, which were used to assess the proportions of
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participants with possible major depression and anxiety,
respectively, are probably quite sensitive to symptoms when
used at the stage of screening [14]. This could help explain the
high prevalence of possible clinical symptom burden among
the participants, despite the fact that practical problems were
more commonly reported than emotional ones.
In a previous study, COVID-19–related worry was highlighted
as a target for a self-guided digital intervention [7]. Among the
participants in the current study, health anxiety was reported,
but it was not as common as problems of a more practical nature.
This highlights the need to target a broad range of problems
during a crisis involving a disease, including problems of a
practical nature, as a complement to health-related worry.
The relatively low frequency of mood-related problems and
feelings of loneliness may need to be interpreted within the
context of the study being conducted in Sweden. Sweden has,
unlike most other countries, not imposed mandatory lockdown
during the COVID-19 pandemic. This may have impacted the
mental well-being of the inhabitants. However, owing to
voluntary restrictions recommended by the Swedish government
during the pandemic, Sweden has had similar societal
consequences, such as economic damage, to those of countries
in lockdown [22]. As the results show, a number of people
reported financial problems. These results can further be
compared to the problems entered during the pandemic in the
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previously mentioned PATH program, which was based in the
United States [12]. In that study, the common types of problems
reported were similar to those in the current study, except for
a greater emphasis on interpersonal conflicts, possibly due to
the separate conflict management module in the PATH program.
In most cases, these types of problems would fall into the
category of problems related to relationships in the proposed
inventory of the current study.
Although vaccination for COVID-19 has begun worldwide, it
is still not clear whether some problems, both societal and
health-related, that have arisen during the pandemic will persist
for some time [23,24]. We believe that the inventory proposed
in this paper of practical and emotional problems during a crisis
with societal restrictions could therefore be of value not only
during the still ongoing pandemic but also possibly in the near
future. We propose that the inventory can act as a guide when
constructing both assessments and interventions related to
COVID-19 problems while also providing some public health
information concerning the pandemic and its consequences.
Because most items in the proposed inventory are not specific
to COVID-19, the inventory may also provide helpful guidance
in future similar crises. However, it is not certain that all the
items will be relevant in a future crisis with societal restrictions.
Health anxiety, which was reported in this study, is an example
of a type of problem that is more likely to occur during crises
involving a disease. However, most other items derived from
the content analysis fit into a crisis with societal restrictions
whether or not a disease is involved.
Based on the fact that recruitment to the study was rapid, during
a relatively short period of time, we interpreted the interest in
gaining access to a problem-solving intervention as high. This
reflects an apparent desire for interventions of this kind. We
believe that this has practical implications, as the results from
this study can be used to adapt and possibly improve similar
interventions, both during the still-ongoing pandemic as well
as for possible persisting problems that arose due to the
pandemic.
When providing digital interventions in a self-guided format,
there is a risk of low adherence and low use. This was
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exemplified in a previous Swedish adaptation of a self-guided
intervention for mental health problems [25]. We believe that
one of the strengths of the current study is that a majority of
participants used the digital intervention and hence contributed
to the generalizability of the results.

Limitations
There are some limitations to this study that need to be
acknowledged. First, the sample predominantly consisted of
university-educated women, which impacts the generalizability
of the results. Second, participants were recruited through
advertisements on social media. We are not sure if the results
or sample would have differed if additional recruitment methods
would have been used. Third, we have no available data
concerning problems reported by the current population before
the COVID-19 pandemic, making it difficult to discern the
impact of the pandemic on the problems reported. Fourth and
last, the problem-solving intervention constructed for individuals
with major depression that was used as a template for the
development of the digital intervention used in the current study
is intended to be used over several weeks [13]. In the current
study, access to the intervention was limited to a period of 1
week. It is unclear whether a longer period of access to the
intervention would have resulted in participants reporting
additional types of problems.

Future Research
For future studies, we recommend that the inventory suggested
within this paper be evaluated with regard to psychometric
properties.

Conclusions
The reported problems of participants during the COVID-19
pandemic in this study fell into 13 distinct categories of
problems. These can serve as targets of interventions or be of
help when screening for problems in the general population
during the ongoing pandemic or in future similar crises. The
most frequently reported types of problems were of a practical
nature, indicating the importance of giving examples of practical
problems within both interventions and assessments.
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Abstract
Background: The contact tracing and subsequent quarantining of health care workers (HCWs) are essential to minimizing the
further transmission of SARS-CoV-2 infection and mitigating the shortage of HCWs during the COVID-19 pandemic situation.
Objective: This study aimed to assess the yield of contact tracing for COVID-19 cases and the risk stratification of HCWs who
are exposed to these cases.
Methods: This was an analysis of routine data that were collected for the contact tracing of COVID-19 cases at the All India
Institute of Medical Sciences, Bhubaneswar, in Odisha, India. Data from March 19 to August 31, 2020, were considered for this
study. COVID-19 cases were admitted patients, outpatients, or HCWs in the hospital. HCWs who were exposed to COVID-19
cases were categorized, per the risk stratification guidelines, as high-risk contacts or low-risk contacts
Results: During contact tracing, 3411 HCWs were identified as those who were exposed to 360 COVID-19 cases. Of these 360
cases, 269 (74.7%) were either admitted patients or outpatients, and 91 (25.3%) were HCWs. After the risk stratification of the
3411 HCWs, 890 (26.1%) were categorized as high-risk contacts, and 2521 (73.9%) were categorized as low-risk contacts. The
COVID-19 test positivity rates of high-risk contacts and low-risk contacts were 3.8% (34/890) and 1.9% (48/2521), respectively.
The average number of high-risk contacts was significantly higher when the COVID-19 case was an admitted patient (number
of contacts: mean 6.6) rather than when the COVID-19 case was an HCW (number of contacts: mean 4.0) or outpatient (number
of contacts: mean 0.2; P=.009). Similarly, the average number of high-risk contacts was higher when the COVID-19 case was
admitted in a non–COVID-19 area (number of contacts: mean 15.8) rather than when such cases were admitted in a COVID-19
area (number of contacts: mean 0.27; P<.001). There was a significant decline in the mean number of high-risk contacts over the
study period (P=.003).
Conclusions: Contact tracing and risk stratification were effective and helped to reduce the number of HCWs requiring quarantine.
There was also a decline in the number of high-risk contacts during the study period. This indicates the role of the implementation
of hospital-based, COVID-19–related infection control strategies. The contact tracing and risk stratification approaches that were
designed in this study can also be implemented in other health care settings.
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Introduction
With 44 million confirmed cases and over 1 million confirmed
deaths affecting all countries across the world, the COVID-19
pandemic is currently the largest pandemic of the century [1].
As of August 31, 2020, 35 million COVID-19 cases and 0.06
million deaths have been reported from India [2].
By September 17, 2020, countries reported to the World Health
Organization (WHO) that 14% of COVID-19 cases were health
care workers (HCWs) [3]. SARS-CoV-2 infection among HCWs
not only poses the risk of infection to their family members,
thus contributing to community spread, but also poses this risk
to other HCWs and patients. Thus, apart from stringent infection
prevention and control practices for reducing the exposure to
infection, the contact tracing and subsequent quarantining of
HCWs are essential to minimizing further transmission.
Consequently, isolation after SARS-CoV-2 infection and
quarantine following exposure to a confirmed case of COVID-19
can adversely reduce the availability of human resources. To
mitigate the shortage of staff in hospitals, the WHO and Centers
for Disease Control and Prevention (CDC) have given
recommendations for stratifying the risk following exposure
into 2 categories—low-risk exposure and high-risk exposure
[4,5]. The Ministry of Health and Family Welfare (MoHFW)
of the Government of India has also adopted these guidelines
[6].
Contact tracing is a time- and resource-intensive exercise for
community settings as well as hospital settings. However, it is
one of the most important methods for infectious disease
prevention. In our hospital, we used different methods that were
described in literature to identify people who were exposed to
COVID-19 cases, like the use of closed-circuit television
(CCTV) footage and duty rosters and the passive reporting of
contacts by departments and via telephonic inquiry. Contact
tracing by using data extracted from administrative and clinical
databases, such as electronic medical records, or by using CCTV
footage (a real-time locating system) has been reported
previously [7,8]. Although conventional contact tracing via
continuous direct observation has been considered to be the
gold-standard method for accurately quantifying contact time,
it requires intensive human resources and is not cost-effective
[9]. Self-reporting methods can be used as alternatives to direct
observation due to the lower intensity of their human resource
demands; however, there is a chance of bias compromising the
accuracy of the data [10].
Although the processes of contact tracing, risk stratification,
and quarantine may help to reduce the transmission of infection,
it is not clear whether these processes help with reducing staff
shortages in an already overwhelmed health system of a
resource-constrained setting. A systematic review of 22 studies
concluded that an integrated strategy for contact tracing,
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screening, quarantine, and isolation has the potential to reduce
the incidence of SARS-CoV-2 infection [11]. However, most
of the studies included in this systematic review were
community based. The few studies that were conducted in a
health facility setting suggested using working shifts and
integrating infection control practices to reduce the number of
infections in health care settings [12,13]. Unlike those in
community settings, very aggressive contact tracing and
quarantine policies for HCWs in health care settings may be
challenging to implement due to the need to balance infection
control and staff shortages [14-16]. A study from India reported
the beneficial effect that stratification has on minimizing staff
shortages resulting from unnecessary quarantine [17]. As there
is a limited amount of literature available from such settings,
our study may provide information on making public health
decisions in a health care setting.
In our hospital, which caters to both patients with COVID-19
and other patients, we adopted the contact tracing and risk
stratification approaches described by the WHO, CDC, and
MoHFW to categorize COVID-19–exposed HCWs as high-risk
contacts or low-risk contacts. This study was conducted to assess
the yield of hospital-based contact tracing for patients and
HCWs who tested positive for COVID-19 and the risk
stratification of COVID-19–exposed HCWs in the hospital—a
statutory body under the aegis of the MoHFW of the
Government of India. We also compared the risk categorizations
of different areas (COVID-19 and non–COVID-19 areas) and
different categories of index cases (outpatient department
[OPD], inpatient department [IPD], and HCW cases) to assess
the variations.

Methods
Study Design
This study was a process evaluation of our routine contact
tracing and risk stratification mechanisms at the study site. Data
from March 19 to August 31, 2020, were collected.

Study Site
This study was conducted at the All India Institute of Medical
Sciences (AIIMS), Bhubaneswar, which is a 960-bed tertiary
care teaching hospital located in Bhubaneswar, the capital city
of Odisha (an eastern state of India).

COVID-19–Related Clinical Services at the Study Site
Patients who were admitted to the hospital were screened for
COVID-19, as per the screening algorithm depicted in Figure
1. On March 19, 2020, the first patient (the second COVID-19
case of Odisha) with COVID-19 was admitted to our hospital.
The first case of COVID-19 among HCWs was reported on
June 2, 2020. COVID-19 screening via reverse
transcription-polymerase chain reaction (RT-PCR) tests of all
newly admitted patients, irrespective of the presence of
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routine outpatient consultations were discontinued due to a
sudden surge in the number of COVID-19 cases in the
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community and hospital. Hospital admission was restricted to
only patients with COVID-19 and patients requiring emergency
or essential intervention.

Figure 1. Algorithm of the COVID-19 testing strategy for patients admitted to the hospital. AIIMS: All India Institute of Medical Sciences; ICU:
intensive care unit; ILI: influenza-like illness; OPD: outpatient department; RT-PCR: reverse transcription-polymerase chain reaction; TEM: trauma
and emergency.

COVID-19–Related Prevention Interventions at the
Study Site
Various training programs were conducted to train all cadres
of HCWs in the proper use of personal protective equipment
(PPE), hand hygiene measures, and other infection control
practices. The use of various types of PPE in different clinical
areas and hospital premises was guided by MoHFW protocols
and upgraded or modified based on feedback from the contact
tracing and infection control teams. Advisories were issued to
all HCWs at periodic intervals for PPE compliance and infection
control measures. We also introduced various behavioral and
regulatory interventions to promote COVID-19–appropriate
behaviors, such as a monetary penalty for not using a mask in
the hospital and residential campuses.
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Contact Tracing and Risk Stratification
As per the testing strategy outlined in Figure 2, testing for
SARS-CoV-2 infection via the RT-PCR method was performed
at the COVID-19 RT-PCR testing laboratory of the institute—an
approved laboratory of the Indian Council of Medical Research
of the Government of India. Patients presenting with symptoms
that were consistent with COVID-19 and confirmed cases of
COVID-19 were admitted in separate wards, which were
referred to as COVID-19 areas. Patients with COVID-19 were
categorized as inpatients, outpatients, or HCWs who tested
positive for COVID-19. Inpatients were further categorized
based on the area in which they were admitted (ie, COVID-19
areas or non–COVID-19 areas).
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Figure 2. SARS-CoV-2 testing strategy for the health care workers after contact tracing.

Contact tracing was initiated by a team that was dedicated to
performing contact tracing immediately after intimation from
the diagnostic laboratory. Initially, contact tracing was done by
physically visiting the clinical areas, personally interviewing
the HCWs involved in patient care, reviewing medical records
of patients and duty rosters, and viewing CCTV footage.
However, this strategy was modified, due to the increase in the
number of COVID-19 cases, to include a passive mechanism
for contact tracing. In the later phase (from July 15 onward),
the contact tracing team (CTT) directed the concerned
departments to provide a list of all HCWs who had possibly
come in contact with confirmed COVID-19 cases in a prescribed
format. Upon obtaining the list of COVID-19–exposed HCWs,
the CTT contacted each HCW telephonically to elicit histories
related to the durations and types of exposures, the procedures
performed on the patient, and the use of PPE during exposures.
Data were collected by using a semistructured interview
schedule. For cases of contact tracing related to an HCW who
tested positive for COVID-19, histories related to interactions
that occurred during duty break hours, during meals, and in
places where HCWs are likely to be less cautious in terms of
mask usage were probed during contact tracing. Exposures the
occurred during the last 14 days from the date of a positive
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report were considered for contact tracing. The numbers of
contacts were separately calculated for each positive case.
Risk categorizations (low-risk exposure and high-risk exposure)
based on the criteria adopted from the WHO, CDC, and
MoHFW guidelines are given in Textbox 1. A 14-day home
quarantine and COVID-19 testing, which was to be conducted
on the seventh day after an HCW’s most recent exposure, were
recommended for HCWs with high-risk exposures, whereas
HCWs with low-risk exposures were recommended to continue
their work. The quarantine period was considered to be a fully
paid, on-duty period. Both risk categories were required to
monitor symptoms and report on COVID-19 tests that were
performed upon the appearance of symptoms consistent with
COVID-19. In the absence of symptoms, routine testing was
not recommended for low-risk contacts. However, a few HCWs
with low-risk exposures were also tested upon their request.
We collated data related to contact tracing and risk
categorization in an Excel spreadsheet, and follow-ups of HCWs
were done to inquire about symptoms and test results. The CTT
regularly updated hospital authorities about their findings related
to breaches in infection control practices and areas of high-risk
contact and suggested specific recommendations.
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Textbox 1. Risk categorization (low-risk exposure and high-risk exposure) of the health care workers who were exposed to patients who tested positive
for COVID-19. The criteria were adopted from the World Health Organization, Centers for Disease Control and Prevention, and Ministry of Health
and Family Welfare guidelines.
High-risk contact
•

Touched body fluids of a patient (eg, touching respiratory tract secretions, blood, vomit, saliva, urine, and feces; being coughed on; touching
used paper tissues with a bare hand; etc)

•

Had direct physical contact with the body of a patient, including during physical examinations without personal protective equipment

•

Touched or cleaned the linens, clothes, or dishes of a patient

•

Lives in the same household as a patient

•

Anyone who was in close proximity (within 1 meter) to a confirmed COVID-19 case and did not take precautions

•

Passengers (ie, those in a vehicle) who were in close proximity (for more than 6 hours) to a symptomatic person who later tested positive for
COVID-19

Low-risk contact
•

Shared the same space (worked in same room or a similar situation) but did not have a high-risk exposure to a confirmed case of COVID-19

•

Traveled in the same environment (bus, train, flight, or any other mode of transit) but did not have a high-risk exposure

Ethical approval to conduct this study was obtained from the
Institutional Ethics Committee of AIIMS, Bhubaneswar
(reference number: T/IM-NF/CMFM/20/76). Individual
participant consent was not obtained, as contact tracing was a
regular process for risk stratification among the HCWs. All
HCWs were instructed by the hospital authorities to cooperate
with the CTT.

Statistical Analysis
Statistical analyses were conducted by using Microsoft Excel
2013 and SPSS version 22.0 (IBM Corporation). Descriptive
statistics were presented as means with SDs and percentages
with 95% CIs. The mean number and SD of high-risk contacts
and low-risk contacts among the types of patients (ie, admitted
patients in a COVID-19 area, admitted patients in a

non–COVID-19 area, outpatients, and HCWs) were compared.
A P value of <.05 was considered statistically significant. We
also compared the mean number of high-risk and low-risk
contacts for a block of 15 days within the study period.

Results
Our analysis included data related to 360 COVID-19 cases that
were reported during the study period, which included 240
(66.7%) admitted patients and IPD patients, 29 (8.1%) OPD
patients, and 91 (25.3%) HCWs. Of the 269 IPD and OPD
patients, 163 (60.6%) were admitted directly to a COVID-19
area, 97 (36.1%) were admitted in a non–COVID-19 area, and
the rest (n=9, 3.3%) had stayed in both COVID-19 and
non–COVID-19 areas (Table 1).

Table 1. Distribution of patients who tested positive for COVID-19 in the hospital from March to August 2020.
Types of patients and areas

Patients, n (%)

Type of patient (n=360)
Inpatient department patients

240 (66.7)

Outpatient department patients

29 (8)

Health care workers

91 (25.3)

Type of area (excluding staff; n=269)
COVID-19 area

163 (60.6)

Non–COVID-19 area

97 (36.1)

Both

9 (3.3)

The CTT identified 3411 HCWs who were exposed to any
COVID-19 case in the hospital. After risk categorization, 26.1%
(890/3411) of HCWs were identified as high-risk contacts, and
73.9% (2521/3411) were identified as low-risk contacts. Within
14 days of exposure to a COVID-19 case, 34 out of the 890
high-risk contacts (3.8%; 95% CI 2.7%-5.2%) and 48 out of
the 2521 low-risk contacts (1.9%; 95% CI 1.4%-2.5%) tested
positive for SARS-CoV-2 infection. However, among the
low-risk contacts, only symptomatic HCWs were tested, and
https://formative.jmir.org/2021/10/e28519

XSL• FO
RenderX

the test positivity rate among the symptomatic low-risk contacts
was 48 out of 1583 (3.03%; 95% CI 2.24%-4.00%).
The mean number of high-risk contacts was 15.8 (SD 18.3)
when a COVID-19 case was admitted in a non–COVID-19 area
and 4.0 (SD 5.6) when the COVID-19 case was an HCW. The
mean number of high-risk contacts per patient was <1 if a patient
was admitted in a COVID-19 area or was provided with services
on an outpatient basis. The difference in the mean numbers of
JMIR Form Res 2021 | vol. 5 | iss. 10 | e28519 | p.495
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high-risk contacts among the different groups was statistically

significant (P<.001; Table 2).

Table 2. Comparison of the average number of high-risk and low-risk contacts, with respect to the type of index case, in the hospital from March to
August 2020.
Types of patients and areas

Number of cases

Number of contacts, mean (SD) t testa (df) or ANOVAb test (df) P value

Type of patient
High-risk contact
Inpatient department patients

240

6.61 (13.895)

Outpatient department patients

29

0.22 (0.698)

Health care workers

91

4.02 (5.653)

Low-risk contact
Inpatient department patients

240

10.81 (11.754)

Outpatient department patients

29

3.07 (2.541)

Health care workers

91

8.12 (6.789)

4.741 (2)c

.009

8.527 (2)c

.002

−10.853 (258)d

<.001

−7.803 (258)d

<.001

Type of area
High-risk contact
COVID-19 area

163

0.27 (1.207)

Non–COVID-19 area

97

15.84 (18.268)

Low-risk contact

a

COVID-19 area

163

5.93 (5.544)

Non–COVID-19 area

97

16.19 (15.188)

A 2-tailed unpaired t test.

b

ANOVA: analysis of variance.

c

Analysis of variance test value.

d

2-tailed unpaired t test value.

A significant decline in the mean number of high-risk contacts
was reported over the study period (P=.003). In cases where an
HCW was the index case, the mean number of high-risk contacts
decreased from 12.7 (during June 1 to June 15, 2020) to 3.7
during July 1 to July 15, 2020, and to 0.62 during August 16 to
August 31, 2020. The first case of an HCW of the hospital
testing positive for COVID-19 occurred on June 2, 2020 (Figure
3). Similarly, in COVID-19 areas, the mean number of high-risk
contacts was 10.0 until March 31, 2020, and these contacts
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involved the only patient who was admitted in a COVID-19
area at that time. Afterward, the mean number of high-risk
contacts decreased to 1.0 during April 1 to June 15, 2020, and
to <0.1 from June 15, 2020, onward. In the non–COVID-19
area, the mean number of high-risk contacts decreased from
31.5 (during June 16 to June 30, 2020) to 3.0 during July 16 to
July 31, 2020, and to 0.7 during August 16 to August 31, 2020
(Figure 3).
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Figure 3. A: Average number of contacts when the COVID-19 case was an admitted patient (March to August 2020). B: Average number of contacts
when the COVID-19 case was a health care worker (March to August 2020). C: Average number of contacts when the COVID-19 case was admitted
in a COVID-19 area (March to August 2020). D: Average number of contacts when the COVID-19 case was admitted in a non–COVID-19 area (March
to August 2020).

Interviews with HCWs, which were conducted during contact
tracing, revealed that common causes for a high-risk exposure
during the provision of clinical care were the inadequate use of
PPE and the nonpracticing of hand hygiene measures after
having direct contact with a patient. Further, HCWs who tested
positive for COVID-19 indicated that social interactions during
meals and at nursing stations during duty hours, handover,
travel, and the act of staying together were major contributing
factors (24/91, 26%).

Discussion
Summary of Results
Our forward contact tracing of 360 COVID-19 cases, who were
either patients or HCWs, resulted in the identification of 3411
exposures. After risk stratification, 26.1% (890/3411) of HCWs
were categorized as high-risk contacts, and 73.9% (2521/3411)
were categorized as low-risk contacts. Of the 890 high-risk
contacts and 2521 low-risk contacts, 34 (3.8%) and 48 (1.9%),
respectively, tested positive for SARS-COV-2 infection. We
also observed a gradual decline in the average number of
high-risk contacts over a period of time. HCWs were more likely
to be exposed to SARS-CoV-2 infection when it was diagnosed
among HCWs and patients who were admitted in a
non–COVID-19 area.

Comparison With Existing Literature
A few studies from India have also reported similar proportions
of high-risk contacts after risk stratification. According to a
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study conducted by Agarwal et al [18], in a hospital located in
the eastern part of India, 7/28 (25%) of the COVID-19–exposed
HCWs were high-risk contacts. However, this study had a small
sample size. Another study, which was conducted by Kaur et
al [17] in a hospital located in the northern part of India, reported
that only 14.5% of the COVID-19–exposed HCWs were
categorized as high-risk contacts. Our study reported a
COVID-19 test positivity rate of 3.8% (34/890) among high-risk
contacts, while the study conducted by Kaur et al [17] observed
a higher test positivity rate (7.1%). In the study by Kaur et al
[17], most of the COVID-19 cases (almost 85%) were HCWs,
unlike in our study, where 25.3% (91/360) of COVID-19 cases
were HCWs. Moreover, the higher COVID-19 test positivity
rate in the Kaur et al [17] study could have been due to having
more stringent criteria for stratifying HCWs into the high-risk
category, as the proportion of high-risk contacts among HCWs
was 14% in their study and 26.1% (890/3411) in our study.
Another study conducted by Blain et al [19] reported a high
COVID-19 test positivity rate among health care personnel
(23.5%), but the study was only conducted for 3
COVID-19–positive cases. In our study, 1 index case had 10
high-risk contacts on average, while a study conducted by Vera
et al [20] in Switzerland reported 21 high-risk contacts, which
was much higher than the number reported in our study. The
study from Switzerland was based on just 1 initially undiagnosed
COVID-19 case.
We also observed a clear difference in the COVID-19 test
positivity rates between high-risk contacts and low-risk contacts
(34/890, 3.8% vs 48/2521, 1.9%), which demonstrated the
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the low-risk contacts who were tested, the test positivity rate
was 3.03% (48/1583). Due to the very high number of contacts,
all of the high-risk contacts and only the symptomatic low-risk
contacts were tested. Moreover, low-risk contacts could have
been exposed to SARS-CoV-2 infection outside of the hospital
because, unlike high-risk contacts, they were not quarantined
and continued to work. The effectiveness of contact tracing was
observed in previous studies [11,14,21].
The mean number of high-risk contacts was highest when a
patient was admitted in the non–COVID-19 area (number of
contacts: mean 15.8) rather than when a patient was admitted
in a COVID-19 area (number of contacts: mean 0.27). The mean
number of high-risk contacts was higher in non–COVID-19
areas probably because the recommended level of protection in
non–COVID-19 areas is different from that of COVID-19 areas.
Similarly, HCWs’ attitudes toward following the protocol might
be better in COVID-19 areas due to the higher perceived risk.
In COVID-19 areas, HCWs were completely equipped with
PPE. In the non-COVID-19 area however, they were only
equipped with surgical masks, N95 masks, and gloves, as per
the guidelines proposed by the MoHFW, WHO, and CDC, and
admitted patients were not suspected of SARS-CoV-2 infection
[22-24]. Thus, stringent infection prevention and control
measures also need to be adopted in areas where patients who
are not suspected of SARS-CoV-2 infection are admitted.
Similarly, the number of high-risk contacts was higher when
the COVID-19 case was an admitted patient rather than when
such cases were HCWs and outpatients. In the IPD, the HCWs
perform their duties in a shift-wise manner (3 shifts in 1 day)
and perform procedures. In the OPD however, HCWs only have
1 shift per day, and this can result in a fewer number of
exposures. Further, the large number of high-risk contacts
among COVID-19–exposed HCWs was also the result of social
mixing with colleagues during duty time and in residential areas.
The importance of workplace social distancing and contact
tracing was mentioned in studies conducted by Ahmed et al
[25] and Kretzschmar et al [26]. In a community-based study
from the United States, the mean number of contacts was 2.4,
whereas in our study, it was as high as 10.81 for IPD patients
and as low as 0.22 for OPD patients [27]. The reason for this
could be the difference in study settings. Our study was
conducted in a tertiary care hospital, whereas the Miller et al
[27] study was conducted among community participants.
There was also a significant reduction in the number of high-risk
contacts for all categories of COVID-19 cases (ie, cases in
COVID-19 areas, cases in non–COVID-19 areas, IPD cases,
OPD cases, and HCW cases) over the study period (P=.003).
This reflects the timely modification of infection control
measures, the strict implementation of PPE protocols, and the
effectiveness of providing infection control–related training to
HCWs in the hospital. Similar results were observed in a study
that was conducted by Hidayat et al [28] in an Indonesian
COVID-19 referral hospital, where the secondary attack rate
among HCWs declined from 20.1% to 3.7% over time [28].
However, at the same time, there was a decline in the total
number of COVID-19–exposed contacts (low-risk and high-risk
contacts combined). This might be indicative of either contact
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tracing activity–related fatigue in both the CTT and the
departments where COVID-19 cases were detected or human
resource rationing (this included the modification of duty rosters
and fewer rotations of HCWs among different units), which
was increasingly performed as the pandemic progressed. Thus,
the implementation of strict infection prevention and control
measures, PPE protocols, and continuous contact tracing can
play a role in mitigating the shortage of human resources. The
effectiveness of contact tracing was mentioned in a study by
Stuart et al [29].
The CTT also provided regular feedback (based on inquiries
from COVID-19–exposed HCWs) to the hospital administration
to augment infection control measures, identified areas in which
frequent breaches in protocols occurred, and suggested a
mechanism for reducing the number of exposures to COVID-19.
Apart from quarantine, regular feedback–based action might
have helped to reduce the number of exposures to SARS-CoV-2
infection in the hospital.

Strengths
Since multiple strategies were used, such as visiting the clinical
area, conducting personal interviews with the HCWs, reviewing
medical records, and viewing CCTV footage, we believe that
all of the possible contacts were listed, tracked, and categorized
properly, as these strategies were performed by trained personnel
and verified by experts. Thus, the quality of the data was
expected to be satisfactory. Testing for COVID-19 was
performed in an Indian Council of Medical Research–approved
testing center via RT-PCR, which is considered to be the
gold-standard test. All high-risk cases were continuously
monitored for 14 days after their most recent exposure to
SARS-CoV-2 infection, and COVID-19 testing was performed
on the seventh day.

Limitations
The categorization of risk was based on the histories of the
contacts, which may have increased the chances of social
desirability bias affecting our results. Our data might have
included misinformation, as hospital staff might have
deliberately wanted to be categorized as high-risk contacts, so
that they could be quarantined for 14 days and still be fully paid.
There was also a chance that HCWs recalled incorrect
information. Sometimes, the HCWs failed to remember patients’
SARS-CoV-2 infection status and their own PPE status during
patient care. Further, low-risk contacts were not routinely tested
unless they were symptomatic. Therefore, we could have missed
some cases, as many COVID-19 cases remain asymptomatic
or paucisymptomatic.

Conclusions
Contact tracing and risk stratification were effective and helped
to reduce the number of HCWs requiring quarantine. There was
a decline in the number of high-risk contacts during the study
period. This indicates the role of the implementation of
hospital-based COVID-19–related infection control strategies.
The findings obtained during contact tracing might also be
beneficial for developing appropriate and strategic infection
control measures. The contact tracing and risk stratification
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approaches that were designed in this study can also be
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implemented in other health care settings.
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Abstract
Background: The importance of health professionals has been recognized in COVID-19 pandemic–affected countries, especially
in those such as Brazil, which is one of the top 3 countries that have been affected in the world. However, the workers’ perception
of the stress and the changes that the pandemic has caused in their lives vary according to the conditions offered by these affected
countries, including salaries, individual protection equipment, and psychological support.
Objective: The purpose of this study was to identify the perceptions of Brazilian health workers regarding the COVID-19
pandemic impact on their lives, including possible self-contamination and mental health.
Methods: This cross-sectional web-based survey was conducted in Brazil by applying a 32-item questionnaire, including
multiple-choice questions by using the Google Forms electronic assessment. This study was designed to capture spontaneous
perceptions from health professionals. All questions were mandatory and divided into 2 blocks with different proposals: personal
profile and COVID-19 pandemic impact.
Results: We interviewed Brazilian health professionals from all 5 Brazilian regions (N=1376). Our study revealed that 1 in 5
(23%) complained about inadequate personal protective equipment, including face shields (234/1376, 17.0%), masks (206/1376,
14.9%), and laboratory coats (138/1376, 10.0%), whereas 1 in 4 health professionals did not have enough information to protect
themselves from the coronavirus disease. These professionals had anxiety due to COVID-19 (604/1376, 43.9%), difficulties in
sleep (593/1376, 43.1%), and concentrating on work (453/1376, 32.9%). Almost one-third experienced traumatic situations at
work (385/1376, 28.0%), which may have led to negative feelings of fear of COVID-19 and sadness. Despite this situation, there
was hope and empathy among their positive feelings. The survey also showed that 1 in 5 acquired COVID-19 with the most
classic and minor symptoms, including headache (274/315, 87.0%), body pain (231/315, 73.3%), tiredness (228/315, 72.4%),
and loss of taste and smell (208/315, 66.0%). Some of their negative feelings were higher than those of noninfected professionals
(fear of COVID-19, 243/315, 77.1% vs 509/1061, 48.0%; impotence, 142/315, 45.1% vs 297/1061, 28.0%; and fault, 38/315,
12.1% vs 567/1061, 53.4%, respectively). Another worrying outcome was that 61.3% (193/315) reported acquiring an infection
while working at a health facility and as expected, most of the respondents felt affected (344/1376, 25.0%) or very affected
(619/1376, 45.0%) by the COVID-19.
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Conclusions:
In Brazil, the health professionals were exposed to a stressful situation and to the risk of
self-contamination—conditions that can spell future psychological problems for these workers. Our survey findings showed that
the psychological support for this group should be included in the future health planning of Brazil and of other hugely affected
countries to assure a good mental health condition for the medical teams in the near future.
(JMIR Form Res 2021;5(10):e28088) doi:10.2196/28088
KEYWORDS
COVID-19; SARS-CoV-2; health professionals; Brazil; pandemic; mental health; health planning

Introduction
In December 2019, Chinese authorities notified the World
Health Organization (WHO) of several cases of pneumonia of
unknown etiology in the city of Wuhan [1]. In January 2020, a
new coronavirus, the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), was identified from a patient’s
throat swab sample [2,3], and the WHO named the disease as
“Coronavirus Disease 2019 (COVID-19)” [4,5]. On January
30, 2020, 7736 cases were confirmed in China while 82
confirmed cases were detected in 18 other countries [5,6]. On
this same day, WHO declared the SARS-CoV-2 outbreak as a
global health emergency [7].
The first case of COVID-19 in South America was described
in Brazil in February 2020. It was a man returning from a trip
to Italy, where a significant outbreak was ongoing [8]. Since
then, the pandemic spread fast in Brazil, producing an
emergency state. To control COVID-19, the Brazilian Ministry
of Health recommended measures of social distancing, use of
masks, and hand hygiene [9]. The disease spread in large
capitals, followed by an increase of COVID-19 cases in smaller
cities and poorer communities as well [10]. In the middle of the
COVID-19 outbreak, Brazil was considered the second most
affected country. On January 25, 2021, Brazil was considered
as the third country with the highest number of COVID-19 cases
worldwide (8.8 million) by WHO, behind India (10.6 million)
and United States of America (24.7 million) [11].
Based on the report of the first 425 confirmed cases in Wuhan,
the common symptoms detected included fever, dry cough,
myalgia and fatigue, headache, hemoptysis, abdominal pain,
and diarrhea [12]. Furthermore, studies have reported severe
cases of COVID-19 with pneumonia, intestinal, liver,
thrombotic, and neuronal diseases, acute respiratory distress,
multiple organ failure, and death [13,14]. Because of the efforts
of different countries and pharmaceutical industries, the
production of more than 5 types of vaccines started and is being
slowly distributed worldwide. Meanwhile, there are no specific
therapies available for those already infected, who have access
only to support medical assistance [15].
In the affected countries, including Brazil, a rapid increase in
the demand for health services occurred, mainly for hospital
beds in intensive care units [16]. The pandemic has severely
affected the way of living of many people and has disrupted the
already precarious health system in several countries [17]. The
historic challenges regarding an insufficient number of health
professionals [18] and the increase in confirmed cases led to
overburdening of these individuals. COVID-19 changed not
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only the daily routine of business, schools, lifestyle, and
economics but also profoundly changed routines inside hospitals,
some of which now may not attend to diseases other than
COVID-19 owing to its huge life-threatening risk [19].
Recently, researchers have described the afflictions experienced
by people during the pandemic period [20,21] that goes from
changing personal behavior to psychological distress, anxiety,
depression, and stress. Following daily life changes, these
studies have shown an important behavioral change at the
beginning of the pandemic, also leading to fear of COVID-19
and insecurity. This whole process is a crucial reaction, which
is mainly caused by inefficient measures to control the pandemic
and the lack of psychological assistance.
During the pandemic, the world has faced shutdown, slowdown,
or lockdown, and individuals have been encouraged to use
masks and practice social distancing. Meanwhile, health
professionals had to go in the opposite direction. These workers
were directly involved in offering diagnosis and treatment care
for SARS-CoV-2-infected patients with almost uninterrupted
work in a life-threatening, and sometimes, frustrating
perspective. Lately, besides the feasible SARS-CoV-2
contamination risk, these professionals are also at a high risk
of developing psychological distress and other mental health
symptoms [22]. Thus, health care professionals have been
considered as one of the most vulnerable working categories to
develop psychological stress and other mental health symptoms,
especially in countries highly affected, such as Brazil, which
now faces another wave of a new coronavirus mutant (N501Y),
which is at least 50% more infective than the original strain
[23]. In this work, our purpose was to identify the impact of the
COVID-19 pandemic on the life and work routine of Brazilian
health care professionals through the study of their self-declared
perceptions and their needs during this period.

Methods
Survey Questionnaire and Validation
This study was a cross-sectional web-based survey conducted
in Brazil. We prepared a 32-items questionnaire using the
Google Forms electronic assessment. A combination of
structured (yes/no), multiple-choice selections with 1 final open
question was used. All questions were mandatory and divided
into 2 blocks with different proposals: (1) personal profile (eg,
age, gender, ethnicity, household income, schooling level, and
professional characteristics) and (2) COVID-19 pandemic
impact. Our objective in most questions was to reflect on the
perceptions of health professionals about COVID-19 and allow
the analysis based on the respondent’s declarations during the
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pandemic. It is important to note that any diagnosis pointed by
the participants was not debated with them nor were they
requested for any documents to assure the pathological situation
or diagnosis. The questionnaire underwent an internal validation
by both an expert panel of 5 and in a respondent set of 10 health
professionals from a huge national health institution (Fiocruz).
Experts critically reviewed the instrument and offered important
feedback such as addition, deletion, and reformulation of
questions and answers, and errors in the form systems used to
create the questionnaire. The first approach of the survey asked
for informed consent and for the autodeclaration status of “health
professionals,” considering all the workers in any type of unit
of the National Brazilian Health System (Sistema Único de
Saúde).

Recruitment and Sample
The invitation to answer the questionnaire was distributed
nationally to health professionals in different health institutions
through emails, WhatsApp groups, and social media (Facebook).
This study was designed to capture spontaneous perceptions
from health professionals and had no epidemiological purpose.
Their motivation to access and answer the forms relied on the
altruistic feeling of the participant to collaborate with the
research. Although the survey was not designed to follow strict
representative numbers of health professionals in all Brazilian
regions, a study of the last available census of Brazilian health
professionals [24] was previously prepared to ascertain that all
the geographical regions were covered with a sufficient
representativity to be considered a national assessment. To
reduce the bias of the result at a specific point, the survey was
kept open around 3 weeks, from September 12 to October 5,
2020, collecting 1476 answers in the closure of the investigation.
The final set of data was obtained after excluding duplicate
answers through email confirmation (n=88) and answers in
which the participant presented a contradictory statement related
to his/her status of the health professional (n=12, retired, I am
not working yet, I am not in the health area, salesman, primary
school teacher), achieving 1376 answers that were finally
analyzed.

Data Analysis
Data exploration, analysis, and cleaning were performed using
the Python programming language (version 3.6) with the Jupyter
interface. During the analysis, the percentage of participants
who selected each response was computed, and the Pandas and
NumPy libraries were used together with Matplotlib library for
the table generation. Chi-square analysis was performed
whenever necessary to statistically confirm differences between
any specific group of interest. The participants indicated using
a 5-point scale how much COVID-19 affected their lives (1=not
affected and 5=very affected) and since the beginning of the
pandemic, how much they thought about COVID-19 (1=not at
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all and 5=very much). The level of anxiety was measured by
averaging the participants’ scores (ranging from 1 to 5) so that
the higher the average, the greater the anxiety of the individual
was expected regarding COVID-19. Word clouds were prepared
in the WordArt program. This approach was previously validated
by other studies [25].

Ethical Committee Approval
The ethical approval for this research was obtained from the
Research Ethics Committee of the Oswaldo Cruz Institute-CEP
FIOCRUZ/IOC
under
the
number
CAAE:
34985420.0.0000.5248. All respondents gave informed consent
before their entry into the study.

Results
After the web-based questionnaire distribution, 1376 answers
came from all 5 Brazilian regions in a regional percentage
distribution, following the same trends observed in the data
from the last census of the health care professionals available
at the Brazilian Health Ministry. The analysis of the
demographic part of the questionnaire section showed that most
of the respondents were females (1159/1376, 84.2%) in the age
range of 31-50 years (830/1376, 60.3%) (Table 1). The female
proportion in the survey was higher in the general population,
but in the health profession, this is common owing to the
influence of nursing and auxiliary nursing staffs that are ~85%
females [26]. Accordingly, we found that the nursing staff
(graduate/postgraduate nurses, nursing technicians, and nursing
auxiliary) was the largest group answering this survey
(669/1376, 48.6%). Since health staffs have a wide variety of
professionals—partly legally regulated and others dealing with
new professions that are under legislation [27,28]—the survey
proposed 10 professional categories but registered 33 types of
professions. In the descending order, the survey registered
answers from nursing technicians/auxiliary (447/1376, 32.5%),
nurses (228/1376, 16.6%), medical doctors (129/1376, 9.3%),
physiotherapists/physical educators (128/1376, 9.2%),
laboratory, radiology, and other technicians and technologists
(75/1376, 5.5%), pharmacy professionals (50/1376, 3.6%),
health community agents (17/1376, 1.2%), dentists (14/1376,
1.0%), administrative staff (12/1376, 1.0%), other types of
health agents (n=6), and other 13 types of professions including
mental therapy workers, social assistants, speech therapists,
nutrition professionals, biologists, biomedical scientists, and
others (270/1376, 19.6%). The wide reach of our survey
corresponds to the general profile of the health professionals
produced by the Brazilian Health Ministry at 1 month before
the study [28], thus confirming that the survey participants
represent this category of workers for the study of their
perceptions.
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Table 1. Profile of the Brazilian health professionals enrolled in this study (N=1376).
Demographic characteristics

Values, n (%)

Brazilian regions
Southeast

929 (67.5)

South

149 (10.8)

Central West

140 (10.2)

Northeast

92 (6.7)

North

66 (4.8)

Gender
Female

1159 (84.2)

Male

215 (15.6)

Nonidentified

2 (0.1)

Age (years)
18-30

287 (20.9)

31-40

467 (33.9)

41-50

363 (26.4)

51-60

201 (14.6)

>60

58 (4.2)

Ethnicity
European-derived

724 (53.6)

African-derived

601 (43.7)

Asiatic

23 (0.0)

Indigenous

2 (0.0)

Nonidentified

26 (0.0)

Educational level
University grade/postgraduate

903 (65.6)

Complete technical/high school level

438 (31.8)

Incomplete university grade

30 (2.2)

Incomplete technical/high school level

5 (0.4)

Household monthly income (USD)
<52 USD

10 (0.7)

>52-260 USD

33 (2.4)

>260-500 USD

403 (29.3)

>500-1500 USD

598 (43.5)

≥1500 USD

332 (24.1)

Sharing the house with family/friends
No

44 (3.2)

1-3 persons

1033 (75.1)

≥4 persons

299 (21.7)

More than 50% of the respondents declared themselves as
European-derived people (724/1376, 53.6%), with
African-derived people constituting 43.7% (601/1376) of the
participants (Table 1)—a proportion lower than that in the
general composition of the Brazilian population, formed in 2010
majorly by African-derived people (50.9%). Concerning the
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education level, 31.8% (438/1376) completed the technical level
and 65.6% (903/1376) had university grades (Table 1), as
expected for the health working force [29,30]. Approximately
67.6% (930/1376) of the respondents had a family income higher
than 500 USD and lived with 1-3 persons at home (Table 1).
Among them, 39.7% (546/1376) were frontline health care
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workers during the COVID-19 outbreak, and only 19% were
not working due to unemployment, retirement, or temporary
leave from work due to risk factors for COVID-19 infection
(Table 2). We also analyzed the amount of distress in relation
to economic income and educational qualification, but no
correlation was identified between these factors in this group
of participants. In this survey of health professionals, 55.0%
(757/1376) of them worked in the public sector and 76.8%
(1057/1376) of them reported that all personal protective
equipment (PPE) was available (Table 2). According to this,
23.2% (319/1376) who complained about inadequate PPE said
that the scarcest items were face shields (234/1376, 17.0%),
masks (206/1376, 14.9%), and laboratory coats (138/1376,
10.0%). One in 4 health professionals who answered the survey
reported that they had not enough information to protect
themselves from the coronavirus disease (360/1376, 26.2%).
Regarding their personal information source, 40.0% (551/1376)
reported the data published by the Brazilian Ministry of Health
or the WHO, 26.7% (368/1376) on television, and 18.5%
(254/1376)
on
social
networks
(Facebook/Instagram/WhatsApp/internet).
When asked about being infected by SARS-CoV-2, almost
22.9% (315/1376) reported positiveness (Table 3), confirming
recent data showing rates of infection from 17.8% to 25%
depending on the specific type of health profession [28].
However, a major proportion of the respondents did not know
if they got infected (289/1376, 21.0%) and 56% (771/1376)
reported that did not get COVID-19 (Table 3). Those who were
infected by SARS-CoV-2 (315/1376, 22.9%) described majorly
(263/315, 83.5%) 3 or more symptoms, with only 5.4% (17/315)
being asymptomatic. The most recurrent symptoms were
headache (274/315, 87.0%), body pain (231/315, 73.3%),
tiredness (228/315, 72.4%), and loss of taste and smell (208/315,
66.0%). Regarding the worst outcome and the severe form of
COVID-19, 6.0% (19/315) of the health professionals
responding to the survey reported experiences of hospitalization
and 0.3% (1/315) reported receiving intubation and invasive
ventilation in the intensive care units (Table 3).
Critically, 61.3% (193/315) answered that they were infected
with SARS-CoV-2 while working at a health facility, whereas
15.2% (48/315) did not know where they were infected, and
13.3% (42/315) assumed that they got infected from their own
family members that had COVID-19. An important result is
that 48.3% (152/315) of those health professionals who acquired
COVID-19 reported that family members or friends living in
the same house also got infected, and 27.0% (85/315) think that
they probably were the source of their infection (Table 3).
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We also asked that the participants that had COVID-19 to report
their feelings during the pandemic period by using not only
closed options but also allowing an additional open choice.
Figure 1 shows the word cloud images of positive (Figure 1A)
and negative (Figure 1B) feelings reported by all the health
professionals responding to the COVID-19 perception survey,
highlighting the hope and fear of COVID-19 as the predominant
feelings, respectively. In this question, 110 participants who
did not get COVID-19 chose to answer, thus allowing a
quantitative analysis comparing both groups of
respondents—those who got COVID-19 and those who did
not—confirming that the 3 most recurrently stressful/negative
feelings described by those who got COVID-19 were fear of
COVID-19 (243/315, 77.0%), insecurity (158/315, 50.0%), and
sadness (142/315, 45.0%), as shown in Figure 2. Positive
feelings were also reported, including hope, empathy,
compassion, relief, and tranquility (Figure 1A). The only
significant difference between the 2 groups was found in the
feeling of compassion, which was frequently more reported in
the group that did not have COVID-19 (Figure 2). The group
that got infected expressed some negative feelings at a higher
frequency than those that did not get COVID-19, including fear
(243/315, 77.1% vs 509/1061, 48.0%), impotence (142/315,
45.1% vs 297/1061 28.0%), and fault (38/315, 12.1% vs
567/1061, 53.4%), respectively. Insecurity, sadness, frustration,
rage, shame, and concern were similarly reported. To assess the
effect of the pandemic on stress, regardless of whether infected
or not with SARS-CoV-2, we elaborated a question with
affirmative sentences in which they could mark more than one
option (Table 4). Approximately 43.9% (604/1376) of the health
professionals pointed to “I had an anxiety due to COVID-19,”
whereas 43.1% (593/1376) selected “I experienced difficulties
in falling asleep.” Furthermore, 32.9% (453/1376) reported “I
had difficulty in concentrating” and 28.0% (385/1376) reported
“I experienced traumatic situations at work” (Table 4). From
those who pointed difficulties in falling asleep, in concentrating
and lost interest in activities, 60.0% (826/1376) also reported
having a regular or bad institutional support. In addition, during
the pandemic, 15.8% (217/1376) developed depression, 33.6%
(463/1376) developed general anxiety, and 8.2% (113/1376)
developed panic disorder (Table 4). According to our survey,
to face the pandemic challenges and to deal with difficulties in
this period, Brazilian health professionals received emotional
support from family or friends, or from religion, spirituality, or
faith (918/1376, 66.7%), and only 8.6% (119/1376) accessed
professional psychological and teletherapy services (Table 4).
A large percentage (1170/1376, 85.0%) reported receiving
support from their immediate bosses at work, half of whom
were considered as good/excellent and the other half as
regular/bad (Table 4).
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Table 2. Labor characteristics of the working places and personal protection equipment and COVID-19 information acquired by health professionals
who participated in the national survey (N=1376).
Labor information

Respondents, n (%)

Work during the pandemic
Not working (unemployed)

164 (11.9)

Working on the front line of COVID-19

546 (39.7)

Working, not on the front line of COVID-19

566 (41.1)

Retired/temporarily away owing to comorbidities

100 (7.3)

Health system working place
Public sector

636 (46.2)

Private sector/philanthropy hospitals

323 (23.5)

Both public and private sectors

127 (9.2)

Family residences

71 (5.2)

Health education institute

18 (1.3)

Web-based surveillance

11 (0.8)

Not working (retired/unemployed, others)

164 (11.9)

Receive sufficient information to prevent infection
Yes

996 (72.4)

No

360 (26.2)

Did not answer

20 (1.5)

Have access to adequate safety equipment at work
Yes

1057 (76.8)

No

319 (23.2)

Considered as a person from the risk groups
No

882 (64.1)

Yes

494 (35.9)

Perceived alterations in daily routines
Yes

970 (70.5)

No

406 (29.5)

Sources of information about COVID-19
Ministry of Health/World Health Organization websites

551 (40.0)

Television

368 (26.7)

Internet sites/Facebook/Instagram

254 (18.5)

Newspapers and journals

109 (7.9)

At work

10 (0.7)

Radio

12 (0,9)

Refuse to get more information

6 (0.4)

Friends and family members

20 (1.5)

Science journals

23 (1.7)

Other media/all the sources

23 (1.7)
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Table 3. COVID-19 pandemic impact on Brazilian health professionals who participated in the national survey.
COVID-19 self-reported information

Respondents, n (%)

SARS-CoV-2 infection
Survey participants

1376 (100.0)

Got infected

315 (22.9)

Did not get infected/do not know

1061 (77.1)

Symptoms developed (n=315, among only responders with COVID-19)
One or two symptoms

33 (10.5)

Three or more symptoms

263 (83.5)

Headache

274 (87.0)

Body pain

231 (73.3)

Tiredness

228 (72.4)

Loss of taste and smell

208 (66.0)

Dry cough

171 (54.3)

Fever

152 (48.3)

Diarrhea

144 (45.7)

Breath difficulty

128 (40.6)

Minor symptoms (chest pressure, skin eruptions, conjunctivitis, vomiting)

149 (47.3)

Asymptomatic

17 (5.4)

Worsening of the clinical symptoms (n=315, among only responders with COVID-19)
No worsening

287 (91.1)

Hospitalized in the infirmary

19 (6.0)

Hospitalized in the intensive care unit without intubation

8 (2.5)

Hospitalized in the intensive care unit with intubation

1 (0.3)

Where he/she presumes to have got infected (among only responders with COVID-19)
Positive history of COVID-19

315 (100.0)

Working in a health facility

193 (61.3)

Do not know

48 (15.2)

From family or friends

42 (13.3)

Public transportation

16 (5.1)

Supermarket/others

16 (5.1)

Persons living in the same place got COVID-19 (n=315, among only responders with COVID-19)
Yes

152 (48.3)

No

134 (42.5)

Do not know

29 (9.2)

Persons living in the same place got COVID-19 (n=1061, among responders with negative history of COVID-19)
Yes

91 (8.6)

No

816 (76.9)

Do not know

154 (14.5)

Think have transmitted it to family/friends (n=315, among only responders with COVID-19)
Yes

85 (27.0)

No

181 (57.5)

Do not know

49 (15.6)

https://formative.jmir.org/2021/10/e28088

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 10 | e28088 | p.508
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Corrêa et al

Figure 1. Word cloud images showing the qualitative frequencies of positive (A) and negative (B) feelings reported by health professionals in the
COVID-19 perception survey conducted in Brazil (September-October 2020).

Figure 2. Feelings reported by the health professionals in the survey, showing frequencies of answers in the group reporting experience of acquiring
COVID-19 (black bars) in comparison with those that did not acquire COVID-19 (white bars). Asterisks indicate significant differences (P<.05) between
the two groups, as indicated by chi-square analysis.
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Table 4. Effect of the COVID-19 pandemic on mental health/stress situations of Brazilian health professionals who participated in the survey (N=1376).
Answers concerning stress at work

Respondents, n (%)

Agreement with this statement
I had an anxiety due to COVID-19

604 (43.9)

I experienced difficulties falling asleep

593 (43.1)

I had difficulty concentrating

453 (32.9)

I lost interest in activities I used to do

447 (32.5)

I experienced traumatic situations at work

385 (28.0)

I do not feel safe leaving home

372 (27.2)

I did not go through these issues

274 (19.9)

I had the need to seek psychological help

182 (13.2)

Have family people depending on special care
Yes

662 (48.1)

No

714 (51.9)

Diagnosis of adjustment disorder during pandemic
No

612 (44.5)

Yes, general anxiety

463 (33.6)

Yes, depression

217 (15.8)

Yes, panic

113 (8.2)

Received emotional support from others
Yes, from friends/family/religion/social networking

918 (66.7)

Yes, from professional support

119 (8.6)

No

339 (24.6)

Received support from immediate boss at work
Excellent

202 (14.7)

Good

387 (28.1)

Regular

306 (22.2)

Bad

269 (29.5)

Do not have bosses

212 (15.4)

The survey ended with 2 questions asking for a general opinion
based on a 5-point scale and related to the general impact of
COVID-19 in their lives (Figure 3). Question A: Has COVID-19
affected your life? (1=did not affect and 5=affected very much)
and question B: How often, since the beginning of the pandemic,
do you think about COVID-19? (1=almost never, 5=very often).
Most of the respondents (963/1376, 70.0%) felt affected
(344/1376, 25.0%) or very affected (619/1376, 45.0%) by the
COVID-19 pandemic. This was in accordance with their answer
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to the second question, where a high proportion of health sector
workers thought a lot (344/1376, 25.0%) or very much
(578/1376, 42.0%) about the disease. Considering that, the
higher the proportion of health sector workers overanalyzed
about the disease, the greater the anxiety of the individual
regarding COVID-19 was expected—both questions indicate
this scenario of anxiety due to COVID-19 among most of the
health care professionals.
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Figure 3. Scores attributed by the health professionals participating in the survey to 2 questions regarding general perception of the impact of the
COVID-19 pandemic in their life. Score 1 represents none/few and score 5 represents very much/very often/a lot. The questions were “Has COVID-19
affected your life?” (answers in black bars) and “How often, since the beginning of the pandemic, do you think about COVID-19?” (answers in white
bars).

Discussion
Principal Findings
At the end of 2019, COVID-19 was described as a disease that
could be easily transmitted and rapidly spread by the
SARS-CoV-2 virus [1,31]. Therefore, health professionals are
one of the most exposed groups to this disease and to its
psychosocial consequences as they are responsible for caring
and dealing with patients infected by the virus on a daily basis
[32,33]. The nation-by-nation number of deaths and infections
of health professionals is still increasing [34,35]; in September
2020, about 570,000 health professionals became infected with
the SARS-CoV-2 virus and 2500 died due to the disease in the
Americas [28].
Our purpose in this study was to identify the impact of the
COVID-19 pandemic on the life and work routine of Brazilian
health professionals through the analysis of their perceptions
and feelings during this period. Most health professionals who
responded to the survey were females, European-derived, aged
31-40 years, and located in the southeast of Brazil, the most
populous region. The data from our research showed a higher
percentage of female health professionals’ participation in
relation to males (our data: 1159/1376, 84.2% women and
215/1376, 15.6% men) confirming the literature, which shows
that a greater number of health professionals in Brazil are
females [32,33] and females are the most effective at work in
the face of the COVID-19 pandemic [36]. Interestingly, we
verified through our results similar impressions reported by
individuals of both genders. Among the health professionals
who worked during the pandemic, women represented the largest
proportion—they also being the ones that perform the major
care functions at home. Even in different studies carried out in
Latin American countries, women constituted the highest
proportion: Chile (72.6%) [37], Ecuador (68.3%) [38], Argentina
(71%) [39], Bolivia (72.9%) [40], and Peru (71%) [41].
According to the United Nations Entity for Gender Equality
and the Empowerment of Women [36], 70% of the global health
workers are women (eg, nurses, midwives, community health
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workers) also working as cleaners, caterers, and launderers in
health facilities; they have few leadership positions (30%) and
lower salaries. In the pandemic scenario, women have been in
a huge demand and have been professionally highly affected as
children and the older adults depend on them even more, without
schools or helpers to support them [42].
According to our survey, despite the highly stressful scenario,
these female health workers did not respond differently from
men in this pandemic situation, especially in terms of their
feelings. They also felt the fear of COVID-19, sadness, hope,
empathy, and insecurity while they cared for their family’s
demands and social and economic problems. Literature shows
that women are dealing with these health and stressful issues
and social and economic problems totally by themselves, thus
highlighting the need for creating gender-specific programs to
help these women in the near future [36,42]. Some authors such
as Campos et al [43] reported that even though most health care
professionals are females, the death risk is higher (52.8 times
higher) among younger men than among older women. They
justified the higher death rates among younger men to be caused
by the highly patriarchal nature of the Brazilian society with a
very strong masculine pride and that men do not acknowledge
their fragility or seek for assistance.
During the pandemic, the problems in the health care
environment included the use of PPE that was intended for other
individuals (eg, size for bigger men used by women or smaller
persons) and even the absence of these materials as well as life
support to use with the patients (eg, respiratory equipment). As
the pandemic spread across the globe, the adequate provision
of PPE for health professionals was a constant concern [44]. A
cross-sectional study conducted in Latin America (Brazil,
Colombia, and Ecuador) showed that at least 70% of the health
professionals reported a lack of PPE [45]. This concern was
reinforced by the answers of our participants, in which 1 in 5
complained about missing PPE such as face shields, masks, and
laboratory coats. It is important to notice that the distribution
of PPE to health institutions should be a government policy,
especially in Brazil that has a huge public system called the
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Sistema Único de Saúde [46] that is always in massive demand
and that requires mobilization of the national health industry to
respond to the challenge of facing the pandemic. Unfortunately,
this has not been done and the costs of PPE have been increased
[47]. The scarcity of PPEs has also been reported in other
Brazilian studies with smaller groups and in other countries
[41,43,44,48], especially in those needed to protect frontline
health professionals. In Italy, PPE shortages might be among
the relevant factors contributing to the high burden of infection
and hospital staff deaths, similar to what our survey indicated
for Brazilian health workers [49].
Based on the fact that the recent vaccines developed against
coronavirus are still not available for everyone in all countries,
including Brazil [50], and that the number of new infections is
growing at an alarming rate, especially those caused by new
mutant strains [51], the knowledge about preventive steps is
still essential to disrupt the chain of virus transmission among
health professionals. In our study, the astonishing evidence was
that 1 in 4 health professionals (26%) indicated a lack of enough
information to protect themselves from COVID-19. It means
that these health professionals work with insecurities and worry
about being infected during their journey times—many of them
who work as frontline health care professionals. Some studies
described different aspects of health professionals from Brazil
during the pandemic with lesser numbers of participants from
specific states or regions and different evaluation aspects,
sometimes including examining the psychological impact of
the COVID-19 pandemic such as those reported by Campos et
al [43], Duarte et al [52], and Cotrin et al [53]. Some of these
studies showed that Brazil had the largest preponderance of
death records caused by COVID-19, especially among nursing
professionals, because of several factors such as direct contact
with patients, the frequency in performing different procedures,
and the lack or inadequate use of PPEs, among others. Our work
added to these factors that misinformation (61%) contributed
to the lack of precise knowledge about COVID-19 since almost
1 in 5 workers choose social networks as their source of
information. The profusion of news on social networks, most
of them without any validation on their authenticity, is becoming
a huge social problem that compromises the ability to distinguish
between facts, opinions, or fake news [54]. The problem is so
serious that Dr Tedros Adhanom Ghebreyesus, the WHO
Director-General called this news situation as an infodemic that
should be fought against, leading to some efforts to create
strategies to help on this issue [22,55]. The need for further
awareness campaigns and knowledge of safe interventions to
combat the spread of COVID-19 still remain, requiring that the
health sectors increase the access to precise information about
this disease [56]. These data also reinforced the identification
of these workplaces as high-risk environments in Brazil as well
as in other countries [57-59]. Although some studies with
smaller groups pointed that economic income and educational
qualification had some correlation with COVID-19, we did not
observe them as a direct factor to be considered in this group.
It is important to notice that our group showed a professional
distribution similar to that described by national and
international reports of the Brazilian medical team, which may
suggest that these factors as more related to specific groups or
regions in our country [53].
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From the beginning of the SARS-CoV-2 outbreak, concerns
have been raised about its effect on mental health [60,61].
According to WHO, mental health is defined as “a state of
well-being in which each individual realizes their own potential
and can cope with the normal stress of life, can work
productively and is able to contribute to their community,” and
it is more important than physical health, especially when it
comes to stressful situations such as the COVID-19 pandemic
[62]. Several studies have been published describing the mental
profile of patients with COVID-19 who developed symptoms
of anxiety, depression, psychological distress, and insomnia
[63-65]. An American survey included 1651 respondents from
all 50 states and reported that 60% of the health professionals
had a higher risk of emotional distress/burnout during the
COVID-19 pandemic [66]. Hair cortisol evaluation is a suitable
biomarker for an individual’s exposure to stressful events. A
study conducted in Argentina on 234 health professionals
showed that 40% of the sample population presented hair
cortisol values outside of the healthy reference range in the
course of the COVID-19 pandemic, thereby showing a direct
correlation with the perceived stress and the emotional
exhaustion component of burnout [39]. In Canada, by surveying
health professionals, Wilbiks et al [67] described that there was
an elevated level of depressive symptomatology in that
population. The prevalence of stress, anxiety, and depression
in frontline health care professionals caring for patients with
COVID-19 was already described for some small groups such
as those described with a convenience sample of 364 health
workers, including physicians, nurses, pharmacists, and
laboratory technicians [58]. Like our study that identified
positive feelings from the participants, they described positive
attitudes from all participants with mostly moderate COVID-19
psychological stress levels.
The literature also described a systematic review that evaluated
29 studies, with a total sample size of around 22,000 health
professionals. Similarly to our survey in which several health
professionals experienced anxiety due to COVID-19 (N=9680,
44%), depression (N=7480, 34%), and insomnia (N=7260,
33%), the review showed that 21 papers described the
prevalence of depression, 23 reported the prevalence of anxiety,
and 9 studies have reported the prevalence of stress [68].
COVID-19 changed the lives of everybody worldwide [69], and
our survey reinforced that the Brazilian health professionals
were also affected at a high level at 70% (N=963) and this is
apparently directly associated with higher levels of
psychological and physical stress.

Limitations
Our study has some limitations, which need to be considered.
The findings are not generalizable to all categories of health
care professionals, as it is a compilation of all respondents’
impressions. Another important piece of information that should
be deemed is the total period of the COVID-19 pandemic. We
evaluated the perceptions and feelings of these professionals in
a specific time frame. Therefore, longitudinal studies are
recommended in Brazil. Despite the self-report questionnaire
being one of the most widely used assessments, its use rather
than a clinical assessment reduced the power of our findings.
Another limitation of this study was that most of the respondents
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were those who used or operated the internet, which only
constitutes a partial section of the society. However, this study
could suggest a general overview of the perceptions and feelings
present in the health professionals in Brazil.

Conclusions
In every country, during the COVID-19 pandemic, health care
professionals had to work under pressure with risks of affecting
their physical and mental health, by being on the front line and
assisting to save lives. Our data showed that the COVID-19
pandemic affected overall 70% of the Brazilian health
professionals, according to their answers to our survey.
However, most of the feelings did not change when comparing
those who did get infected to those who did not, men or women,
suggesting that to be exposed to this work environment and the
pandemic situation are enough to develop negative feelings,
such as fear of COVID-19, sadness, and insecurity, despite
keeping “alive” their hope. These negative feelings are probably
maintained by knowing situations such as (1) absence of
Brazilian strategies at the national level for mass testing of the
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population, (2) absence of effective public policies that reduce
the cases of COVID-19, and (3) absence of sanitary measures
carried out in a centralized manner by states and municipalities
(not only guaranteed by calling the judiciary), especially in
states where the epidemic is most severe. Altogether, these
feelings and perceptions reported in this work are alarming and
must be well addressed with interventions that enhance the
quality of life of the health professionals. There is an urgent
need for regular monitoring of potential stress disorders, aiming
to reduce the associated side effects in the longer run. Therefore,
health policymakers should plan actions to control and prevent
mental disorders in this category of professionals as soon as
possible. One of the actions that should be implemented in each
hospital, clinic, and asylum is the creation of multidisciplinary
groups that may attend and monitor the medical staff, including
all involved, not only for training but also to dialogue and
identify burnout situations before they deeply and irreversibly
affect this group that is so stressed out in this pandemic. This
also includes the assurance of vaccination (2 doses taken) for
all of them.
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