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Abstract

Background: Asthma is a common chronic pediatric disease that can negatively impact children and families. Self-management
strategies are challenging to adopt but critical for achieving positive outcomes. Mobile health technology may facilitate
self-management of pediatric asthma, especially as adolescents mature and assume responsibility for their disease.

Objective: This study aimed to explore the perceptions of youths with high-risk asthma and their caregivers on the use of a
smartphone app, Smartphone Asthma Management System, in the prevention and treatment of asthma symptoms, possible use
of the app to improve self-management of asthma outside traditional clinical settings, and the impact of asthma on everyday life
to identify potential needs for future intervention development.

Methods: Key informant interviews were completed with parent-child dyads post participation in an asthma management
feasibility intervention study to explore the perceptions of users on a smartphone app designed to monitor symptoms and medication
use and offer synchronous and asynchronous provider encounters. A thematic qualitative analysis was conducted inductively
through emergent findings and deductively based on the self-determination theory (SDT), identifying 4 major themes.

Results: A total of 19 parent-child dyads completed the postintervention interviews. The major themes identified included
autonomy, competence, relatedness, and the impact of asthma on life. The participants also shared their perceptions of the benefits
and challenges associated with using the app and in the self-management of asthma. Both children and parents conveyed a
preference for using technology to facilitate medication and disease management, and children demonstrated a strong willingness
and ability to actively engage in their care.

Conclusions: Our study included support for the app and demonstrated the feasibility of enhancing the self-management of
asthma by youth in the community. Participant feedback led to intervention refinement and app improvements, and the use of
the SDT allowed insight into motivational drivers of behavioral change. The use of mobile apps among high-risk children with
asthma and their parents shows promise in improving self-management, medication adherence, and disease awareness and in
reducing overall disease morbidity.

(JMIR Form Res 2020;4(7):e15295)   doi:10.2196/15295

KEYWORDS

asthma; mobile health; ecological momentary assessment; adolescents; medication adherence; self-management; mobile phone
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Introduction

Background
Asthma is one of the most common chronic pediatric conditions
in the United States [1,2]. Asthma prevalence estimates highlight
the racial disparities faced by minority youth, with higher
prevalence among non-Hispanic (NH) black children (13.4%)
compared with their NH white counterparts (7.8%) [1]. Higher
percentages of minority children with asthma also have
suboptimal asthma control [3]. Poorly controlled asthma results
in substantial burden to youth and their caregivers as it
negatively impacts the quality of life, school attendance, and
parental missed workdays and increases mortality among youth
[4-6]. Identifying mechanisms that can reduce the burden of
asthma and improve symptom control through education, skill
development, and accurate and consistent use of inhaler
medications may reduce morbidity and mortality among children
with high-risk asthma [7].

Asthma control among adolescents can be affected by numerous
factors, including knowledge about self-management of asthma,
self-efficacy, medication adherence, exposure to smoke and
other triggers, and access to medical care. As youth transition
to older adolescence, they typically become increasingly
responsible for self-management of asthma, making this
transitional period an important time to act as life-long health
behaviors are established [7]. The increasing use of technology
across all demographic groups has led to the proliferation of
mobile health (mHealth) apps for the management of asthma.
Despite expanded availability and use, gaps remain in the
development and implementation of mobile technology to
enhance the self-management of asthma [8,9]. Most apps are
not rigorously developed with patient engagement or feedback
[8,9], which is an important consideration when designing and
evaluating digital interventions to meet the needs of patients
with increased morbidity and mortality, such as high-risk asthma
[10]. Recent studies on the use of mobile apps to promote
self-management among youth with diabetes highlight the
benefits and continued need for patient-centered design
processes at each phase of the intervention design process
[11,12]. A systematic review by Ramsey et al [13] exploring
publicly available mobile apps for asthma management noted
a continued need for efficacy testing of apps and for intervention
design to be grounded in evidence-based strategies. In addition,
few apps are developed or implemented using established
theories for health behavior or behavioral change, which can
decrease the likelihood of an app influencing the skill
development and ultimately, the desired health behavior change
[14,15]. To address this gap, self-determination theory (SDT)
was used to inform the development and refinement of the app
and served as the overarching framework for the
postintervention qualitative data collection and analysis within
this study. The members of this research team have successfully
used SDT and other behavioral theories to guide app
development and refinement in previous studies [16,17].

Within SDT, relatedness (specifically shared experience) has
been associated with positive health behaviors in youth with
asthma. A study by Geryk et al [18] explored the preferences

of parents and clinicians for an mHealth app using an iPod
Touch to promote self-management of asthma in adolescents.
The results showed receptivity toward facilitating a 2-way
asthma care communication approach; however, their study did
not include the perspectives of youth with asthma. They
highlighted the benefit of integrating a theoretical framework
within the implementation research designs to increase
adolescent self-management, medication adherence, and asthma
control and suggested including the ability to tailor interventions
according to participant feedback [18]. Recognizing the need
to increase engagement with youth who have asthma, Sleath et
al [19] studied the use of an asthma question prompt list for
youth with asthma, which they found encouraged youth
randomized to the interventional arm to get actively involved
during clinic visits [19]. The objective of this study was to
engage youth and adolescents with high-risk asthma and their
caregivers via key informant interviews (KIIs) to explore their
perceptions of the use of a smartphone app in the prevention
and treatment of asthma symptoms and the potential increase
of asthma self-management outside clinical settings. Our team
worked with software developers to design and implement a
Smartphone Asthma Management System (SAMS) app in 2
phases for youth with high-risk asthma. Phase 1 focused on
assessing the feasibility and acceptability of collecting real-time
asthma information, and phase 2 included the intervention of
asynchronous video assessment of inhaler use techniques and
synchronous direct-to-consumer telehealth encounters. Both
phases included a qualitative assessment of the impact of asthma
on daily life to better understand the unique experiences of
participants and to further identify the potential needs of youth
and parents of children with asthma. By identifying and
understanding the larger scope of the impact of asthma on
quality of life, motivational strategies to promote behavioral
change and activation can be leveraged for future interventional
expansion [20]. Soliciting input through initial feasibility testing
of youth and their parents on the acceptability, feasibility, and
adaptability of mHealth apps during all phases of development
is critical to understand the potential long-term effectiveness
and viability of using this technology in managing high-risk
pediatric asthma. The results from our feasibility study will
inform intervention modifications for a future full-scale
randomized clinical trial.

Theoretical Framework
Originating from the work of Deci and Ryan [21], the SDT
explores factors that motivate individuals and allows insight
into how to best tailor interventions that optimize action. Serving
as a framework to understand and explore intrinsic and extrinsic
motivation, the SDT can be used to explain factors that may
drive health behaviors [22]. A central tenet of the SDT is the
distinction of motivation, whether controlled or autonomous.
Within a controlled motivational domain, individuals may feel
a sense of obligation or duty to act in response to an employer
or teacher’s directive, whereas within autonomous motivation,
the individual acts fully on his or her own volition [21].

The SDT comprises 3 main constructs: autonomy, competence,
and relatedness [21]. Autonomy allows for self-direction and
personal choice on one’s actions and key decisions throughout
life [21]. Competence includes self-efficacy and empowerment
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with skills (including health behaviors) as well as mastery over
things important to the individual. Relatedness is the sense of
belonging or connectedness one has to others, along with the
feeling of being cared for [21]. Through recognition of each of
these constructs, clinicians can develop interventions conducive
to enhance self-motivation and self-management, in turn leading
to improved health outcomes [21].

Methods

Study Sample
Children and adolescents, aged between 8 and 17 years, with
high-risk asthma and their parents were invited to participate
in our iterative design feasibility study to ensure that the final
product is end user guided. The inclusion criteria were as
follows: (1) patient with high-risk asthma, defined as a patient
having an emergency department or hospital visit for asthma
in the past 12 months or the child’s primary asthma provider in
the outpatient setting having the opinion that the youth is at
high risk for future asthma-related visits to the emergency
department or hospital owing to the concern of noncompliance
or poorly controlled asthma; (2) patient is prescribed a controller
and rescue medication compatible with Bluetooth inhaler cap;
(3) the caregiver or youth owns and is able to use a smartphone
compatible with Bluetooth devices; (4) participant is English
speaking; (5) patient with an identified primary care provider
with at least one visit to the provider in the last year; and (6)
patient with at least 1 identified caregiver present for enrollment,
willingness, and availability to participate in study visits. This
study was approved by the institutional review board of the
Medical University of South Carolina. The participants were
recruited from 2 children’s hospitals in South Carolina and
through provider referrals to participate in our iterative design
process. The qualitative data reported in this study represent all
enrollees in both phases of the iterative design process.

Mobile Health Platform

Iterative Design
The first phase of our iterative design included developing a
process for real-time monitoring of the ecological momentary
assessment (EMA) of asthma, asthma symptoms and other
contextual factors such as emotional state, medication use via
Bluetooth inhaler devices, and enrollee engagement via KII to
inform the provider interactions in phase 2. The feasibility and
acceptability data from phase 1 have been previously reported
[23]. The second phase included the end user–guided provider
interactions of asynchronous video capture of inhaler use
techniques and synchronous direct-to-participant
smartphone-based telehealth visits. Each study participant
completed 1 video capture session and 1 telehealth visit during
the intervention phase to assess feasibility, acceptability, and
preferences toward these approaches, including their perceived
benefits on the educational content from the personalized inhaler
feedback received. Modifications to the data collection processes
were made to include the collection of validated youth and
parent surveys, including SDT metrics and removal of
Bluetooth-enabled inhalers. The devices were removed for
pragmatic reasons, including insufficient access to Bluetooth

devices; initial participant and study team feedback regarding
concerns over the accuracy of Bluetooth data; and their potential
to add to the technical complexity for phase 2 enrollees, whom
we wanted to focus on the newly developed provider
interactions. The participants received SMS text message
reminders to encourage completion of the EMA questions, video
capture, and participation in the telehealth visit. Throughout the
iterative design, our team considered the importance of
developing competency (eg, the ability of youth to recognize
symptoms and develop inhaler use techniques), autonomy (eg,
telehealth visits performed by an educator trained in
motivational interviewing), and relatedness (eg, encouraging
but not requiring parental involvement in asthma management
and developing remote provider encounters).

Real-Time Asthma Assessment
All enrollees had the SAMS app downloaded to their personal
mobile phones and were requested to report EMAs daily. The
EMA included 8 questions on their asthma symptoms, mood,
or affect. Participants were asked to track asthma medication
use, including controller and rescue inhalers, for a 2-month
feasibility intervention period. EMAs reduce recall bias through
real-time daily response reporting [24]; however, the frequency
of response entries has the potential to increase participant
burden [25]. All enrollees could view data on recorded
medication use over their smartphones. Enrollees 1 to 14
recorded medication use with Bluetooth inhaler caps, and
enrollees 15 to 22 recorded medications manually. Reminders
were sent if real-time assessment data were missing for 3 days.
Further details on the development, feasibility, and acceptability
of the real-time assessments on SAMS are reported elsewhere
[23].

End User–Guided Provider Interactions
Provider interactions, including asynchronous video capture of
inhaler use technique and synchronous direct-to-participant
smartphone-based telehealth visits, were discussed with all
enrollees during their interviews. As the iterative design process
progressed incorporating participant feedback, the protocols
and programming were developed and refined for enrollees 14
to 22 to participate in these provider interactions during their
2-month feasibility trial. The enrollees were requested to
participate at least once in both provider interactions over the
2-month study period. The asynchronous inhaler use technique
was performed via the enrollee’s smartphone by a tab within
the SAMS app. Once activated, the enrollee would receive
on-screen prompts regarding inhaler use technique, with a
counter designed to be consistent with national guidelines. The
video was encrypted and transferred to a secure server for review
by an asthma educator who was a respiratory therapist, with
feedback provided via SMS text, during the telehealth visit, or
both. Synchronous telehealth visits were performed by enrollees
using an embedded link to Vidyo, a telehealth video
conferencing system, present in the SAMS app. An asthma
educator trained in motivational interviewing performed these
visits. Telehealth visits were requested at week 4 of the study
and could be performed at a convenient time for enrollees.
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Data Collection and Analysis
Following the completion of the 2-month interventional phase
of the study, dyadic KIIs were conducted with the enrolled youth
and caregivers using a semistructured interview guide (Table
1). The interview guide was structured to explore the constructs
of the SDT and to identify the perceptions of participant’ on
the challenges and benefits associated with SAMS, including
the potential burden associated with the use of EMA at home
and in the community. Participants were also asked about the
impact of asthma on their daily lives. Using an iterative
interventional design approach, 2 waves of participants were
enrolled. Data from phase 1 were collected, analyzed, and used
to refine the intervention content and delivery for phase 2.
Participants from both phases were invited to complete
postintervention KIIs. The validated survey tools of youth and
caregivers were collected in phase 2 and focused on asthma
control, medication adherence, and SDT constructs (eg,
self-efficacy, which is akin to competence) to better understand

the study population and change of the measure from enrollment
to the final visit.

KIIs were audio recorded, professionally transcribed, and
reviewed for accuracy. The transcripts were then uploaded to
NVivo 11.4.1 for data analysis. An experienced qualitative
research methodologist analyzed the transcripts using a thematic
content analysis approach, allowing identification of implicit
and explicit themes found in the data [26-28]. A theoretical
framework was used to situate findings, and researchers created
a codebook containing operational definitions and examples,
which enabled a systematic approach to data analysis and
interpretation [26,29]. Data were deductively coded according
to the SDT and the challenges and benefits of SAMS and then
inductively through emergent codes [30]. Following line-by-line
coding of raw text, the results were confirmed by members of
the research team for confirmability of interpretation [31]. An
audit trail of data coding and interpretation was maintained to
increase the trustworthiness of the findings [32].
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Table 1. Key informant interview guide.

Dyad-directed interview prompts (parent
and child)

Child-directed interview promptsParent-directed interview promptsObjective

Background infor-
mation

••• N/AaCan you tell me how old you
are, what grade you are in,
and whether you have your
own cell phone or not? If not,
whose cell phone did you use
for this study?

Tell me about his/her asthma medications
before joining this study. What was work-
ing and what wasn’t? How about now that
he/she has been in the research study? What
has changed?

• About how many kids in your
class at school would you say
have their own cell phones?
Do most kids your age have
them, some, or only a few?

Impact of asthma
on life

••• How often would you say you have
missed school or work because of your
child’s asthma in the past? What about
now?

What is it like to live with
asthma?

What is it like for you having a child with
asthma?

• •How does your child having asthma affect
your work?

How does your asthma affect
your ability to join in on activ-
ities with your friends and
family?

• What about you, (parent/caregiver), how
has his/her asthma affected your schedule?

Perceptions of

SAMSb
••• Tell me about how comfortable you

were using the SAMS system.
N/AWhat about the system helped you manage

your child’s asthma? What about the sys-
tem made it difficult? • If you could describe the SAMS sys-

tem to someone, what would you say
about it? Why?

• Now with this system, there is very
little human interaction because you
receive text messages or alerts versus
actually speaking to someone. What
are your thoughts on this?

• Which questions that were sent
through the messages were helpful?
Which ones were annoying? How
could we make the messages better?

• What was the best thing about the
SAMS system? What about the worst
thing?

Recommenda-
tions

••• Tell me what would have made this
easier to use or what you would change
about it if you could.

Some people have suggested
we add a type of game in the
system to make it more fun.
What do you think about
that? When you play electron-
ic games, what makes them
the most fun? What types of
rewards do you like to re-
ceive on the games when you
reach certain levels?

Some parents have suggested receiving
feedback on how well their children are
doing with their inhalers. What are your
thoughts on this? What types of things do
you think would be helpful to know?

• If you were to pick an ideal scenario for
support on managing your child’s asthma,
what would you look for? Would you want
mostly to use technology or combine it with
telephone calls? If combined, how frequent-
ly would be the right amount of time for
telephone calls?

aN/A: not applicable.
bSAMS: Smartphone Asthma Management System.

Results

Sample Characteristics
A total of 19 parent-child dyads (overall mean age of the
children was 10.89 years, SD 2.73) participated in the
postintervention interviews from the original 22 dyads who
completed the study intervention. Furthermore, 3 additional
children completed the study procedures (phase 1), which
included a 60-day data capture, but were lost to follow-up and

unable to be reached for inclusion in the postintervention
interview; thus, they were not included in the qualitative
analysis. Overall, 7 of the 19 who completed the study
intervention were female. Participants (N=22) reported insurance
coverage as Medicaid (18/22, 82%), self-paid (3/22, 14%), and
private insurance (1/22, 5%). Most (n=16) of the participants
were African American (84%), with 2 children identifying as
mixed race and 1 child as white. Phase 1 included 11
participants, mean age of children was 10.9 years (SD 2.73),

JMIR Form Res 2020 | vol. 4 | iss. 7 |e15295 | p.7https://formative.jmir.org/2020/7/e15295
(page number not for citation purposes)

Nichols et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


followed by an additional 8 participants in phase 2, mean age
of children was 12 years (SD 3.02). Phase-specific demographic

data are presented in Table 2, and the child and parent survey
tools used in phase 2 are highlighted in Table 3.

Table 2. Study population demographics by design phase.

Phase 2 (n=8), n (%)Phase 1 (n=14), n (%)Demographics

Age (years)

4 (50)9 (64)8-10

2 (25)3 (21)11-13

2 (25)2 (14)14-16

Gender

6 (75)5 (36)Male

2 (25)9 (64)Female

Race

6 (75)0 (0)White

1 (13)13 (93)Black

1 (13)1 (7)Other

Ethnicity

0 (0)0 (0)Hispanic

8 (100)14 (100)Non-Hispanic

Insurance

7 (88)11 (79)Medicaid

0 (0)1 (7)Private

1 (13)2 (14)Self-paid

Clinical characteristics

Asthma severity

0 (0)0 (0)Intermittent

0 (0)1 (7)Mild persistent

7 (88)8 (57)Moderate persistent

0 (0)3 (21)Severe persistent

Asthma control

0 (0)0 (0)Well controlled

7 (88)12 (86)Not well controlled

1 (13)1 (7)Very poorly controlled

Table 3. Child and parent survey tools used in development phase 2 (n=8).

P valueFinal 2-month visit, mean (SD)Enrollment, mean (SD)Survey tool

.0121.6 (2.3)17.4 (3.4)Asthma control testa

.064.3 (0.6)3.6 (0.8)Child asthma belief scale

.304.2 (0.7)3.8 (0.7)Reported medication adherence survey

.194.4 (0.3)4.2 (0.5)Parental asthma self-efficacy scale

.394.5 (0.6)4.7 (0.2)Parental belief in treatment efficacy

aP value less than .05 enrollment compared with final visit controlling for patient as a random effect.
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Impact of Asthma on Life
Parents and children alike voiced concerns over the impact of
asthma on their daily lives. Parental concerns ranged from
financial burdens, loss of time from work, challenges in
managing busy schedules, and an overwhelming sense of fear

and uncertainty related to asthma exacerbations and what that
means for their children’s well-being. Children explained how
asthma affects their ability to engage in activities, causes them
to miss school days, and can even lead to embarrassment and
potential stigma from being considered different from other
children. Exemplar quotes are presented in Textbox 1.

Textbox 1. Exemplar quotes on the impact of asthma on daily life.

Activities

• “I can’t always run as long as I want.” [Child no. 6, phase 2]

• “There are certain things I can’t do like strenuous exercises or certain sports.” [Child no. 8, phase 1]

• “If it’s something really active, I can’t do it as much as everybody else does...I tried to join the dance team, but some of the stuff they do—they
do a lot of stuff—so I’ll get tired faster than everybody else.” [Child no. 12, phase 1]

• “Like when you play basketball, you can only play for a certain amount of time.” [Child no. 4, phase 2]

• “Actually, when I am running the bases my chest feels tight.” [Child no. 9, phase 1]

• “It’s kind of hard because I can’t do certain stuff anymore that I used to do.” [Child no. 7, phase 2]

School

• “Missed maybe four days within the last year or so.” [Parent no. 12, phase 1]

• “Sometimes at PE [physical education], when we’re like running around and I was in the corridor, my lungs started to hurt.” [Child no. 2, phase
1]

• “Missed only one week.” [Child no. 9, phase 1]

• “I think it was two or three days he was out.” [Parent no. 11, phase 1]

• “I missed a little bit of school a couple of weeks ago because I had a flare-up.” [Child no. 8, phase 2]

• “A month...maybe five days.” [Parent no. 6, phase 2]

Family life

• “Asthma affects our life daily because it just impacts everything. When he has an asthma attack, I miss work, he misses school, my mom is
responsible for getting my daughters to school because he is in the hospital. That is when it is not controlled.” [Parent no. 1, phase 1]

• “I have two smaller children and that [hospitalizations] kind of pulls you away from the two that you have at home or stuff you have to do for
the younger kids or other kids.” [Parent no. 12, phase 1]

• “We don’t turn the heat on overnight because it makes him cough. I was like ‘girls, bundle up because either he can breathe and you’re cold or
he can’t breathe’.” [Parent no. 2, phase 2]

Work

• “If the school calls, I got to leave work and go pick her up.” [Parent no. 4, phase 2]

• “While he was in the hospital [Dad] missed the first day and a half [of work] wanting to make sure everything was okay with him.” [Parent no.
9, phase 1]

• “Sometimes when he is in distress and all and has to go to the hospital because of his asthma, we both [parents] sometimes miss work. I have to
do what I have to do for my child.” [Parent no. 8, phase 2]

• “At work, I’m a supervisor, I’m with patients ‘cause I’m in the health care field so I can’t just up and leave the patients, but I also have a child
that I have to worry about. That comes first. I have to take a lot of days off.” [Parent no. 6, phase 2]

Autonomy
As children age and mature, there is a natural tendency for them
to want to self-manage their health and health care needs, which
supports their intrinsic motivation to be more independent [33].
This desire is often juxtaposed with parental needs to ensure
optimal health outcomes for their children and the difficulties
they face in relinquishing control of day-to-day disease
management. Parental concerns can stem from fear associated
with asthma exacerbations and the safety and well-being of their
children. One parent (phase 2) shared that she just recently

allowed her 8-year-old son to start sleeping in his own room
because she was afraid that he may struggle with breathing
during the night and she might not be able to respond in a timely
manner. The experience of watching their child go through an
asthma crisis brought about significant fear for many parents,
reducing their comfort level in allowing their child to
self-manage their disease:

Just the thought of not being able to breathe—it’s like
drowning and you are not in water or something. It’s
just terrifying sound to me. [Parent no. 2, phase 2]
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Sometimes it can be a little scary, especially if she is
having difficulty breathing and not verbalizing it...you
have to look out for certain signs like if they are
gasping for air or like if their breathing pattern has
changed or increased or decreased. [Parent no. 1,
phase 2]

It’s very scary...when [he] first came home from the
hospital, I was nervous. I watched him all the time
sleeping and if I hear a cough, I get so nervous...I
have to monitor and make sure that he’s taking his
medicine and getting this right. [Parent no. 11, phase
1]

When he had to be flown to the hospital for his asthma
flare-up, that was pretty scary. [Parent no. 8, phase
2]

As part of the study intervention, participants received reminder
notifications on medication administration and survey
completion. Participants conveyed strong support for the
reminder alerts in facilitating autonomy among children and in
transitioning from parent-managed to shared responsibility.
Older adolescents with access to their own mobile devices
expressed that they were able to take on a more active role and
expanded autonomy through self-management of medication
administration and symptom management. One parent shared
how her 15-year-old daughter “knows more about what she is
dealing with” now that she is older and that “she is
self-managing” (Parent no. 12, phase 1). Another parent
indicated that her 10-year-old daughter (phase 2), who was using
the parent’s phone, would take the initiative, ask for the phone,
and would remind the mother that she had to record her
medications and answer the questions. Even children as young
as 8 years old demonstrated the ability and desire to self-manage
their disease. One mother conveyed how her son would state
“this is private” when related to the responses he was entering
for the questions, as they pertained to his personal health (Parent
no. 2, phase 2) and he wanted to take responsibility for the
entries:

It helps me. Like it reminds me that I need, in case I
forget to take my medicine or anything, it reminds me
to stop whatever I’m doing and go take my medicine.
[Child no. 1, phase 2]

Now that she is older, I let her do it...it teaches them
responsibility...That gives them a little feel good. I’m
doing something. They’re more in control like that...it
makes them feel good about themselves, too. [Parent
no. 8, phase 1]

I try to allow him to do it more than myself, so when
he wasn’t around, then I didn’t do it ‘cause I wanted
him to be responsible to do it. [Parent no. 6, phase 2]

I prefer the app because you could actually do it by
yourself. [Child no. 8, phase 1]

Competence
Knowledge, understanding, and prior experience with asthma
and asthma care management factored into participant responses:

Well, it’s been a little bit of a learning curve for me
just because I’ve never had to deal with anyone with
asthma before. [Parent no. 3, phase 2]

We may think that they’re actually doing it correct,
but if we’re not taught, then we don’t know how to
tell them to correct stuff that they’re doing. [Parent
no. 1, phase 2]

Participants expressed a strong comfort level with the SAMS
system following the initial demonstration, with several sharing
similar feedback that it was quite easy to use. All participating
children shared the sentiment that it was easy to use and
highlighted the use of technology as a normative component of
their daily lives:

I’m a kid, so the phone is my life. [Child no. 12, phase
1]

I think that it’s good because like I like computers
and stuff and I like to be on the phone a lot. [Child
no. 8, phase 1]

The features that contributed to the increased competence in
managing asthmatic symptoms included educational content
and the ability to tailor feedback following the video capture
of the use of inhaler. For the video capture of the inhaler use
technique, participants were prompted with a series of on-screen
prescripted prompts to promote proper inhaler use techniques.
Tailored feedback was provided by the respiratory therapist
following a review of the video capture feature within the app.
The tailored feedback included tips on proper inhalation
techniques such as mouth placement on the inhaler, holding
one’s breath after inhalation, and shaking the inhaler before use.
This was particularly true for 1 newly diagnosed child, as he
initially ran out of medication early because of improper
technique. Others describe the benefit of capturing inhaler use
for technique refinement and parental ability to ensure proper
medication administration adherence:

He didn’t know how to really use it. He’s new to this,
so he just pumping away and thinking he-he pumped
the first time, it’s not going in, so we do it again and
keep on trying till get it. I think that’s why he ran out
so fast. [Parent no. 11, phase 1]

I was able to use the help option there within the app,
and it gave me some directives. I was able to figure
it out pretty quickly. [Parent no. 9, phase 1]

I think that’s good because you can learn how to take
your medicine better so that it’ll work better. [Child
no. 8, phase 1]

The tool to me is super easy for somebody that’s new
to having a child with asthma. It really did help
me...it’s walking you through—this is exactly how
you are to do it. [Parent no. 3, phase 2]

The participating children shared a sense of pride and
accomplishment in self-managing their care, an essential factor
in enhanced competence, which can facilitate increased
engagement:

I felt really comfortable. It was an easy app to learn
and I’ve been using it. [Child no. 3, phase 2]
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[I was] pretty comfortable ‘cause it’s like I knew I
took my medicine and...it helps you remember to take
your meds...I didn’t wanna get sick. [Child no. 6,
phase 2]

Relatedness
Children reported the importance of relatedness, underscoring
the importance of peer relationships and social acceptance
during childhood and adolescent development. They further
expressed how asthma has the potential to increase social
isolation and limit the ability to engage with peers at the same
level or for the same duration (Textbox 1). Several articulated
concerns over being perceived as different, a strong desire to
be considered normal, and as preferring to maintain privacy
regarding the awareness of their disease with others. An example
of this was highlighted by an 8-year-old boy who became very
upset when using the inhaler and answering questions at school
as his classmates “didn’t even know I have asthma” and once
realized, children noticed and began talking:

But once I did it at school because she came and had
lunch with me and then people were looking at it and
I was mad. [Child no. 2, phase 2]

Feeling supported and cared for by others were strong attributes
of relatedness throughout the intervention and, in general,
participants appreciated concern over health and well-being
conveyed by others while participating in the study. One mother
commented that it was good “to get to interact with the person
on the other side” when referencing the video interaction and
personal connectedness using mobile technology (Parent no. 4,
phase 2). Others expressed appreciation in knowing that

providers were actively involved and concerned with their
child’s well-being and care management:

With the continual feedback or reminders, it actually
made me aware that somebody was, in fact, watching.
[Parent no. 1, phase 2]

[The intervention] reassured me that there is genuine
concern about how my son is doing and how he is
recovering and whatever other treatments he may
need. [Parent no. 9, phase 1]

A lot of people in my class, when they heard that I
was in the hospital because of my asthma, they said
that they were, like, worried about me...it made me
feel good. [Child no. 3, phase 2]

Challenges of Smartphone Asthma Management
System
Although there was unanimous support for SAMS among all
interviewees, some expressed challenges. The time required for
video uploads was problematic for some, especially when
waiting to upload one video before administering a second dose.
One mother described how it was somewhat awkward for her
son to hold the phone while capturing the video and
simultaneously self-administering medication. She also shared
that her smartphone would “time-out” and necessitate touching
the screen, which would interrupt the video.

Bluetooth connection and proximity to the smartphone yielded
challenges for families when the child did not have his or her
own phone. This was exemplified further when children would
be away from home for a period and data capture would be
delayed. The exemplar quotes are presented in Table 4.

Table 4. Exemplar quotes on the benefits and challenges of Smartphone Asthma Management System.

ChallengesBenefitsRole

Parent •• “So, you are sitting there for like four or five minutes be-
cause you take your second puff to get, you know, to film
that...it was just a little difficult.” [Parent no. 3, phase 2]

“Half the times I have so much going on, I forget. Whereas with
the app, it it’s not taken, it pops up on the phone...and this way,
it makes it much easier as far as controlling how she takes her
medicine.” [Parent no. 12, phase 1] • “I would have to site my phone in a neutral location or she

would have to get closer to the room in order for it to pick
up. As far as I was concerned, that’s the only flaw. Just
like I said, she had went out for the weekend and wasn’t
home. So, the phone doesn’t pick up if it’s not her phone
and it’s not where she is. That for me is the only issue I
have. Other than that, it was good.” [Parent no. 12, phase
1]

• “It was helping me to remind her to take her medication...’cause
the alarm goes off so for her to take her medicine and for her to
answer the questions, so it’s like a double reminder in the evening
when we are so busy.” [Parent no. 7, phase 1]

• “I think the text messages and alerts, not actually having to sit
on the phone with a human and the hold times, the wait
times—technology has taken over. I think it’s just so much more
simpler.” [Parent no. 12, phase 1]

• “I don’t mind talking to people, but I don’t want you to call me
every day. You know, text me every day is fine. You send me a
message every day it’s fine, but I’m more of a texter in general
than I am a talker.” [Parent no. 2, phase 2]

• “That was helpful because...she was kind of doing it wrong. So,
when we talked to her, she kind of told us, you know, certain
ways you’re supposed to do it and count. That was real helpful.”
[Parent no. 4, phase 2]

• “I would ask her...‘oh, what type of feedback did you get in the
video?’ and she expressed that she was told to sit up straight and
I think something to do with the spacer.” [Parent no. 1, phase 2]

N/AaChild • “It helps you remember to take your meds.” [Child no. 6, phase
2]

aN/A: not applicable.
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Benefits of Smartphone Asthma Management System
A recurring theme throughout the interviews was the benefit of
reminders on medication adherence. Although intentions were
strong to follow medical advice, the realities of balancing
demanding schedules and daily responsibilities pose challenges
with actual adherence. Numerous quotes supported the
advantage of SAMS in facilitating improved medication
adherence (Table 4).

Convenience was another benefit shared by the participants.
Parents articulated how they often struggle to manage work and
family responsibilities and how finding time to have a
conversation during the work day with a provider can be
challenging; however, they felt that SAMS facilitated
communication in a convenient manner for all parties. Moreover,
parents felt that SAMS improved day-to-day care management
and reduced unplanned provider visits, indicative of fewer
asthmatic exacerbations for the children and the ability for
parents to reduce time lost from work (Table 4).

The use of technology to increase medication adherence and
accuracy of medication administration was supported by children
and parents. Technology was also embraced as a means to
facilitate more immediate communication and assessment and
as a mechanism for timely and targeted intervention. In addition,
the use of technology, whether via messaging or through video
interaction, was strongly preferred by most participants as the
primary means of routine communication and interaction. None
of the participants had concerns over any potential burden
associated with the frequency of EMA. Although text messaging
and video conferencing were valued means of interaction, none
of the participants wanted to completely replace traditional
face-to-face encounters.

Discussion

Principal Findings
The results of this study indicate that children with high-risk
asthma and their parents prefer to use technology to facilitate
medication administration and disease management. Although
parents still want the ability to personally interact with clinicians
on an as-needed basis, children and parents articulated an
inclination toward the use of technology to manage routine
maintenance and monitoring. Interestingly, parents did not have
safety or privacy concerns with the use of video recordings of
their children using inhalers. This may be related to the ready
availability of access to clinicians and support provided with
minimal impact on work and school schedules, which likely
indicates that any potential privacy concerns were outweighed
by the benefits of the intervention. Further exploration of this
is warranted among more socioeconomically diverse
populations.

In addition, the use of Bluetooth-enhanced mHealth apps may
be a viable mechanism for optimizing youth-parent-clinician
engagement in the management of children with high-risk
asthma. As technology has become a normative part of life for
children and parents in the United States, capitalizing on
innovative strategies to improve self-management of chronic
disease among high-risk populations and reduce disease burden

is a natural step forward. Although our study focused
specifically on SAMS, the knowledge gained from this study
may be transferable to other apps and mobile platforms.

Our research was strengthened through the engagement of
children and adolescents with asthma and their parents. We
demonstrated that children, as the end users of mobile apps, are
willing and able to participate in the self-management of their
asthma and welcomed the use of technology to facilitate disease
and symptom management, allowing for increased autonomy
and responsibility of care. There were no concerns over the
frequency of responding with EMA, although further study is
needed to identify if this would remain consistent with longer
intervention periods. Understanding the preferences of children
and parents is crucial in translational research efforts, allowing
providers to best understand what works and may not work for
patients outside clinical settings and living in the community,
and it also has relevance for interventional research design and
clinical practice.

Although conducting dyadic interviews with parents and
children may have influenced the children’s responses, it was
important to understand the preferences and experiences of both
parents and children following the use of the SAMS app. All
children actively contributed during the KIIs, and interview
questions were not sensitive in nature, thus minimizing the
likelihood of child participants withholding thoughts because
of parental presence. Including children and parental input in
an iterative mobile app design process can enhance the
likelihood of adaptation and adherence in clinical trials and
allows clinicians to more broadly understand the preferences
and practices of managing chronic pediatric illnesses, which
can be translated into practice recommendations to improve
clinical outcomes.

Our study, through the assessment of the impact of asthma on
life, builds upon recommendations to include quality of life
assessments as an integral component of asthma interventions
designed to enhance adherence [34]. Understanding how asthma
affects day-to-day life for children and families provides insight
into factors that may serve as motivational drivers for this
population by tailoring mHealth interventions by using
personalized priorities to promote behavior change.
Incorporating input from end users enables a process of
co-designing the app and intervention between clinical and
academic researchers and children with asthma and their parents.
In addition, the use of the SDT as a theoretical framework
proved effective, allowing insight into motivational drivers of
behavioral change, knowledge levels and skill acquisition, and
factors related to one’s need for interconnectedness in personal
relationships. Both mobile apps and the use of SDT can facilitate
the understanding and management of children with high-risk
asthma residing in community settings. Furthermore, this study
helps fill an identified gap in mobile app development as many
have not used models of health behavior change in app design
and content development.

Strengths and Limitations
This study has several limitations. Our study design was
informed by a wide range of causal models; however, a more
structured approach to causal factors and exploration of
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mechanisms to support self-management through the app is
recommended for future studies. In addition, in this iterative
feasibility pilot study, we chose not to script out the roles within
the dyads and focused on the natural process of the dialog
between the parent and child. It may be beneficial to explore
relational interactions when considering the interplay of
interpersonal relationships and self-management. In future
studies, we intend to include measures of motivation and other
SDT constructs. Although our study included mechanisms to
interact with providers and captured EMA data, the app currently
lacks an automated interface with electronic medical records,

a noted gap among apps designed to manage asthma [13]. Study
recruitment via provider referrals may have enabled providers
to refer patients with a higher likelihood of interest in mHealth
or those who providers felt needed better asthma management.
Furthermore, another limitation was the discontinuation of
objective adherence monitoring via Bluetooth. Although this
report focused on the postintervention qualitative perspectives
of participating children and parents, it is worthwhile to note
the limitation of not including passive adherence monitoring in
both phases of the actual pilot intervention.
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Abstract

Background: Even though 1 in 5 Americans experience some form of mental illness each year, 80% have been shown to
discontinue psychotherapy prematurely. The traditional psychotherapy service delivery model, consisting of isolated clinical
sessions, lacks the ability to keep patients engaged outside clinical sessions. Newer digital mental health platforms can address
the clinical need for a robust tool that tracks mental well-being and improves engagement in patients with depressive symptoms.

Objective: The primary goals of this feasibility study were to (1) assess compliance among providers and their patients with a
digital mental health platform protocol, and (2) examine the usability and fidelity of a mobile app through structured participant
feedback.

Methods: A sample of 30 participants was recruited for a 5-week study from a community-based mental health clinic in
Baltimore, Maryland, USA. Inclusion criteria were: aged 18 years or older, having access to a smartphone, and having at least
mild-to-moderate depression and/or anxiety as measured by the Patient Health Questionnaire-9 (PHQ-9) and Generalized Anxiety
Disorder-7 (GAD-7) scales, respectively. Eligible participants were randomized into one of two study arms: (1) the intervention
arm or (2) the waitlist control arm. Participants in the intervention arm were asked to download the Rose app and were prompted
to complete clinical assessments (PHQ-9 and GAD-7) every other week, daily mood and anxiety Likert scales, and daily journal
entries. The participants in the waitlist arm served as controls for the study and completed the clinical assessments only. Both
arms engaged in weekly psychotherapy sessions, with participant in-app input informing the psychotherapy process of the
intervention arm, while those in the waitlist control arm continued their standard care. Outcomes of interest included adherence
to completion of in-app assessments and usability of the Rose mobile app assessed through the modified Mobile Application
Rating Scale.

Results: Over the study period, a sample of 30 participants used the Rose app 2834 times to complete clinical assessments. On
average, 70% (21; 95% CI 61.14%-77.41%) of participants completed mood and anxiety daily check-ins and journal entries 5
days per week. Nearly all participants (29/30, 97%) completed all PHQ-9 and GAD-7 in-app scales during the study. Subjective
impressions showed that 73% (22/30) of participants found the mobile app to be engaging and in line with their needs, and
approximately 70% (21/30) of participants reported the app functionality and quality of information to be excellent. Additionally,
more than two-thirds of the participants felt that their knowledge and awareness of depression and anxiety management improved
through using the app.

Conclusions: Steady compliance and high app ratings showcase the utility of the Rose mobile mental health app in augmenting
the psychotherapy process for patients with mood disorders and improving mental health knowledge. Future studies are needed
to further examine the impact of Rose on treatment outcomes.
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Introduction

Each year, 1 in 5 Americans (approximately 46.6 million people)
experience some form of mental illness [1-3]. The National
Institute of Mental Health estimated that 17.3 million adults in
the United States had at least one major depressive episode in
2017, representing 7.1% of the population. However, studies
show that up to 60% of adults suffering from mental illness
report an inability to receive appropriate treatment and close to
80% seeking care prematurely discontinue psychotherapy [4-6].
Reasons for discontinuation include the stigma associated with
psychotherapy, difficulties in connecting with therapists outside
of clinical sessions, and poor fit with therapists [7,8].

In recent years, feedback-informed care (FIC) models have been
used to improve patient compliance and psychotherapy outcomes
[9,10]. FIC models are designed to encourage patients to provide
feedback on care progress, assess well-being outside clinical
sessions, and utilize a data driven approach to bolster the
therapeutic alliance and build individually tailored therapies
[9]. A key gap in FIC models has been the availability of
resources and tools that allow patients to stay connected to their
providers and capturing mental well-being data that currently
can only be collected during relatively infrequent in-person
psychotherapy sessions [11,12].

The widespread use and availability of smartphones have made
successful adoption of mobile technology increasingly crucial
in developing FIC models [12-14] and identifying best practices.
Unfortunately, of the 10,000 mental health apps currently
available, less than 5% are backed by evidenced-based research
[15]. Novel health technologies looking to revolutionize mental
health care delivery and empower patients need to have an
evidence-base that captures engagement of patients in their daily
life with their therapists and the utility of collecting wellbeing
data to address specific health concerns. The Rose digital health
platform was developed in response to the clinical need for a
robust tool to track mental wellbeing outside of clinical care.
Rose’s digital health platform integrates a patient-facing mobile
phone app for real-time mood tracking, clinical surveys, daily
journaling, and curated insights with a web-based clinical
dashboard allowing clinicians to check on their patient’s mental
health status between clinical visits (Figure 1).

The primary goals of this feasibility study were to (1) assess
the usage compliance with a mobile mental health platform
among providers and their patients with at least
mild-to-moderate depression and/or anxiety, and (2) examine
the usability and fidelity of the mobile app through structured
participant feedback. We hypothesized consistent usage
adherence to the mobile platform over the study’s duration. A
secondary exploratory aim evaluated the short-term impact of
mobile app usage on mood and anxiety symptomatology.

Figure 1. Rose mobile app screens.
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Methods

Recruitment
Participants were recruited from the patient population at Key
Point Health Services, a sizeable outpatient community
psychiatric clinic in Baltimore, Maryland, USA. Inclusion
criteria consisted of age 18 years or older, regularly making
on-going appointments with a psychotherapist at the clinic,
having a score of >5 on the Patient Health Questionnaire-9
(PHQ-9) and/or >5 on Generalized Anxiety Disorders-7
(GAD-7), having access to a smartphone, and being fluent in
English. Exclusion criteria included a current diagnosis of
decompensated psychosis (eg, hallucinations, delusions, thought
disorder) and/or current suicidal or homicidal ideation. The
cut-off of 5 on the PHQ-9 and GAD-7 represent mild depression
and mild anxiety from clinical severity categorization [16,17].
Eligible patients were informed of the study via brochures
provided by their established psychotherapists. Interested
patients were directed to a secure online screener, which
collected data on inclusion and exclusion criteria, demographics,
and the PHQ-9 and GAD-7. This pilot was designed as an
open-label trial with randomized allocation into study arms. A
study member who was not involved in the day-to-day study
operations used the STATA 14 (StataCorp) sequence generator
feature for randomization. These were stored in sealed
envelopes. At study registration and the online screening, the
study coordinator opened the randomization envelopes to
allocate the eligible participants to either the intervention arm
or the control arm. Eligible, consented participants were then
randomized via computer algorithm into one of two study arms:
(1) the intervention arm or (2) the waitlist control arm, in a 2:1
ratio. All nine study therapists had appointments with at least
one participant from each arm. Of note, no patient medical
records were accessed as part of the study.

Intervention Arm Design
Eligible participants continued meeting with their therapists for
weekly psychotherapy sessions. Therapists were asked to
register for the Rose web-based clinical dashboard, which
generated a unique therapist ID. Participants in the intervention
arm were asked to download the Rose app to their mobile device
and were given their therapist’s unique ID for linking within
the app. Participants were informed that the health metrics would
be shared with their therapist to help the clinician better plan
upcoming sessions. Participants were prompted to complete a
prepilot battery of assessments (PHQ-9, GAD-7, mood and
anxiety Likert scales) upon first logging into the app. This
battery was also pushed to the users at 2- and 4-week (postpilot)
time points. Those in the intervention arm were also asked to
continue using the Rose app daily during the 4-week period.
The therapist was asked to use the Rose clinical dashboard to
review data in conjunction with each weekly in-clinic session
for four sessions. All in-clinic sessions were scheduled in the
same clinical space where participants previously received care.
Each clinical session was approximately 45 minutes long, and
therapist documentation was done using their standard of care
electronic medical record system.

Control Arm Design
The participants in the waitlist control arm served as controls
for the study. They completed the prepilot and postpilot
assessments (PHQ-9, GAD-7, mood and anxiety Likert scales)
only. These participants continued their weekly standard care
with the psychotherapy process. Waitlist participants were
offered entrance to the intervention arm at the end of the study
period or earlier if participants in the intervention arm dropped
out mid-study. During their time on the waitlist, participants
could reach out to study personnel if they needed assistance
with their psychiatric care.

Ethics
The study was reviewed and approved by the Advarra
Commercial Institutional Review Board. For data security
purposes, Rose utilizes cloud-based file-sharing and data storage
services that are ISO 27001 certified and HIPAA (Health
Insurance Portability and Accountability Act) compliant. If at
any point during the study, participants denoted suicidal ideation
or other acute psychiatric concerns, they were automatically
provided with emergency contact numbers and the study
clinician (AJ) reached out directly. Additionally, if a high-risk
participant was identified during in-person psychotherapy
sessions, the therapist contacted the study clinician immediately
with any concerns. If it was deemed that a participant required
a higher level of care (eg, inpatient hospitalization), they were
removed from the study.

Mobile Mental Health App (Rose)
Rose is a mobile health platform that consists of two primary
components: (1) a patient-facing mobile app and (2) a
clinician-facing web-based dashboard. Patients and clinicians
are linked within the Rose system using a unique identifier that
the clinician provides to the patient. The Rose app allows
patients to track their mood and anxiety levels in real-time,
complete validated assessments, and keep an in-app daily
journal. Rose utilizes machine learning algorithms that identify
mental health status and provide curated, individualized in-app
daily insights for self-care. The Rose clinician-facing dashboard
is designed for use in conjunction with in-person appointments.
It is meant to augment in-person care by summarizing the data
entered by the patient into the mobile app. Providers are given
a walkthrough on using the dashboard and can reach the Rose
team with any questions directly through the dashboard.

Measures
The measures were as follows:

• Patient Health Questionnaire-9 (PHQ-9) [17] and
Generalized Anxiety Disorder-7 (GAD-7) [18] Scale. The
PHQ-9 and GAD-7 are valid and reliable screening tools
for depression and anxiety, respectively. These assessments
parallel the diagnostic symptom criteria that define DSM-IV
major depression and GAD. The Rose app prompted users
to complete these assessments every two weeks. The app
follows the format and temporal framework corresponding
to DSM-IV criteria.

• Modified Mobile Application Rating Scale (mMARS)
(Multimedia Appendix 1) [19]. The MARS is a
well-established framework for classifying and assessing
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the objective and subjective quality of apps, as well as their
perceived impact. It is designed to score apps on the criteria
of engagement, functionality, aesthetics, information
quality, and subjective app quality. While the MARS
framework is extensive, sections within the scale were not
pertinent for this study and the overall length was deemed
too tedious for patients to complete. The mMARS is a
shortened version of the MARS, keeping the pertinent
sections and modifying verbiage to reflect the current app
usage.

• Mood & Anxiety Likert Scales [20]. The Rose app sends
timed notifications once a day to rate current mood and
anxiety, each on a 5-point Likert scale.

• In-app Journaling. The in-app journaling feature allows the
user to enter a free text description of how they are doing,
like in the case of a diary. A built-in sentiment analysis
analyzes the entered sentences.

Statistical Power Calculation
The power calculation for this study is based on a meta-analysis
of internet-delivered treatments for adult depression and anxiety.
It was found that internet interventions used in tandem with
professional psychotherapy support showed an average
between-group effect size of d=0.61 (large mean effect size of
d=1.0). Based on the study’s five-psychotherapy session design
(first session for on-boarding and four follow-up sessions), and
paired-sample design (multiple measurements from the same
person), a sample size of 30 has sufficient power (90%) to detect
a moderately large effect size (d=0.8) [21]. Additionally, we
recruited 15 patients as a waitlist control group who would be
included in the intervention arm if drop-out or removal occurred.

Primary Analyses
The primary analysis included checking distributional
assumptions from the primary scores and assessing relationships
among covariates. Continuous variables were described using
mean, standard deviation, median, minimum and maximum,
and 95% confidence interval for parameter estimation.

To determine whether any significant differences between
groups existed at baseline, independent t tests were conducted
on continuous baseline variables (eg, age, PHQ-9, GAD-7), and
chi-square analyses were performed on categorical variables
(gender, race, ethnicity).

Descriptive in-app metrics were calculated for compliance of
assessments with PHQ-9 and GAD-7 every two weeks and daily
mood/anxiety Likert scales and journaling. In-app use was also
explored for time-of-day frequency and weekly variations.

• Adherence over time. Adherence was defined as the
completion of in-app assessments at predefined intervals.
For example, daily adherence to mood assessment was seen
if a participant completed at least one of the mood or anxiety

Likert scales each day. Non-adherence was recorded as
days with no data. Each assessment measure was reviewed
individually for the duration of the study (4 weeks) for the
percentage of adherent days and was stratified for each
study week in which the app was being used. Logistic
regression models were carried out to examine whether
adherence to in-app assessments would be associated with
the severity of depressive symptoms at baseline.

• Fidelity of app use. Fidelity defines the degree to which
programs are implemented as intended by the program
developer [22]. In this study we looked at five main
components of fidelity for the mobile app using the
mMARS scale: Engagement, Functionality, Aesthetics,
Quality of Information, and Subjective Quality. Summary
proportions from the mMARS were reviewed in all five
areas of app use.

Exploratory Analyses
Pre-post analysis (Wilcoxon matched-pairs signed-rank test)
was used to evaluate the short-term impacts of mobile app usage
in the intervention arm and the control arm within in-person
psychotherapy sessions.

All analyses were conducted using STATA 14 (StataCorp). All
statistical tests were judged for significance based upon a
two-tailed alpha level of P<.05. All subjects were included in
intention-to-treat (ITT) analyses.

Results

Participant Characteristics
Table 1 shows the demographic information and baseline scores
on clinical variables for those with data from the entire sample
(n=45). Each therapist saw on average 3 patients (CI: 1-5).
Participants in the intervention arm (n=30) were an average of
36 years old. Close to 60.00% of the participants were female
and 29.03% reported completing college or higher level of
education. Participants were mostly non-Hispanic making up
92.58%. 82.14% were Caucasian, 10.71% African American,
and 7.14% identified with more than one race. Just over half
(51.61%) used Android devices as their daily smartphone and
the rest used Apple iOS devices. Other than the proportion of
female participants (P=.02), there were no significant
demographic differences between arms.

Looking at baseline mental health status, 42.22% of the sample
was in the moderately-severe or severe range of depression, as
measured by the PHQ-9. GAD-7 ratings showed 9.60% of the
participants were in the moderately-severe or critical range for
anxiety. There were no statistical differences in the distribution
of participants randomized to each arm based on baseline mental
health status.
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Table 1. Demographic and baseline characteristics of study participants.

P valueWaitlist arm

(n=15)

Intervention arm

(n=30)

Total

(n=45)

 Characteristic

.7535 (19-54)29 (18-65)31 (18-65)Age, median (range)

.0212 (92.31)16 (60.71)29 (70.73%)Female sex, n (%)

.32Education, n (%)

10 (76.92)19 (63.33)29 (64.44)High school or less

29.03%9 (30.00)12 (26.67)College or higher

.74Race, n (%)

9 (69.23)25 (83.33)33 (78.57%)White

2 (15.38)3 (10.71)5 (11.90%)Black

1 (7.69)0 (0)1 (2.38%)Hispanic

1 (7.69)2 (7.14)3 (7.14%)Mixed

.62Device, n (%)

5 (38.46)14 (46.67)19 (42.22%)Android

8 (61.54)16 (53.33)25 (55.56%)Apple iOS

.8916.08 (5.32)12.35 (5.57)13.47 (5.90)PHQ-9, mean (SD)

.7413.23 (6.50)11.19 (5.77)11.96 (6.02)GAD-7, mean (SD)

Adherence Over Time
Participants in the intervention arm used the Rose mobile app
over 4 weeks as part of care management. Table 2 details the
descriptive statistics on participants’ daily use of the mood
Likert scale, anxiety Likert scale, and online journaling; overall
and by study week. Over the study period, patients adhered to
completing all three assessments at an average of 69% per week
(5 days a week). As seen in Table 2, adherence across all three
estimates was reasonably similar. Adherence was highest in the
first week, averaging at 81.17% (95% CI: 75.31%-87.04%)

across all three assessments, with a linear decrease at week 4
to 56.03% (95% CI: 43.92%-68.14%) adherence. Majority
adherence of 80% (24/30 days) was seen in 14 of 30 participants
completing the mood Likert scale, 15 of 30 participants
completing the anxiety Likert scale, and 13 of 30 participants
completing the journal.

Looking at the use of PHQ-9 and GAD-7 in-app scales (Table
3), participants adhered to filling in all three assessments at an
average rate of 97% over the study period (every two weeks).
Full adherence (3/3 assessments) was seen in 27/30 of the
patients.

Table 2. Weekly adherence rates for in-app mood and anxiety Likert scales and journaling.

Adherence % (SD)Week

JournalAnxiety check-inMood check-in

76.19 (18.89)81.90 (16.06)82.86 (14.24)1

60.95 (33.19)70.48 (28.13)70.95 (25.02)2

52.86 (33.91)61.90 (32.10)64.29 (29.95)3

57.14 (35.04)62.86 (33.79)58.10 (32.69)4

Table 3. Biweekly adherence rates for in-app PHQ-9 and GAD-7 assessments.

Adherence % (SD)Week

GAD-7bPHQ-9a

100 (0)100 (0)0

100 (0)100 (0)2

90 (30.51)90 (30.51)4

aPHQ-9: Patient Health Questionnaire 9.
bGAD-7: Generalized Anxiety Disorder 7.
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Fidelity of App Use
Using the mMARS scale we evaluated the perceived usability
of the mobile app as rated by participants (Figure 2). Overall,
participants thought the app was very engaging, with
approximately 73% finding Rose very interesting and
appropriate for the target audience. Approximately 83% of the
participants reported the app to be very accurate, easy to use,
and easy to navigate. Similarly, 75% reported the layout and
graphics to be very pleasing and 71% felt the overall look was
only adequate. Furthermore, 54% reported that the information
provided through the app was of good or excellent quality, and
77% of the participants felt it covered a comprehensive range

of topics. Overall, 67% said they would recommend the app
outside of the study.

We further asked participants about the perceived impact of the
Rose app on their knowledge, attitudes, intentions to change,
as well as the likelihood of actual change in depression and/or
anxiety symptoms (Figure 3). More than two-thirds of the
participants felt that their knowledge of the topic and awareness
of the importance of depression and anxiety management
improved through using the app. Similarly, 67% reported they
were more than likely to take progressive steps to address
depression and more than half stated that the app made them
likely to seek help for depressive symptoms when needed.

Figure 2. mMARS – Perceived Usability of Rose.

Figure 3. Impact of App Usage on Mental Health Knowledge and Attitudes.
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Exploratory Analyses
We looked for changes in depression and anxiety symptoms
(measured through PHQ-9 and GAD-7) before and after the
study in both the intervention and control arms (Table 4).

Participants in the intervention arm showed statistically
significant improvements in measurements of both depression
and anxiety symptoms. On the PHQ-9, there was an average
4-point improvement in participants over four weeks (prepilot
average score: 15 vs postpilot average score: 11; P=.01). On
the GAD-7, there was an average 3-point improvement in
participants over four weeks (prepilot average score: 11 vs
postpilot average score: 8; P=.005). Overall, 47% of patients

with moderate-to-severe depression improved to mild depression
and 56% of patients with moderate-to-severe anxiety improved
to mild anxiety by the end of the study. Additionally,
Kruskal-Wallis H test revealed statistically significant
improvements in both PHQ-9 (P=.02) and GAD-7 (P=.001)
scores over the course of the study in the intervention group.

Among the six controls who completed the pre- and postpilot
assessments, neither PHQ-9 nor GAD-7 scores showed any
significant changes (Table 5). Even though there was a
difference in mean scores on both PHQ-9 and GAD-7 scales,
statistical comparison on PHQ-9 and GAD-7 scores between
intervention and control arms did not show statistical
significance.

Table 4. Pre-post change in depression and anxiety symptoms: intervention (n=30) vs control (n=15).

P valuePostpilot assessment, mean (SD)Prepilot assessment, mean (SD)Variable

Intervention arm (n=30)

.0111.04 (8.35)15.33 (8.94)PHQ-9a

.0058.17 (6.06)11.43 (6.46)GAD-7b

Control arm (n=15)

.5313.17 (7.68)13.83 (6.74)PHQ-9

1.010.17 (8.75)10.17 (7.86)GAD-7

aPHQ-9: Patient Health Questionnaire-9.
bGAD-7: Generalized Anxiety Disorder-7.

Table 5. Pre-post analysis of changes in depression and anxiety symptoms.

P valueControl arm, mean (SD)Intervention arm, mean (SD)Variable

.110.67 (0.99)–4.30 (1.54)PHQ-9a change

.410 (1.29)–3.11 (1.23)GAD-7b change

aPHQ-9: Patient Health Questionnaire-9.
bGAD-7: Generalized Anxiety Disorder-7.

Discussion

Principal Findings
This study demonstrated the fidelity of using a digital mental
health platform (Rose) for monitoring daily mental health and
wellbeing outside of psychotherapy sessions and maintaining
engagement in patients with depression and anxiety symptoms.
Exploratory analyses examined changes in depressive and
anxiety symptoms at baseline versus after study interventions.
Improved PHQ-9 scores were observed in 76% (23/30) of
intervention arm participants and 70% (21/30) showed
improvements in their GAD-7 scores over the study period.
Furthermore, patients rated the Rose mobile app as having high
engagement and usability as well as content curation relevant
to their needs.

The study paralleled current psychotherapy care practices for
moderate depression. These results showed using Rose is no
worse than not using an app within psychotherapy sessions.
Consistent compliance by patients between and during clinical
psychotherapy sessions indicates that high levels of adherence

can be achieved and retained. A larger multisite randomized
controlled trial is being planned to look at the impact of the
Rose digital health platform with an active (alternative mobile
app) control.

Comparison With Prior Work
The economic impact of mental illness is marked, with the
United States alone seeing $210 billion in annual medical
expenditures tied to mental health disorders [23,24]. The added
societal burdens of mental illness include productivity losses,
absenteeism, and reduced economic growth [25]. On average,
depressive symptoms lead to approximately 27 lost workdays
and 18 days of reduced productivity per year in people
diagnosed with depression [26]. Research attention to address
these needs has exponentially increased in recent years,
especially around the area of mobile mental health apps [14,27].
Research groups working in this space have found, through both
observational and clinical trials, positive impacts on the utility
of smartphones with onboard sensors to diagnose psychiatric
disorders [12]. However, studies of adherence to use of mobile
mental health apps have been limited. A meta-analysis by
Tourous et al looked at 18 clinical trials that investigated the
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efficacy of smartphone interventions targeting depressive
symptoms. The authors note that lower rates of engagement
over time have been found in numerous mental health app
studies [28], with higher rates being more common in shorter
intervention interactions. Rates of adherence were notably higher
with apps that had added components of human support, with
real world engagement rates close 17% for peer support apps,
but adding human interactions may reduce scalability, especially
in low resource settings [28]. This suggests that intervention
designs have to be adaptable and customizable to the ways in
which people use smartphones. Results from the current study
demonstrate the utility of smartphone-driven interventions to
improve on FIC and in maintaining nonhuman-supported
adherence. Furthermore, there are few studies that have looked
at design, fidelity, and usability of mental health apps tied to
intervention outcome and patient engagement [29,30]. This
study is also one of the first to look at mobile mental health app
outcome metrics and interaction principles in a longitudinal
investigational format.

Limitations
Participants in this study were selected from a single study site
and were not randomized by therapists. Thus, there may be a
sampling bias that limits generalizability of the results.

Furthermore, the sample consisted of 60%-90% women, which
is not representative of the population of individuals with
depression/anxiety in clinical settings or the community. While
the pilot study had a waitlist control arm, it did not include an
active comparison group (ie, using an alternate mobile app).
Furthermore, only 40% of the control arm completed the
postpilot follow-up. This limited the pre-post analytical
comparison. A follow-up randomized control trial is needed to
evaluate inferences regarding the efficacy and contrast of effect
sizes between the Rose digital health platform and other
interventions.

Conclusions
Steady compliance and high app ratings showcase the usability
of Rose in practice and the utility of digital FIC models in
improving patient compliance to therapy. Although exploratory,
reduction in clinical depression and anxiety symptoms over the
four-week study period highlights the potential utility of the
Rose app for psychotherapy augmentation. Future studies are
being developed to (1) further evaluate the clinical effectiveness
of the Rose app through a multisite micro-randomized clinical
trial, and (2) examine the impact of the Rose digital health
platform on other diagnoses, including substance use and pain.

 

Acknowledgments
All authors have contributed substantially to the conceptualization, design, analysis, interpretation, and drafting of the manuscript.
AJ provided expert guidance and leadership throughout the project – she was involved throughout study management, overseeing
participant recruitment, staff training and writing the manuscript. MP and AA provided leadership in helping guide the app review
and training of staff, technical support during the study for the health center, study design, parameterizing the models, data analysis
and writing the manuscript. AP focused on participant recruitment and data collection. KM provided oversight and technical
input on the mobile app integration into clinical practice and working with patient app issues. RB was involved in staff training
and implementation of the clinical dashboard, gathering user feedback, and manuscript preparation. LR and NG were involved
in manuscript drafting. The authors are grateful to Mr. Raghav Sambasivan, Mr. Shravan Venkatesan, Mr. Darsh Patel, Mr.
Anthony Jairam, and Ms. Allison Vita for their tremendous support helping run the Rose study and for helping build the mobile
app platform. The authors also appreciate the supportive partnership of Key Point Health Services, Inc.

Conflicts of Interest
AA, KM, and MP are on the executive team of Ask Rose Inc, the company that developed the mobile app used in this study. AV
is an employee with Ask Rose, Inc. NG is a clinical consultant to Ask Rose, Inc. This study was funded by Ask Rose, Inc.

Multimedia Appendix 1
Modified Mobile Application Rating Scale (mMARS).
[PDF File (Adobe PDF File), 1682 KB - formative_v4i7e17722_app1.pdf ]

References
1. Indu PS, Anilkumar TV, Pisharody R, Russell PSS, Raju D, Sarma PS, et al. Prevalence of depression and past suicide

attempt in primary care. Asian J Psychiatr 2017 Jun;27:48-52. [doi: 10.1016/j.ajp.2017.02.008] [Medline: 28558895]
2. Pratt LA, Brody DJ. Depression in the U.S. household population, 2009-2012. NCHS Data Brief 2014 Dec(172):1-8 [FREE

Full text] [Medline: 25470183]
3. Pratt L, Brody DJ. Depression in the United States household population, 2005-2006. NCHS Data Brief 2008 Sep(7):1-8

[FREE Full text] [Medline: 19389321]
4. Sayers J. Mental health: new understanding, new hope. In: The world health report 2001. Geneva: World Health Organization;

2001.

JMIR Form Res 2020 | vol. 4 | iss. 7 |e17722 | p.23https://formative.jmir.org/2020/7/e17722
(page number not for citation purposes)

Adam et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v4i7e17722_app1.pdf&filename=ee44a20a13d889b76905f84df12fd32c.pdf
https://jmir.org/api/download?alt_name=formative_v4i7e17722_app1.pdf&filename=ee44a20a13d889b76905f84df12fd32c.pdf
http://dx.doi.org/10.1016/j.ajp.2017.02.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28558895&dopt=Abstract
https://www.cdc.gov/nchs/data/databriefs/db172.pdf
https://www.cdc.gov/nchs/data/databriefs/db172.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25470183&dopt=Abstract
https://www.cdc.gov/nchs/data/databriefs/db07.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19389321&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


5. Wang PS, Berglund P, Olfson M, Pincus HA, Wells KB, Kessler RC. Failure and delay in initial treatment contact after
first onset of mental disorders in the National Comorbidity Survey Replication. Arch Gen Psychiatry 2005 Jun
01;62(6):603-613. [doi: 10.1001/archpsyc.62.6.603] [Medline: 15939838]

6. Wang PS, Lane M, Olfson M, Pincus HA, Wells KB, Kessler RC. Twelve-month use of mental health services in the United
States: results from the National Comorbidity Survey Replication. Arch Gen Psychiatry 2005 Jun 01;62(6):629-640. [doi:
10.1001/archpsyc.62.6.629] [Medline: 15939840]

7. Swift JK, Greenberg RP. Premature discontinuation in adult psychotherapy: a meta-analysis. J Consult Clin Psychol 2012
Aug;80(4):547-559. [doi: 10.1037/a0028226] [Medline: 22506792]

8. Werbart A, Andersson H, Sandell R. Dropout revisited: patient- and therapist-initiated discontinuation of psychotherapy
as a function of organizational instability. Psychother Res 2014 Feb 13;24(6):724-737. [doi: 10.1080/10503307.2014.883087]
[Medline: 24524334]

9. Miller SD, Hubble MA, Chow D, Seidel J. Beyond measures and monitoring: Realizing the potential of feedback-informed
treatment. Psychotherapy (Chic) 2015 Dec;52(4):449-457. [doi: 10.1037/pst0000031] [Medline: 26641375]

10. Delgadillo J, de Jong K, Lucock M, Lutz W, Rubel J, Gilbody S, et al. Feedback-informed treatment versus usual
psychological treatment for depression and anxiety: a multisite, open-label, cluster randomised controlled trial. The Lancet
Psychiatry 2018 Jul;5(7):564-572. [doi: 10.1016/s2215-0366(18)30162-7]

11. Delgadillo J, Overend K, Lucock M, Groom M, Kirby N, McMillan D, et al. Improving the efficiency of psychological
treatment using outcome feedback technology. Behav Res Ther 2017 Dec;99:89-97. [doi: 10.1016/j.brat.2017.09.011]
[Medline: 29024821]

12. Lindhiem O, Bennett CB, Rosen D, Silk J. Mobile technology boosts the effectiveness of psychotherapy and behavioral
interventions: a meta-analysis. Behav Modif 2015 Nov 17;39(6):785-804 [FREE Full text] [doi: 10.1177/0145445515595198]
[Medline: 26187164]

13. Lui JHL, Marcus DK, Barry CT. Evidence-based apps? A review of mental health mobile applications in a psychotherapy
context. Professional Psychology: Research and Practice 2017 Jun;48(3):199-210. [doi: 10.1037/pro0000122]

14. Menon V, Rajan T, Sarkar S. Psychotherapeutic Applications of Mobile Phone-based Technologies: A Systematic Review
of Current Research and Trends. Indian J Psychol Med 2017;39(1):4-11 [FREE Full text] [doi: 10.4103/0253-7176.198956]
[Medline: 28250552]

15. Torous J, Roberts LW. Needed Innovation in Digital Health and Smartphone Applications for Mental Health: Transparency
and Trust. JAMA Psychiatry 2017 May 01;74(5):437-438. [doi: 10.1001/jamapsychiatry.2017.0262] [Medline: 28384700]

16. Spitzer RL, Kroenke K, Williams JBW, Löwe B. A brief measure for assessing generalized anxiety disorder: the GAD-7.
Arch Intern Med 2006 May 22;166(10):1092-1097. [doi: 10.1001/archinte.166.10.1092] [Medline: 16717171]

17. Kroenke K, Spitzer RL, Williams JBW. The PHQ-9: validity of a brief depression severity measure. J Gen Intern Med
2001 Sep;16(9):606-613 [FREE Full text] [doi: 10.1046/j.1525-1497.2001.016009606.x] [Medline: 11556941]

18. Löwe B, Decker O, Müller S, Brähler E, Schellberg D, Herzog W, et al. Validation and Standardization of the Generalized
Anxiety Disorder Screener (GAD-7) in the General Population. Medical Care 2008;46(3):266-274. [doi:
10.1097/mlr.0b013e318160d093]

19. Stoyanov SR, Hides L, Kavanagh DJ, Zelenko O, Tjondronegoro D, Mani M. Mobile app rating scale: a new tool for
assessing the quality of health mobile apps. JMIR Mhealth Uhealth 2015 Mar 11;3(1):e27 [FREE Full text] [doi:
10.2196/mhealth.3422] [Medline: 25760773]

20. Ahearn EP. The use of visual analog scales in mood disorders: A critical review. Journal of Psychiatric Research 1997
Sep;31(5):569-579. [doi: 10.1016/s0022-3956(97)00029-0]

21. Andersson G, Cuijpers P. Internet-based and other computerized psychological treatments for adult depression: a
meta-analysis. Cogn Behav Ther 2009 Dec 15;38(4):196-205. [doi: 10.1080/16506070903318960] [Medline: 20183695]

22. Dusenbury L, Brannigan R, Falco M, Hansen WB. A review of research on fidelity of implementation: implications for
drug abuse prevention in school settings. Health Educ Res 2003 Apr;18(2):237-256. [doi: 10.1093/her/18.2.237] [Medline:
12729182]

23. Roehrig C. Mental Disorders Top The List Of The Most Costly Conditions In The United States: $201 Billion. Health Aff
(Millwood) 2016 Jun 01;35(6):1130-1135. [doi: 10.1377/hlthaff.2015.1659] [Medline: 27193027]

24. Davlasheridze M, Goetz SJ, Han Y. The Effect of Mental Health on US County Economic Growth. Review of Regional
Studies 2018;48(2):155-171.

25. Trautmann S, Rehm J, Wittchen H. The economic costs of mental disorders: Do our societies react appropriately to the
burden of mental disorders? EMBO Rep 2016 Sep 04;17(9):1245-1249 [FREE Full text] [doi: 10.15252/embr.201642951]
[Medline: 27491723]

26. Brohan E, Thornicroft G. Stigma and discrimination of mental health problems: workplace implications. Occupational
Medicine 2010 Aug 18;60(6):414-415. [doi: 10.1093/occmed/kqq048]

27. Boschen MJ, Casey LM. The use of mobile telephones as adjuncts to cognitive behavioral psychotherapy. Professional
Psychology: Research and Practice 2008 Oct;39(5):546-552. [doi: 10.1037/0735-7028.39.5.546]

JMIR Form Res 2020 | vol. 4 | iss. 7 |e17722 | p.24https://formative.jmir.org/2020/7/e17722
(page number not for citation purposes)

Adam et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1001/archpsyc.62.6.603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15939838&dopt=Abstract
http://dx.doi.org/10.1001/archpsyc.62.6.629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15939840&dopt=Abstract
http://dx.doi.org/10.1037/a0028226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22506792&dopt=Abstract
http://dx.doi.org/10.1080/10503307.2014.883087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24524334&dopt=Abstract
http://dx.doi.org/10.1037/pst0000031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26641375&dopt=Abstract
http://dx.doi.org/10.1016/s2215-0366(18)30162-7
http://dx.doi.org/10.1016/j.brat.2017.09.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29024821&dopt=Abstract
http://europepmc.org/abstract/MED/26187164
http://dx.doi.org/10.1177/0145445515595198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26187164&dopt=Abstract
http://dx.doi.org/10.1037/pro0000122
http://www.ijpm.info/article.asp?issn=0253-7176;year=2017;volume=39;issue=1;spage=4;epage=11;aulast=Menon
http://dx.doi.org/10.4103/0253-7176.198956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28250552&dopt=Abstract
http://dx.doi.org/10.1001/jamapsychiatry.2017.0262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28384700&dopt=Abstract
http://dx.doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16717171&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=0884-8734&date=2001&volume=16&issue=9&spage=606
http://dx.doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11556941&dopt=Abstract
http://dx.doi.org/10.1097/mlr.0b013e318160d093
https://mhealth.jmir.org/2015/1/e27/
http://dx.doi.org/10.2196/mhealth.3422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25760773&dopt=Abstract
http://dx.doi.org/10.1016/s0022-3956(97)00029-0
http://dx.doi.org/10.1080/16506070903318960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20183695&dopt=Abstract
http://dx.doi.org/10.1093/her/18.2.237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12729182&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2015.1659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27193027&dopt=Abstract
https://doi.org/10.15252/embr.201642951
http://dx.doi.org/10.15252/embr.201642951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27491723&dopt=Abstract
http://dx.doi.org/10.1093/occmed/kqq048
http://dx.doi.org/10.1037/0735-7028.39.5.546
http://www.w3.org/Style/XSL
http://www.renderx.com/


28. Torous J, Lipschitz J, Ng M, Firth J. Dropout rates in clinical trials of smartphone apps for depressive symptoms: A
systematic review and meta-analysis. J Affect Disord 2020 Feb 15;263:413-419. [doi: 10.1016/j.jad.2019.11.167] [Medline:
31969272]

29. Hays R, Henson P, Wisniewski H, Hendel V, Vaidyam A, Torous J. Assessing Cognition Outside of the Clinic: Smartphones
and Sensors for Cognitive Assessment Across Diverse Psychiatric Disorders. Psychiatr Clin North Am 2019
Dec;42(4):611-625. [doi: 10.1016/j.psc.2019.08.003] [Medline: 31672211]

30. Hilty DM, Chan S, Torous J, Luo J, Boland RJ. Mobile Health, Smartphone/Device, and Apps for Psychiatry and Medicine:
Competencies, Training, and Faculty Development Issues. Psychiatr Clin North Am 2019 Sep;42(3):513-534. [doi:
10.1016/j.psc.2019.05.007] [Medline: 31358129]

Abbreviations
FIC: feedback-informed care
GAD-7: Generalized Anxiety Disorder-7
HIPPA: Health Insurance Portability and Accountability Act
ITT: intention-to-treat (ITT)
mMARS: modified Mobile Application Rating Scale
PHQ-9: Patient Health Questionnaire-9

Edited by G Eysenbach; submitted 10.01.20; peer-reviewed by A Walsh, S Jahed, J D'Arcey; comments to author 09.03.20; revised
version received 05.04.20; accepted 09.04.20; published 03.07.20.

Please cite as:
Adam A, Jain A, Pletnikova A, Bagga R, Vita A, N Richey L, Gould N, Munshaw S, Misrilall K, Peters ME
Use of a Mobile App to Augment Psychotherapy in a Community Psychiatric Clinic: Feasibility and Fidelity Trial
JMIR Form Res 2020;4(7):e17722
URL: https://formative.jmir.org/2020/7/e17722 
doi:10.2196/17722
PMID:32618572

©Atif Adam, Ameena Jain, Alexandra Pletnikova, Rishi Bagga, Allison Vita, Lisa N. Richey, Neda Gould, Supriya Munshaw,
Kavi Misrilall, Matthew E Peters. Originally published in JMIR Formative Research (http://formative.jmir.org), 03.07.2020. 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 http://formative.jmir.org, as well as this copyright and license information must be included.

JMIR Form Res 2020 | vol. 4 | iss. 7 |e17722 | p.25https://formative.jmir.org/2020/7/e17722
(page number not for citation purposes)

Adam et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.jad.2019.11.167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31969272&dopt=Abstract
http://dx.doi.org/10.1016/j.psc.2019.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31672211&dopt=Abstract
http://dx.doi.org/10.1016/j.psc.2019.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31358129&dopt=Abstract
https://formative.jmir.org/2020/7/e17722
http://dx.doi.org/10.2196/17722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32618572&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Usability and Acceptability of a Smartphone App to Assess Partner
Communication, Closeness, Mood, and Relationship Satisfaction:
Mixed Methods Study

Shelby L Langer1, PhD; Neeta Ghosh2, MPH, MA; Michael Todd3, PhD; Ashley K Randall4, PhD; Joan M Romano5,

PhD; Jonathan B Bricker6,7, PhD; Niall Bolger8, PhD; John W Burns9, PhD; Rachel C Hagan1, BS; Laura S Porter10,
PhD
1Center for Health Promotion and Disease Prevention, Edson College of Nursing and Health Innovation, Arizona State University, Phoenix, AZ, United
States
2Clinical Research Division, Fred Hutchinson Cancer Research Center, Seattle, WA, United States
3Edson College of Nursing and Health Innovation, Arizona State University, Phoenix, AZ, United States
4Counseling and Counseling Psychology, College of Integrative Sciences and Arts, Arizona State University, Phoenix, AZ, United States
5Psychiatry and Behavioral Sciences, School of Medicine, University of Washington, Seattle, WA, United States
6Division of Public Health Sciences, Fred Hutchinson Cancer Research Center, Seattle, WA, United States
7Department of Psychology, University of Washington, Seattle, WA, United States
8Department of Psychology, Columbia University, New York, NY, United States
9Psychiatry and Behavioral Sciences, Rush Medical College, Rush University, Chicago, IL, United States
10Psychiatry and Behavioral Sciences, School of Medicine, Duke University, Durham, NC, United States

Corresponding Author:
Shelby L Langer, PhD
Center for Health Promotion and Disease Prevention
Edson College of Nursing and Health Innovation
Arizona State University
500 North Third Street
Phoenix, AZ, 85004
United States
Phone: 1 6024960823
Fax: 1 6024961128
Email: shelby.langer@asu.edu

Abstract

Background: Interpersonal communication is critical for a healthy romantic relationship. Emotional disclosure, coupled with
perceived partner responsiveness, fosters closeness and adjustment (better mood and relationship satisfaction). On the contrary,
holding back from disclosure is associated with increased distress and decreased relationship satisfaction. Prior studies assessing
these constructs have been cross-sectional and have utilized global retrospective reports of communication. In addition, studies
assessing holding back or perceived partner responsiveness have not taken advantage of smartphone ownership for data collection
and have instead required website access or use of a study-provided device.

Objective: This study aimed to examine the (1) usability and acceptability of a smartphone app designed to assess partner
communication, closeness, mood, and relationship satisfaction over 14 days and (2) between-person versus within-person variability
of key constructs to inform the utility of their capture via ecological momentary assessment using the participants’ own handheld
devices.

Methods: Adult community volunteers in a married or cohabiting partnered relationship received 2 smartphone prompts per
day, one in the afternoon and one in the evening, for 14 days. In each prompt, participants were asked whether they had conversed
with their partner either since awakening (afternoon prompt) or since the last assessment (evening prompt). If yes, a series of
items assessed enacted communication, perceived partner communication, closeness, mood, and relationship satisfaction (evening
only). Participants were interviewed by phone, 1 week after the end of the 14-day phase, to assess perceptions of the app. Content
analysis was employed to identify key themes.
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Results: Participants (N=27; mean age 36, SD 12 years; 24/27, 89% female; 25/27, 93% white and 2/27, 7% Hispanic) responded
to 79.2% (555/701) of the total prompts sent and completed 553 (78.9%) of those assessments. Of the responded prompts, 79.3%
(440/555) were characterized by a report of having conversed with one’s partner. The app was seen as highly convenient (mean
4.15, SD 0.78, scale: 1-5) and easy to use (mean 4.39, SD 0.70, scale: 1-5). Qualitative analyses indicated that participants found
the app generally easy to navigate, but the response window too short (45 min) and the random nature of receiving notifications
vexing. With regard to the variability of the app-delivered items, intraclass correlation coefficients were generally <0.40, indicating
that the majority of the variability in each measure was at the within-person level. Notable exceptions were enacted disclosure
and relationship satisfaction.

Conclusions: The findings of this study support the usability and acceptability of the app, with valuable user input to modify
timing windows in future work. The findings also underscore the utility of an intensive repeated-measures approach, given the
meaningful day-to-day variation (greater within-person vs between-person variability) in communication and mood.

(JMIR Form Res 2020;4(7):e14161)   doi:10.2196/14161
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ecological momentary assessment; smartphone; mobile phone; communication; disclosure; affect

Introduction

Interpersonal communication is critical to the development and
maintenance of romantic relationships [1]. The manner in which
partners convey verbal and nonverbal information to each other
plays a major role in the psychological functioning of both
individuals and their relationship as a whole [2]. Much attention
has been paid to disclosure, the act of revealing inner
experiences to an interaction partner [3]. Disclosure is part of
a larger interactional process that can lead to intimacy if it is
met with responsive listening, due to perceptions of being cared
for and understood [4]. Indeed, open discussions, the expression
of thoughts and feelings, and responsiveness have all been found
to be associated with increased intimacy and, in turn, increased
relationship satisfaction and decreased psychological distress
[5,6]. On the contrary, avoidance behaviors such as holding
back have been found to be associated with lower intimacy,
lower relationship satisfaction, and greater distress [5-13].

Much of the research informing the understanding of the links
between communication and mood, as well as communication
and relationship quality, has been based on cross-sectional
survey studies in which communication is measured via a global
retrospective report. Although informative, these measures are
subject to recall biases and may be colored by a respondent’s
current state [14]. Ecological momentary approaches afford
assessment of experiences and behaviors in naturalistic contexts
and in real time, which allow for the assessment of temporal
processes [15-19]. Owing to the advances in technology,
smartphone apps provide a platform to gather momentary data
by assessing thoughts, feelings, and behaviors via notifications
to respond to self-report surveys with language-based data [20].
Wheeler and Reis [21] referred to these assessments as “small
events” and noted 3 different approaches to the timing of
assessment: interval-contingent recording, signal-contingent
recording, and event-contingent recording. The focus here is
on the signal-contingent recording, a method by which subjects
are prompted to report on a recent experience or event when a
signal (ie, a smartphone notification) is received, in this case,
on a random schedule within a fixed time interval. The
advantages of the signal-contingent recording approach are that
the report is close in time to the event, thus reducing recall errors

and the likelihood of reappraisal. The disadvantages are that
the notifications may be intrusive, and rarer events are less likely
to be captured [21].

The primary purpose of this pilot project was to assess the
usability and acceptability of a smartphone app designed to
gather twice-daily reports of communication with a romantic
partner as well as mood and closeness and daily reports of
relationship satisfaction. The project was distinct from past
research in multiple aspects. First, although the assessment of
disclosure and responsiveness is not novel [22,23], to the
authors’ knowledge, no study has assessed holding back from
disclosure using a smartphone-based ecological momentary
assessment (EMA). Second, a variety of communicative
behaviors (eg, enacted and perceived disclosure, holding back,
support provision) were captured with regard to the general
conversation and not tied to specific concerns as is done in much
of the medical literature, for example, in the work designed to
capture partner responses to patient pain [24]. Third, most of
the previous studies assessing partner communication using
EMAs utilized paper-and-pencil diary methods, web-based
methods wherein participants were instructed to log in and
provide reports at certain times of the day, or electronic devices
provided in the study [15,25,26]. In this study, we utilized the
advantage of the ubiquity of smartphone ownership in the United
States [27] to prompt responding on a device that participants
are likely to have with them or close at hand. Thus, participants
do not need to learn the mechanics of an unfamiliar device nor
do they have to carry a separate device that could be bothersome
or unwieldy. Project costs were also reduced.

To capture the constructs of interest, we used the LifeData
platform, which is a template-based website that affords easy
and economical creation of a smartphone app downloadable on
iOS and Android platforms. In this study, the approach to the
examination of usability and acceptability was both quantitative
and qualitative. App-derived user data were used to examine
the percentage of notifications that were responded to and
completed. We also assessed the frequency of respondents
reporting an interaction with their partner and whether this
varied by the time of day. A qualitative analysis of
semistructured interview questions (posed 1 week after
completion of the 14-day EMA) identified participants’
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perceptions of the ease of navigation and convenience of using
the app.

Secondarily, we sought to examine the between-person vs
within-person variability of key constructs (eg, disclosure,
holding back, closeness, mood, and relationship satisfaction).
We expected relationship satisfaction to differ between persons
and be more stable over time within persons and hence only
assessed that construct once per day, in the evening. Daily
experience methods are ideal for the examination of
within-person processes [15-17]. We assumed that mood would
vary within persons based on past research [28,29]. The
examination of variability of communication items was
exploratory. Greater within-person variability relative to
between-person variability would provide support for the utility
of examining these variables repeatedly and in real time.

Methods

Participants
All procedures were approved by the Institutional Review Board
(IRB) of Arizona State University. Participants were recruited
from ResearchMatch, a free and secure registry that matches
scientific studies to willing volunteers. Volunteers provide basic
demographic and health information and agree to be contacted
if they are a match for specific studies. At the time of writing
this paper (April 14, 2020), ResearchMatch had 768 active
studies, 8298 researchers across 169 institutions, and 146,987
volunteers.

Screening occurred in 2 stages. On the basis of the available
demographic data, volunteers who were aged 18 years and above
and residing in either North Carolina (NC) or Washington (WA)
state were identified, mirroring the recruitment sites for a larger
study to follow. The 1172 volunteers who met these criteria
were sent an approach message conveying this study’s title and
purpose, an overview of procedures, and the full inclusion
criteria (18 years and above, residing in NC or WA, married or
in a committed and cohabiting relationship of at least one year,
ability to speak and understand English, and ownership of an
iOS or Android smartphone).

Over a 2-week recruitment period, 149 of the 1172 matches
responded to the approach message, with 104 conveying a
willingness to be contacted and 45 declining further contact.
Reasons for the decline were self-perceived ineligibility (n=29),
lack of interest (n=8), lack of time (n=4), and no reason (n=4).
The remaining 1023 matches did not respond to the approach
message within the 2-week recruitment time frame and therefore
were not pursued further. Of the willing 104 matches, 2 matches
invited their spouse/partner to participate through IRB-approved
snowball sampling. Although it was informative to know that
these partners were willing to participate given the plans to
recruit couples for a larger study, only 1 member of each of
these 2 dyads was included in this analysis sample to ensure
data independence.

Eligible volunteers responding affirmatively to the
ResearchMatch contact message (and the two partner referrals)
were contacted by phone to verify eligibility and confirm
willingness to download the smartphone app: 2 declined

participation, 7 were deemed ineligible via telephone screen,
13 did not have the correct contact information (unreachable),
54 did not respond to phone contact, and 30 were enrolled; 3
participants were excluded from the analyses: 2 as described
earlier (one randomly from each of the 2 enrolled couples) and
1 who provided no data. This resulted in an analysis sample of
27 individuals.

Procedures
Following consent, participants were instructed to download a
free smartphone app called RealLife Exp, designed specifically
for the study using LifeData, a web-based app development
system. The project manager (second author) guided participants
through the download process over phone. Upon download and
registration, participants began receiving notifications to
complete assessments twice daily for 14 days: once in the
afternoon, between 1:00 PM and 2:00 PM, and once in the
evening, between 7:30 PM and 8:30 PM (local time).
Notifications were set to arrive randomly within these time
windows. These time frames were chosen because we assumed
that conversations with partners would be less likely to occur
in the early morning. The evening time point was seen as not
too late but sufficiently late to capture evening/dinner
conversations. The time windows to begin each assessment
were 45 min in length. Specific items and the constructs they
were designed to assess are described in the following sections.

Participants could earn up to US $50 for completing all parts
of the study: US $42 for completion of the smartphone-based
assessments and US $8 for the follow-up phone interview. If
they responded to 80% of the notifications or more, they
received the full amount of US $42. If they responded to less
than 80% of the notifications, they received US $1.50 per
completed notification. The payment was in the form of an
Amazon gift card sent via email.

Demographics
An initial assessment included questions to gather demographic
characteristics such as age, sex, race, ethnicity, and length of
the relationship with the partner.

Communication With Partner
At each assessment, participants were asked whether they had
talked to their partner since waking up (afternoon assessment)
or since the last set of questions (evening assessment). Those
responding “yes” were asked a series of follow-up questions
about the conversation to assess their own communicative
behavior and perceptions of their partner’s communicative
behavior. Disclosure and holding back were adapted from the
Emotional Disclosure Scale [30]. Disclosure was assessed via
a single item, “To what extent did you express your feelings
during this conversation?” A parallel item assessed perceived
partner disclosure, “To what extent did you feel that your partner
expressed his/her feelings?” Holding back was also assessed
with a single item, “To what extent did you hold back from
expressing your feelings?” Additional items assessed facets of
responsiveness: “To what extent did you support your partner?”
“To what extent did you understand your partner?” “To what
extent did you feel that your partner supported you?” and “To
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what extent did you feel that your partner understood you?” All
of these items were rated on a 1 (not at all) to 5 (a lot) scale.

Closeness
Closeness was assessed with a single item, “How close do you
feel to your partner right now?” Ratings were made on a 1 (not
at all) to 5 (extremely) scale.

Mood
Mood was measured using an abbreviated version of the Profile
of Mood States [31], following Cranford et al [28]. Three items
formed each of the 4 subscales: anxious mood (anxious, on
edge, and uneasy), depressed mood (sad, hopeless, and
discouraged), anger (angry, resentful, and annoyed), and vigor

(vigorous, cheerful, and lively). Ratings were made on a 1 (not
at all) to 5 (extremely) scale, and the time referent was “right
now.” For example, “How on edge do you feel right now?”

Relationship Satisfaction
Relationship satisfaction was assessed with a single item from
the Dyadic Adjustment Scale,[32], specifically item 31,
following Auger et al [33]. This item was posed only at the
evening assessment. Participants were asked, “All things
considered, what was your degree of happiness with your
relationship today?” Following the standard scale, options
ranged from extremely unhappy to perfectly happy, coded from
1 to 7. See Figure 1 for a screenshot of this question.

Figure 1. Screenshot of the app.

Follow-Up Interview
One week after the end of the 14-day EMA phase, participants
were contacted by phone by the second author for a follow-up
interview to assess perceptions of the app. Two questions were
closed-ended, one to assess ease of use and the other to assess
convenience, both indicators of acceptability. The other

questions were open-ended, one to assess the convenience of
notification timings (another indicator of acceptability) and the
other to assess the ease of navigation (an indicator of usability
or how well the app functions; Table 1). In posing the
open-ended questions, the interviewer probed for clarification
as necessary and took detailed notes, including verbatim speech.

JMIR Form Res 2020 | vol. 4 | iss. 7 |e14161 | p.29https://formative.jmir.org/2020/7/e14161
(page number not for citation purposes)

Langer et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Measures of usability and acceptability.

Type of dataSourceMeasures

Usability (completion and navigation)

Objective, quantitativeApp-derived user dataAmong notifications sent, the number responded to

Objective, quantitativeApp-derived user dataAmong notifications sent, the number completed

QualitativeFollow-up interviewHow easy was it to navigate within the app? (open-ended)

Acceptability (ease and convenience)

Subjective, quantitativeFollow-up interviewOn a scale of 1-5, how easy was it for you to use the app?

Subjective, quantitativeFollow-up interviewOn a scale of 1-5, how convenient was it for you to use the app?

QualitativeFollow-up interviewHow convenient were the notification timings? (open-ended)

Analyses

Quantitative
Univariate descriptive statistics were used to summarize the
sample’s demographic characteristics, EMA response and
completion rates, and ratings of the app using SPSS 24.0.
Descriptive statistics were also used to characterize the sample
with respect to communication, closeness, mood, and
relationship satisfaction items. To capture the proportion of the
total variance in each item attributable to between-person
differences vs within-person (ie, day-to-day) variability, we
computed intraclass correlation coefficients (ICCs) from
minimum norm quadratic unbiased estimation (MINQUE)
estimates of variance components (between-person variance
and within-person variance) using the minque package [34] in
R. ICCs were computed for afternoon and evening assessments
separately. Using Poisson regression models, the association of
each background characteristic (measured at baseline) with the
response rate (count of responses to prompts) and completion
rate (count of completed assessments) was examined separately
for afternoon and evening assessments. To test for afternoon vs
evening differences in response and completion rates and in the
frequency of speaking to one’s partner, we estimated
single-predictor logistic regression models with bootstrap
standard errors adjusted for a within-person clustering using
the rms package [35] in R.

Qualitative Review
The second author conducted content analysis of the raw
qualitative interview data, which included interviewer notes of
responses to the open-ended items listed in Table 1 and direct
participant quotations. The practical nature of the topic,
relatively small sample size, and ease of capturing and
interpreting participant responses to items and probes did not
warrant an audio-recording or multiple coders. Methodological
rigor was maintained by reviewing all of the detailed notes from
each participant multiple times before generating preliminary
codes, coding and categorizing identified issues by type and
frequency of occurrence, identifying themes and refining codes
in an iterative process, and continuing the analysis until no
further themes were emerging from the data [36].

Results

Sample Characteristics
Table 2 displays the demographic characteristics of the analysis
sample. The average age of participants was 36 (SD 12) years.
Most participants identified as female (24/27, 89%), white
(25/27, 93%), and non-Hispanic (25/27, 93%). The length of
participants’ current marriage or partnered relationship varied
greatly, with 22% (6/27) reporting relationships of 1 to 2 years
and 15% (4/27) reporting being in their current relationships
for 16 or more years.
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Table 2. Demographic characteristics of the sample (N=27).

ValuesVariablea

Age (years)

36.41 (11.99)Mean (SD)

22-64Range

Gender, n (%)

3 (11)Male

24 (89)Female

Race, n (%)

1 (4)Black or African American

25 (93)White

1 (4)Multiracial

Ethnicity, n (%)

2 (7)Hispanic or Latino/Latina

25 (93)Non-Hispanic

Length of relationship in years, n (%)

6 (22)1-2

4 (15)3-5

7 (26)6-10

6 (22)11-15

4 (15)>16

aThe length of the relationship was assessed categorically.

App-Derived Usability Metrics
Table 3 presents app-derived usability metrics. Among 701 total
notifications sent across participants and both afternoon and
evening assessments, 555 (79.2%) were responded to and 553
(78.9%) were completed. These values did not differ as a
function of the assessment time point (P>.27). In addition,
counts of responses to afternoon and evening EMA prompts
and counts of afternoon and evening EMA completion rates

were unrelated to age, gender, race (dichotomized as white vs
black or multiracial), ethnicity, or relationship length (P>.64).

Among the prompts responded to, 79.3% (440/555) were
characterized by a report of having conversed with one’s partner
(either since waking up for the afternoon prompt or since the
last assessment for the evening prompt). This rate was higher
for the evening vs afternoon time point (86% vs 72%); Wald z
from Poisson regression was 2.79 (P=.005).

Table 3. App-derived usability metrics.

P valueEveningAfternoonTotalUsability metrics

N/Aa356345701Number of notifications sent, n

.28287 (80.6)268 (77.7)555 (79.2)Notifications responded to, n (%)

.37285 (80.1)268 (77.7)553 (78.9)Assessments completed, n (%)

.005247 (86.1)193 (72.0)440 (79.3)Conversed with partner since waking up or last notification (prompts
responded to), n (%)

aN/A: not applicable.

Self-Report Ratings of Acceptability
Of the 27 participants, 26 completed the follow-up interview.
Mean ratings of ease of use and convenience of the app fell well
above the midpoint of the 1-5 (not at all to extremely) scale:
mean 4.39 (SD 0.70) for “How easy was it for you to use the
app?” and mean 4.15 (SD 0.78) for “How convenient was it for
you to use the app?”

Content Analysis of Responses to the Open-Ended
Interview Questions
In what follows, we describe themes derived from content
analysis of the open-ended interview items listed in Table 1.
Representative participant quotations are included to illustrate
salient findings. Two broad categories emerged: (1) technical
functioning and navigation and (2) response convenience,
notification timings, and session active window.
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Technical Functioning and Navigation
Overall, participants found the app to be very streamlined and
user-friendly, perceiving it as a useful tool that functioned
without technical difficulty. Notifications arrived as planned
and were visible on the home screen of the phone and as an alert
on the app icon. Navigation was reported to be simple for the
most part, with an intuitive process to move forward:

App was very simple...could not be made easier.

Just hit OK and move forward, really easy.

Very basic and simple, nice to have it on the home
screen.

Specific actions within the navigation process elicited
comments. Some found the skip option useful, particularly if
the answer was unknown or if a respondent felt uncomfortable
sharing the information in question. The “go back” function
provoked some frustration. Participants who wanted to review
their previous answer but then decided not to change it after all
had to reselect the same answer to move forward:

If I went back, I had to re-click my answer even if I
didn’t want to change it.

There were several indications that the download process (which
the project manager instructed the participant to do step-by-step
over the telephone) was quite complicated and time-consuming.
There was a notable difference between the perceived
complexity of the download and the reported simplicity of using
the app, suggesting that direct guidance and a user brochure
could greatly facilitate this process:

Very easy...the setup that you walked me through,
that was harder … then it all worked fine.

Response Convenience, Notification Timings, and
Session Active Window
In general, participants indicated that delivery of the assessment
via the app was very convenient, insofar as they typically had
their smartphone available and usually saw or heard the
notification or looked for it within the expected timeframe.

Participants reported it to be much easier if they responded from
the phone’s home screen, rather than going into the app itself
and seeing the alert there and then beginning the survey (if the
notification was missed):

I liked that you could just swipe the notification and
go right into it, much easier than if you missed it and
the notification went away, then had to go to the app
and see the alert.

Participants also said that being active in another app could
impede response to the notification because some apps do not
allow new notifications while open.

Perceptions regarding session timings were largely driven by
differences in personal schedules. There was a marked
preference for the evening session as most respondents were
more able to interrupt their activities at that time. One primary

recommendation was to change the timing of the afternoon
session:

It was really hard for me in the afternoon. I would
rather it was coming either mid-morning or at a more
traditional lunchtime.

I tended to remember the evening one more, so I
would check the phone more periodically.

The 45-min window during which the notification remained
active (it expired and was no longer accessible after 45 min)
was too short for most of the participants. The primary
recommendation was to increase the session active window to
at least one hour and preferably to 1.5 hours to accommodate
events that last an hour:

Biggest issue, expired too quickly!

The window was way too short and many times I
found it difficult to answer in the time.

Randomization of the session timings within an hour window
was frustrating to many participants. Some reported resorting
to setting alarms and “waiting” for the notification to arrive.
Irritation with randomization tended to increase over the 14-day
activity. The primary issue was not knowing when the
notification would arrive and anxiety over “missing” it:

It was a little vexing...I set an alarm so I would be
ready, but since it always changed the time it was
really a little crazy.

Descriptive Statistics for Key Variables
Table 4 displays means, standard deviations, and ICCs for key
constructs, as a function of the time point (afternoon or evening).
Levels of enacted and perceived disclosure were relatively high,
as were levels of support provision, understanding, and
perceived partner support and understanding. Levels of holding
back were low. To reiterate, all of these items were rated on a
1-5 (not at all to a lot) scale. Relationship satisfaction, rated on
a 1-7 (extremely unhappy to perfectly happy) scale, was
moderately high on average (mean 5.20, SD 1.28). Levels of
vigor were below the scale midpoint of 3 on average. Levels of
anxiety, anger, and depressed affect were below a score of 2 on
average.

The ratio of between-person variance to the total variance (where
total variance=between-person variance + within-person
variance) is reflected by the ICC values listed in the fifth column
of Table 4. As shown in Table 4, ICCs for EMA measures were
generally <0.40, indicating that the majority of the variability
in each measure was at the within-person level, rather than at
the between-person level, suggesting that there was meaningful
day-to-day variation in these variables. Notable exceptions were
enacted disclosure (ICCs=0.46 and 0.42 for afternoon and
evening assessments, respectively), closeness (ICCs=0.41 and
0.40, respectively), and relationship satisfaction (ICC=0.59),
indicating that between-person differences in these variables
were relatively more stable across the 14-day period.
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Table 4. Means, standard deviations, and intraclass correlation coefficients for smartphone-assessed constructs.

ICCbValue, mean (SD)NVariable and time of daya

To what extent did you express your feelings?

0.463.67 (1.22)193Afternoon

0.423.64 (1.17)245Evening

To what extent did you feel that your partner expressed his/her feelings?

0.183.74 (1.16)189Afternoon

0.243.87 (1.08)242Evening

To what extent did you hold back from expressing your feelings?

0.231.62 (1.04)193Afternoon

0.371.77 (1.06)246Evening

To what extent did you support your partner?

0.333.78 (1.25)189Afternoon

0.383.91 (1.09)243Evening

To what extent did you understand your partner?

0.253.90 (1.09)189Afternoon

0.293.91 (1.02)241Evening

To what extent did you feel that your partner supported you?

0.193.85 (1.22)190Afternoon

0.313.81 (1.08)242Evening

To what extent did you feel that your partner understood you?

0.143.70 (1.20)190Afternoon

0.173.76 (1.06)241Evening

How close do you feel to your partner right now?

0.414.04 (0.93)267Afternoon

0.404.04 (0.91)283Evening

POMSc vigor subscale

0.222.82 (0.85)268Afternoon

0.252.59 (0.81)284Evening

POMS anxiety subscale

0.301.76 (0.90)268Afternoon

0.321.66 (0.81)284Evening

POMS anger subscale

0.271.48 (0.81)268Afternoon

0.261.50 (0.75)284Evening

POMS depressed affect subscale

0.321.60 (0.84)268Afternoon

0.331.52 (0.74)284Evening

Relationship satisfaction

0.595.20 (1.28)285Evening

aAll items were rated on a 1-5 scale except for relationship satisfaction which was rated on a 1-7 scale.
bICC: intraclass correlation coefficient.
cPOMS: Profile of Mood States.
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Discussion

Principal Findings
The primary goal of this pilot project was to examine the
usability and acceptability of a smartphone app designed to
assess communication with a romantic partner, closeness, mood,
and relationship satisfaction repeatedly over the course of 14
days. The app was rated as easy to navigate, and the response
rate was quite good. Of the 701 total notifications sent, 555
(79.2%) were responded to and 553 (78.9%) were completed.
Comparing these rates with those reported in the literature is
challenging, given the wide variability in the frequency of
prompts, number and content of items posed, and sample
characteristics. Incentive structures also likely vary. However,
in general, the completion rates fell within the ranges reported
by other research teams [37], in some cases higher by 8% to
14% [38-40] and in other cases lower by 4% to 7% [41]. These
differences may, in part, be explained by differences in numbers
of items, for example, the battery was somewhat longer than
that described by Perndorfer et al [41].

With regard to acceptability, the app was rated as convenient
to use on average (mean 4.15 on a 1-5 scale). However,
qualitative analyses provided a more nuanced understanding of
the perceived acceptability of the app. Participants expressed
difficulty with 3 aspects related to timing: (1) The afternoon
prompt came between 1:00 PM and 2:00 PM, which may have
been difficult for employed participants due to work-related
demands. (2) Notification times (signals to respond) were
randomized within a 1-hour period. Inability to anticipate the
notification’s arrival was frustrating. (3) The active time window
to begin each assessment was 45 min, which participants felt
was too short. On the basis of this feedback, modifications were
made to the app for a larger ongoing study of couples coping
with cancer. In the ongoing study, notifications are delivered
at fixed times (at noon and 8:00 PM), and the time window to
complete assessments is 2 hours. We also added reminders (a
LifeData feature not available at the time of the pilot) that arrive
every 20 min within the open window. Further modifications
were made in response to the technical navigation issues raised.
For example, the app user guide was refined to clearly describe
how and when to use the skip and go back functions.

One possible drawback of signal-contingent recording is that
infrequent behaviors might not be captured [21]. Indeed, we
did not know before conducting this study whether conversations
with a spouse or partner would occur during the periods in
question. Findings suggest that partner conversations are
sufficiently frequent to warrant an assessment of the occurrence
and nature of those conversations using EMA methods. Among
the prompts responded to, 79% were characterized by a report
of having conversed with one’s partner (either since waking up
for the afternoon prompt or since the last assessment for the
evening prompt). This value was significantly higher for evening
vs afternoon reports. Most participants were likely away from
home at work during the day time, or if at home, may have been
engaged in activities apart from their partner, making daytime
conversations less likely. However, this is a conjecture, as we

did not formally assess the employment status (though it was
mentioned by some participants in the interview).

When conversations did occur, they were characterized, on
average, by moderately high levels of disclosure, both enacted
and perceived. Participants also saw themselves, in general, as
being supportive and understanding, and in turn as receiving
support and understanding. Holding back was less likely to
occur. While exact comparisons to other reports in the literature
are difficult to draw given inconsistencies in the communicative
behaviors measured and, in some cases, the use of different
rating scales, the relative frequency of the behaviors is generally
in line with reports derived from traditional questionnaire
measures of communication. For example, Porter et al [42]
observed moderately high levels of disclosure and low levels
of holding back among patients with gastrointestinal cancer and
their spouses.

A secondary goal of this study was to determine between-person
variability vs within-person variability of the study variables.
ICCs underscore the utility of the EMA approach for the
measurement of the communication items, all indicating greater
within-person variability than between-person variability.
Disclosure showed lower within-person variability than other
communication measures, perhaps reflecting a dispositional
tendency to express emotion across time and situations. Similar
to the majority of communication behaviors, measures of anger,
anxiety, depressed mood, and vigor showed considerable
day-to-day variability within persons. Closeness and relationship
satisfaction showed greater stability over the 14-day period.
The relationship satisfaction finding is consistent with that
reported by Gadassi et al [26] who administered the same single
item. These findings are also in line with this study’s expectation
that this construct would vary less over time within persons
than between persons.

Limitations
Limitations of this pilot study must be considered. By design,
the number of participants was small. The sample was comprised
largely of non-Hispanic white women, limiting the
generalizability of the results. As women tend to be more
emotionally expressive than men, [43], this could explain the
fairly high levels of enacted disclosure and low levels of holding
back. The recruitment source, ResearchMatch, also limits
generalizability. This website matches researchers to willing
volunteers, that is, persons open to the idea of research and
perhaps motivated to earn incentives for participation. A
published analysis of the ResearchMatch volunteer database
(N=15,871) indicated that 81% of volunteers identified as white
and 95% as non-Hispanic [44]. The average age was 38 years,
and most volunteers (73%) were female. The demographic
composition of this small sample mirrors this larger pool.

It is also important to note that this study, while focused on
partner communication, was not dyadic in nature. This approach
was chosen to hasten recruitment and based on the assumption
that usability and acceptability data from one member of a dyad
would be sufficient to inform the next steps for a larger study
with dyads. Relatedly, partner characteristics were not assessed
nor were participants asked to report on partner characteristics
including demographic characteristics. Therefore, it is not known
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whether members of each couple were of the same or different
sex/gender. We also relied entirely on participant self-reports
of their own behavior and reports of their partner’s behavior.
Thus, it is not possible to examine concordance between self-
and partner reports of communicative behavior.

As described in the Introduction, much of the research on couple
communication has been designed to assess communication in
reference to a specific concern or topic. This is often the case
in laboratory-based studies wherein couples are asked to discuss
either a relevant shared stressor or a conflictual topic. It has also
been the case in numerous questionnaire-based assessments of
holding back in which couples are asked to rate the extent to
which they (1) disclosed and (2) held back from disclosing a
number of different illness-related concerns [45-49]. In this
study, the participants were not recruited based on a common
stressor or illness. Conversations were not constrained to a
specific topic nor were the participants asked to report on the
topic. Therefore, we do not know what was discussed nor do
we have a sense of the valence of each conversation. These

contextual variables may be important to examine as moderators
in future research. Perceived lack of responsiveness from one’s
partner, for example, may be more deleterious in the context of
a highly stressful topic, such as serious illness or relationship
distress, vs in the context of daily hassles.

Despite the study’s limitations, findings from this pilot project
lend support for the use of smartphone apps to assess
communication in real time and in naturalistic settings. They
also underscore the advantages of using a web-based template
for app creation, a highly affordable option as opposed to hiring
a programmer or developer. On the basis of the usability data
and feedback from participants, this smartphone app has been
since adapted for use with a larger sample of patients with cancer
and their cohabiting partners/spouses. The larger study is still
in process but initial results suggest strong completion rates and
acceptability of the app. Future interventions designed to train
couples in adaptive communication could potentially make use
of EMA data such as these to inform targeted approaches and
to monitor the response to the intervention.
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Abstract

Background: Patients with chronic pain often have limited access to comprehensive care that includes behavioral pain management
strategies. Virtual reality (VR) is an immersive technology and emerging digital behavioral pain therapy with analgesic efficacy
for acute pain. We found no scientific literature on skills-based VR behavioral programs for chronic pain populations.

Objective: The primary aim of this study is to evaluate the feasibility of a self-administered VR program that included content
and skills informed by evidence-based behavioral treatment for chronic pain. The secondary aim is to determine the preliminary
efficacy of the VR program in terms of average pain intensity and pain-related interference with activity, stress, mood, and sleep,
and its impact on pain-related cognition and self-efficacy. The tertiary aim was to conduct a randomized controlled trial (RCT)
and compare the VR treatment with an audio-only treatment. This comparison isolated the immersive effects of the VR program,
thereby informing potential mechanisms of effect.

Methods: We conducted an RCT involving a web-based convenience sample of adults (N=97) aged 18-75 years with self-reported
chronic nonmalignant low back pain or fibromyalgia, with an average pain intensity >4 over the past month and chronic pain
duration >6 months. Enrolled participants were randomly assigned to 1 of 2 unblinded treatments: (1) VR: a 21-day, skills-based
VR program for chronic pain; and (2) audio: an audio-only version of the 21-day VR program. The analytic data set included
participants who completed at least 1 of 8 surveys administered during the intervention period: VR (n=39) and audio (n=35).

Results: The VR and audio groups launched a total of 1067 and 1048 sessions, respectively. The majority of VR participants
(n=19/25, 76%) reported no nausea or motion sickness. High satisfaction ratings were reported for VR (n=24/29, 83%) and audio
(n=26/33, 72%). For VR efficacy, symptom improvement over time was found for each pain variable (all P<.001), with results
strengthening after 2 weeks. Importantly, significant time×group effects were found in favor of the VR group for average pain
intensity (P=.04), pain-related inference with activity (P=.005), sleep (P<.001), mood (P<.001), and stress (P=.003). For pain
catastrophizing and pain self-efficacy, we found a significant declining trend for both treatment groups.

Conclusions: High engagement and satisfaction combined with low levels of adverse effects support the feasibility and
acceptability of at-home skills-based VR for chronic pain. A significant reduction in pain outcomes over the course of the 21-day
treatment both within the VR group and compared with an audio-only version suggests that VR has the potential to provide
enhanced treatment and greater improvement across a range of pain outcomes. These findings provide a foundation for future
research on VR behavioral interventions for chronic pain.

(JMIR Form Res 2020;4(7):e17293)   doi:10.2196/17293
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Introduction

Background
The US Department of Health and Human Services [1,2], the
Institute of Medicine [3], the National Institutes of Health, and
the Centers for Disease Control and Prevention have called for
the integration of evidence-based behavioral medicine strategies
into the treatment of acute and chronic pain. These unified
recommendations reflect a common understanding that pain is
a biopsychosocial experience that requires a comprehensive
treatment approach to equip individuals with skills to actively
self-manage pain and symptoms [4].

Evidence-based behavioral pain treatments include cognitive
behavioral therapy (CBT) for chronic pain [5-7], acceptance
and commitment therapy [8], and mindfulness-based stress
reduction [5,6]. Treatments typically include didactic content,
goal setting, and experiential skills practice within sessions and
skills practice between sessions. Effective chronic pain
management techniques include biofeedback and relaxation
training, with the latter being the mainstay of every effective
behavioral treatment for chronic pain [9]. Evidence-based
behavioral medicine treatments are commonly delivered
individually or in group format, during treatment classes or
sessions that are 1 to 2 hours in duration, with a course of
treatment lasting 8-11 weeks [7]. Behavioral treatments for
chronic pain have been shown to be effective for reducing pain
bothersomeness [5,6], symptoms of depression [7,8], and
pain-specific cognitive and emotional distress (eg, pain
catastrophizing) [5-7], although these treatments have not been
effective in reducing pain intensity. Behavioral treatments have
also been shown to be effective for improving pain-related
self-efficacy or confidence in one’s ability to self-manage pain
and engage in meaningful activities [5,6].

Despite the availability of efficacy data for behavioral
treatments, multiple barriers may prevent patients from broadly
accessing low-risk, integrative, nonpharmacologic pain
self-management tools that address the psychosocial aspects of
chronic pain [10]. Such barriers may include few skilled local
therapists, poor insurance coverage, copayments associated with
clinic visits, travel costs, and treatment time [10]. Even when
delivered to participants at no cost, in-person behavioral
medicine treatments can have poor patient engagement [11],
thereby suggesting that new methods of treatment delivery are
required to meet the needs of a broad range of patients.
Accordingly, research has demonstrated preliminary efficacy
for an ultrabrief, single-session, skills-based behavioral
treatment class for chronic pain [12] as well as for mobile health
teleconference-delivered multisession behavioral pain treatment
[13]. Although both options offer new conveniences and
possibly expanded access to care, particularly for patients with
mobility limitations, the patient remains dependent on a therapist
for the delivery of the treatment.

Digital therapeutics offer independent, home-based, on-demand
access to behavioral treatment for acute and chronic pain. For

instance, a brief, web-based, 90-min, skilled-based pain
treatment was shown to reduce postsurgical opioid use in women
who underwent surgery for breast cancer [14]. For chronic pain,
digital multisession interventions have been shown to be
effective [15-17]. Despite these successes, any one modality
will not meet the needs of everyone; indeed, even web-based
pain treatments that are offered at no cost have <60%
engagement rates [14], thus underscoring the need to offer a
diverse range of accessible treatment options for chronic pain
and, in particular, to identify treatments that may yield superior
outcomes.

Virtual reality (VR) has emerged as an effective digital treatment
for acute pain. With VR, the user wears a headset that fully
restricts the vision field to the content displayed inside the
headset screen, and auditory perception is directed to the audio
delivered through the device (although not fully restricted;
Figure 1). VR provides a multisensory, 3D immersive
environment that stimulates the visual, auditory, and
proprioception senses, thus engendering the perceptual
experience that one is physically located inside and engaged
with the virtual environment they are viewing [18,19], such as
swimming with dolphins (Figure 2). VR has been used in
numerous clinical settings and health conditions to treat anxiety
and mental disorders [20-22], aids physical rehabilitation
[23,24], and supports postsurgical recovery. Evidence suggests
that VR is effective for managing acute pain, including pain
elicited during medical procedures [25-29], and burn wound
care [30,31] and in hospitalized patients [32,33].

Although several studies have investigated VR for chronic pain,
the literature to date is limited. Promising studies have used VR
to reduce pain and improve outcomes in complex regional pain
syndrome [34], chronic headache/migraine pain [35],
fibromyalgia [36,37], and chronic musculoskeletal pain [38,39].
Two recent reviews and meta-analyses reported the efficacy of
VR for physical rehabilitation from painful spinal conditions
[24] and for orthopedic rehabilitation in terms of reduced pain
and disability [40]. In such studies, the user may engage with
interactive VR alone or within the context of kinematic training.
The literature to date is limited by studies that are conducted in
experimental or clinical settings, do not compare to a non-VR
group, or include very small samples. Most importantly, the
VR studies to date are focused primarily on distraction or
physical rehabilitation and do not include pain management
education or cultivation of behavioral pain self-management
skills (eg, diaphragmatic breathing or cognition and emotion
regulation). Crucially, if found to be effectively delivered by
VR, such content could serve as either a replacement or
treatment extender for in-person behavioral medicine clinic
visits. Studies are needed to determine whether behavioral pain
management skills-based VR is effective and can facilitate
sustained pain relief through skills mastery and increased
self-efficacy for pain self-management. The VR platform could
transcend many current barriers to care and potentially provide
a scalable way to deliver on-demand home-based behavioral
treatment for chronic pain.
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Figure 1. Oculus Go virtual reality headset.

Figure 2. Image of Pain Care virtual reality content (swimming with dolphins).

Objectives
Building on the nascent literature on VR for chronic pain, we
aim to evaluate a skills-based behavioral medicine VR program
for chronic low back pain and fibromyalgia to provide
preliminary data on its utility and efficacy as a stand-alone
home-based treatment for people in the community. To
accomplish this goal, we conducted an exploratory randomized
controlled trial (RCT) with 3 main aims: (1) to determine the
feasibility and satisfaction of a self-administered, at-home,
skills-based 21-day VR intervention (pain care VR) for chronic
pain; (2) to evaluate the preliminary efficacy of VR intervention
for reducing average pain intensity and pain-related outcomes;
and (3) to isolate the immersive effects of VR by comparing it

with an audio-only treatment group. We hypothesized good
feasibility and satisfaction for VR as well as the superiority of
VR over audio treatment for pre-post improvement across the
pain indicator variables.

Methods

Design and Setting
This was a parallel-group, randomized controlled clinical trial
involving 2 home-based behavioral interventions applied in a
community-based, web-based convenience sample of people
with chronic pain conducted between March and May 2019.
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Procedures
Participants were recruited remotely through web-based
advertisements on Facebook and The Mighty, a digital health
community. Internet and computer literacy were implicit de
facto eligibility criteria. Eligibility screening involved a brief
telephone assessment for enrollment criteria outlined in the
Inclusion and Exclusion Criteria section.

Inclusion and Exclusion Criteria
Following electronic informed consent (see Multimedia
Appendix 1 for the study consent form), study participants were
randomized one-to-one using a Research Electronic Data
Capture Cloud random number generator and allocated to the
treatment group. All study procedures were completed remotely,
and no in-person visits were required. Study participants were
not blinded to the treatment group assignment because of the
obvious nature of the mode of delivery of their assigned
treatment. Participants assigned to the VR group were called
by a study staff to ensure receipt of the mailed VR kit and for
a brief orientation to materials. A study staff member was
available by phone at the request of study participants in both
groups. Participant compensation was prorated based on the
number of surveys completed; they received up to US $30 in
the form of an Amazon electronic gift card following completion
of their final study survey. The study was approved by the
Western institutional review board (Puyallup, WA).

Treatment Groups
Both treatment groups received the same didactic content
delivered in distinct formats (VR versus audio; see Multimedia
Appendix 2 for program content). Treatment consisted of a

variety of sessions to support participants in learning
self-management skills based on evidence-based CBT principles
as well as biofeedback and mindfulness strategies used in pain
management. The program was designed to improve
self-regulation of cognitive, emotional, and physiological
responses to stress and pain and comprised 3 main content
categories:

• Skills rooted in pain CBT: brief didactics describe how
thoughts and emotions can impact pain and techniques on
thought restructuring and adaptive regulation of pain-related
cognition and emotion (eg, addressing pain catastrophizing
tendencies).

• Relaxation training: participants engage in diaphragmatic
breathing exercises to enhance parasympathetic nervous
system function and decrease physiological hyperarousal.
Importantly, relaxation training was optimized in the VR
group with visual biofeedback that displayed the
environment responding to the users’ physiologic behavior
during the exercises (Figure 3). The software uses a
patent-pending algorithm to detect the user’s exhalations
with the VR headset’s built-in microphone, along with a
hardware breath amplifier that directs the user’s breath
toward the microphone. The user’s breath is then visualized
in the VR environment as either breath particles or waves
expanding outward from the user, with the synchronization
of physical exhalation and the visual effects deepening the
immersion of the experience and helping the user slow and
deepen their respiration.

• Mindfulness: mindfulness content encouraged awareness
of the mind and body (somatic cues) as well as thought
release (nonattachment).

Figure 3. Image of Pain Care virtual reality content that visualizes the user’s breath.
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The 21-day program consisted of 4-8 treatment sessions from
each content category with the duration of session length ranging
from 1 to 15 min. Each treatment session was indexed as
complete if the participants initiated the experience. Participants
could replay the completed sessions.

Virtual Reality Group
VR group participants were mailed an Oculus Go VR headset
preloaded with VR software developed by AppliedVR. The
Oculus Go is an easy-to-use, stand-alone VR headset with an
accompanying orientation-tracked controller, a head-mounted
display with a high-resolution screen, built-in spatial audio
speakers, and an integrated microphone. A VR user manual sent
via email included an instructional video on the proper use of
the VR headset. Participants were instructed to telephone VR
support staff if they had any questions or difficulty in using the
headset. Participants were instructed to complete 1 VR treatment
session daily for 21 days (Multimedia Appendix 2).

Audio Group
The audio program consisted of the majority of the same
narrative content contained in the VR program, with changes
made to the descriptive titles for each session. Owing to VR
having a visual media form and audio that specifically references
the changing images in the VR environment, approximately
one-third of the VR program could not be included verbatim in
the audio. Rather, the audio session topical content was closely
matched to the corresponding VR session for that day and
adapted to eliminate any references to visual content that would
be confusing to the listener. Participants received an electronic
link to the audio recordings on SoundCloud (a music streaming
platform) where they could choose to stream or download the
audio recordings on their smartphones, laptops, or desktop
computers. Participants were instructed to complete 1 audio
treatment session daily for 21 days (Multimedia Appendix 2).

Data Collection and Variable Measurement
Data collection consisted of electronically collected
patient-reported measures and objective use data collected from
the VR devices and audio access logs.

In accordance with the Initiative on Methods, Measurement,
and Pain Assessment in Clinical Trials (IMMPACT)
recommendations, we included multiple methods to evaluate
the importance of change in outcome measures across 4
recommended domains: pain intensity, health-related quality
of life as defined by physical functioning, emotional functioning,
and ratings of overall improvement [41,42].

Data Collection Time Points
Data were collected across 4 phases of the study: screening,
pretreatment baseline, treatment, and posttreatment (day 22).
The pretreatment baseline assessment period involved 3 survey
time points: days −9, −6, and −3 (averaged to create a single
pretreatment baseline value). Surveys were distributed 7 times
during the active treatment period (days 1, 3, 6, 9, 12, 15, and
18) and posttreatment on days 21 and 22.

Measures
The Defense and Veterans Pain Rating Scale (DVPRS) [43]
was used to measure average pain intensity, and the DVPRS
interference scale was used to measure pain interference on
activity, sleep, mood, and stress over the past 24 hours [44].

Average Pain Intensity
The average pain intensity was rated for the previous 24 hours
using an 11-point numeric rating scale (0=no pain and 10=as
bad as it could be; nothing else matters). The average pain
intensity was assessed pretreatment (baseline), during treatment,
and at the end of treatment on day 21.

Pain Interference on Activity, Mood, Sleep, and Stress
Participants were asked to rate the extent to which their pain
interfered with their activity, mood, sleep, and stress over the
past 24 hours (0=does not interfere and 10=completely
interferes). Pain interference was assessed pretreatment
(baseline), during treatment, and at the end of treatment on day
21.

Pain Catastrophizing
The 13-item Pain Catastrophizing Scale (PCS) [45] is a validated
instrument widely used clinically and in pain research to assess
patterns of negative cognition and emotion in the context of
actual or anticipated pain. Despite having discrete subscales for
rumination, magnification, and feelings of helplessness related
to pain, prior work has shown that the PCS operates
unidimensionally [46]. For this study and the purpose of brevity,
the following 4 items were used: “It’s terrible and I think it’s
never going to get any better,” “I become afraid that the pain
will get worse,” “I can’t seem to keep it out of my mind,” and
“I keep thinking about how badly I want the pain to stop.”
Respondents rate the frequency in which they experience such
thoughts on a scale ranging from 0 (not at all) to 4 (all the time).
The items are summed to create a total score and index for pain
catastrophizing. The four-item PCS was administered on day 0
(baseline) and on day 22.

Pain Self-Efficacy
The two-item Pain Self-Efficacy Questionnaire (PSEQ-2) is a
validated instrument used to assess patients’ confidence in their
ability to carry out their daily activities [47]. The scale includes
the following 2 items: “I can still accomplish most of my goals
in life, despite the pain” and “I can live a normal lifestyle,
despite the pain.” Respondents rate their responses to the items
using a 7-point scale, ranging from 0 (not at all confident) to 4
(completely confident). The two-item scores are summed to
create a total score. PSEQ-2 was administered on day 0
(baseline) and on day 22.

Patient Global Impression of Change
Aligning with IMMPACT recommendations for pain research
[48], Patient Global Impression of Change was assessed on day
22 (posttreatment survey) using the question, “Since the
beginning of the study, how has your pain changed?” on a
7-point scale, ranging from much worse to much better.
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Satisfaction With Treatment
Satisfaction with treatment was assessed on day 22
(posttreatment survey) using the question, “How satisfied or
dissatisfied are you with the ability of this VR (audio) program
to relieve your symptoms?” on a 5-point scale (1=extremely
dissatisfied to 5=extremely satisfied).

Motion Sickness and Nausea
Adverse experiences with using VR were assessed on day 22
(posttreatment survey) using the question, “Did you experience
any motion sickness or nausea while using VR?” on a 4-point
scale, with 0=never, 1=sometimes, 2=often, and 3=always. This
single-item evaluation of cybersickness was adapted from related
work on visual images and motion sickness.

Study Sample and Analytic Data Set
A convenience sample of 97 participants who met all study
criteria was enrolled, randomized, and allocated to the VR or
audio treatment groups (VR=47 and audio=50). Of 97
participants, 88 (VR=42 and audio=46) provided pretreatment
baseline values for the 5 pain indicators and moved to the
intervention phase of the study. Of the 88 participants, 74
(VR=35 and audio=39) completed at least one survey over the
21-day treatment phase. The analytic sample comprised 74
participants who completed the baseline measures and at least
one survey during the intervention phase.

Statistical Analysis
The feasibility of the VR treatment was indexed using 3 aspects
of the participants’ experience: engagement, satisfaction, and
adverse effects nausea/discomfort. For engagement,
individual-level session data exist only for the VR group; as
such, we presented a descriptive statistic of the total number of
sessions launched by the VR and audio groups. Group
differences in posttreatment satisfaction (day 22) were assessed
using a t test. For nausea and discomfort, we provided the
proportion of participants who did not experience any
nausea/discomfort.

With regard to the secondary outcome of the efficacy of the VR
treatment on the 5 pain-related indicators (average pain intensity
and pain interference with activity, mood, sleep, and stress), we
specified a repeated measures model with time of measurement
(henceforth time) as the sole predictor. The effect of interest
was whether there was a significant improvement in the 5 pain
indicators from baseline through the end of treatment, assessed
through the significance of the main effect for time. To test the
immersive effects of VR relative to audio treatment, we analyzed

each of the 5 pain indicators in a linear mixed model framework
in which treatment (VR versus audio) was specified as a
between-participants factor and time was specified as a
within-participants factor with participant-specific intercept and
time specified as random effects. The effect of interest was
whether the improvement in the pain indicators was different
for the VR versus the audio group over time, which was assessed
through the significance of the group×time interaction.
Posttreatment effect sizes (baseline to treatment completion at
day 21) were computed by treatment group using an adaptation
of Cohen d to suit the repeated measures design [49].

The four-item PCS and two-item PSEQ scales were analyzed
in a mixed modeling framework, except that there were only 2
time points (baseline day 0 and day 22). We aimed to test 3
questions: (1) whether pain catastrophizing reduced over time
and pain self-efficacy increased over time, both assessed through
the significance of the time main effect; (2) whether the VR
versus audio group had a differential effect, assessed through
the group main effect; and (3) whether the immersive aspect of
VR produced a differential impact compared with audio over
time, assessed through a time×group interaction.

Group equivalence was assessed through univariate tests of
association between treatment groups (VR/audio) on
demographics (age, gender, race, household income, number
of children ≥17 in the home, employment status, and relationship
status), anhedonia, depression, and baseline levels of pain
intensity and pain-related interference to sleep, activity, stress,
and mood.

Results

Sample Characteristics
No significant differences were found between the VR and audio
groups for baseline demographic, anhedonia, and depression
variables (Table 1). Treatment groups differed in duration of
pain since onset, with the VR group having greater pain duration
as indexed by the following. Pain duration of 1 year to <5 years
represented 40% (14/35) of the VR group and 21% (8/39) of
the audio group, whereas pain duration of <1 year represented
3% (1/35) of the VR group and 21% (8/39) of the audio group
(P=.03).

Furthermore, the baseline values for average pain intensity and
pain-related interference with activity, mood, sleep, and stress
were found to be equivalent between the study groups (all P
values>.29; Multimedia Appendix 3).
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Table 1. Participant characteristics by treatment group (N=74).

P valueaVirtual reality (n=35)Audio (n=39)Variable

.47Gender, n (%)

26 (74)26 (67)Male

9 (26)13 (33)Female

.63Age group (years), n (%)

3 (9)3 (8)25-34

5 (14)8 (21)35-44

11 (31)12 (31)45-54

11 (31)7 (18)55-64

5 (14)9 (23)65-74

.63Race, n (%)

6 (17)2 (5)Missing

4 (14)3 (8)African American

0 (0)2 (5)Asian

21 (72)28 (76)White

3 (10)2 (5)Hispanic/Latino

0 (0)1 (3)Multiracial/other

1 (3)1 (3)Native American/Pacific Islander

.17Education, n (%)

6 (17)2 (5)Missing

0 (0)3 (8)Some high school

14 (48)11 (30)High school graduate

4 (14)2 (5)Some college

6 (21)13 (35)Bachelor degree

5 (17)8 (22)Postgraduate

.75Employment, n (%)

6 (17)2 (5)Missing

11 (38)16 (43)Full time

9 (31)7 (19)Part time

3 (10)3 (8)Not working

1 (3)1 (3)Retired

5 (17)10 (27)Unable to work

.16Marital status, n (%)

6 (17)2 (5)Missing

15 (52)16 (43)Married/civil union

1 (3)1 (3)Widowed

5 (17)5 (14)Divorced/separated

4 (14)1 (3)Single/cohabitating

4 (14)14 (38)Single

.03Pain onset, n (%)

1 (3)8 (21)6 months to <1 year

14 (40)8 (21)1 year to <5 years

13 (37)10 (26)5 years to <10 years
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P valueaVirtual reality (n=35)Audio (n=39)Variable

7 (20)13 (33)>10 years

.20Anhedonia

1.1 (0.8)1.4 (0.8)Mean (SD)

0.0-3.00.0-3.0Minimum to maximum

1.0 (1.0-2)1.0 (1.0-2)Median (IQR)

.15Depression

0.9 (0.7)1.2 (0.7)Mean (SD)

0.0-3.00.0-3.0Minimum to maximum

1.0 (0.0-1)1.0 (1.0-2)Median (IQR)

aThe P values represent the parametric test of significant differences between the virtual reality and audio conditions [50].

Feasibility of At-Home Virtual Reality Interventions
for Chronic Pain
This study was designed to provide indicators for feasibility
(indexed by participant engagement, satisfaction, and adverse
effects) for an at-home self-administered 3-week VR chronic
pain treatment program. In the following section, we reported
the results for these 3 feasibility indicators.

Participant Engagement (Number of Treatment Sessions
Completed)
Participants were encouraged to follow the 21-day treatment
schedule and told they could repeat any completed experiences
at any time. In contrast to the VR group, individual-level session
launch data do not exist for the audio group, and engagement
data exist only at the group level. As such, we limited the
description to the total number of sessions launched by the
treatment group for the study period. We observed a total of
1048 and 1067 sessions launched in the audio group and the
VR group, respectively (these group-level data do not account
for discrepancy in group size). VR participants completed an
average of 34.4 sessions (SD 20.30), which exceeded the
minimum number (21 sessions) they were asked to complete.
Overall, 54 participants responded to the day 22 survey
(audio=29 and VR=25), which included items on satisfaction
with treatment and motion sickness and nausea (for the VR
group).

Treatment Satisfaction
Among participants who completed the postintervention survey
(n=54), 84% (n=21/25) of participants in the VR group and 72%
(n=21/29) of participants in the audio group were either
extremely satisfied or very satisfied.

Motion Sickness and Nausea
Of the 25 VR respondents who completed the day 22 survey,
76% (n=19/25) reported never experiencing nausea or motion
sickness. Of the 6 participants who reported nausea or motion
sickness, 5 reported experiencing the lowest possible symptom
frequency (sometimes) and 1 participant reported experiencing
it often. We tested whether motion sickness and nausea impacted
the engagement with the VR treatment by examining the number
of VR sessions launched for those with sometimes (n=5) and
often (n=1) nausea/motion sickness and the remainder of the

VR group (n=29). We found that experiencing nausea/motion
sickness at the lowest level did not negatively impact the use
of VR, as indexed by the number of sessions launched (36
sessions versus 33 sessions for the remainder of the VR group).
However, the single individual who reported nausea/motion
sickness often launched only one-third of the number of sessions
compared with the remainder of the VR group (11 sessions
versus 33 sessions).

Survey Completion
There was no group difference for completion of the 8 treatment
surveys administered during and immediately following the
21-day treatment period (VR=5.5 and audio=5.6; P=.89).

Preliminary Efficacy on Patient-Reported Outcomes
(Virtual Reality Group Only)
For the VR group, we found significant effects on each of the
5 pain indicators using the repeated measures model in which
time was the sole predictor (all P<.001). For brevity and clarity,
we included only the baseline and 21-day mean values in the
text but provided the mean values for all time points in the
figures. The average reductions from baseline through day 21
were as follows: pain intensity was reduced by 30% (mean
reduced from 4.6 to 3.2; Cohen d effect size of 0.71),
pain-related activity interference reduced by 37% (mean reduced
from 4.9 to 3.1; Cohen d effect size of 0.83), pain-related mood
interference reduced by 50.0% (mean reduced from 5.4 to 2.7;
Cohen d effect size of 0.94), pain-related sleep interference
reduced by 40.4% (mean reduced from 5.2 to 3.1; Cohen d effect
size of 0.87), and pain-related stress interference reduced by
49.1% (mean reduced from 5.3 to 2.7; Cohen d effect size of
0.89). All the aforementioned effect sizes met or exceeded the
>30% threshold for clinically important changes, and
improvement in pain-related mood interference met the
substantial clinical importance threshold of >50% [48,51].

Comparison Between the Virtual Reality and Audio
Treatment Groups
The 5 figures below (Figures 4-8) compared group effects over
time for the 5 pain indicators. For all figures, the trend of the
pain-related variable was displayed over time for participants
in the VR and audio groups. Values in the x-axis refer to the
number of days in the study, where 0 represents the baseline
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computed as the average of the 3 preexposure measures on −9,
−6, and −3 days before the start of the treatment.

Average Pain Intensity
Pain intensity decreased over time in both groups, and the
decline was steeper for the VR and audio groups (P=.04), with
differences becoming more pronounced from day 15 onward.

It should be noted that none of the simple effects (ie, effect of
group within time slice) are significant (Figure 4). As seen in
Multimedia Appendix 4, from baseline to day 21, consistent
with the time×group interaction, the Cohen d was smaller in
the audio group than in the VR group (0.42 and 0.71,
respectively).

Figure 4. Effect of virtual reality vs audio on pain intensity over time.

Pain-Related Activity Interference
Activity interference decreased more steeply in the VR group
than in the audio group (P=.005), with differences becoming
more pronounced from day 15 onward (Figure 5). The simple

effect (ie, effect of group within time slice) was significant at
day 18 (VR<audio; P=.02). As seen in Multimedia Appendix
4, Cohen d was smaller in the audio group than in the VR group
(0.26 and 0.83, respectively).
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Figure 5. Effect of virtual reality vs audio on pain-related activity interference over time.

Pain-Related Mood Interference
As shown in Figure 6, mood interference appeared to decrease
more steeply in the VR group than in the audio group. The
difference between the VR and audio groups became more

pronounced from day 15 onward. The simple effect (ie, effect
of group within time slice) was significant at day 18 (VR<audio;
P<.001). As seen in Multimedia Appendix 4, Cohen d was
smaller in the audio group than in the VR group (0.76 and 0.94,
respectively).
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Figure 6. Effect of virtual reality vs audio on pain-related mood interference over time.

Pain-Related Sleep Interference
Reductions in sleep interference were greater in the VR group,
with the simple effects (ie, effect of group within time slice)

reaching significance at day 1 (audio<VR; P=.02) and on day
18 (VR<audio, Figure 7; P=.002).
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Figure 7. Effect of virtual reality vs audio on pain-related sleep interference over time.

As seen in Multimedia Appendix 4, Cohen d was smaller in the
audio group than in the VR group (0.64 and 0.87, respectively).

Pain-Related Stress Interference
As shown in Figure 8, stress interference appeared to decrease
more steeply in the VR group compared with the audio group,

and this difference was more pronounced from day 15 onward.
The simple effect (ie, effect of group within time slice) was
significant on day 18 (P=.01). As seen in Multimedia Appendix
4, Cohen d was smaller in the audio group than in the VR group
(0.87 and 0.89, respectively).
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Figure 8. Effect of virtual reality vs audio on pain-related stress interference over time.

Pain Catastrophizing
We observed a significant main effect of time, with pain
catastrophizing decreasing for both groups over time (P<.001).
The main effect for group was not significant (P=.61). Finally,
we did not perform a time×group interaction (P=.52).

Pain Self-Efficacy
We observed a significant main effect of time, with pain
self-efficacy increasing in both groups over time (P<.047). The
main effect for group was not significant (P=.68). Finally, we
did not perform a time×group interaction (P=.46).

Global Impression of Change
At day 22, among survey responders (n=54), 84% (n=21/25) of
participants in the VR group reported that their pain was
improved, 16% (n=4/25) reported no change, and 0% (n=0/25)
reported worsening pain. In the audio group, 62% (n=18/29) of
participants reported improvement, 34% (n=10/29) reported no
change, and 3% (n=1/29) reported worsening pain.

Finally, because of the observed group difference in the duration
of chronic pain (indexed as pain onset in Table 1), we conducted
additional analyses with pain onset specified as a covariate in
the model with time, group, and time×group as predictors of
the 5 pain variables. The significance of the time main effect
and time×group interaction effects was fully preserved. When
intention-to-treat (ITT) analyses were applied all of the results

were preserved with one exception; the time×treatment
interaction was no longer significant.

Discussion

Principal Findings
We conducted an unblinded randomized controlled study in a
web-based convenience sample of community-based participants
with nonmalignant chronic low back pain and/or fibromyalgia
by comparing at-home self-administered VR treatment with an
audio-only treatment group (same audio content as VR with
minor modifications made for one-third of the modules). The
primary goal of the study was to evaluate the feasibility of a
self-administered home-based VR program for chronic pain
that included skills-based content informed by evidence-based
CBT for chronic pain. The secondary goal was to conduct an
RCT of the VR treatment to an audio-only treatment. We aimed
to determine the preliminary efficacy of VR for reducing average
pain intensity and pain-related interference with activity, mood,
sleep, and stress over the 21-day treatment program. Our tertiary
goal was to isolate the immersive effects of the skills-based VR
program by comparing the effects between treatment groups.

VR demonstrated good feasibility as indexed by excellent
participant engagement (average of 34 sessions completed over
the 21-day treatment program), high ratings for satisfaction with
the treatment (84%), and relatively low reporting for motion
sickness and nausea (n=6/25, 24% of VR participants who
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completed the day 22 survey). Of these 6 participants, 5 reported
the lowest level of symptom frequency possible (sometimes).
We found that this symptom level did not interfere with VR
treatment engagement, as indexed by the number of sessions
launched compared with participants in the remainder of the
VR group. The single individual who experienced nausea and
motion sickness often showed markedly decreased use of VR
(11 sessions launched versus 34 for people with low nausea and
the remainder of the VR group).

With respect to preliminary efficacy, VR demonstrated the
significant reduction in average pain intensity and pain-related
interference in activity, mood, sleep, and stress over the course
of the 21-day treatment program. Treatment effect sizes
suggested that a home-based stand-alone, digital, skills-based
treatment program may affect clinically meaningful changes in
patient-reported pain and pain correlates. The durability of the
treatment effects reported here remains a topic for future
research.

Although a significant body of research exists on the use of VR
for acute pain management [26,28,30,52-54] and for physical
rehabilitation [24,40], the use of VR as a platform to deliver
behavioral medicine for chronic pain remains novel and
understudied. Research on VR for acute pain is based on the
premise that distraction is a primary mechanism of VR analgesia
[33,55]. Therefore, the effects of distraction on pain are typically
measured within a rapid time frame using study designs that
align with drug trials. Investigations of VR for chronic pain
require a different approach to align with the goal of sustained
pain management. Although VR for physical rehabilitation
shows sustained results, content is typically constrained to
rehabilitative movement, exercise, and kinematic training
[24,40] and is devoid of didactics and skills training contained
in evidence-based behavioral medicine treatments [7].

Unlike distraction alone, behavioral health therapies rarely
produce instantaneous results. Rather, skills acquisition and
mastery require time, in part because of the multisession delivery
of content, and become effective over the course of weeks, as
the content is delivered more comprehensively, and patients
practice skills during and between sessions and is correlated
with patient engagement [56]. Our prior work suggests that an
ultrabrief skill-based intervention for chronic pain evidenced
clinically meaningful improvements in pain-related symptoms
at 2 weeks, with even greater improvements evidenced at 4
weeks [12]. The results presented here dovetail with this
literature and our fundamental understanding of how didactic
and skills-based behavioral medicine treatment results accrue
over time as participants receiving increasing amounts of
knowledge and skills practice during active treatment [6,56,57].
In this study, the emergence of a more pronounced improvement
in pain outcomes at day 15 supports the hypothesis that the
didactic and skills-based elements of immersive behavioral
medicine VR are operating as expected, although confirmatory
studies are needed.

In evaluating the method of delivery of a skills-based treatment
program, this study demonstrated superior reduction of most
pain indicators in the VR group relative to the audio group after
2 weeks. Treatment group differences remained minimal until

day 12, with VR superiority strengthening from day 15 onward
and peaking on day 18. For the pain interference outcomes, the
VR group showed greater improvement compared with the
audio group. The exceptions were pain catastrophizing and pain
self-efficacy, which improved for both treatment groups. We
have no evidence that VR’s superior treatment effects were
explained by user engagement, as we observed similar rates of
engagement for both groups. Our study design allowed us to
isolate the immersive effect of VR relative to active treatment
delivered via audio format only. On balance, our findings
suggest that the treatment effect sizes for VR are both
statistically significant and clinically meaningful for pain
intensity and across the pain interference variables and are
superior to the same treatment delivered by audio alone. A key
aspect of the immersive VR experience involves dynamic
interaction between the user’s breath and the environment,
wherein voice-over coaching directs the user to slow the breath
to engage a parasympathetic response. The environment
responds to the breath, provides visual feedback to the user, and
possibly affords users enhanced acquisition of this skill relative
to the audio-only content.

Strengths and Limitations
The strengths and limitations of our study bear careful attention.
The interpretation of study findings is limited by the 2 pain
conditions studied and the selection bias inherent in the
web-based convenience sample. In addition, the analytic data
set included only those participants who completed at least one
study survey; accordingly, larger studies are needed to confirm
the findings reported here and to determine generalizability.
Medication use was not assessed and may have been a
confounding variable. Chronic pain type and duration were
self-reported, and there was no review of medical records to
confirm diagnoses. Our ability to assess VR satisfaction and
nausea/motion sickness was limited by only 25 of 35 participants
completing the day 22 posttreatment survey. Although only
17% of the full VR sample reported experiencing cybersickness
to any degree, we cannot rule out the possibility that early
attrition may be partially attributable to these adverse effects,
although notably, we did not find disparate attrition rates
between the VR and audio groups. Commercially available VR
programs typically offer a money-back guarantee trial period
to allow customers to return their VR device for refund in cases
of cybersickness. Although assignment to treatment group was
random, differences in duration of pain since onset between the
2 treatment groups may have influenced pain outcomes during
the course of the study, and we note that this difference favored
the audio group. In addition, the analysis did not focus on the
correlation between individual-level variations in the use of the
intervention (VR or audio) and the pain indicators, and this
remains a topic for future study.

Our study design merits consideration within the context of our
findings. The audio treatment group was an active comparator
with two-thirds of the audio content identical to the audio of
the VR group, and one-third of the audio content closely
matched the VR content for topical content, skills, and
experience (minus the visual and interactive elements). This
study was rigorously designed to isolate the immersive effects
of VR rather than simply comparing VR with placebo or with
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a weaker control group such as usual care. In studying a
treatment delivered 2 ways, our results suggest that the
immersive (3D visual elements, dynamic scenery, and
360-degree vision capability) and user interactivity with the
environment are pleasing, engaging, and generally effective for
those who do not experience cybersickness (many commercial
VR companies offer consumers a trial period or money-back
guarantee for cases of cybersickness).

Finally, the cost-effectiveness of VR for chronic pain relative
to in-person behavioral medicine visits or other digital treatment
options merits investigation. In-person behavioral medicine
treatments require multiple clinic visits, travel costs, time from
work and other obligations, and treatment copayment costs that
may total several hundreds of dollars over a standard 8-session
treatment package. Future research should compare home-based
VR to in-person multisession CBT for chronic pain in terms of
efficacy and cost-effectiveness. Although some 2D digital
treatment options, such as web-based pain CBT or
self-management programs, and may be sourced at no cost,
engagement rates remain relatively low. Future research may

explore participants’ perceived comparative value of VR to
audio-only treatment. VR provides patients and clinicians with
a new home-based treatment option that may be preferred by
some patients and also provide more effective pain management
to a subset of individuals. Additional studies of longer duration
may investigate the durability of treatment effects reported here.

Conclusions
This study is one of the first to explore how a self-administered
home-based VR program rooted in behavioral medicine skills
and techniques impacts chronic pain. The findings broadly
suggest that VR holds promise as effective, stand-alone,
home-based digital behavioral medicine for chronic pain.
Additional studies are needed, including larger sample sizes,
diverse chronic pain conditions, longer duration of study to best
characterize the efficacy of VR in chronic pain management,
and the impact of VR on other factors such as pain medication
use and medical care utilization. Future studies may further
elucidate the VR mechanisms of action and VR’s role in
expanding access to multimodal behavioral medicine for chronic
pain.
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Abstract

Background: College students frequently use social media sites to connect with friends. Increasingly, research suggests college
students and other young adults seek mental health-related support on social media, which may present a unique venue for
intervention.

Objective: The purpose of this study was to examine college students’ perceptions about displaying feelings of depression on
Facebook and, in turn, how their social media friends responded.

Methods: A primarily quantitative online survey with open response questions was distributed to students at four US universities.
Qualitative responses were analyzed using content analysis.

Results: A total of 34 students provided qualitative responses for analysis, these students were 85.3% female, mean age 20.2
(SD=1.4) and 20.6% racial/ethnic minority. Students who reported posting about depression often expressed an emotion or feeling
but did not use the word “depression” in the post. Approximately 20% posted language about a bad day, and 15% posted a song
or music video. Only one person reported posting a statement that directly asked for help. When friends responded to the posts,
students generally perceived the responses as supportive or motivating gestures. Nearly 15% of friends contacted the individual
outside of Facebook. One individual received a negative response and no responses suggested that the individual seek help.

Conclusions: This study found that college students who post about depression often do so without directly referencing depression
and that friends were generally supportive. However, no participants reported their social network suggested they seek help,
which may suggest increasing mental health literacy, for both support seekers and responders, would be an opportunity to improve
online mental health-related support.

(JMIR Form Res 2020;4(7):e13650)   doi:10.2196/13650

KEYWORDS

social media; depression; college students; qualitative

Introduction

Depression is a common health issue among college students
[1-4]. Untreated depression may cause a number of adverse
outcomes, including substance use, suicidal behaviors, and other
psychiatric conditions [5-10]. Obtaining help with depression
can be complicated by students’ inability to understand their

symptoms, denial of symptoms, unwillingness to reach out for
formal help, a lack of available mental health resources, and
other complications associated with depression severity [2,3,11].
Innovative approaches are needed to increase the knowledge
about depression and help-seeking resources while also reducing
the stigma associated with mental health issues.
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Internet-based or online social networks may be an important
avenue for young people to seek and receive support related to
mental health and to access mental health resources. In 2018,
nearly all young people in the United States used the internet
through home broadband or smartphones [12]. Social network
site use is nearly as ubiquitous. In 2018, YouTube was used by
the greatest percentage of 18- to 24-year-old Americans (94%),
followed by Facebook (80%), Snapchat (78%), and Instagram
(71%) [13]. Although social media use has been shown to be
associated with increased mental health issues under some
circumstances [14-18], a growing body of literature has shown
that college students use social network sites, such as Facebook
and Twitter, to discuss mental health concerns and seek support
[19-22]. Moreno and colleagues [20] found that 25% of
respondents had some evidence of depression symptoms in their
Facebook posts, and 2.5% posted about symptoms that met the
criteria for a major depressive episode. The authors also found
that individuals who posted about depression were online more
often than those who did not [20]. Support-seeking behaviors
may be driving this increased use. One study demonstrated that
young adults with a mental health diagnosis were more likely
to seek support online and to engage in various other social
connection-seeking activities than peers without a mental health
diagnosis [21]. However, social media engagement may not be
entirely positive. In another study of social media use among
adolescents with depression diagnosis, participants used social
media in ways that were likely to positively (eg, entertainment,
humor) and negatively (eg, sharing risky behaviors,
cyberbullying) impact their symptoms [22].

Few studies have examined the type of response that students
receive from peers when they post about depression symptoms
on Facebook. In one study, a positive association was found
between depression symptom posts and peer responses, and
peer responses were generally positive and supportive [20].
However, in another study, participants perceived depression
symptom posts as “drama” and were reluctant to offer help or
support [23]. This discrepancy may be due to differences in
how individuals with depression perceive social interactions
compared with nondepressed peers. One small study found that
individuals who posted about depression thought they received
less support, but a review of actual social support transactions
found that posts about depression symptoms were associated
with increased social support from Facebook connections [24].

Despite growing evidence about the objective use of Facebook
and other social network sites to share emotions/experiences
related to depression, relatively less is known about how young
people perceive those experiences [25]. The purpose of this
study was to determine how college students perceived their
help-seeking posts about depression and the types of responses
they received.

Methods

Design
Data for this analysis were extracted from a comprehensive
mixed method, multisite, cross-sectional study conducted
between September and November 2012. The purpose of the
overall study was to assess multiple health outcomes among a

college student population, including mental health and
technology-related behaviors. Data were collected via an online
survey with college students from four universities in the United
States. The four universities were selected to provide geographic
variation and a mix of public and private schools. Of these,
three were in the Midwest and one was in the West. All
participants in the overall study were invited to respond to all
relevant questions, including the qualitative questions reported
in this paper. As the Patient Health Questionnaire-9 (PHQ-9)
includes questions regarding suicidal thoughts over the past 2
weeks, students were provided a list of Web-based mental health
resources as a condition of the institutional review board (IRB)
approval. This study was approved by each university’s affiliated
IRB.

Procedures
Paper fliers with a link to the online Catalyst WebQ survey
(https://itconnect.uw.edu/learn/tools/catalyst-web-tools/webq/)
were distributed to 662 college students taking biology,
communications, psychology, and nursing classes during the
Autumn semester in 2012. These specific classes were selected
to be able to reach a diverse set of students, as many were
introductory classes required across different majors in order
to be able to reach a diverse set of students. Each college class
that was included in the study had a general Listserv that the
professors used to communicate with students. In all, two to
three follow-up emails were sent via the course Listserv to all
662 students who received the flier. Students who accessed the
survey were required to complete an informed consent. A US
$5 Starbucks gift card was given to those who completed the
survey. In one class, students who completed the survey received
extra credit in addition to the gift card. To complete the survey,
students were required to be between the age of 18 and 23 years,
and this inclusion criterion was included in recruitment
materials. Any respondents outside this age range were excluded
from this analysis. The response rate for the overall survey was
43.3% (n=287). The final sample size for this study was 33
students, which represented 11% of the total sample.

Sample
The sample for this study included all participants (n=33) who
provided qualitative responses to the survey question on the
nature of their and their friends’ responses to their Facebook
posts and who had completed the questions on the PHQ-9.

A t test was used to determine if there were demographic and
mental health differences between this study sample (n=33) and
the sample of students who did not complete the open-ended
questions (n=253). There was a statistically significant
difference (P=.001) in the mean score on PHQ-9 between those
who completed the qualitative Facebook questions (mean 9.06,
SD 6.43) and those who did not complete those questions (mean
4.92, SD 4.25). No other statistically significant differences
were identified between the full sample and the subset of
participants in this study.

Measures
Demographic data were collected from each participant,
including age, race/ethnicity, relationship status, sexual
orientation, and year in school.
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Depression
Depression was measured using the PHQ-9. The PHQ-9 score
was based on the instrument guidelines with the following
categorization: <4=minimal depression, 5-9=mild depression,
10-14=moderate depression, 15-19=moderately severe
depression, and 20-27=severe depression. A total score of 10
or more points was used in this study to indicate at least
moderate depression systems, which was consistent with the
prior use of the questionnaire [26]. The PHQ-9 was chosen to
measure depression in this study because it has been validated
in both adolescent and adult populations [27,28].

Qualitative Facebook questions
Participants were asked to identify if they had ever reached out
on Facebook when feeling depressed and if yes, to describe the
post(s). Participants were then asked to describe the nature of
comments their friends made in response to a post, where they
relayed some variation of feelings of depression. A copy of the
questions are presented in Multimedia Appendix 1. The
qualitative Facebook questions were developed by a study
investigator, who based these questions on an internet survey
about support-seeking behaviors used by adolescents when they

were depressed [29]. Other researchers in the team then
conducted an initial review of the Facebook questions for face
validity and assessed them for question clarity. Prior to
implementing the survey, the questions were also vetted by
several college students.

Analyses
The first purpose of the study was to identify themes in
participant perceptions regarding depression-related Facebook
posts and their friend’s responses. Classic content analysis
[30-32] was used to examine responses to the two open-ended
questions. Three investigators defined categories a priori (see
Table 1). Investigators then participated in three rounds of
practice coding. Discrepancies were discussed after each round
of coding. An interrater agreement of 0.79 was obtained on a
subset of 10 quotes before coding of the full subsample. The
remaining data were divided among three coders and an open
coding approach was used to categorize the total sample of
open-ended responses. As ambiguous or unclear cases emerged,
they were discussed and assigned the category agreed up on by
all three coders. The final interrater agreement on all 33
statements was 0.90.

Table 1. Qualitative themes and definitions for participant posts and their friends’ responses.

DefinitionThemes

Participant post

Emotion or feeling that does not use the word depressed.Emotion

Reference to having a bad day or a bad one-time experience doing something.Bad day

Lyrics of a song or mention of a music video.Song

A type of message that is only available to the recipient via Facebook, email, phone, text.Private message

Reference to symptoms of a major depressive episode, which included (1) depressed mood, (2) decreased
interest or pleasure in day-to-day activities, (3) increase/decrease in appetite, (4) increased/decreased
sleep, (5) psychomotor agitation or retardation, (6) loss of energy, (7) feelings of guilt, worthlessness,
negative self-appraisal, (8) indecisiveness, (9) difficulty in concentrating, (10) recurrent thoughts of
death or suicidal ideation.

Depressed mood

The emoticon of a sad face.Emoji/emoticon

The use of someone other than the profile owner’s words to express emotions.Quote

Making fun of depression or being sarcastic.Joke

Follow-up the content of the post with saying need help.Asked for help

Friend response

An individual saying supporting or motivating words to the participant.Support or motivating gestures

Questioned individual on how they were doing.Asked a question

An individual contacted the participant using some other form of communication, such as email, text,
phone call, etc.

Contact in alternative communication

An individual clicked like to their post or commented on Facebook.Liked

Contact the individual through nonpublic methods.Private message

Understand and feel the feelings of another, “walk a mile in their shoes.”Empathize

Compassion or commiserating with another, “I’m sorry that you are feeling this way.”Sympathize

An individual responding in an unsupportive way.Negative

Received no response from friends after they posted.No response

We conducted bivariate analyses to assess if the theme of
friend’s response differed by the theme(s) of the participant’s

post. We also conducted bivariate analyses to assess differences
between themes of the participant’s posts, by depression
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severity. To test for statistical significance with these analyses,
while accounting for the small sample size and cell counts, we
used Fisher exact test.

Results

The mean age of the 33 participants was 20.2 (SD 1.4) years.
The majority of participants were female (n=28, 85%) and
Caucasian (n=26, 79%). Participants were at different stages in
their studies, with 24% freshman (n=8), 18% sophomore (n=6),
36% junior (n=12), and 24% senior (n=8). Almost half of the
participants were single (n=16, 48.5%), and only one person
identified himself as homosexual.

The mean score on the PHQ-9 was 9.06 (SD 6.43; n=33). Based
on the normed scoring criteria, those who scored 10 or more
points were considered to be clinically depressed. Of note, 12%
had minimal depression (n=5), 33% had mild depression (n=11),
27% had moderate depression (n=9), 6% had moderate to severe

depression (n=2), and 12% had severe depression (n=4); three
respondents had a score of 0 on the PHQ-9. Question 9 on the
PHQ-9 assesses suicidal thoughts in the last 2 weeks. Of these,
33% indicated suicidal thoughts on several days (n=11) and
6%, nearly every day (n=2).

We used a multiple-response analysis, where participants could
identify multiple ways in which they had posted about their
depression on Facebook. Of these, 24% (n=8) most commonly
reported that they posted their posting about their emotions, and
18% (n=6) referenced a bad day (Table 2). A total of four
participants (12%) referenced a specific form of the word
depression or an associated symptom. Of the participants, 15%
(n=5) referenced to lyrics of a song or a music video and 6%
(n=2) included quote from a song. Of these, 12% (n=4) reported
that their friends responded via alternative communication
approaches or through a private message; 6% (n=2) included
an emoji/emoticon. Only 1% participant reported directly
seeking help.

Table 2. Number and percentage of themes present in participant’s posts

Example quoten (%)aTheme

“I’m tired of being treated like crap, etc.” “I just said I felt so alone.”8 (24)Emotion

“I made a couple of posts over the course of the past year. In one I posted something similar
to ‘Oh man, something’s gotta give.’ Another one I remember saying ‘I’m calling all you
angels.’” “Terrible day. Things couldn’t get any worse.”

6 (18)Bad day

“Something with sad music, or a comment on how frustrated or hard life can be.” “I posted
a music video that correlated with my mood that day.”

5 (15)Song

“I didn’t post something about it, I private messaged a friend for some advice.” “I did not post
publicly. I talked to my best friend via Facebook messaging. I talked to her about my problems
and what I should do.”

4 (12)Private message

“Depressed sounding post, which led to friends helping.” “Just a sad status.”4 (12)Depressed mood

“Generic sad faces or ‘screw this’ posts.” “Sad face.”2 (6)Emoji/emoticon

“Just posted a quote about being stressed.”2 (6)Quote

“I have posted jokingly about particular days being emotionally difficult.”1 (3)Joke

“If anyone could help me get through a problem.”1 (3)Asked for help

“It’s probably one of the hardest things when you wanna help someone but you know you
can’t. And you know you should just worry about yourself but you just can’t help it.”

2 (6)Other

aQualitative responses may have included multiple themes, so the column does not add up to 100%.

The most common perceived response to the participant’s
Facebook depression post was gestures of support or motivation
(n=13, 39%; Table 3). Almost 15% of the participants (n=4)
mentioned that their friends responded via alternative
communication approaches or through a private message. A

total of four participants (12%) discussed receiving “likes.” One
described a negative response to the depression-related display.
No participants reported that their friends encouraged them to
seek help.
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Table 3. Number and percentage of themes present in friends’ responses.

Example quoten (%)aTheme

“All positive, sweet, telling me I will get through anything.” “All my close friends were
there to encourage me and letting me know that everything will be okay.”

13 (39)Support or motivating ges-
tures

“If they are generic posts friends generally have to ask what is wrong. It is hard to tell
who cares or who’s curious this way though.” “They ask what’s wrong or text, or message
me to talk.”

7 (21)Asked a question

“My best friend called me when she got the message and talked to me for a long time.”
“She called me immediately.”

4 (12)Contact in alternative com-
munication

“A few people ‘liked’ it.” “People ‘liked’ the music video.”4 (12)Liked

“They make plans to hang with me and take my mind off of it.”4 (12)Private message

“They would respond most often by agreeing with me and saying that they were having
a hard time as well.”

2 (6)Empathize

“Tried to make me feel better, ‘hang in there,’ etc.”1 (3)Sympathize

“Negatively”1 (3)Negative

“Usually they don’t respond...”1 (3)No response

aQualitative responses may have included multiple themes, so percentages do not add up to 100%.

We also explored the relationship between individuals’
Facebook post and their friends’ perceived response. When a
person posted about having a “bad day,” 83% of his/her friends
responded with support or motivation and 17% responded with
sympathy. When he/she posted a song, song lyrics, music video,
40% received a response coded as support or motivation, and
60% “liked” the post. When the person made an emotional post,
62% received a support/motivation response, 13% were asked
to communicate outside of Facebook, and 25% asked a question.
When the person wrote that he/she had some depression or

depression symptoms, half of his/her friends responded with a
negative message and the other half used a private message to
communicate. Finally, if the person made a joke about being
depressed, he/she received an empathetic response. There was
a significant relationship (P<.001) between how a person
reached out on Facebook and his/her friend’s perceived
response. We also explored the relationship between the PHQ-9
category and the type of post the person made on Facebook
(Table 4). The themes of the participant posts varied by
depression severity.

Table 4. Patient Health Questionnaire-9 categories by theme of participant post.

Other, n
(%)

Quote, n
(%)

Emotion, n
(%)

Bad day, n
(%)

Joke, n (%)Emoji, n
(%)

Help, n
(%)

Depressed
mood, n
(%)

Private
message, n
(%)

Song, n
(%)

Depression
severity

0 (0)0 (0)1 (20)1 (20)0 (0)0 (0)1 (20)1 (20)1 (20)0 (0)Minimal
(n=5)

1 (9)1 (9)2 (18)1 (9)1 (9)1 (9)0 (0)1 (9)2 (18)1 (9)Mild (n=11)

1 (11)0 (0)44 (44)1 (11)0 (0)1 (11)0 (0)1 (11)0 (0)1 (11)Moderate
(n=9)

0 (0)0 (0)0 (0)1 (50)0 (0)0 (0)0 (0)0 (0)0 (0)1 (50)Moderate to
severe (n=2)

0 (0)1 (25)0 (0)2 (50)0 (0)0 (0)0 (0)0 (0)1 (25)0 (0)Severe (n=4)

Discussion

Overview
The purpose of this study was to determine how college students
perceived their help-seeking posts about depression and the
types of responses received. In our sample, no participants
reported using specific indicators of depression symptoms, as
defined in the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV; eg, guilt/worthlessness,
hopeless, depressed mood) [33], which is contrary to the findings
of two studies on Facebook posts by depressed individuals that
found that some individuals used a language consistent with

diagnosable depression symptoms [20,34]. Since our study
focused on how individuals perceived their posts, this difference
between our studies and the other studies suggests that
participants in our study had altered perceptions of the content
of and responses to their posts, which is consistent with some
prior research on online support seeking [24]. In one prior study,
more severe depression symptoms were associated with
significantly reduced perceptions of Facebook-related support,
despite increased levels of support found in the review of the
text of the interactions [24]. A larger body of research has
demonstrated a negative bias in how individuals with depression
perceive social support and other social perceptions in offline
interactions [35-37]. Alternatively, social desirability bias may
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account for the difference between participants’ perceptions
and review of social media posts in prior studies [20,24,38].
Students may not report using specific depression symptoms
due to concerns about social stigma. However, it is unclear why
participants in this study would report posting about reaching
out on Facebook regarding depression and then withhold that
they used depression-specific language.

In addition to triangulating prior studies of Facebook-related
mental health support, our study has several implications. In
2017, Facebook implemented a new mechanism for concerned
friends and family to provide support for individuals who may
be experiencing suicidal thoughts [39]. After a report is made,
Facebook will send a message indicating someone expressed
concern and will provide a list of resources (eg, suicide and
crisis hotlines). Facebook also changed the “Like” function, so
that individuals can indicate their reactions (eg, “Like,”
“Happy,” “Wow,” “Sad,” and “Angry”), rather than simply
“liking” a post. This change may alter how participants perceive
support, as approximately 12% of participants reported friends
provided support by liking posts. With this increased specificity,
friends may choose a reaction, rather than posting a text
response. Additional research is necessary to determine how
these changes impact the objective support given and
perceptions of support received.

Increasing mental health literacy may be another way to improve
how friends provide support and individuals request/receive
mental health-related support. Increasing mental health literacy
has been shown to have a positive effect on reducing mental
health stigma and may encourage friends to respond to
depressive posts in more helpful ways [40-42]. In addition,
Armstrong and Young [40] found that college students in their
study preferred that mental health information be delivered via
the internet, public service announcements, and the media.
Providing health education and positive social support through
social media or other online platforms may be one approach to
support individuals experiencing depression.

Limitations
This study was limited by several factors. First, the study was
cross-sectional and used a convenience sample. The sample size
was small (n=33), which also limits the generalizability of the
findings. Thus, the understanding of an individual’s perceptions
of support seeking and receiving may not generalize to all
Facebook users, but are more likely to be generalizable to
individuals with depression who have posted about or sought
support related to depression, particularly when triangulated
with findings from other research studies. In addition, the
individuals who responded to the open-ended question about
depression-related posts and were thus included in this analysis
had higher depression scores than other individuals in the overall
multisite study. Thus, perceptions of online support seeking and
receipt are likely most generalizable to an individual with more
significant depression symptoms. Finally, interactions on
Facebook may not be generalizable to other social media
platforms. Some young people are likely to disclose sensitive
information on social media platforms other than Facebook,
due to privacy concerns and concerns about parental presence
on Facebook [26,43].

Conclusions
This study explored how individuals perceived support seeking
and their perceptions of the responses. The findings, when
combined with those of prior studies, indicate that individuals
may perceive their depression-related posts and the related
responses differently from how others perceive them. As such,
there may be a need to increase mental health literacy to help
individuals, including both support seekers and support
providers, communicate about mental health. Since stigma is
often related to a lack of mental health literacy, enhancing
mental health literacy may be an approach to reduce mental
health stigma and increase support to individuals with depression
symptoms.
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Abstract

Background: We developed a system for monitoring mental health using voice data from daily phone calls, termed Mind
Monitoring System (MIMOSYS), by implementing a method for estimating mental health status from voice data.

Objective: The objective of this study was to evaluate the potential of this system for detecting depressive states and monitoring
stress-induced mental changes.

Methods: We opened our system to the public in the form of a prospective study in which data were collected over 2 years
from a large, unspecified sample of users. We used these data to analyze the relationships between the rate of continued use, the
men-to-women ratio, and existing psychological tests for this system over the study duration. Moreover, we analyzed changes
in mental data over time under stress from particular life events.

Results: The system had a high rate of continued use. Voice indicators showed that women have more depressive tendencies
than men, matching the rate of depression in Japan. The system’s voice indicators and the scores on classical psychological tests
were correlated. We confirmed deteriorating mental health for users in areas affected by major earthquakes in Japan around the
time of the earthquakes.

Conclusions: The results suggest that although this system is insufficient for detecting depression, it may be effective for
monitoring changes in mental health due to stress. The greatest feature of our system is mental health monitoring, which is most
effectively accomplished by performing long-term time-series analysis of the acquired data considering the user’s life events.
Such a system can improve the implementation of patient interventions by evaluating objective data along with life events.

(JMIR Form Res 2020;4(7):e16455)   doi:10.2196/16455

KEYWORDS

mental health; monitoring system; stress evaluation; voice analysis

Introduction

The importance of mental health care is increasing globally in
today’s “society of stress.” Stress negatively affects mood and
health in everyday life, and accumulated stress leads to
psychiatric and behavioral disorders [1]. These disorders are

associated with major societal economic losses owing to lowered
lifetime earnings and a decrease in labor productivity [2,3].
Early interventions for depression lead to a higher remission
rate [4]; therefore, techniques to easily screen for depression
and stress for the early detection of poor mental health are in
demand.
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Research has been conducted on screening methods for patients
with mental health issues using biomarkers such as saliva [5]
and blood [6]; however, these are costly as they require special
measurement equipment or reagents and are invasive. Thus,
noninvasive self-report psychological tests such as the General
Health Questionnaire [7,8] and the Beck Depression Inventory
(BDI) [9] are generally used. Although these tests are
comparatively simple, the effect of reporting bias [10], in which
respondents selectively underestimate or overestimate specific
information either consciously or unconsciously, cannot be
eliminated.

There is empirical evidence showing that mood changes are
apparent in one’s facial expression and voice, and there is
ongoing research estimating the depressive state and stress state
using these indicators [11-14]. In addition to being noninvasive,
an analysis using voice data has the particular advantage of
simplicity, as it does not require specialized equipment and can
be used remotely. This method also potentially solves the
problems of detecting various psychiatric illnesses and
eliminating the reporting bias present in self-report
psychological tests. For these reasons, voice-based techniques
have garnered attention in recent years.

It is desirable to continuously monitor individuals’ status to
detect poor mental health as early as possible. Recently, the
capabilities of mobile device platforms have rapidly improved,
and smartphones can perform moderate-level arithmetic
processing. Furthermore, smartphones have already become an
indispensable part of our daily lives, making them the optimal
tool for continuously and noninvasively monitoring elements
such as users’biological information. As such, research utilizing
smartphones to detect stress and develop mental health apps for
mobile terminals is actively being pursued [15-17].

In this study, we developed a system for monitoring mental
health using voice data from daily phone calls, termed Mind
Monitoring System (MIMOSYS) [18], by implementing a
method for estimating mental health from voice data [12]
through Android smartphones. It is hoped that using MIMOSYS
will allow for the monitoring of daily mental health levels and
the ability to circumvent conditions of poor mental health such
as depression before they arise. This system was made available
to the public as a prospective study in which MIMOSYS data
were collected over a period of 2 years from an unspecified
large sample of users who provided consent for research
participation. The aim of this study was to use the data obtained
to verify the effectiveness of MIMOSYS for detecting
depressive states and monitoring stress-induced mental changes.

Methods

Ethical Considerations
This study was conducted with approval of the Research Ethics
Committee of the Faculty of Medicine of the University of
Tokyo (no. 10860).

MIMOSYS
The method of voice analysis used by MIMOSYS is based on
sensibility technology [19], which analyzes patterns of change
in the fundamental frequency of voice data to indicate the extent

of the emotions “calmness,” “anger,” “joy,” “sorrow,” and
“excitement” included therein. MIMOSYS uses the emotions
analyzed by sensibility technology to calculate “vitality,” the
quantified mental health at the time of the call, and “mental
activity,” which includes the moving average and variation in
vitality measured over a 2-week period prior to the call. Mental
activity is an index that is useful in monitoring changes in mental
health over the mid to long term. Moving averages were taken
from the previous 2 weeks because the Diagnostic and Statistical
Manual of Mental Disorders-IV [20] diagnostic criteria for
depression state that primary symptoms must persist for at least
2 weeks.

Vitality and mental activity were calculated using algorithms
as values between 0 and 1 but were multiplied by 100 and
displayed over the range of 0-100 in the app to make it easier
for users to understand. Extremely low or high values were
judged to represent an abnormality in mental health.

The smallest unit of speech analyzed by sensibility technology
is an “utterance”; that is, continuous voice data divided by
breaths and other metrics. The start of an utterance is detected
as the point at which a state of silence changes to a state of
speech and continues for a set period of time. The end of an
utterance is detected as the point at which a state of speech
changes to a state of silence for a set period of time.
Distinguishing between states of speech and silence is performed
by thresholding the amplitude of temporal waveforms in voice
data. MIMOSYS calculates vitality for each individual utterance
in voice data and outputs the average of these values as the
vitality for that voice data.

Data Collection
User consent for research participation was requested the first
time MIMOSYS was used. Users who gave consent were
assigned an anonymized personal ID that was saved to a
dedicated server. Attribute data from a questionnaire were also
saved when users registered. Attribute data included sex, age,
medical history, history of present illness, and residence. All
of these were self-declared. Each time a user made a call with
their smartphone, MIMOSYS was automatically executed, and
the analysis results were recorded consecutively on the same
server. Voice data from the call were temporarily recorded on
the smartphone. The analysis was performed simultaneously
with the end of the call, and the voice data were immediately
erased after the analysis results had been stored on the server.
MIMOSYS also implemented a BDI test on the device screen
every 3 months after initial use. This score was also recorded
on the same server. Data were collected from July 20, 2015 to
July 20, 2017.

The calls were private calls made by the users irregularly on
their own smartphones. We did not impose any particular
restrictions concerning the number of calls or intervals between
calls.

Participants
There were approximately 3800 total downloads of MIMOSYS
during the data collection period, and consent for research
participation was obtained from 2462 users. Of these, 1814
users were aged 18 and older (maximum age 81 years), for
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whom at least one call was analyzed by MIMOSYS. Our
previous research showed that MIMOSYS does not depend on
age [21], which is why this study involved users of a wide age
range. MIMOSYS was downloaded by the users to their
smartphones. The users had come to know about MIMOSYS
through a variety of media; thus, nearly all had never met any
of the researchers previously. As such, almost none of the users
had attended lectures about how to use MIMOSYS in advance,
and it is likely that many users had never been exposed to the
BDI test conducted in the app previously. However, we assumed
that they could navigate it easily as smartphone users. Anyone
who agreed was qualified to participate. Users were not provided
any particular reward except for being allowed to use
MIMOSYS for free throughout the experimental period.

Data Analysis
The value for vitality becomes unstable if there are few
utterances in the voice data. To ensure sufficient accuracy,
empirically, it is desirable that voice data include at least 6
utterances. Furthermore, we have found that to improve the
accuracy of mental activities, a mental activity averaged from
at least 5 vitality scores is considered empirically effective. The
data meeting the above conditions were extracted from
MIMOSYS user data. The data from extremely short calls (less
than 10 seconds) or with unsuitable call information were
excluded. Therefore, there were 183,490 (123,860, 67.50%
men) entries for analysis of effective vitality and 167,610
(113,600, 67.78% men) entries for analysis of effective mental
activity. However, to match users for vitality and mental activity,
vitality data were excluded for users for whom effective mental
activities could not be calculated. The remaining data were used
as the call dataset.

Furthermore, from the above data, the first vitality score
measured after the initial BDI test and the most recent mental
activity score within 2 weeks of the initial BDI test were selected
for each user. These data were used as the user data set and
included 1015 users (651, 64.14% men).

Analyzed Items
The following items were analyzed for the abovementioned
datasets using the free statistical analysis software R version
3.4.2 [22] and G*Power version 3.1.9.2 [23].

MIMOSYS Rate of Continued Use
The period from the date and time each user consented to the
study to the date and time of the most recent call analysis was
calculated as the number of days used. Note that the number of
days used was set as 0 for users who consented but did not have

even one call analyzed, and for users who had a call analyzed
but stopped use on the same day.

Normality of Vitality and Mental Activity Distributions
We examined the statistical features of the distributions of
vitality and mental activity for the call dataset and for the user
dataset by comparing them to the normal distribution.

Sex Differences in Vitality, Psychological Tests, and
Vitality vs Mental Activity Comparison
The users in the user dataset were divided into those deemed
healthy by the questionnaire and those deemed to have poor
health, and sex differences in the vitality distribution were
explored. Users were classified using the score from the initial
BDI test executed by MIMOSYS and judged according to BDI
evaluation criteria [24]. Based on these evaluation criteria, the
foremost data after the BDI test of users with a BDI score of
less than 11 were deemed to represent data from healthy
individuals, whereas the foremost data after the BDI test of
users with a BDI score of 11 or above were deemed to represent
data from individuals with a mental health issue.

Moreover, we examined the correlation between user BDI and
vitality/mental activity for the user dataset.

Temporal Changes in Vitality and Mental Activity Before
and After a Stressful Life Event
On the nights of April 14 and 16, 2016, during the data
collection period, there were two earthquakes of intensity 6
upper and 7 lower, with the epicenter in Kumamoto, Japan.
According to the release by the Japanese Meteorological
Agency, the earthquake on April 14 was a foreshock and that
on April 16 was the main shock. Several of those affected by
these earthquakes were MIMOSYS users, which allowed us to
measure changes in vitality and mental activity before and after
the disaster.

We then examined changes in vitality and mental activity around
the time of the earthquake by area in Japan. We calculated an
average of the vitality values in the 2-week periods before and
after the earthquake. We also evaluated the most recent mental
activity values from before the earthquake and from the 2-week
period following the earthquake. The date of the earthquake
was set as that of the foreshock on April 14, 2016.

Results

Participants
Table 1 shows the detailed participant information.
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Table 1. Detailed information of MIMOSYSa participants (N=1814).

ValueCharacteristic

39.97 (12.14)Age (years), mean (SD)

11.91 (10.37)BDIb, mean (SD)

121.10 (256.58)Number of calls, mean (SD)

6.37 (7.73)Interval between calls (hours), mean (SD)

1135 (62.57)Sex (men), n (%)

Medical historyc , n (%)

855 (47.13)Yes

226 (12.46)Depression

History of present illnessc , n (%)

573 (31.59)Yes

138 (7.61)Depression

Residence, n (%)

50 (2.76)Hokkaido

89 (4.91)Tohoku

979 (53.97)Kanto

213 (11.74)Chubu

204 (11.25)Kansai

71 (3.91)Chugoku

27 (1.49)Shikoku

151 (8.32)Kyushu

30 (1.65)Other

aMIMOSYS: Mind Monitoring System.
bBDI: Beck Depression Inventory.
c“Medical history” and “history of present illness” indicate the illness(es) the user has contracted in the past and presently, respectively. The item “yes”
for these categories denotes the number of users who reported a specific illness(es), and the item “depression” denotes the number of users whose
specific illnesses included depression.

MIMOSYS Rate of Continued Use
Figure 1 shows the rate of continued use curves for MIMOSYS
and other smartphone apps. The rates of continued use for other
smartphone apps referred to prior data [25]. The curves in Figure

1 for apps other than MIMOSYS show the average rate of
continued use for the apps based on download rankings in
Google Play. Since MIMOSYS has only been released in Japan,
most MIMOSYS users live in Japan; however, a minority of
people living abroad also downloaded the app in Japan.
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Figure 1. Rate of continued use curves for Mind Monitoring System (MIMOSYS) and other smartphone apps.

Normality of Vitality and Mental Activity Distributions
Figure 2 shows the distribution of vitality of the call dataset.
The mean of the full dataset was 0.56 (SD 0.094), whereas the
mean for men and women was 0.57 (SD 0.095) and 0.53 (SD
0.084), respectively. The vitality distribution was lower for
women than for men. Goodness-of-fit testing for the ideal
normal distribution of the full set was significant with an effect
size of 0.068 (P<.001) for the difference between the ideal and
actual distributions [26]; therefore, the null hypothesis was

rejected. Although it can be concluded that the vitality
distribution does not follow a normal distribution, the effect
size is extremely small. According to the effect size of
evaluation criteria for the goodness-of-fit [26], there is an
insignificant difference, and vitality can be regarded as having
a normal distribution. Concerning the distribution for men and
women separately, the goodness-of-fit effect size was 0.092
(P<.001) and 0.094 (P<.001), respectively. Thus, similar to the
distribution of the full set, vitality was considered to have a
normal distribution for both men and women.
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Figure 2. Call dataset vitality distribution for the full set and by sex.

Figure 3 shows the vitality distribution for the user dataset. The
mean vitality of the full dataset was 0.54 (SD 0.094), whereas
the means for men and women were 0.56 (SD 0.096) and 0.52
(SD 0.085), respectively. As for the call dataset, the vitality
distribution was lower for women than for men. Goodness-of-fit
testing for the ideal normal distribution of the full set showed

an effect size of 0.11 (P=.77), demonstrating that vitality follows
a normal distribution. Regarding the distribution for men and
women separately, the goodness-of-fit effect size was 0.15
(P=.68) and 0.23 (P=.39), respectively. Thus, similar to the
distribution of the full set, it was concluded that vitality follows
a normal distribution for both men and women.
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Figure 3. User dataset vitality distribution for the full set and by sex.

Figure 4 shows the mental activity distribution of the call
dataset. The mean for the full dataset was 0.46 (SD 0.049),
while the means for men and women were 0.47 (SD 0.050) and
0.44 (SD 0.040), respectively. As observed for vitality, the
distribution for mental activity was lower for women than for
men. Further, and also similar to vitality, goodness-of-fit testing
for the normal distribution of the full set showed an effect size

of 0.067 (P<.001). Therefore, mental activity was considered
to follow a normal distribution. Regarding the distribution for
men and women separately, the goodness-of-fit effect size was
0.085 (P<.001) and 0.058 (P<.001), respectively. Thus, mental
activity was also regarded as following a normal distribution
for both men and women.
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Figure 4. Call dataset mental activity distribution for the full set and by sex.

Figure 5 shows the mental activity distribution of the user
dataset. The mean for the full dataset was 0.45 (SD 0.051),
while the means for men and women were 0.46 (SD 0.051) and
0.43 (SD 0.041), respectively. Similar to the call dataset, the
distribution was lower for women than for men. In addition,
like vitality, the effect size of the goodness-of-fit test for a
normal distribution for the full set was 0.09 (P=.98). Therefore,

we concluded that mental activity follows a normal distribution.
Regarding the distribution for men and women separately, the
goodness-of-fit effect size was 0.096 (P>.99) and 0.084 (P>.99),
respectively. Thus, like the distribution of the full set, it was
concluded that mental activity follows a normal distribution for
both men and women as well.
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Figure 5. User dataset mental activity distribution for the full set and by sex.

Sex Differences in Vitality, Psychological Tests, and
Vitality vs Mental Activity Comparison
Figure 6 shows the frequency distribution of BDI scores by sex.
There were more men than women with a BDI score of less
than 11. In addition, the men-to-women ratio was roughly

equivalent. Figure 7 shows the distribution of BDI test
completion time (seconds). Approximately 10% of the
participants completed the BDI test in 1.5 minutes or less.
Another 10% or so of the participants took 5 minutes or more
to complete the BDI test. The shortest time was 9 seconds and
the longest time was about 22 hours.
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Figure 6. Beck Depression Inventory (BDI) score distribution by sex.

Figure 7. Beck Depression Inventory (BDI) test completion time distribution.

Figure 8 shows the vitality distribution by sex according to the
evaluation criteria of Beck et al [24]. The P values shown in
Table 2 represent the comparison of the mean vitality for two
groups of men and women with a t test, and the effect size
represents the size of the difference between the two groups for
the t test [26]. Significant differences were observed in tests of

the vitality for men and women in both the normal BDI score
category and in the abnormal BDI score category. However,
because the effect size of the difference between men and
women in the normal category was considered to be small
according to prior standards [26], there was no substantial
difference between men and women in this category.
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Conversely, the effect size of the sex difference in the abnormal
category was medium; thus, it was considered to indicate a

substantial difference.

Figure 8. Vitality distribution by sex with Beck Depression Inventory (BDI) score evaluation criteria.
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Table 2. Comparison of mean vitality between two groups of men and women according to BDIa score evaluation criteria.

Effect sizeP valuebWomen, mean (SD)Men, mean (SD)Sex (men), n (%)Category

0.34<.0010.53 (0.085)0.56 (0.095)423 (73.31)BDI<11 (N=577)

0.48<.0010.51 (0.084)0.56 (0.097)228 (52.05)BDI>10 (N=438)

aBDI: Beck Depression Inventory.
bBased on t tests.

Figure 9 and Figure 10 show the correlations of BDI score with
vitality and mental activity, respectively. Graphs A1 in both
figures show the data for all users in the user dataset, graphs
A2 show data for users in A1 who declared depression as a
history of present illness, graphs A3 show data for users with
a BDI test completion time of 80-300 seconds (all users except
the top and bottom 10%), and graphs A4 show data for users
in A3 who declared depression as part of the history of present
illness. Moreover, graphs B show data for users from the user
dataset with a completion time of 80-300 seconds in the second
BDI test that was performed 3 months later. Graphs C show

data for users with a completion time of 80-300 seconds in the
third BDI test that was performed another 3 months later. The
vitality measurements in graphs B and C were the first to be
performed after the BDI test in question, whereas the mental
activity measurements were the most recent values within 2
weeks of the BDI test in question. Regarding vitality, we found
a significant yet weak negative correlation between the initial
BDI score and vitality for users with a completion time of
80-300 seconds in the first BDI test and who declared a history
depression. We did not find any sufficiently significant
correlation between mental activity and the BDI score.
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Figure 9. Correlation between Beck Depression Inventory (BDI) score and vitality for users.

JMIR Form Res 2020 | vol. 4 | iss. 7 |e16455 | p.76http://formative.jmir.org/2020/7/e16455/
(page number not for citation purposes)

Higuchi et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 10. Correlation between Beck Depression Inventory (BDI) score and mental activity for users.

Temporal Changes in Vitality and Mental Activity
Before and After a Stressful Life Event
Figure 11 shows the changes in vitality over a 2-week period
before and after the earthquakes by region. Figure 12 shows the

changes in the most recent mental activity before the earthquakes
and within the 2 weeks after the earthquakes. After the
earthquakes, vitality decreased drastically in Shikoku, Kyushu,
and Kumamoto, but a slight downward trend in mental activity
was observed in Kumamoto only.
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Figure 11. Changes in vitality before and after the Kumamoto earthquakes.

Figure 12. Changes in mental activity before and after the Kumamoto earthquakes.

Additionally, Figure 13 shows the change over time in mental
activity for one disaster victim living in Kumamoto. The vertical
line in the graph represents the day and time of the foreshock.

An obvious drop in mental activity can be seen before and after
the earthquake. The mental activity did not return to the level
before the earthquake by the end of the data collection period.
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Figure 13. Change over time in mental activity for one victim of the Kumamoto earthquakes.

Discussion

Principal Findings
The rate of continued use for MIMOSYS rivaled that of the top
60 apps in Google Play’s rankings. It is believed that the primary
reason contributing to long-term maintenance of a high rate of
continued use is because MIMOSYS can be used effortlessly,
as the app begins processing automatically when a call is made.
MIMOSYS is effective at maintaining long-term use, which is
a prerequisite for a monitoring system.

The distribution of vitality is considered to approximate a normal
distribution because it is the average vitality for each individual
utterance in the voice data. When it comes to effect size in the
call dataset, it is acceptable to say that vitality follows a normal
distribution. Regarding the user dataset, from the goodness-of-fit
testing, we concluded that vitality follows a normal distribution.
Most parametric statistical analyses assume that data for an
analysis will follow a normal distribution; thus, whether the
obtained data actually follow a normal distribution is vital for
the statistical tests performed thereafter. From this perspective,
vitality is advantageous for statistical analyses. The same can
be said for mental activity. However, some distortion was
detected in the distribution of mental activity. This is likely
influenced by the fact that mental activity is an indicator that
is largely controlled by life events unique to the user.

We have continuously observed low vitality values for people
with depression in our research, whereas the vitality of healthy
individuals is more widely scattered [27]. According to Kessler
et al [28], approximately 20% of Japanese people in 2007 would
have depression or another mental illness at some point in their
lives. Since the normality of the vitality distribution showed a
mean range of 0.46-0.65 for about 70% of the total, we
determined that vitality values scattered within this range
indicate good mental health, which is in line with the report of
Kessler et al [28].

Women tended to have lower vitality and mental activity than
men. There are two probable reasons for this. The first is a

problem with the algorithm. Women are generally more
expressive of their emotions than men [29]. The differing trends
in emotional expression between men and women were
accounted for in the development of MIMOSYS through the
proposal of an algorithm designed to eliminate sex differences
[27]. However, the difference may have surfaced with the
increase in the size of the dataset analyzed because the number
of data entries from teachers used in the development of the
algorithm was insufficient.

The second reason is the underlying sex difference in the rate
of depression, which is higher in women than men [30]. In the
distribution of BDI scores, there were overwhelmingly fewer
women than men in the normal category, and the more severe
category also had slightly more women than men. It is possible
that MIMOSYS is detecting this difference. To investigate this,
data were classified based on the evaluation criteria for BDI
score and sex differences in vitality explored for each category.
In the normal category, from the viewpoint of effect size, there
was no substantial sex difference considered to exist.
Conversely, in the abnormal category, from the viewpoint of
effect size, there was a substantial sex difference determined.
In other words, the MIMOSYS algorithm was functioning
correctly in the normal group, whereas the abnormal group may
be reflecting differences in the rate of depression. Nonetheless,
the difference in effect size between the normal and abnormal
groups was not overly large, and this point requires additional
investigation.

We could not find any sufficient correlation between BDI score
and vitality/mental activity in this study. A possible reason for
this is that it typically takes 2-3 minutes to complete the BDI
test if conducted normally; however, we observed a wide spread
of completion times that might not have yielded reliable scores.
As such, we conducted the analysis after excluding the top and
bottom 10% of completion times as they were considered to
have low reliability; however, this did not lead to any
considerable changes. The reason for this is unknown. We
observed the same tendencies for the BDI scores in the second
and third tests performed at 3-month intervals. We believe that
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users with depression responded to the test relatively seriously
and found a significant but weak correlation between vitality
and initial BDI score; yet, these data cannot be considered
sufficient. As discussed below, the data from the Kumamoto
earthquakes clearly traced changes in mental state. This suggests
the possibility that BDI testing through smartphones, the gap
between reality and self-reported conditions because of reporting
bias, and the scattering of voice evaluation mutually influenced
the results. As such, it is possible that this system is more
suitable for monitoring rather than for screening if we take the
BDI test as the standard. Furthermore, the reason we did not
refer to only users with depression in the second and third tests
is that we could not find a sufficient number of users, which
undermined the reliability of the statistical analysis.

The reason we could not find any correlation between BDI score
and mental activity for users with depression is likely the same
as that for vitality. Moreover, since we did not have any vitality
data collected prior to BDI score measurement, it is possible
that the actual tendency for the correlation with the initial BDI
score was not reflected in the mental activity. In fact, we did
find an extremely weak yet significant correlation with the
second BDI score. Nevertheless, any further investigation would
be limited since we suspect a major influence from the reliability
of the user data.

We previously reported a correlation between BDI score and
vitality/mental activity [31,32]. We also reported a correlation
between vitality and the Hamilton Depression Rating Scale [33]
for individuals with depression [34]. These results were obtained
from participants who were recruited appropriately, which
supports that this method exhibits adequate performance under
specified conditions. Although it may also be possible to obtain
a favorable result from these data by extracting information
from users whose day-to-day background is clear, it is difficult
to know a user’s detailed state from their attributes; thus,
reexamining the study design remains a future research task.
However, the design used in this study has shown us that it is
difficult to obtain our intended result.

As the BDI test is intended for clinical applications, it would
have been more appropriate to use Patient Health Questionnaire
9 [35] and Center for Epidemiologic Studies Depression Scale
[36] for this study. However, it was not possible to additionally
administer these tests to the participants; therefore, they should
be utilized in future studies.

As the primary purpose of MIMOSYS is mental health
monitoring, analyzing changes in vitality and mental activity
in relation to the user’s life events is desired. We observed a
deterioration of mental health among users in the areas affected
by the Kumamoto earthquakes around the time of the disaster.
This was thought to reflect the heightened stress caused by the
earthquake. It is easiest to understand this finding by considering
the results of one disaster victim presented as an example. This
user’s mental activity was good for some time after starting to
use MIMOSYS; however, there was a steep drop immediately
after a certain point, following which mental activity did not
recover by the time the user stopped using MIMOSYS. The
Kumamoto earthquakes occurred around the time of the marked
change in mental activity, and it is hypothesized that the cause

of the drop in mental activity was stress from the earthquakes.
By observing changes in vitality and mental activity along with
life events over the mid to long term in this manner, we can not
only detect poor mental health in the early stage but can also
hypothesize the cause of that state, leading to a solution at the
root of the problem.

From this perspective, although MIMOSYS is not well-suited
for taking measurements upon every screening, the results
suggested that it could be an effective mental health monitoring
system. A separate study in which we compared changes in
vitality and mental activity in the affected area and other regions
at the time of the Kumamoto earthquakes [37] showed that
vitality and mental activity increased in a region in which a
similar earthquake had occurred in the past (Tohoku) because
of excitement from flashbacks to memories of that time (trends
similar to those can be observed in Figures 11 and 12 as well).
This result may reflect detecting symptoms of posttraumatic
stress disorder such as hypervigilance or irritability, and
indicates that MIMOSYS may be useful in detecting
posttraumatic stress disorder. Nevertheless, we did not conduct
any examination using the Impact of Event Scale-Revised [38]
or the Post-traumatic Diagnostic Scale [39]; thus, such
comparisons are a task for future studies.

This discussion assumes the legitimacy of users’ attribute data;
however, because these data were reported by users for the
current study, it is difficult to verify the reliability. Therefore,
it is possible that accuracy was lost when categorizing the data.
Moreover, since the voice analysis was conducted using
smartphones privately owned by the users, we could not exclude
dependence on the model. This is a limitation of the current
study and a challenge for future research. Data collection via
smartphone is simple and allows for the accumulation of
large-scale data; however, we encountered the problem of
necessarily rejecting the null hypothesis in statistical hypothesis
testing because of a too-large sample size. In the future, it will
be necessary to include not only analyses based on frequentism
but also Bayesian statistics.

Conclusions
In this prospective study, a system for monitoring mental health
based on voice data from smartphone calls (MIMOSYS) was
opened to the public, data were collected over a period of 2
years from a large unspecified sample of users, and the
characteristics and potential of MIMOSYS were examined from
various perspectives to verify the effectiveness of the system.

MIMOSYS was found to be effective concerning the rate of
continued use. The greatest feature of MIMOSYS is mental
health monitoring, and this is done most effectively by
performing long-term time-series analysis of mental activity
considering users’ life events. Fluctuation in mental activity
because of stress from life events was observed. It is likely that
patient interventions will be facilitated by evaluating objective
data such as those collected by MIMOSYS together with life
events. However, it is difficult to collect information on users’
personal life events with this system alone. Hereafter, we wish
to investigate a method of data collection that accounts for this
and leads to further verification of MIMOSYS.
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Abstract

Background: Since desk-dominated work environments facilitate sedentary behavior, office workers sit for 66% of their working
days and only 8% succeed in interrupting their prolonged periods of sitting within the first 55 minutes. Yet stretches of long and
uninterrupted sitting increase the likelihood of several chronic metabolic and cardiovascular diseases.

Objective: We therefore developed a computer-based app designed to interrupt periods of prolonged sitting among office
employees.

Methods: When developing the intervention, we applied the intervention mapping protocol. This approach for the systematic
design of theory and evidence-based behavior change programs consists of 6 steps: creation of a logic model of the problem,
creation of a logic model of change, program design, program production, design of an implementation plan, and development
of an evaluation plan.

Results: Working through all 6 steps has resulted in an individually adaptable intervention to reduce sedentary behavior at
work. The intervention, UPcomplish, consists of tailored, half-automatized motivational components delivered by a coach. To
register sedentary behavior, the VitaBit (VitaBit Software International BV) toolkit, a wearable accelerometry-based monitoring
device, is used. Among others, UPcomplish includes personalized goal setting, tailored suggestions to overcome hurdles, and
weekly challenges. The VitaBit toolkit supports the participants to monitor their behavior in relation to self-set goals.

Conclusions: Intervention mapping is a useful protocol not only for the systematic development of a comprehensive intervention
to reduce sedentary behavior but also for planning program adherence, program implementation, and program maintenance. It
facilitates obtaining the participation of relevant stakeholders at different ecological levels in the development process of the
intervention and anticipating facilitators to and barriers of program implementation and maintenance.

Trial Registration: Netherlands Trial Register NL7503; https://www.trialregister.nl/trial/7503

(JMIR Form Res 2020;4(7):e14951)   doi:10.2196/14951

KEYWORDS

intervention mapping; sedentary behavior; sedentary work; computer-based; occupational health; eHealth; mHealth; data-driven
programs

JMIR Form Res 2020 | vol. 4 | iss. 7 |e14951 | p.84http://formative.jmir.org/2020/7/e14951/
(page number not for citation purposes)

Berninger et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

mailto:nathalie.berninger@maastrichtuniversity.nl
http://dx.doi.org/10.2196/14951
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Background
Frequent and uninterrupted sedentary behavior is highly
prevalent among office workers [1,2] and negatively impacts
workers’ health and well-being by increasing the risk of
noncommunicable diseases such as cardiovascular disease, type
2 diabetes [3-5], obesity [6], and mental health problems [7,8].
This is reflected in the higher mortality rates among office
workers as compared with those in more active occupations [9].
Sedentary behavior is defined as sitting, lying, or reclining
awake behaviors with low-energy expenditures (≤1.5 metabolic
equivalents) [10]. Compensating for the negative effects of
sitting time by meeting the recommended levels of physical
activity may not be possible [11-15]. Moreover, the
accumulation of long uninterrupted sitting bouts and/or a daily
sitting time of more than 10 hours has been defined as an
unhealthy sitting pattern resulting in increased metabolic risk
[15,16]. Research suggests that prolonged sitting should be
interrupted by bouts of light to moderate physical activity
[16,17] and standing [18,19].

Few studies described the long-term positive effects of
interventions to reduce sedentary behavior. Interventions mostly
incorporated multiple behavior change methods targeting
multiple behavioral determinants [20,21]. Behavior change
methods are defined as “general techniques or processes that
have been shown to be able to change one or more determinants
of behavior” and the behavior, if parameters for use are
respected [22,23]. For instance, behavior change methods
providing information about health consequences and
self-monitoring help build the attitude required to decide to
change; instructions about how to perform the behavior and
social support help build the self-efficacy required to translate
the intention into behavior. Establishing a clear link between
the identified determinants of behavior and behavior change
methods targeting these determinants is a key component of
effective behavior change, according to the intervention mapping
(IM) protocol [22]. Worksite physical activity interventions
designed using IM have revealed positive long-term effects
[24-26]. However, current effective sedentary behavior
interventions are quite cost-intensive requiring a personal coach
and/or environmental changes [26-28]. This paper describes the
systematic development of a low-cost data-driven worksite
sedentary behavior intervention designed with the IM protocol.

Intervention Mapping
IM is a framework for planning intervention development,
implementation, and evaluation with six iterative steps. In each

step, the program designer applies findings from theory,
evidence, and their own research: (1) conducting a needs
assessment, (2) stating program outcomes and objectives, (3)
designing the program, (4) preparing program production, (5)
planning program implementation, and (6) developing an
evaluation plan (see Figure 1) [22,29].

Sedentary behavior can be embedded at both the interpersonal
(ie, support by colleagues and managers) and the individual (ie,
office workers) level. For example, if an employee would like
to interrupt sitting time more often during working hours but is
devaluated by their colleagues for not working enough, the new
behavior might disappear. Higher levels (ie, organization,
community, and society) were not considered in this study for
reasons of cost-effectiveness and given that the target
high-income Western countries provide sufficient opportunities
(such as safe pathways) for individuals to sit less during working
hours.

An intervention planning group includes stakeholders who can
make relevant contributions to the development, implementation,
and evaluation, such as members of the target group and future
implementers. This ensures that issues pertinent to the target
group are addressed by the intervention or that future
implementation issues are anticipated ahead of time [22].

Computer and smartphone technologies can create platforms
that support interactions between individuals, making it possible
to exchange both print and more complex multimedia files (eg,
a coaching procedure at reduced costs that allows for
individually adapted suggestions) [30-32]. Since a permanent
reduction of sedentary behavior requires the personal assistance
of a professional [33], the main component of our intervention
is UPcomplish, which is partly automated, with tailored
feedback and motivational support remotely provided by a
coach. The VitaBit monitoring toolkit is part of the intervention;
participants can monitor their own sedentary behavior related
to their personal goals, and the UPcomplish coach can use those
data to give almost real-time tailored advice.

In this paper, we describe the systematic development of
UPcomplish and the design of the VitaBit monitoring toolkit.
IM guided important decisions with regard to objectives,
behavior change methods, program production, implementation,
and evaluation. The decisions were informed by relevant
theoretical and empirical literature including our own empirical
research. With UPcomplish and VitaBit, we aim to reduce the
number and length of sitting bouts among office workers in the
short term [3] and increase the vitality and mental health of
employees, as well as minimize their risks for noncommunicable
diseases in the longer term.
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Figure 1. Overview of the steps and products in the intervention mapping protocol.

Methods

All materials and supporting documents are available at the
Open Science Framework (OSF) repository [34]. The target
population consists of office workers in high-income countries
[35]. The trial was registered with the Netherlands Trial Register
[NL7503].

Intervention Mapping Steps 1 and 2: Needs Assessment
and Program Objectives
The first two IM steps cover problem identification and the
logic model of change (problem behaviors and desired
behaviors, as well as environmental outcomes). The health
problem of sedentary behavior, its impact on quality of life, and
the context of the intervention were specified (Figure 1).
Individual and environmental factors causing sedentary behavior
were identified, and behavioral and psychological outcomes
stated for the target group (office workers) and the actors at the
interpersonal level (colleagues and managers). Behavioral
outcomes often comprise more specific subbehaviors (eg,
deciding, planning, monitoring), performance objectives, which
are influenced by psychosocial determinants (eg, attitude)
consisting of subdeterminants (eg, specific beliefs). Only
relevant and changeable determinants were identified. Relevance
of a determinant refers to the strength of its association with
the outcome behavior; changeability refers to the likelihood
that the intervention will influence a change in the determinant
[22]. We created a matrix, in which performance objectives
constitute the rows, and the relevant and changeable
determinants the columns. The cells represent the change
objectives and provide detailed and measurable information on
who and what will change, providing the basis of our
intervention.

Intervention Mapping Steps 3 and 4: Program Design
and Production
During IM step 3, we selected behavior change methods based
on their suitability to cause change in the determinants that
needed to be targeted. These were then translated into practical
applications by matching the methods to change objectives
considering the parameters of use. We focused on a tailored
intervention based on two components (each with several
objectives), the VitaBit measurement toolkit and the content of

UPcomplish (supplied by the personal coach). We further
specified scope and sequence of the program and the program
theme. In IM step 4, the practical applications were arranged
into a coherent program. Program messages and intervention
components were drafted and pilot-tested before being refined
and produced.

Intervention Mapping Step 5: Adoption and
Implementation Plan
In IM step 5, an adoption, implementation, and sustainability
plan was created to maximize the likelihood of maintaining
behavioral effects and address program dissemination, structural
implementation, and maintenance of the intervention. Relevant
stakeholders were identified. Behavioral outcomes were
formulated and linked to important determinants. The resulting
change objectives were used to map an intervention for adopters,
implementers, and maintainers by reapplying IM steps 3 and 4.

Intervention Mapping Step 6: Evaluation Plan
IM step 6 focuses on planning an evaluation to determine
behavioral and health effects and underlying mechanisms of
intervention effectiveness. We collected and designed indicators
and measures and planned the design and procedure of the
evaluation study.

Results

Intervention Mapping Steps 1 and 2: Needs Assessment
and Program Objectives

Program Objectives
Different sedentary behavior parameters have been
recommended [36]. This lack of consensus is rooted in both
differences in predicted health outcomes (ie, coronary heart
diseases vs type 2 diabetes) and recommended behavioral
outcomes (ie, daily sitting time vs daily amount of light activity).
As a behavioral outcome regarding sedentary behavior, we
considered the recommended values from three cohort studies
investigating diseases relevant to the target group (ie, heart
diseases, diabetes, and all-cause mortality) [9,14,37]. The
program objective includes three subobjectives: reduction in
daily sitting time, increase in daily light activity, and attainment
of a healthy sitting pattern (including fewer long and
uninterrupted sitting bouts). The first two subobjectives were
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set at a daily sitting time of less than 8 hours per day per person
[9,14,37] and a minimum of 4 hours standing and light activity
per day [36].

While not only total sitting time is important but also regular
sitting interruptions, there is no direct empirical support for the
recommendation of a particular sitting pattern. In order to
represent the daily sitting pattern, we propose to square the
lengths of the daily sitting bouts and to sum them up (summed
squared sitting bouts [SSSB]) as shown in Figure 2.

As this is a new representation, a cutoff recommendation relating
this value to health outcomes has not yet been investigated.
Therefore, based on our baseline activity data (n=69, see OSF
repository), we distinguished between healthy and unhealthy
sitting patterns by using the median across all days of SSSB as

the cutoff (18.8 * 103 min²). We used the median because the
first two subobjectives (sitting and light activity time) were met
on about 50% of the days. However, this still needs to be
investigated with health outcomes. In spite of similar daily
absolute and relative sitting times (see OSF repository), the
average duration of sitting bouts collected in longer sitting bouts
is significantly smaller on healthy SSSB days, while the amount
of sitting in shorter bouts seems to be similar (Figure 3). An

SSSB below 18.8 * 103 min² will constitute a healthy sitting
pattern according to this pilot study.

Figure 3 represents different average daily sitting minutes
collected in certain bout durations on healthy and unhealthy
SSSB days (below and above 18.8 * 10³ min²) in the pilot study.

The longer the sitting bout, the less it is represented in a healthy
pattern, while time spent in very short sitting bouts is similar
between healthy and unhealthy SSSB days. For example, on
healthy SSSB days, the individuals spent on average 7.8 minutes
of the day in long sitting bouts over 90 minutes (including days
without any of these long bouts), while on unhealthy SSSB
days, the average time spent in those long bouts was 151.4
minutes. The areas under the curve, therefore, represent the
averages of total daily sitting time. Although the average overall
sitting time does not differ significantly between healthy and
unhealthy SSSB days, this graph clearly shows that on a healthy
SSSB day, fewer minutes were collected in longer sitting bouts.
We assume that the two sitting patterns differ in terms of health
outcome.

The participants in our pilot study met the sitting time objective
(maximum 8 hours) with an average of 3.1 days (58.8% of their
wearing days), the standing and light activity time objective
(minimum 4 hours) with an average of 3.3 days (50.9% of their

wearing days), and the SSSB objective (maximum 18.8 * 103

min²) with an average of 2.9 days (54.0% of their wearing days).
All three subobjectives were met on an average of 1.4 days
(22.8%). Consequently, we specified the following program
goal: Participants should achieve all three recommendations on
at least 30% of the wearing days in a week (including weekend
days). This, at the baseline measurement, was achieved by
26.1% of the participants (control event rate [38]). We would
therefore determine effectiveness by the difference of the
proportion of participants who meet the program goal after
receiving the intervention compared with baseline.

Figure 2. Equation summed squared sitting bouts.

Figure 3. Healthy versus unhealthy summed squared sitting bouts days in the pilot study.

Behavioral Outcomes and Performance Objectives for
the Individual Office Worker
At the individual level, the behavioral outcomes were split into
a preintentional motivational phase, building an intention to
reduce sedentary behavior and preparing for change, and a
postintentional volitional phase, translating the intention into
behavior [39]. The first behavioral outcome: employees launch
a self-regulatory process of controlling their sedentary behavior.
This starts with questioning the current behavior and forming

an intention to change. It includes monitoring behavior and ends
with concrete action planning as indicated by self-set goals. The
second behavioral outcome: employees engage in activities in
accordance with their previously formulated goals. This focuses
on the translation of intentions into behavior by overcoming
barriers and actual regular interruptions of sedentary behavior.
In addition to this self-regulatory process, other desired
behavioral outcomes of the program include establishing good
habits and preparing participants for relapses [26,40].
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Behavioral Outcomes and Performance Objectives at
the Interpersonal Level
At the interpersonal level, support by colleagues and supervisors
is important [30]. Approval from both stakeholders therefore
needs to be encouraged and clearly demonstrated. After
colleagues and supervisors have decided to show their support,
they can apply different supporting strategies. They could decide
to participate in a challenge sharing effective strategies for
reducing sitting time, as well as joining in and/or initiate
standing or walking meetings [41,42]. The support of the
supervisors and managers is additionally reflected in the
allocation of a room for the kick-off meeting and provision of
the funding for the intervention. More information about these
two behavioral outcomes can be found in the adoption plan in
IM step 5. Supervisors and managers can participate in the
program themselves providing similar support to that of the
colleagues of the target group [43].

Determinants and Change Objectives at the Individual
and Environmental Levels
Empirical evidence from previous sedentary behavior studies
was garnered to discover determinants for each performance
objective. Since standing is often perceived as being more
exhausting than sitting, we included evidence from physical
activity research [26]. Identified determinants and their
synonyms were covered by the reasoned action approach [44]
and the extended parallel process model [41]. The temporal
self-regulation theory for physical activity [45] was considered
to facilitate the translation of intentions into actual behaviors.

Attitudes, perceived social norms, and perceived behavioral
control have been shown to explain about 33% of the variance
of intention to be less sedentary at work, while 37% of the
variance of actual sedentary behavior at work is explained
through intention [46]. Since the act of providing support (at
an interpersonal level) is a reasoned action, those determinants
were also used for agents at the interpersonal level. At the
individual level, perceived susceptibility was added as a
determinant. A person might only consider making a change if
they feel that the threat of negative health outcomes from too
much sitting is likely to impact them [47].

Specific underlying beliefs were used to develop change
objectives, informed by qualitative literature [26,48] and focus
group interviews. For example, in order for an individual to
participate, the perceived need to be more active (attitude) and
the outlook to receive support (injunctive norm) are critical
[49]. The concerning change objective: employees name current
and potential serious or immediate negative consequences of
their current sedentary behavior. From the temporal
self-regulation theory for physical activity, the change objectives
related to attitude included the importance of the perceived
benefits as being greater and sooner, while the perceived costs
were smaller and later. Making those benefits and costs salient
at choice time was addressed by the change objectives listed
under perceived susceptibility [45]. All change objectives are
displayed in the matrices of change objectives (see OSF
repository for the matrices and the complete logic model of
change). Figure 4 illustrates the logic model of change.

Figure 4. Illustration of the logic model of change.

Intervention Mapping Steps 3 and 4: Program Design
and Production

Behavior Change Methods and Practical Applications
VitaBit provides the basis for monitoring and delivering
individual data, while UPcomplish is provided by a coach to

help participants improve their sitting pattern by overcoming
individual hurdles. Health professionals and vitality coaches
from the field will be the implementers of the intervention, using
partly automatized components of UPcomplish (IM step 5). The
practical applications can be found in the acyclic behavior
change diagrams in the OSF directory, and Figure 5 illustrates
examples of important practical applications.
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Figure 5. Examples of practical applications.

Program Theme and Sequence
The theme of UPcomplish is based on the assumption that
behavioral change in a professional setting should not be too
invasive but still motivational. Therefore, the main factors are
challenge and low invasiveness. UPcomplish consists of the
word up, indicating the goal of the program is supporting desk
workers to stand up, and the word accomplish, which reflects
the challenging character of the intervention. Getting UP will
be accomplished.

The initial phase of preparation and kick-off provides the
foundation for the relationship between participant and coach.
Participants are introduced to the VitaBit toolkit, familiarize
themselves with their own behavior, and get to know the coach.
During the kick-off meeting, individualized goals are set, the
importance of interrupting sitting is explained, and the preferred
communication channel between coach and participant is agreed
upon. The baseline phase continues with behavioral and vitality

measurements; participants use the VitaBit device for at least
1 week and complete vitality, health, and performance
questionnaires including the task and contextual performance
subscale of the Individual Work Performance Questionnaire,
the Perceived Stress Scale, and the bodily pain, mental health
and vitality subscales of the 36-item Short Form Health Survey
[50-53] (first of 3 times). During the 3-month trajectory with
the coach, participants are provided with activity challenges in
biweekly circles. They receive feedback about their behavior 2
times per week and discover facilitators of and hurdles to their
behavior through motivational interviewing components. Goals
are adjusted after 4 and 8 weeks. In the middle of the
intervention, after 6 weeks, participants complete the vitality
questionnaire for the second time. In the last 2 weeks, there is
a focus on building up habits supported by implementation
intentions and the use of buddy systems. At this stage, the
vitality questionnaire is completed for the last time [45,54,55].
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A group report and individual vitality feedback provide an
overview of the participant’s achievements (see OSF directory).

Pretests of Program Materials
In order to determine whether the program can be implemented,
it needs to be pretested and pilot tested. Pretesting refers to the
process whereby specific components of the intervention are
tested among the intended population before final production.
The goal of pretesting is to safeguard the conditions for
effectiveness of the behavior change methods in each
component.

Pilot testing is the last evaluation involving all program
components, the intended population, and implementers prior
to the actual implementation. The goal is to assess the
acceptability of the entire program and anticipate any problems
in implementation [22].

VitaBit Monitoring Toolkit Pretest
The VitaBit toolkit consists of an accelerometer, mobile phone
app, and complementary online platform. These provide the
user with tools to monitor their posture patterns with the help
of a vitality score (0 = unhealthy, 100 = healthy), set short- and
long-term goals, and compare their performance with that of
other users. The VitaBit device is a small (3.9 × 1.4 × 0.85 cm,
4.8 g) triaxial wearable accelerometer that monitors sitting,
standing, and activity behavior on a half-minute-by-half-minute
basis. With regard to sitting, it shows sensitivity and specificity
values of 85.7% and 91.2%, respectively [56].

Before the release of the VitaBit toolkit, over 50 pretesters (exact
number was not documented) from potential organizations were
allocated the VitaBit device, asked to use the device for as long
as they liked, and later contacted to provide feedback. This
feedback provided information about functionality, design, and
features and was translated into improving software components
by the VitaBit development team.

UPcomplish Pretest
Initial UPcomplish components were pretested in 11 dispatchers
from a German control center. Standing desks were available
to these individuals, whose duties mainly involved desk work.
A kick-off meeting entailed discussions about the importance
of being less sedentary and a short explanation about the
intervention and its development. Participants received a weekly
progress report. Individual hurdles and facilitators were
discussed via their preferred communication channel. Each
week, participants received a message in which different
performance objectives were addressed, depending on former
behaviors and/or reactions to messages (ie, week 1: monitoring
behavior; week 2: goal setting; week 3: identifying barriers;
etc; see OSF directory). Challenges and other aspects of
gamification were not yet included. Two focus group discussions
and individual phone calls with participants of this pretest
provided feedback about the intervention suggesting that the
videos were not watched because they were perceived as being
too long, too difficult to download, or too difficult to understand.
These video clips were therefore removed from UPcomplish.
The kick-off created an atmosphere of trust. However, due to
the information about the intervention development being

perceived as too lengthy, we decided to shorten the session. The
kick-off meeting was also used to help the participants who had
not yet tried or succeeded in connecting their device. We decided
to split these program components up and call them account
creation and pairing the device and that account creation should
already be covered before future kick-off meetings to avoid
some participants having to wait around. Pairing the device
should be handled after the kick-off meeting, in case participants
want to directly pair their device with support. The inclusion
of challenges and aspects of gamification were not included in
this pretest. However, we assumed that these would be attractive
and helpful elements. In addition to tailored psychological
advice, tailored health advice on individual health outcomes
was perceived to be potentially helpful. We decided that
motivational interviewing questions should be shortened and
performance objectives addressed more frequently, resulting in
more frequent delivery of more concise information. Participants
showed interest in the vitality score, which provided them with
a value between 0 and 100 of how healthy their sitting pattern
was.

Pilot Test of UPcomplish
After all adaptations had been made, based on the results of our
pretesting, 23 public service desk workers from the Netherlands
(5 in the UPcomplish group, who explicitly asked to receive
the intervention) took part in our pilot test. After the kick-off
meeting, each participant in the UPcomplish group received
feedback 2 times per week via their preferred communication
channel: individual feedback about goal achievement over the
previous week and information regarding sitting patterns on
certain weekdays. Furthermore, facilitators of and barriers to
sitting less were discussed. Every 2 weeks, participants received
gamified challenges. After 4 and 8 weeks, individual goals were
revised, if necessary. Summarizing reports completed the
intervention. All participants of UPcomplish remained in the
program until the end and perceived the coaching to be helpful
in terms of reducing sitting time. On average per week, they
wore the VitaBit on 74.6% of the days. We observed
improvements of sitting, standing, and activity time but cannot
interpret them due to the low number of participants and the
selectivity of the sample.

Intervention Mapping Step 5: Adoption and
Implementation Plan
We expect the managers of our target companies to adopt the
intervention, as indicated by the provision of financial funding
for the intervention and provision of a room for the kick-off
meeting. Additionally, they will supervise and oversee the
sustainability of the intervention and its effects. In order to adopt
the intervention, the managers first should identify a need to
make a decision (eg, determinant: attitude). Second, they should
prioritize UPcomplish for individual reasons, such as for an
improved reputation of the company (eg, determinant: attitude).
Eventually, they should subscribe to the program and continue
the subscription for the long run (eg, determinant: perceived
behavioral control and attitude) while supervising behavioral
maintenance of their employees or institutionalizing the program
[43].
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Personal talks with the management will address diverse
underlying buying preferences. A regular report linking average
activity and rates of dropout and commitment, among others,
to short-term effects on vitality, performance, mental health,
and perceived stress will facilitate positive outcome
expectancies. A separate study linking the health outcomes to
return on investment is in the planning.

Health professionals and vitality coaches from the field are the
implementers of this intervention. It is essential that every
component is delivered in the suggested tailored and supportive
way in order to maintain program fidelity. Completeness will
be accomplished if users receive all of the program components.
A workshop for data-driven coaching and meetings with the
coaches that implement UPcomplish will maximize fidelity and
completeness. A coaching portal in the VitaBit dashboard helps
the coach to easily supervise their participants by getting an
overview of individual activity patterns. Buttons next to the
values of the participants make it possible to deliver the coaches’
suggestions directly to the relevant participants or to get an
overview of their dashboards. Multimedia Appendix 1 shows
an example of the coaching portal. The average sitting, standing,
and walking parameters for a given period of time are displayed
on one page. On the right, the coach can send individual
notifications and emails, inspect the individual portal to get
more detailed insights into the daily activity behaviors, and
create new widgets, such as setting a new goal.

Mobile phone–based workplace sedentary behavior interventions
seem to be especially effective in the medium term (3- to
6-month follow-up) if they incorporate several behavior change
methods [21]. These include self-monitoring and prompts or
cues combined with information about health consequences and
information about how to perform the desired behavior. In order
to facilitate program sustainability, it is important to tailor the
maintenance intervention to the participants who sit the most
during their workdays, or, more generally, to those with different
motivational profiles, such as a focus on health promotion versus
weight loss versus illness prevention [21,57]. The coaches are
encouraged to stress the importance of buddy systems and
deliver regular short and precise health information in order to
stabilize attitudes about sedentary behavior in the target group.
Optional email reminders and health blogs help users to be
reminded of the importance of reducing sitting time. Analyzing
dropouts in the process evaluation and preventing reasons for
future dropouts will help to facilitate program sustainability
[22].

Intervention Mapping Step 6: Evaluation Plan
We plan to evaluate short-term effectiveness in terms of
decreased sitting time, SSSBs, and increased standing and
walking time (secondary effects on short-term quality-of-life
outcomes [7,58,59]) of UPcomplish (effect evaluation).
Furthermore, we will consider whether any program adaptations
are needed and what these might be (process evaluations). We
will employ a multilevel design with between-subjects and

within-subjects factor (measurement moment) comparisons and
estimate the intervention’s effect in a magnitude of standard
deviations (Cohen d) to enable the computation of the number
needed to treat (number of people that should receive the
intervention for one person to change their behavior sufficiently
to meet the criteria specified in the intervention goal [38]). The
number needed to treat can be used to calculate the cost of the
intervention needed for at least 30% of the participants to
achieve all three behavioral outcomes.

From May 2019 until January 2020, we had 200 VitaBit
monitors at our disposal. We chose a stepped-wedge design
(last week of one group is compared with first week of another
group) because a control group (VitaBit only) was not possible
considering high expected dropout rates and feasibility issues.
Splitting up intervention groups into as many groups as possible
would reveal a bigger sample size since some groups could
provide data for both the baseline and postintervention
measurement. Having five different intervention groups was
considered the minimum yet doable number of groups where
one group can provide data for the two measurements. The five
intervention groups, each comprising 40 participants, start with
a time lag of 7 weeks. With an anticipated retention rate of 80%,
this yields an analyzable sample size of n=192 [60]. With 192
participants, estimation of this effect size is accurate to about
a quarter of the standard deviation (see the OSF repository for
details and a flowchart illustrating the design).

The process evaluation is informed by qualitative and
quantitative output from surveys and behavioral data and will
assess both important aspects of the logic model of change and
intervention components.

Procedure
Groups of 10 to 15 desk workers from random companies in
Germany are recruited via email and personal contacts. Potential
groups are randomly assigned to one of the intervention groups
and informed about the intervention and the measurements
before consent is obtained. Each group receives the 12-week
intervention and is requested to complete vitality, performance,
and mental health questionnaires at 3 points in time. Participants
can refuse participation in the intervention and/or the
measurements at any times without giving a reason. The
evaluation of this intervention including its consent procedure
was approved by the Ethical Review Committee, Psychology
and Neuroscience, Maastricht University, the Netherlands
(ERCPN- 188_11_02_2018). More details can be found in “The
Evaluation of UPcomplish: Sample size planning and procedure”
in the OSF directory.

Measures Process Evaluation
All questionnaires can be found in the OSF repository and were
translated into German using the back-translation method if no
validated German version was available [61]. Table 1 provides
an overview of all measurements that are used in the evaluation.
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Table 1. Measurements and example items.

Point in timeExample itemItemsMeasurements and indicatorsVariable

Intervention characteristics

End“The questions within the recommenda-
tions were clear.”

18Taken from a former evaluation [48]Acceptability

EndN/AN/AaMessages from automated pool divided by
total amount of messages sent by the coach

Fidelity

EndN/AN/ADropout rate; ratio of participants from the
intended target group; dose received

Reach

Determinants

Baseline, middle,
end

“Standing and walking around at work
is healthy.”

6Taken from a former evaluation [48]Attitude

Baseline, middle,
end

“Standing and walking around at work
is encouraged by my colleagues.”

2Taken from a former evaluation [48]PSNb

Baseline, middle,
end

“I am sure that I can stand and walk
around at work, even though I feel bad,
tired, tense or depressed.”

4Taken from a former evaluation [48]PBCc

Baseline, middle,
end

“My daily sitting time is more than what
is recommended.”

2Self-created questions to assess perceived
susceptibility to improper sitting habits

Perceived susceptibility

Performance objectives

EndN/AN/AProportion of successfully enrolled partici-
pants among the ones who agreed to partic-
ipate

POd 1.2 Enrollment as
VitaBit user

EndN/AN/AAverage of days per week that show VitaBit
data for at least 6 hours

PO 1.3 Registration of
sedentary and antagonistic
behaviors

EndN/AN/ANumber of days missing before the feed-
back moments

PO 1.4 Monitoring of be-
havior

EndN/AN/ANumbers and quality of responses to
coaching questions/requests

Action planning, identify-
ing barriers and facilita-
tors, and support

Sedentary behavior and physical activity

continuouslyN/AN/AVitaBit measurement toolkit [56,62]Objectively measured sit-
ting (30-second periods)

Baseline, middle,
end

“During the last 7 days, on how many
days did you do vigorous physical activ-
ities like heavy lifting, digging, heavy

max. 6German version of the International Physi-
cal Activity Questionnaire (short form) [63]

Moderate and vigorous
physical activity

construction, or climbing stairs as part
of your work? Think about only those
physical activities that you did for at
least 10 minutes at a time.”

Secondary outcome: quality-of-life

Baseline, middle,
end

“In the past week, I took on extra respon-
sibilities.”

14Two subscales of the Individual Work Per-
formance Questionnaire [50]

Task and contextual perfor-
mance

Baseline, middle,
end

“In the last week, how often have you
felt nervous and “‘stressed’?”

10Perceived Stress Scale [51,53]Stress perception

Baseline, middle,
end

“How much bodily pain have you had
during the past week?”

2Subscale of the SFe-36 health survey [52]Bodily pain

Baseline, middle,
end

“How much of the time during the past
week have you been a happy person?”

5Subscale of the SF-36 health survey [52]Mental health

Baseline, middle,
end

“How much of the time during the past
week did you have a lot of energy?”

4Subscale of the SF-36 health survey [52]Vitality

Covariates: demographic, educational, and job-related variables
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Point in timeExample itemItemsMeasurements and indicatorsVariable

BaselineN/A8Measured by VitaBit during account cre-
ation

Gender, age, educational
level, height, weight, and
job-related variables (eg,
team size)

Baseline“How much on average per day (in %)
do you estimate you spend on the follow-
ing tasks? Phone calls?”

5Taken from a former evaluation [48]Job tasks

Baseline“How many days do you usually work
in a week?”

2Self-created questionsEmployment status and
working times

aN/A: not applicable.
bPSN: perceived social norms.
cPBC: perceived behavioral control.
dPO: performance objective.
eSF: Short Form Health Survey.

Statistical Analyses
Statistical analyses encompass multilevel analyses. For the
between-subject comparisons, the outcome variables are
centered around baseline company means, and the analyses are
nested by calendar week. For the within-subject comparisons,
the outcome variables are centered around calendar weeks, and
the analyses are nested on the individual level. Analyses are
adjusted for possible confounding variables such as
company-related variables, gender, or age.

Multilevel linear and logistic regressions are conducted to
inspect putative effects of performance objectives and
determinants on the continuous primary outcome variables and
the dichotomous performance objectives (performed yes/no),
respectively.

Discussion

Principal Findings
This paper describes an IM protocol to develop a
computer-based intervention aimed at reducing sedentary
behavior at work. A tailored intervention was developed to
guide participants step by step through a behavioral change
process. The support of both colleagues and supervisors was
considered and addressed in additional components. A plan to
ensure adoption, implementation, and sustainability was drafted.
Finally, we developed an evaluation plan for assessing the
effects of the intervention and the mechanisms behind these
effects.

Strengths and Limitations
Although the IM approach suggests working through all the
core processes, not all substeps were performed in our study
[64], partly due to the fact that additional research (eg, about

the necessity of all behavioral substeps [ie, performance
objectives]) was still ongoing. Still, we plan to complete a
process evaluation that will investigate mechanisms of
effectiveness and provide additional information. A second
limitation is that members of the target group and managers of
companies who might potentially use the intervention (except
those working at VitaBit) were contacted too late to be part of
the planning group since they were only contacted as part of
the pretest and pilot test. Nevertheless, the interest in reducing
sedentary behavior seems to be high, and multiple informal
talks during the development process with potential adopters,
implementers, and people from the target group have revealed
valuable insights.

A benefit of the project was the collaboration between scientific
research and information technology practice. To facilitate this
collaboration, face-to-face and Skype discussions were used to
directly exchange ideas and possibilities. In doing so, we also
discovered more challenging aspects of collaboration between
health promotion and information technology practice. The
usage of technical terms on both sides, different priorities during
the development process, and balancing act between tailoring
and standardization are examples of the challenges we
encountered. However, working together allowed for a quick
translation of knowledge about behavioral change into practical
applications and provides an example that can be applied to
other IM procedures [65,66].

Conclusion
We developed a comprehensive intervention targeting important
determinants at two different ecological levels. The development
of our intervention was grounded in relevant literature, and
multiple theories have been applied. Future evaluation studies
should investigate the program effectiveness and further analyze
the relevance and utility of single program components.
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Abstract

Background: It is not common for people to come across a living kidney donor, let alone consider whether they would ever
donate a kidney themselves while they are alive. Narrative storytelling, the sharing of first-person narratives based on lived
experience, may be an important way to improve education about living donor kidney transplants (LDKTs). Developing ways to
easily standardize and disseminate diverse living donor stories using digital technology could inspire more people to consider
becoming living donors and reduce the kidney shortage nationally.

Objective: This paper aimed to describe the development of the Living Donation Storytelling Project, a web-based digital
library of living donation narratives from multiple audiences using video capture technology. Specifically, we aimed to describe
the theoretical foundation and development of the library, a protocol to capture diverse storytellers, the characteristics and
experiences of participating storytellers, and the frequency with which any ethical concerns about the content being shared
emerged.

Methods: This study invited kidney transplant recipients who had received LDKTs, living donors, family members, and patients
seeking LDKTs to record personal stories using video capture technology by answering a series of guided prompts on their
computer or smartphone and answering questions about their filming experience. The digital software automatically spliced
responses to open-ended prompts, creating a seamless story available for uploading to a web-based library and posting to social
media. Each story was reviewed by a transplant professional for the disclosure of protected health information (PHI), pressuring
others to donate, and medical inaccuracies. Disclosures were edited.

Results: This study recruited diverse storytellers through social media, support groups, churches, and transplant programs. Of
the 137 storytellers who completed the postsurvey, 105/137 (76.6%) were white and 99/137 (72.2%) were female. They spent
62.5 min, on average, recording their story, with a final median story length of 10 min (00:46 seconds to 32:16 min). A total of
94.8% (130/137) of storytellers were motivated by a desire to educate the public; 78.1% (107/137) were motivated to help more
people become living donors; and 75.9% (104/137) were motivated to dispel myths. The ease of using the technology and telling
their story varied, with the fear of being on film, emotional difficulty talking about their experiences, and some technological
barriers being reported. PHI, most commonly surnames and transplant center names, was present in 62.9% (85/135) of stories
and was edited out.

Conclusions: With appropriate sensitivity to ensure diverse recruitment, ethical review of content, and support for storytellers,
web-based storytelling platforms may be a cost-effective and convenient way to further engage patients and increase the curiosity
of the public in learning more about the possibility of becoming living donors.
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Introduction

Presently, over 740,000 people in the United States are living
without functioning kidneys due to end-stage kidney disease
(ESKD) [1,2]. In general, patients who can receive a living
donor kidney transplant (LDKT) from a family member or friend
live longer than those remaining on dialysis or waiting for years
for a kidney from someone who has died [1,3]. The demand for
kidneys continues to outweigh the supply; while nearly 100,000
patients are currently waiting for a kidney on the national
transplant waiting list [4], LDKT rates have declined by 12%
over the last decade, generally not exceeding 6500 kidneys
annually [1]. There are also significant ethnic/racial disparities
in LDKT [1,5-8]; in the last 15 years, Latinx, black, and Asian
patients have become even less likely to get an LDKT compared
with white patients than they were in the past [5], and they are
also less likely to be donors [1].

Although increasing deceased donation rates is limited by
practical and medical circumstances surrounding how
individuals die, living donation rates are limited only by the
number of healthy individuals who become aware, educated,
and interested in donating 1 kidney while they are alive. Of the
roughly 250 million adults in the United States, only 100,000
more individuals (0.04%) would need to agree to donate 1
kidney to eliminate the entire kidney donor shortage. Education
strategies to increase LDKT commonly target patients and
families using face-to-face educational sessions [9-14],
home-based educational interventions [9,15-17], culturally
targeted videos and websites in multiple languages, and
decision-making aids [7,18-20]. Although effective, these
interventions fail to reach (1) the general public [21,22]; (2)
family members and friends who do not come to a transplant
center to learn [23]; (3) kidney patients who are scared to ask
others to donate on their behalf [19]; and (4) members of specific
ethnic/minority groups who have cultural sensitivities to living
donation [24], low health literacy [25], or greater medical
mistrust of the health care establishment that are unaddressed
through general education [26].

To expand the living donor pool, we need to reach beyond the
walls of the transplant center to help patients share their interest
in LDKT with more individuals and inspire more people who
are still unaware of living donation to consider becoming donors.
As few people know a living donor personally, we also need to
help the general public realize that other people who look like
them donate kidneys each year. Innovative strategies to educate
and inspire more patients and potential living donors to consider
living donation are needed.

Storytelling, the sharing of first-person narratives based on lived
experience, is an educational approach that is authentic,
emotional, and provides people with the opportunity to learn
from others who look like them. Stories have the power to

emotionally engage listeners, reach low-literacy audiences, and
present complex information in informal and comprehensible
ways [25,27-29]. Having opportunities for patients and living
donors to share experiences and wisdom with each other is also
an important tenet for excellence in patient-centered care [30].
Interventions that use storytelling as a means to produce
behavioral change have been successful in increasing cancer
screening rates [31], improving adherence to diabetes
management behaviors [32], smoking cessation [33], reducing
blood pressure [34], and losing weight [35]. Storytelling using
digital apps also has the potential to reduce the burden of
educating patients placed on providers [25]. As capturing stories
using video software can be both expensive and complex,
storytelling has only been used minimally, predominately in
online communities and discussion forums [36,37] or health
testimonials [38].

Developing ways to easily standardize and disseminate diverse
living donor stories using digital technology could inspire more
people to consider becoming living donors and reduce the kidney
shortage nationally. This study aimed to describe the
development of the Living Donation Storytelling Project, a
web-based digital library of living donation narratives from
multiple storyteller types (eg, recipient, donor). There were 4
aims: to describe (1) the theoretical foundation and development
of a web-based digital library using video capture technology,
(2) a recruitment protocol to capture diverse storytellers, (3) the
characteristics and experiences of the participating storytellers,
and (4) the frequency with which ethical concerns in the content
shared emerged.

Methods

Theoretical Frameworks and Web-Based Library
Development
The Narrative Theory supports the use of storytelling as an
organic way in which humans naturally process and assign value
to information, especially when it is presented by someone who
resembles the listener [39-42]. The development of this
web-based video library required much more than asking
individuals to use their smartphones to film and upload stories.
The formal phases of its development included selecting an
audience of learners; using theory to determine the best delivery
modality for that audience and the features it should have;
drafting educational prompts to elicit high educational value;
recruiting diverse storytellers to represent the entire transplant
and living donation community; screening and editing stories
to protect storytellers and eliminate sharing of misinformation;
and building a web-based, searchable library of stories and
marketing its availability to multiple communities (Multimedia
Appendix 1).

On the basis of diffusion of innovation (DOI) theory [43], we
chose a platform for recording and sharing stories that allowed
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storytellers to select a set of topics that they wanted to share
about, then introduced each topic with an open-ended prompt,
one at a time, to help them share it easily and clearly. This
format satisfied DOI constructs of compatibility, trialability,
observability, and relative advantage. The resource was highly
compatible—consistent with cultural values and practices—as
most people, even those facing socioeconomic challenges, have
access to a smartphone [44-46] and are familiar with
YouTube-style videos [47]. Our resource was trialable—users
could try it out without committing to sharing a final video.
After each prompt, the storyteller was able to review what they
filmed, re-record it if necessary, and approve that footage before
continuing. Observability—the ability to see the product in
practice—was addressed with a sample video modeling how
digital technology was used and by inviting potential storytellers
to view completed stories. This provided a great relative
advantage—ease of use and improvement over existing
options—compared with having to record and edit your own
video as the digital software automatically spliced together
responses, creating a seamless story. Only when the storyteller
was comfortable with the entire video, was it released for
inclusion into the library.

As recommended by the transtheoretical model of behavioral
change [48-50], when creating prompts for patients to share
about, we considered that stories, especially those with higher
emotional valence, have been shown to connect better with
audiences who are earlier in their readiness to learn or take
action. Therefore, we included prompts to probe for storytellers’
best moments after donation and recommendations for people
facing similar situations to elicit sharing of more emotional
content (eg, “When we learned that the surgery was a success,
we all felt...” and “The best advice I could give someone else
who is considering being a Living Donor is...”). We also
included questions for learners who knew little about transplant
and donation to invite them to learn more (eg, “I first considered
donating a kidney...”). Storytellers were prompted to talk about
the emotional and logistical challenges they faced during the
LDKT process and how they overcame them. By doing so, they
provided a road map for how the audience, if interested, could
follow a similar path.

Social cognitive theory shows that people learn by observing
others who look like them and by observing the consequences
that others receive as a result of their actions [51,52]. Thus, we
recruited real recipients, donors, and allies of many different
backgrounds to boost identification with the storytellers. In
addition, we built a filtering search function so that users of the
library could search for storytellers who matched them in gender
or race/ethnicity or were facing a similar situation (eg, needing
a kidney, considering living donation; Multimedia Appendix
2). Finally, we developed prompts to enhance sharing in a way
that allowed the listener to learn about the consequences of
different decisions (eg, “Initially my attitude toward living
kidney donation was...”; “Once I learned more about living

donation, I considered becoming a living donor because...”; “I
had questions and fears of my own, like... I was able resolve
my concerns by...”).

The resulting Living Donation Storytelling Project web-based
digital library [53] includes 5 key features to break open learning
and pursuit of living donation in new ways: (1) digital video
capture technology to film and seam videos together remotely
without the need for an editor; (2) guided prompts to help
storytellers select and share about topics most important to them
using a mobile phone, tablet, or laptop; (3) a search engine to
allow for audiences to locate stories most like them by
demographic and story type; (4) the ability to upload content
both to the library and social media to help individuals find
living donors; and (5) referrals to additional educational content
about LDKT, including the location of the nearest transplant
center. The library is categorized into donor stories, recipient
stories, family/friend stories, and stories from people in need
of a living kidney donor. Although the website was launched
only after a diverse representation of storytellers could be
shown, the library of stories continues to widen as more people
film and upload stories. Finally, Google Analytics metrics were
enabled to track the usage of the site and its features, as well as
views of specific stories.

Storyteller Recruitment and Filming
Storytellers were individuals who had previously donated a
kidney, recipients of LDKTs, family members or friends, or
kidney patients seeking an LDKT. Storytellers were recruited
via social media (Facebook, Instagram, Twitter, and LinkedIn),
community outreach at support groups and churches, and
referrals from kidney professionals and organizations (Figure
1). Once a storyteller was identified, they were given a personal
link to privately film their story using a story guide matching
their storyteller type.

Prompts were developed by our research team and grouped as
story guides based on 6 transplant story types: recipient, donor,
family/friend, exploring donation, in need of a kidney, and
kidney ally. Depending on the guide, storytellers were offered
5 to 25 open-ended prompts that addressed their
decision-making experiences, questions, needs, fears, and hopes,
their donation and transplant experiences, how their lives
changed after donation or transplant, and recommendations for
potential donors.

Storytellers completed a standard media release for use of the
stories, received reminders not to disclose any protected health
information (PHI), and were supported with questions by a staff
member (Multimedia Appendix 3). Storytellers could also use
a tool on the website to find their nearest transplant center
(Multimedia Appendix 4). Once recorded, the video files were
stored on the private servers of the video capture platform. The
project underwent the University of California, Los Angeles
(UCLA), Institutional Review Board (IRB) review
(IRB#18-000516), where exempt status was awarded.
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Figure 1. Process flow of initial recruitment of storyteller to a completed story by the Transplant Research & Education Center.

Ethical Review of Story Content and Video Edits
After videos were submitted, transplant professionals (LH, SM,
MA, and WB) watched each video and completed an ethical
screening worksheet to check for PHI disclosures, about either
the storyteller or anyone else, including their last name,
addresses, transplant center name, social security numbers or
medical record numbers, transplant date, or ESKD diagnosis
date. They also screened for medical overgeneralizations or
inaccuracies, pressuring language about donation or transplant,
or foul language. Any problematic instances were coded by a

timestamp and later removed by a video editor. The process
flow of the storyteller’s path from the initial recruitment to the
completed story is outlined in Figure 1.

Storyteller Postsurvey
An opportunity to complete a 32-question postsurvey assessing
the storyteller’s experience filming their story was offered to
those who had already completed and uploaded their stories.
Those who completed a story received a voluntary postsurvey
link in the email address that they provided. Surveys were
collected using the Research Electronic Data Capture (RED
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Cap) software, with each storyteller receiving a US $25 gift
card after completing their survey. Data were stored on a secure,
password-protected UCLA server.

The survey assessed storytellers’ demographic characteristics
(eg, gender, race/ethnicity, and age), level of education obtained,
and type of story completed (eg, donor, recipient, family
member, etc). Storytellers were asked what motivated them to
share their stories (eg, to dispel myths, to help more people
become living donors). On a scale from 1-very difficult to 7-very
easy, storytellers were asked how easy or difficult filming and
sharing their story was.

Results

Diverse Storyteller Recruitment: Characteristics and
Motivation
In total, 412 potential storytellers received an initial introductory
email with a story link that was unique to their experience. Of
those invited to participate, 34.7% (143/412) storytellers
completed stories and, of these, 95.8% (137/143) completed a
voluntary postsurvey. Among those who completed a story,
72.2% (99/137) of the storytellers were female, 76.6% (105/137)
were white, 60.5% (83/137) were living kidney donors, and
81.0% (111/137) had a college degree or higher. About 8.8%
(12/137) of the storytellers were Hispanic and 23.4% (32/137)
were nonwhite (Table 1).

Nearly all (130/137, 94.9%) storytellers were motivated by a
desire to educate the public about living donation (Table 2).

Table 1. Storyteller characteristics (N=137).

ValuesCharacteristic

49.6 (12.4)Age (years), mean (SD)

Gender, n (%)

38 (27.7)Male

99 (72.3)Female

Race, n (%)

105 (76.6)White

14 (10.3)Black

18 (13.1)Other

Ethnicity, n (%)

12 (8.7)Hispanic

Story type, n (%)

83 (60.6)Living kidney donor

37 (27.0)Kidney recipient

7 (5.1)Family or friend of kidney recipient

3 (2.2)Patient on waitlist

2 (1.5)Family/friend of the patient on the waitlist

5 (3.6)Other

Education, n (%)

6 (4.4)High school diploma or GEDa

19 (14.0)Some college or vocational school

60 (44.1)College or vocational school degree

11 (8.1)Some professional or graduate school

40 (29.4)Professional or graduate school degree

aGED: General Education Development or General Education Diploma.
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Table 2. Storyteller motivations, barriers, and disclosure of protected health information (N=137).

ValueResponses

Storyteller motivations, n (%)

130 (94.9)To educate the public about living donation

110 (80.3)To spread awareness and help others

109 (79.6)To make a difference in living donor recipient’s and donor’s lives

107 (78.1)To help more people become living donors

104 (75.9)To dispel myths about living donation

User experience, n (%)

34 (24.8)Storytellers who found filming a story difficult

29 (21.2)Storytellers who found filming their story emotionally difficult

Disclosure of PHIa, n (%)b

78 (57.8)PHI about themselves

55 (40.7)Last name

24 (17.8)Specific transplant center

25 (18.5)Transplant or donation date, month, and year

11 (8.1)Geographic specifics of location

56 (41.5)PHI about another

30 (22.2)Last name

15 (11.1)Specific transplant center

13 (9.6)Transplant or donation date, month, and year

4 (2.9)Geographic specifics of location

aPHI: protected health information.
bDisclosure of PHI obtained from Ethical Review of Storytellers who completed the storyteller postsurvey (n=135).

Storytelling Experience and Content Shared
On average, storytellers took approximately one hour to review
the prompts and prepare and record a story using open-ended
prompts within the video capture technology (mean 62.5; SD:
87.8 mins; range 5 mins-12 hours). Completed stories had an
average length of 10 min (SD: 6:12 min; range 0:46 seconds -
32 min).

A quarter (34/137, 24.8%) of the storytellers stated that they
had difficulty filming their story using the technology and 21.2%
(29/137) of the participants found sharing their stories to be
emotionally difficult (Table 2). Some reported difficulty
navigating the video capture technology, whereas others lacked
access to a smartphone, laptop, tablet, or any other device with
a camera to record their story. Emotional barriers to sharing
their stories included fear of being on film, fear of talking openly
about needing a kidney transplant, and vulnerability associated
with sharing their donation or transplant experience in a public
forum. Although not statistically significant, older storytellers
(>50 years of age) had more emotional difficulty sharing their
story (37/137, 27.0% vs 20/137, 14.6%; P=.12) and filming
their story (40/137, 29.2% vs 29/137, 21.2%; P=.37) using the
technology than the younger storytellers.

Most storytellers answered the majority of the prompts that
were available in their story guide. Tables 3 and 4 provide
examples of what was shared for the most common prompts
selected within various story guides. Recipients shared about
how they coped with uncertainties about donation or transplant
outcomes, including discussions of their faith, the support they
received from their care team, and sources of information that
they used. Recipients talked about renewed freedom—the ability
to eat and drink what they wanted, travel, swim, and spend time
with family. Donors talked about watching their recipient return
to improved health, what motivated them to consider LDKT,
fears they had for a loved one, fears they had for themselves,
and how they resolved these fears, mostly through learning
more. Those in need of a kidney, and their supporters, talked
about how deserving they were and ways to get in touch with
them if interested in being a donor.

Storytellers shared vulnerably about their experiences, both
laughing and crying within their stories. Emotionally, people
expressed gratitude for the gift of life, worry about whether the
kidney would work, and concern for the health of the donor
within their stories.
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Table 3. Content shared by donors, recipients, and family around open-ended prompts.

Examples of storytelling content sharedPrompts by story guide

Living donor

“...just go ahead and ask questions. Talk to the transplant team. Let them decide,
let the coordinators decide, do their screenings, do their questions. See if you
are a likely candidate. You never know. I donated, maybe you can too.” (Lisa
H)

The best advice I could give someone else who is thinking about
being a living donor is...

“Of course, there was nothing I wouldn't do to save my daughter's life. But,
also, because the quicker she got off the [wait] list, the quicker someone else
would get an opportunity.” (Luther)

I ultimately decided to donate a kidney because

“About 4 days later, when I was visiting Lexi again. I saw how much happier
and healthier she was [...] just seeing how good she was feeling really made
me feel great.” (Luther)

The best moment after my surgery was...

Kidney recipient

“Kidney failure began when I was 25 years old, I was at stage 3. My kidney
function was at about 40%. When I turned 31, and I became pregnant, that is
when I become stage 5. My kidney function went from 40% functioning to
about 8% functioning.” (Kara)

My kidney failure began when I was (X) years old. At that time,
I was doing (common activities for you before the transplant)...but
then I started to notice (changes that affected your daily life)

“It meant that my time was limited. My disease started when I was 27, when
I was 45, my kidney function has dropped to 9%. I felt defeated. A lot of the
people that I talked to on my first day on dialysis had been coming there for 5
years.” (Rochelle)

Living without working kidneys meant that... The first time I had
a dialysis treatment was... (explain how it felt)

“Found it easy to talk to about living donation with my friends and family.
Because of living donation, I am alive today. So, I talk about it openly.”
(Holly)

I found it... (difficult /easy) to talk about living donation with my
family and friends, because...

Family member

“…For our family it meant a huge lifestyle change. It was a huge financial
burden for our family. It was mentally draining for my parents especially. I
was 15 at the time, so, I didn't really grasp Hans's situation.” (Drea)

We learned as a family what kidney failure meant physically for
(Recipient). However, for our family it also... (Explain the ways
it changed your family’s life)...

“Living through Hans's situation as a family member. I was 14-15 when his
life on dialysis began. It was an in-person, real life, first-hand experience.”
(Drea)

Some of the best resources I used to learn about kidney disease
were...

“Changed our family's plans for traveling. We like to travel a lot. It changed
drastically. We hated going and having him left out. So, we worked around it
and there were days that he didn't feel so great. So, dialysis sucks. Period.”
(Annamarie)

(Recipient's) dialysis schedule meant that we had to change our
current plans because...
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Table 4. Content shared by potential donors and kidney patients around open-ended prompts.

Examples of storytelling content sharedPrompts by story guide

Exploring donation

“When our family found out that my niece Marie was in kidney failure. She was fairly young,
she was about 13-14. She was about to start junior high and she was about start dialysis.
That is when I first started to think about being a donor.” (Monica)

I first considered donating a kidney...

“I was little, I was a afraid at first. I didn't know what it entailed and until I read about it
more. I have two kidneys and I have one to spare.” (Kurt)

Initially my attitude toward living kidney donation
was...

“Once I learned about kidney donation, I considered to be a donor because my wife had
kidney failure.” (Kurt)

Once I learned more about living donation, I con-
sidered becoming a living donor because...

In need of a kidney

“It is hard for me to find a kidney because; I need a B-, live kidney donor. I’ve done a lot
of social outreach. I've made shirts, made some pamphlets, and gone on social media [to
find a donor].” (Kabir)

I could get a kidney from a living donor. So
far...(tell what you have done or plan to do to find
a donor)

“I was having high blood pressure and slowly I was feeling fatigue and I would always have
this headache. I was not aware of what was going on with my health. I thought I was just
too active. But, slowly the disease took over me and I had stage 4 kidney failure.” (Kabir)

I started having these symptoms... I was diagnosed
with (explain prognosis), (X) months/years ago

“For my dialysis, peritoneal dialysis every day. Most people do couple of hours every day
but I do about 12 and a half hours every day [...]” (Kabir)

To stay alive, I have to go for dialysis, which is...
(briefly describe what it is, how often you go, your
new quality of life)

Ethical Concerns: Disclosure of Protected Health
Information or Inaccurate Information
More than half (78/135, 57.8%) of the storytellers disclosed
PHI about themselves, most often their last name, specific
transplant center name, transplant or donation date, and
geographic details about their locations. Some storytellers,
41.5% (56/135), also shared PHI about others involved in their
living donation experience (Table 2).

A minority (18/135, 13.3%) of the storytellers shared medical
inaccuracies or overgeneralizations. Examples included,
“…going on dialysis means your life is over and your
caregivers’ life is over” or “…1 in 3 actually have kidney
disease.” Statements that could be considered instances of
pressuring were shared by 11.9% (16/135) of the participants.
These included statements like “People who do not give to a
family member are selfish.”

Discussion

Principal Findings
This study evaluated the feasibility of building a web-based
digital library and recruiting storytellers to share their
experiences. Using community-based participatory research
practices and recruitment through social media, we successfully
recruited storytellers involved with living donation who were
predominately female, white, and motivated to assist others in
making choices about donation and transplant. In general, it
was more difficult to recruit minority storytellers and males to
share their stories. As African Americans and Hispanics have
2.9 and 1.3 times higher ESKD incidence rates, respectively,
compared with their white counterparts [1] and the lifetime risk
of ESKD is higher in males than in females [1], additional
research is needed to explore how to enroll these communities
into sharing their stories and help them feel supported when
sharing their stories.

Thousands of kidney patients awaiting transplant die each year
before a matching kidney is found [1]. The Living Donation
Storytelling Project is an important public resource enabling
real-life stories about living kidney donation from multiple
audiences to be captured using video capture technology and
shared through a web-based searchable digital library.

At the start of this project, we were unclear how difficult
storytelling would be and what types of content would be shared.
More than half of those who were offered a link to record a
story did not submit a completed video story, and about
one-quarter of participants who completed a story reported either
technical or emotional challenges when asked to reflect
afterward on the recording process. However, the content shared,
including poignant first-person recounting of fears, lessons
learned, challenges overcome, and recommendations for others
facing these decisions were very powerful. Future research
should determine the key topics most commonly shared by
storytellers and assess which storytellers and types of content
most connect with different audiences. Further examination of
the impact of storytelling combined with other, more traditional,
educational strategies for increasing the number of living donors
coming forward and LDKT rates is also needed.

Transplant professionals who served on our ethical review board
concluded that, in general, storytellers act ethically; however,
reminders should be sent to ensure privacy and prevent the
disclosure of PHI. Clarification of what not to share in a public
forum helped reduce disclosure of PHI, as did editing afterward.
Additional work is still needed to explore ethical issues,
including whether storytellers seeking living donors should be
allowed to disclose their contact information in videos shared
in the library.

Moving forward, there are many applications of the Living
Donation Storytelling Library methodology. Stories can be
easily incorporated within the traditional educational process
during transplant or donation evaluation, provided as a general
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introduction to transplant in dialysis centers, or embedded into
educational portals linked to electronic patient medical records.
Education delivered through these portals is quickly becoming
a part of the standard of care [54-57]. As social media has
become a common forum for prospective recipients and donors
to seek donors, this library also provides interested patients with
an easy way to share their interest in finding a living donor
widely with their social media communities [22,58,59]. This
library can also be used to amplify the voice of transplant
champions and ambassadors to increase public awareness about
the cause [60]. Sharing stories through social media may also
be an effective way to advance a potential living donor’s or
transplant patient’s stage of readiness for LDKT [61].

Finally, the Living Donation Storytelling Project may be
particularly effective for reaching certain groups who are not
well-served by existing educational strategies. Specifically,
stories may also be a gentler way to introduce the option of
living donation for patients who are concerned about harming
a loved one, those who cannot read or have difficulty reading

[62], those who speak languages other than English [25], and
those with higher levels of medical mistrust [63-66]. Stories
may also be well-suited for educating patient populations,
including Native Americans or First Nations people who have
cultures steeped in oral traditions [67-70]. Finally, the digital
storytelling library methodology can be applied to health areas
outside of living donation, as first-person storytelling has been
shown to improve health outcomes for patients who belong to
racial or ethnic minorities, have low health literacy, and are of
lower socioeconomic status [71].

Conclusions
In summary, watching real-life stories can be reassuring,
empowering, and, sometimes, inspiring [25,31,72,73]. With
appropriate sensitivity to ensure diverse recruitment, ethical
review of content, and support for storytellers while using
innovative technology, digital storytelling technologies may be
a cost-effective way to further engage patients and increase the
curiosity of the public about becoming living donors.
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Abstract

Background: Smartphone ownership is becoming ubiquitous among US adults, making the delivery of health interventions via
a mobile app (ie, mobile health [mHealth]) attractive to many researchers and clinicians. Meditation interventions have become
popular and have been delivered to study participants via mobile apps to improve a range of health outcomes in both healthy
adults and those with chronic diseases. However, these meditation mHealth interventions have been limited by a lack of high-quality
control groups. More specifically, these studies have lacked consistency in their use of active, time-matched, and attention-matched
control groups.

Objective: The purpose of this study is to beta test a novel health education podcast control condition delivered via a smartphone
app that would be a strong comparator to be used in future studies of app-based meditation interventions.

Methods: Patients with myeloproliferative neoplasm (MPN) cancer were recruited nationally. Upon enrollment, participants
were informed to download the investigator-developed health education podcast app onto their mobile phone and listen to ~60
min/week of cancer-related educational podcasts for 12 weeks. The benchmarks for feasibility included ≥70% of participants
completing ≥70% of the prescribed 60 min/week of podcasts, ≥70% of participants reporting that they were satisfied with the
intervention, and ≥70% of participants reporting that they enjoyed the health education podcasts.

Results: A total of 96 patients with MPN were enrolled in the study; however, 19 never began the intervention. Of the 77 patients
who participated in the intervention, 39 completed the entire study (ie, sustained participation through the follow-up period).
Participation averaged 103.2 (SD 29.5) min/week. For 83.3% (10/12) of the weeks, at least 70% of participants completed at least
70% of their total prescribed use. Almost half of participants reported that they enjoyed the health education podcasts (19/39,
48.7%) and were satisfied with the intervention (17/39, 43.6%). There were no significant changes in cancer-related outcomes
from baseline to postintervention.

Conclusions: A 12-week, health education podcast mobile app was demanded but not accepted in a sample of patients with
cancer. Using the mobile app was not associated with significant changes in cancer-related symptoms. Based on findings from
this study, a health education podcast mobile app may be a feasible option as a time- and attention-matched control group for
efficacy trials with more extensive formative research for the content of the podcasts and its acceptability by the specific population.

Trial Registration: ClinicalTrials.gov NCT03907774; https://clinicaltrials.gov/ct2/show/NCT03907774

(JMIR Form Res 2020;4(7):e19364)   doi:10.2196/19364
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Introduction

Smartphone ownership is becoming ubiquitous among adults
in the United States (81% in 2019) [1]. Using mobile devices
to support health and wellness (ie, mobile health [mHealth])
[2] may be a promising approach to help individuals prevent or
manage chronic conditions and improve health outcomes [3].
However, many studies of mHealth interventions, particularly
mobile app interventions, have been substantially limited by
the lack of high-quality comparators (ie, control conditions).
The most common types of control conditions include usual
care (ie, usual care for the critical condition), wait-list control
(ie, usual care and will later receive the intervention), and active
control (ie, control group receives an activity or intervention
that controls for some aspect of attention, time, or expectation)
[4]. Active control groups can be more effective than wait-list
control groups [5]. However, there is a lack of research on active
control groups in app-based interventions [6,7]. Recent reviews
and meta-analyses have called for improvements in the design
of control groups within randomized control trials that evaluate
the efficacy of mobile app interventions [4,8], and the National
Institutes of Health (NIH) has recommended that careful
selection of a comparator be designed to reflect the primary
purpose of the study [9]. It is clear that there is a need for active
time- and attention-matched comparators. That is, control
conditions must aim to not only match the mode of activity or
delivery of the intervention but also match the time and attention
that is spent on the intervention. Without active control
conditions that match interventions with regard to time and
attention, studies of mHealth interventions are unavoidably
confounded by differences in participant engagement [9]. There
is a need to design and explore the feasibility of active time-
and attention-matched control groups for mHealth studies.

Meditation apps have become quite popular in recent years
[4,10] and have been used to improve mental and physical health
in a range of healthy [7,11-15] and health-compromised
populations [16,17]. However, few mobile app meditation
studies have used active, time-matched, and attention-matched
comparators [7,13,14,18] even when the study primarily aimed
to determine effectiveness or efficacy. The most common
comparators for these studies have been wait-list control groups,
usual care, and educational handouts [12,15]. For example, in
our work using a meditation app to reduce symptom burden in
patients with hematological cancer, we used an educational
handout with information about managing fatigue in cancer as
our control group. Participation in the control group was not
associated with improvements in health or cancer-related
symptoms, suggesting that the cancer-related educational content
may be reasonable for a control condition; however, this group
did not match the engagement level of our intervention
participants. This type of comparator could be improved by
modifying it to mirror the basic functionality, look, and feel of
the intervention group’s meditation app (ie, active); match the
time that the intervention group spends participating in
meditation (ie, time-matched); and match the attention and basic
mode of delivery that the intervention group requires to meditate
(ie, attention-matched).

We sought to develop and beta-test an appropriate comparator
app for interventions using a mobile meditation app. We
developed the app with the ability for content to be modified,
added, and updated, and be used across various populations
participating in mobile meditation interventions. To further our
progressive line of research, we chose to conduct the beta test
in patients with hematological cancer (specifically,
myeloproliferative neoplasm [MPN]) due to our ongoing work
with this population and our partnerships with foundations in
which to recruit patients with cancer for our beta test. Therefore,
the purpose of this study is to beta test a novel health education
podcast control condition delivered via a mobile app that would
be a strong comparator to be used in future studies of app-based
meditation interventions. We hypothesized that implementing
the health education podcasts in a sample of patients with MPN
would be feasible (ie, demanded, accepted) and that using the
podcasts would not be associated with significant improvements
in health, cancer-related symptoms (ie, depression, anxiety, pain
intensity, and sleep disturbance), or total symptom burden. Our
benchmarks for success were ≥70% of participants completing
≥70% of the prescribed 60 min/week of podcasts, ≥70% satisfied
with the intervention, and ≥70% enjoying the health education
podcasts.

Methods

This study was approved by the Institutional Review Board at
Arizona State University.

Recruitment and Enrollment
Guided by Bowen and colleagues’ [19] recommendations for
designing feasibility studies, we aimed to enroll 100 participants
in the study [19]. Because these early trials are used, in part, to
estimate effect size and power for future trials, we did not expect
to be fully powered to detect changes in primary study outcomes.
Participants were recruited nationally via internet-based
strategies, including social media (ie, Facebook, Twitter), social
networking sites, and online and email listservs. All recruitment
methods were approved by the Arizona State University
Institutional Review Board. The study was advertised as a
mobile app health education intervention. We recruited
self-reported patients with hematological cancer (ie, patients
with MPN) because we have a progressive line of work
involving patients with MPN using mindfulness approaches to
reduce symptom burden (eg, yoga, meditation). However, the
app was developed to be applied in app-based meditation
interventions across various populations. Interested participants
completed an eligibility link on REDCap (Vanderbilt
University). Inclusion criteria were as follows: (1) had a
diagnosis of MPN (ie, polycythemia vera, myelofibrosis,
essential thrombocythemia) identified by a treating physician,
(2) had access to a smartphone on a regular basis, (3) had access
to reliable home internet, (4) could read and understand English,
and (5) were 18 years or older. The exclusion criteria were as
follows: (1) planned change in pharmacologic intervention (ie,
new drug, bone marrow transplant) during the study interval
(ie, 12 weeks) and (2) resided outside of the United States. If
eligible, the patients were emailed a link to a video explaining
the informed consent and study procedures. If interested, patients
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were asked to respond to the email indicating that they reviewed
the video and had the opportunity to ask questions. Patients then
completed an electronic informed consent delivered via REDCap
prior to participation. If ineligible, patients were sent an email
notification thanking them for their interest in the study and to
respond if they were interested in being notified about future
studies.

Research Design
The study was a single-group, beta test study of a new control
intervention to be used as a comparator in future studies
involving mindfulness and meditation mobile apps. A total 96
participants were enrolled in the study and assigned to a health
education podcast group.

Podcast Control App Development
The concept for the podcast control app was developed by a
PhD-level mHealth researcher with expertise in the development
of national, digitally delivered interventions to improve physical
and mental health. The goal was to develop an app that could
deliver education information in the same context that a
consumer-based mindfulness meditation app delivers content

(ie, log onto an app, click on the content, listen). See Figure 1
for a screenshot of the Mindful Health Lab (MHL) podcast
control app. The podcast control app was developed to match
time (ie, 60-70 min/week) and attention (ie, same context of
delivery and same functionality) of some mobile app meditation
interventions [6,7,15]. We used the mobile app Calm as our
model because of our long-standing partnership and research
being conducted with the app [15,16]. The app was also
developed so that content could be changed and tailored to any
population in future studies. For example, if the study team was
conducting a study in college students with the Calm app, the
podcast health education content could be modified to be
specific to college students. In the case of this study, we used
patients with cancer. Thus, content was tailored to health
education for patients with cancer. The app was designed to
have the same general features as the Calm app (eg, reminders
to listen to podcasts, ability to share use on social media, ability
to track time spent listening to podcasts) but without the same
branding. We did not include similar branding as Calm to keep
control participants blinded to the app that would be used in the
intervention group.

Figure 1. Mindful Health Lab (MHL) podcast app screenshot.

To gather content for the app, the research team searched
publicly available podcasts related to health education through
credible government and higher education websites and podcasts
that could be used with our target population for our beta test
(ie, patients with cancer). The selected content was then
uploaded to an app created by a developer. The podcast content
was only used for noncommercial purposes with credit to the
source of the content included in the app. The audio was not
changed or altered in any way and only those enrolled in the
study had access to the content. The type of specific educational

content included a variety of topic areas including nutrition,
physical activity, time, and stress management, as well as
general wellness and life-related topics (eg, cultivating
happiness, organization practices).

Podcast Control App Prescription
Participants were asked to listen to the health education podcasts
on their smartphone for approximately 60 min/week for 12
weeks. Podcasts were arranged by week and by day. There were
approximately two to three podcasts prescribed per week,
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averaging about 22 minutes per podcast. Additionally, there
were one to three podcasts offered per week for participants to
complete if they wanted to listen to more than 60 min/week.
Although navigation through the podcast prescription was
suggested by week, participants were not restricted from
skipping around within the weeks. Time spent listening to the
podcasts was collected by the app and downloaded by the
research team.

Outcomes
The a priori benchmarks for feasibility were based on Bowen
and colleagues [20] feasibility criteria and included ≥70% of
participants completing ≥70% of the prescribed 60 min/week
(42 min/week) of podcasts (ie, demand), ≥70% of participants
reporting that they were satisfied with the intervention, and
≥70% of participants reporting that they enjoyed the health
education podcasts (ie, acceptability). These specific
benchmarks have been used successfully in other recent
feasibility studies [16,21].

Questionnaires were administered at baseline (week 0),
midintervention (week 6), and postintervention (week 12). These
questionnaires included demographics (baseline only),
satisfaction-related questions developed by the researchers
(week 12 only), NIH Patient-Reported Outcomes Measurement
Information System (PROMIS) outcomes (global health, pain
intensity, anxiety, depression, and sleep disturbance), and the
MPN Symptom Assessment Form Total Symptom Score
(MPN-SAF TSS). The satisfaction questionnaire asked questions
related to enjoyment, satisfaction, recommendation to others,
etc (see Textbox 1 for satisfaction survey questions and
responses). Answers were either a yes or no format, or a 5-point
Likert scale. The NIH PROMIS is a valid and reliable tool for
the measurement of symptoms among patients with cancer
[22-25]. The MPN-SAF TSS is a valid and reliable way of
assessing total symptom burden among patients with MPN [5].
All participants were provided with a US $25 digital gift card
for completion of all questionnaires.

Textbox 1. Postintervention satisfaction survey questions.

1. On a scale of 1 to 5 (1=did not enjoy at all, 5=very much enjoyed), how would you rate your overall enjoyment of listening to the podcasts?

2. On a scale of 1 to 5 (1=not at all satisfied, 5=very much satisfied), how would you rate your overall satisfaction with the podcasts?

3. Would you recommend that other patients with myeloproliferative neoplasm (MPN) listen to the 12-week podcast prescription?

Yes

No

4. Do you feel like you learned something about your MPN, or about cancer in general, that you did not know before starting the study?

Yes

No

5. Have you made any changes to your normal daily activities because of something that you learned in the podcast?

Yes

No

6. Did you experience any limitations while trying to access the podcasts?

No, none

Bad or slow internet connection

Hard to hear or view the podcasts

Smartphone broken

Other, please describe: [free response textbox]

7. Do you have anything else you would like to share with us in regard to your participation in the MPN podcast study?

[Free response textbox]

Statistical Analysis
All analyses were conducted using SPSS 26.0 (IBM Corp).
Descriptive statistics were used to characterize participants’
app-use patterns over time, and frequency data from the
satisfaction survey were used to describe participants’
perceptions of the podcasts and the prescription schedule.
Changes in PROMIS outcomes and MPN-SAF TSS were
assessed using multivariate analyses of variance.

Results

Recruitment and Enrollment
Initially, 96 patients with MPN were enrolled in the study;
however, 19 (19.8%) never began the intervention without
disclosing their reasoning and without responding to contact
attempts (see Figure 2). Of the 80 patients who participated in
the intervention, 39 (48.8%) completed the entire study (ie,
sustained participation through the follow-up period). There
were 28 participants lost to follow-up that never responded to
the three contact attempts after initial enrollment and 16 that
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dropped out and provided the research team with a specific
reason for discontinuing the study. The reasons for dropout
included content not being MPN-specific (n=10), lack of time
(n=3), internet connectivity issues (n=1), or illness or
hospitalization (n=2).

Enrollment by week is presented in Figure 3. Analyses included
data from all participants who were enrolled in the study through
the point that they stopped using the app, defined as the point
at which participants did not engage with the app for any
subsequent weeks during the intervention period. For example,
if a participant used the app during weeks 1, 2, 3, and 8, they

were included in adherence analyses for weeks 1-8 (with use
during weeks 4-7 calculated as 0 minutes) but were not included
in analyses after the point when they stopped using the app
(weeks 9-12), at which point they were considered to have
discontinued study participation.

As shown in Table 1, the sample was predominately White,
non-Hispanic, and female. The average age was 56.1 (SD 10.9)
years. Most participants had earned a higher education degree,
were married, and had an annual household income more than
US $61,000. Study noncompleters were demographically similar
to those who completed the study.

Figure 2. Study consort diagram. MPN: myeloproliferative neoplasm.

Figure 3. Participation and attrition by week during the intervention period.
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Table 1. Demographic characteristics of the sample.

Did not complete study (n=38), n (%)Completed study (n=39), n (%)Category

Gender

33 (86.8)37 (94.9)Female

5 (13.2)2 (5.1)Male

Race

35 (92.1)38 (97.4)White

1 (2.6)0 (0.0)Black/African American

1 (2.6)1 (2.6)Asian

2 (5.3)0 (0.0)American Indian

1 (2.6)1 (2.6)Other

Ethnicitya

37 (100.0)38 (97.4)Non-Hispanic

0 (0.0)1 (2.6)Hispanic

Education

2 (5.3)2 (5.1)High school/GEDb

10 (26.3)3 (7.7)Some college

5 (13.5)1 (2.6)Associate’s degree

9 (23.7)17 (43.6)Bachelor’s degree

12 (31.6)16 (41.0)Graduate’s degree

Marital status

3 (7.9)2 (5.1)Single

2 (5.3)1 (2.6)Partnered

28 (73.7)33 (84.6)Married

3 (7.9)3 (7.7)Divorced

2 (5.3)0 (0.0)Widowed

Income (US $)a

5 (13.5)3 (7.7)<20,000

5 (13.5)3 (7.7)21,000-40,000

7 (18.9)5 (12.8)41,000-60,000

20 (54.1)28 (71.8)>61,000

Chronic conditions

12 (31.6)10 (25.6)Anxiety

8 (21.1)8 (20.5)Hypertension

5 (13.2)7 (17.9)Arthritis/rheumatic disease

8 (21.1)6 (15.4)Depression

3 (7.9)3 (7.7)Asthma

4 (10.5)3 (7.7)Hypercholesterolemia

1 (2.6)2 (5.1)PTSDc

3 (7.9)1 (2.6)Diabetes

0 (0.0)1 (2.6)Heart disease

4 (10.5)9 (23.1)Other

8 (21.1)1 (2.6)None
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aDue to nonresponse, n=37 for ethnicity and income among those who did not complete the study. Percentages reflect percent of valid responses.
bGED: General Educational Development.
cPTSD: posttraumatic stress disorder.

Outcomes

Use
On average, participants listened to the health education podcasts
for 103.2 (SD 29.5) minutes per week (see Figure 4), translating

to an average of 4.9 (SD 0.9) completed podcast sessions each
week (see Figure 5). For 83.3% (10/12) of the weeks, at least
70% of participants completed at least 70% of their total
prescribed use (ie, 42 min/week; see Figure 6).

Figure 4. Average minutes using podcast app by week.

Figure 5. Average podcast sessions completed by week.
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Figure 6. Percent adherence to prescribed podcast app use by week.

Satisfaction
Because we were unable to obtain satisfaction survey data from
those who discontinued the study, satisfaction survey data were
available only for study completers (n=39). Almost half of
participants reported that, overall, they enjoyed the health
education podcasts (n=19, 48.7%) and that they were satisfied
with the intervention (n=17, 43.6%). Approximately half
indicated that they learned something about their MPN or cancer
in general from the podcasts (n=21, 53.8%), and 51.3% (n=20)
reported that they made changes to their normal daily activities
because of something that they learned in the podcasts. More
than half of participants (n=22, 56.4%) indicated that they would
recommend the 12-week podcast prescription to other patients
with MPN.

Over half of the 39 participants (n=20, 51.3%) experienced
some form of logistical limitation during the intervention.
Specifically, 4 (10.3%) participants reported that they had
difficulty hearing or viewing the podcasts (eg, too small on the

screen), and 1 (2.6%) reported bad or slow internet connection.
However, most frequently, participants indicated that they had
“other” problems that were not available as survey response
options (n=15, 38.5%). Of the 15 participants who provided
open-ended responses describing their “other” difficulties, the
most common were general problems with app functionality
(n=7, 46.7%), problems accessing specific podcasts (n=5,
33.3%), or problems accessing any app content (ie, could not
engage with any podcast; n=3, 20.0%). When asked if there
was anything else they would like to share with us, the majority
(21/34, 62%) that responded to this question made
recommendations for changes to the podcast content, either to
make it more specific to MPN or because they did not enjoy
certain podcasts.

Changes in Health and Cancer-Related Symptoms
As shown in Table 2, using the health education podcasts was
not associated with significant changes in global health, specific
cancer-related symptoms, or MPN-SAF TSS.
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Table 2. Changes in health and cancer-related symptoms during and after the health education podcast intervention (n=37).

Partial η2P valueaF test (df)aWeek 12, mean (SD)Week 6, mean (SD)Baseline, mean (SD)Outcome

0.033.880.29 (1,36)Global health

0.012.500.46 (1,36)33.62 (7.75)33.08 (7.50)33.24 (7.22)Physical health

0.007.610.27 (1,36)39.63 (8.53)39.76 (8.29)40.01 (7.65)Mental health

0.127.830.53 (1,36)Cancer-related symptoms

0.041.221.54 (1,36)52.52 (7.29)52.99 (7.51)51.25 (8.00)Anxiety

0.001.840.04 (1,36)49.71 (7.11)48.81 (6.83)49.46 (7.54)Depression

0.006.640.23 (1,36)42.26 (8.42)41.56 (8.13)41.77 (7.44)Pain intensity

<0.001.900.02 (1,36)53.05 (8.56)53.43 (8.55)53.2 (8.62)Sleep disturbance

0.051.171.99 (1,36)22.71 (16.00)22.58 (15.63)24.97 (15.44)MPN-SAF TSSb

aF test and P values assume symptom change to be a linear trend over time. Examination of change as a quadratic function produced similar results.
For 2 participants, complete data were unavailable; they were excluded from the multivariate analyses.
bMPN-SAF TSS: Myeloproliferative Neoplasm Symptom Assessment Form Total Symptom Score.

Discussion

Principal Results
The purpose of this study was to beta test a health education
podcast control group delivered via a smartphone app to inform
the development of a comparator that could be used in future
app-based meditation intervention studies. Feasibility
benchmarks were met for demand (ie, for 10 of the 12 weeks
at least 70% of participants listened to at least 42 min/week of
podcasts); although, the attrition should be noted as an important
qualifier when considering engagement more broadly.
Acceptability benchmarks were not met, as less than half of
participants enjoyed the podcasts and were satisfied with the
intervention. As expected, there were no changes in global
health, cancer-related symptoms, or total symptom burden (ie,
MPN-SAF TSS) over the 12 weeks.

Comparison With Prior Work
Use benchmarks were set at ≥70% of participants listening to
≥70% (ie, 42 min/week) of the prescribed total weekly podcasts.
In nearly all weeks (ie, 10 out of the 12 weeks) this benchmark
was met. This is encouraging as a control group in which
participants adhere to the study prescriptions allows researchers
to control for nonintervention treatment effects such as time
and attention [4]. Furthermore, participants averaged 103
min/week of podcast listening or viewing. Other studies that
have tested mobile-app control groups have not reported weekly
participation data [13,26]. In our research studies in which we
used a commercially available meditation app in college students
for 8 weeks [15] and to patients with MPN cancer for 4 weeks
[16], average weekly participation in meditation on the app was
~38 min/week and ~71 min/week, respectively. Our findings
are promising because the use of the podcast control app was
comparable to the use levels in our intervention studies,
supporting its feasibility for a control group with the same time
and attention as a consumer-based mobile app meditation
intervention.

Satisfaction benchmarks were not met, indicating that
participants’ overall satisfaction with the app was lacking. Less

than half of participants indicated that they enjoyed the health
education podcasts and less than half indicated that they were
satisfied with the intervention. This is likely due to the podcast
topics and technical issues and difficulties that came up during
the intervention related to the functionality and usability of the
app. The majority of participants that responded to an
open-ended question to provide additional feedback about the
study reported that they thought the app content should be
modified to include more MPN-specific education or higher
quality podcasts. The podcasts selected for the control app were
intended to provide more generic cancer-related health education
and not MPN-specific education. A better understanding of the
potential users’ content preferences with a more user-centered
approach is necessary for future iterations of the control app,
especially because the app was designed to be able to change
health-education podcasts per target population being studied.
A user-centered approach when developing products or software
may help the user feel more at ease and make engaging with
the content more intuitive, potentially improving adherence and
enjoyment [27].

Over half of participants reported experiencing trouble accessing
podcasts or content, or general problems with the functionality
of the app. The app was not developed to be of commercial
quality but was rather developed to be a “shell” of a design to
be improved upon in subsequent developments after beta testing.
Therefore, it is not surprising that such technical difficulties
related to app functionality and accessibility were experienced.
Specifically, there was a decrease in participation during week
five, coinciding with participants reporting technical difficulties
to the research staff. It is well known that user experience is a
critical component to the success of mHealth apps and that apps
must appeal to the motivations of the user [28]. For example,
the unified theory of acceptance and use of technology
(UTAUT) suggests that users’ expectations of how an app will
perform and how much effort it takes to use the app will
influence their intentions and behaviors [29-31]. Future
iterations of this app will use the current findings and a
model-driven approach (eg, the UTAUT) to inform the
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development of the next version of the app to be used as a
comparator in a randomized control trial.

Importantly, there were no significant changes in health or
cancer-related symptoms from baseline to postintervention.
This is despite more than half of the participants reporting that
they made changes to their normal daily activities because of
something they learned from the podcasts. This is encouraging
and indicates that this control group design is an appropriate
time- and attention-matched condition that is not associated
with any meaningful change in study outcomes. Education-based
control groups have been used successfully as comparators in
a range of smartphone-based interventions across different
populations, typically without having significant effects on
psychological or physical outcomes [13,16,26]. This indicates
that an education-based control group could be appropriate for
use in efficacy trials without producing changes in primary
outcomes that are physical or psychological in nature. Future
iterations of the app will be evaluated as a comparator in studies
with other populations.

Limitations
This study is not without its limitations. First, attrition during
the study was high, such that only 51% (41/80) of participants
completed the full 12-week intervention. Given that the podcast
app use (minutes listened per week) was high even when
including use of participants who did not complete the study,
future research should collect more nuanced data on participant
satisfaction to improve podcast app user experiences and reduce
attrition rates. For example, the lack of a postintervention
interview did not allow for deeper qualitative analyses into what
participants liked and did not like related to the app. This
qualitative data could have been a useful addition for gathering
deeper insights into user satisfaction and informing future
development of the app. Second, the sample was predominantly
White, non-Hispanic, and female. This is not representative of
the general population of patients with MPN and, more
importantly for the purpose of this beta test, does not capture
feedback that reflects the experiences of different genders, races,
and ethnicities. Future feasibility research should aim to include
more diverse samples to gather more representative feedback.

Third, there was no comparative group, and this must be
considered when analyzing the results. Fourth, offering a US
$25 digital gift card for completion of all questionnaires could
contribute to higher engagement rates. Researchers may need
to account for an impact on their participant engagement if they
do not provide similar incentivization. Finally, the use of
cancer-specific educational content would limit the app as
currently developed to use in cancer studies only. However, the
content of the app can easily be adjusted to fit the needs of
different populations while maintaining the integrity and
functionality of the app to match the Calm meditation app.

Future Research
Although this app was originally designed to be a comparative
control app for app-based mindfulness meditation interventions
involving Calm, the app is not reliant on the use of Calm and
may be used as a control app in future app-based interventions.
Currently, this app is not available to other researchers because
it was only developed as a template to then create an improved
comparator app for future mindfulness meditation app-based
interventions based on the data collected. Once the app can be
determined feasible, future interventions will be developed to
assess app-based mindfulness meditation interventions as
compared to the control app to assess many aspects of health
and well-being across various populations.

Conclusion
In summary, a 12-week mobile app health education podcast
met the demand benchmark but not the acceptability benchmark
for feasibility in a sample of patients with hematological cancer.
Using the mobile app health education podcast was not
associated with significant changes in cancer-related symptoms.
Participants reported dissatisfaction with content and technical
or functionality difficulties, which will be addressed in the future
development of the health education podcast app. Based on
findings from this study, a mobile app health education podcast
may be a feasible option as a time- and attention-matched
comparator condition for efficacy trials with more extensive
formative research for the content of the podcasts and its
acceptability by the specific population.
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Abstract

Background: The growing behavioral health needs of college students have resulted in counseling centers reporting difficulties
in meeting student demand.

Objective: This study aims to test the real-world voluntary use by college students of 4 digital, self-directed mental health
modules based on a cognitive behavioral therapy clinical model. The findings were also compared with those of employee users.

Methods: Archival operational data from Learn to Live were extracted for student users at 4 colleges and universities in the
Midwest region of the United States (N=951). The inclusion criteria were having clinical symptoms at established levels of
moderate or higher severity and the use of 2 or more of the 8 lessons of a program within a 6-month period. Unique users in each
program included 347 for depression; 325 for stress, anxiety, and worry; 203 for social anxiety; and 76 for insomnia. Paired t
tests (two-tailed) compared the average level of change over time on a standardized measure of clinical symptoms appropriate
to each program. Cohen d statistical effect sizes were calculated for each program. Potential moderator factors (age, gender,
preliminary comprehensive assessment, number of lessons, duration, live coach support, and live teammate support) were tested
together in repeated measures analysis of variance models with covariates in the full sample. Follow-up survey data (n=136) were
also collected to explore user satisfaction and outcomes. Select data from another study of the same 4 programs by employee
users meeting the same criteria (N=707) were examined for comparison.

Results: The percentage of users who improved to a clinical status of no longer being at risk after program use was as follows:
stress, anxiety, and worry program (149/325, 45.8%); insomnia program (33/76, 43.4%), depression program (124/347, 35.7%);
and social anxiety program (45/203, 22.2%). Significant improvements (all P<.001) over time were found in the mean scores for
the clinical measures for each program: stress, anxiety, and worry (t324=16.21; d=1.25); insomnia (t75=6.85; d=1.10); depression
(t346=12.71; d=0.91); and social anxiety (t202=8.33; d=0.80). Tests of the moderating factors across programs indicated that greater
improvement was strongly associated with the use of more lessons and it also differed by program, by gender (males demonstrated
more improvement than females), and by the use of live support (particularly coaching). Analyses of survey data found high
satisfaction, improved academic outcomes, and successful integration into the university counseling ecosystem. The operational
profile and outcomes of the college students were also similar to those of employee users of the same programs from our other
study of employee users. Thus, this study provides a replication.

Conclusions: Self-directed internet-based cognitive behavioral therapy mental health modules are promising as a supplement
to traditional in-person counseling services provided by college counseling centers.

(JMIR Form Res 2020;4(7):e17712)   doi:10.2196/17712
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Introduction

Background
Adjusting to college life is a significant challenge for many
students [1], as they could struggle with exposure to new forms
of stress and new social demands. Students navigating these
challenges may experience loneliness, may lack a sense of
campus belonging, and can be vulnerable to experiences such
as the first depressive episode [2]. The onset of many mental
health conditions coincides with adolescence and young
adulthood [3].

A 2019 national survey of 43,140 college undergraduate and
graduate students in the United States found that 42% of females
and 34% of males met the criteria for moderate or severe
psychological distress [4]. The same study also documented the
past year prevalence rates for diagnosed mental health conditions
and determined that 28% of females and 13% of males had
depression and that 22% of females and 15% of males had an
anxiety disorder (including social anxiety). Graduate students
may face additional stressors and risks for mental health issues
[5]. For example, in the same recent national survey in 2019,
33% of graduate students [6] received psychological health
services in the past year compared with 25% of undergraduate
students [7].

Although not a mental health disorder, sleep issues also pose
risks for young adults attending colleges and universities [8].
For example, 50% of college students in the United States
reported getting less than the recommended 7 hours of sleep
during nights of the school week [4]. Although sleep is
important, insufficient sleep is of particular risk for students
with bipolar disorder who have an acute sensitivity to circadian
and sleep-wake cycle disruption (what Frank [9] calls “sleep
disrupters”). This realization has led sleep researchers Walker
and van der Helm [10] to refer to good quality sleep as
“overnight therapy.” Some colleges now offer resources
specifically to address student sleep problems, such as the
College Sleep Center at the University of St. Thomas [11].

Experiencing mental health problems can also adversely impact
success at school. A recent national survey [4] found that college
students reported the following common behavioral health issues
had negatively affected their academic performance in the past
year: stress (38%), anxiety (28%), sleep difficulties (23%), and
depression (22%). Other studies have also shown that depression
among college students is linked to poor academic performance
[12] and to dropping out of school [13].

Technology-Based Mental Health Resources
The growing behavioral health needs of college and university
students have resulted in college counseling centers reporting
difficulties in meeting the increased student demand [14,15].
This context provided an opportunity to test if internet-based
cognitive behavioral therapy (iCBT) tools might assist students
in self-treating some of the most commonly occurring mental
health conditions [16]. A related question was whether

self-directed technology support services can supplement
in-person clinical relationships and encourage the appropriate
use of on-campus counseling services.

New types of technology-based resources feature self-directed
digital tools that are accessible from a website or mobile device.
Most of these tools are asynchronous and do not involve live
interaction with a mental health professional, although some
are supplemented with live coaching. Many of these
computerized tools are based on principles and clinical strategies
derived from cognitive behavioral therapy (CBT) [17]. The
general advantages of such tools include providing users with
greater access to therapeutic support, flexibility in accessing
support anytime from anywhere with internet access, and a
significantly lower cost than in-person services. The privacy of
technology tools can also help offset social stigma and related
barriers to help-seeking that confront young adults [18].
According to recent reviews of the literature, at least 89 studies
have explored the use of technology-based tools for college
students interested in seeking support for a range of mental
health, stress, and behavioral concerns [19-21].

These reviews offer support for iCBT tools in general for being
able to improve clinical outcomes, but they also call for further
research to be done in real-world settings that go beyond the
use of college students as convenience samples in academic
research pilot studies for testing the general efficacy of tools.
Few studies have used an applied study design with archival
data to examine the naturally occurring experiences of voluntary
users of commercially available iCBT tools for mental health
issues. This emphasis on experimental over applied real-life
contexts for research in this area is reflected in the literature in
general and especially among investigations using college
students as participants.

Interventions: The Learn to Live Suite of Self-Directed
Web-Based Tools
This applied archival study was conducted with operational data
from voluntary, registered users of Learn to Live, a suite of
digital CBT-based self-directed programs for behavioral health
issues, including anxiety, depression, social anxiety, and
insomnia. The programs were hosted on a single dedicated
website [22] and were accessible from any internet-capable
device. Participants entered a code specific to their college or
university on the website to get access to the service. In addition
to a wide range of educational content on the website, the user
had the option to begin their online experience by taking a brief
assessment covering 5 domains: anxiety, stress, depression,
social anxiety, and insomnia. Standardized and validated clinical
assessment tools were used for each domain. After reviewing
the assessment results, participants then had the opportunity to
enroll in 1 of 4 CBT-based programs. Alternatively, users could
directly start a program without first taking a comprehensive
assessment. The very small percentage of users who were
identified as at-risk, based on self-harm questions on the
preliminary assessment, were referred to a crisis center for
immediate support.

JMIR Form Res 2020 | vol. 4 | iss. 7 |e17712 | p.124http://formative.jmir.org/2020/7/e17712/
(page number not for citation purposes)

Attridge et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Each program consisted of 8 lessons that contained a brief
assessment of clinical severity (repeated every lesson; using the
same self-report assessment tool from the comprehensive
assessment), videos, animations, and web-based application of
CBT tools. Each set of lessons was designed to be completed
in order from 1 to 8, and a prior lesson had to be completed
before the user could progress to the next lesson in the program.
Homework and practice with the tools was optional but
recommended between lessons. Key elements of each lesson
for each of the 4 programs are listed in Table 1.

In addition, users could opt to receive individualized coaching,
and if selected, could choose the preferred channel of
communication, either email, text, or telephone, with the coach.
The coaches were employed by the service provider, and every
coach had at least a master’s level education in psychology or
counseling.

Users could also select a person from their personal life to
communicate with during the program use, serving in a
supportive role called a teammate. These live supports are

offered with the goal of adding a relational component beyond
self-help as a form of activating natural social support [23].
Coaching support from real people while using iCBT programs
has also been demonstrated to improve outcomes among college
users of technology-based tools for behavioral health issues
[21,24,25].

Support for these 4 programs from Learn to Live was obtained
in an earlier study [26] that involved a sample of 707 employee
users who worked with multiple employers (also located in the
Midwest region of the United States). The employee study used
the same study design, the same archival data collection
processes, and the same general time frame as this study of
college student users. However, the employee study examined
the experiences of users at both subclinical and clinical statuses
at the start of program use for symptom severity level. Relevant
data from only the clinical status group of the employee users
were reanalyzed and presented in this study for comparative
purposes with the college student users who were all starting
out at the clinical status level of severity.
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Table 1. Intervention elements and assessment for each lesson for the 4 Learn to Live iCBT programs.

AssessmentIntervention elementsLesson

Stress, anxiety, and worry

GAD-7bPMRa + better life goals + stress and anxiety tracker1

GAD-7STEPPc model + mini thought inspection + ANTsd2

GAD-7Full thought inspection + 12 assumptions + precautions3

GAD-7Flaw-facing + worry-facing + perfectionism4

GAD-7Active problem solving + time snapshot + reflection moment5

GAD-7Present awareness + worry time6

GAD-7Assertiveness + boundaries7

GAD-7Lessons learned toolbox8

Depression

PHQ-9eDepression profile + my better life goals + activity log1

PHQ-9Testable hypothesis + identify 30-minute exercise + precautions2

PHQ-9STEPP model + mini thought inspection + ANTs3

PHQ-9Forgiveness scripts + thought inspection + 12 assumptions4

PHQ-9Active problem solving + learned helplessness5

PHQ-9Alternatives to dwelling + sleep enhancement form6

PHQ-9Assertiveness + boundaries7

PHQ-9Lessons learned toolbox8

Social anxiety

SPIN-17fSocial anxiety profile + social life goals1

SPIN-17STEPP model + identifying thoughts2

SPIN-17Thought inspection + hot thought3

SPIN-17Self-defense tactics checklist + find out for myself4

SPIN-17Full thought inspection + ANTs5

SPIN-17Fear facing trials list + fear facing log + fear facing menu6

SPIN-17Fear facing debrief + avoidance7

SPIN-17Lessons learned toolbox8

Insomnia sleep

MOS-Sleep-6gSleep tracker1

MOS-Sleep-6Alternatives to lying awake + sleep drive + sleep scheduling + recommended bedtime2

MOS-Sleep-6Sleep helpers form + sleep barriers3

MOS-Sleep-6PMR + guided imagery + worry notebook4

MOS-Sleep-6STEPP model + mini thought inspection + ANTs5

MOS-Sleep-6Thought inspection + deep sleep6

MOS-Sleep-6Present awareness + worry time7

MOS-Sleep-6Lessons learned toolbox8

aPMR: progressive muscle relaxation.
bGAD-7: Generalized Anxiety Disorder 7-item scale.
cSTEPP: situation-thought-emotion-performance-precautions.
dANTs: automatic negative thoughts.
ePHQ-9: Patient Health Questionnaire 9-item scale.
fSPIN-17: Social Phobia Inventory 17-item scale.
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gMOS-Sleep-6: Medical Outcomes Study Sleep 6-item scale.

Objectives of the Study
This study featured a longitudinal, repeated measures research
design with archival data for college student users of iCBT
programs offered by the same commercial provider that
supported 4 different clinical issues. The goals of this study
were to obtain empirical answers to the following research
questions (RQs):

• RQ1: What is the profile among college students based on
demographic factors and utilization factors for the 4 Learn
to Live web-based iCBT programs?

• RQ2: Are each of the 4 programs effective in reducing the
level of clinical symptoms after program use?

• RQ3: Is the extent of improvement in clinical symptoms
after program use moderated by demographic factors of the
user (age or gender) or by operational factors (ie, use of
preliminary comprehensive assessment, number of lessons,
time period of use, use of live support from a coach or from
a teammate, or use of multiple programs)?

• RQ4: Are these moderator effects (if any) similar, when
tested within each of the 4 programs?

• RQ5: From the survey data collected following the
intervention, what can be learned about the different sources
of promotion of the services, the impact of use on
college-related outcomes and attitudes, different aspects of
the user experience with counseling, and the level of overall
user satisfaction with the service?

• RQ6: How does the user profile and clinical outcomes of
the 4 programs for college student users in this study
compare with that of employee users from a different study?

Methods

Archival Data
The data for the study were from postsecondary students using
the Learn to Live service. Users were made aware of the service
as a benefit open to all students through a variety of on-campus
digital and interpersonal promotional practices. There was no
direct cost to the participants in this study, as access to the
website with the programs was sponsored by each of the schools.
Students participated voluntarily and were not paid for using
the web-based tools. The study period spanned 3 years (from
October 2016 through October 2019). The insomnia program
was added to the service suite in November 2017 and therefore
was available only for the most recent 2 years of the full study
period.

Ethical Considerations
The privacy of users was protected by having all program and
survey data deidentified before being shared with the
independent consultant who conducted all of the analyses. As
this was an applied study of archival anonymized data collected
from routine use of the service, additional informed consent
from individual participants beyond their initial consent
agreement in terms of use was not required. Project approval
from a college or a university internal review board was also
not required. This context is similar to other applied studies of

commercial web-based programs [26,27]. The use and analysis
of archival operational data in this manner is consistent with
the published ethical guidelines of the American Psychological
Association [28]. 

Inclusion Criteria and Participants
The following 5 criteria were established to select users
appropriate to the study goals: (1) users had to be from a
customer of Learn To Live in the higher education market
segment (ie, a college or university), (2) users were required to
be at a sufficient level of clinical severity (clinical status) at the
start of program use, (3) users needed to engage in at least 2 (or
more) of the 8 lessons of a program, and (4) users should not
have completed all 8 lessons of a program in a single day nor
should the time period of use from the start date (either the
comprehensive assessment or the first lesson) to the date of the
last lesson have exceeded 6 months. Application of these criteria
yielded a sample of 951 unique users.

The final criterion was that if a student had used multiple iCBT
programs during the 3-year period, then the experience data
from only one program were included. Of the sample that met
all 4 of the above inclusion criteria, most participants (806/951,
84.8%) used only 1 program, with the remaining 15.2%
(145/951) having used multiple programs. Using more than 1
program was defined as using at least 1 lesson of 2 or more
different programs during the study period. More specifically,
122 (12.8%) students had used 2 programs, 19 (1.9%) students
had used 3 programs, and 4 (0.4%) students had used all 4
programs. The average number of lessons per program varied
between these groups with a decreasing number of lessons per
any one program as the total number of programs used
increased: Users of 1 program had an average of 3.44 lessons
per program; users of 2 programs used had an average of 2.25
lessons per program; users of 3 programs used had an average
of 1.80 lessons per program; and users of all 4 of the programs
had an average of only 1.68 lessons per program. Note that at
least one of the programs used by an individual who had used
2 or more programs, had to have a minimum of 2 lessons used.

The choice of which program’s data to use for each student with
multiprogram status was based on several criteria. Listed in
order of importance, these criteria included: (1) clinical status
on the symptom assessment at the start, (2) a higher number of
lessons used (two minimum), (3) earlier start date in the study
period, and (4) a longer time period for program use. For
example, if a student had met the first set of criteria for use of
2 programs and had a score above the clinical score cutoff for
the depression program but also a score that was below the
clinical score cutoff for the insomnia program, then the data for
the former was retained but not of the latter. To continue, if a
student was above the cutoff scores for the severity symptom
measures for both programs, then the program that had more
lessons was retained. For example, if the depression program
had 5 lessons and the insomnia program had 3 lessons, then the
depression program was retained. Application of these criteria
resulted in the following final mix of participants with data from
only one program used: Of the 951 total unique users in the
study, 347 (36.5%) users for the depression program, 325
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(34.2%) users for the stress, anxiety, and worry program, 203
(21.3%) users for the social anxiety program, and 76 (8.0%)
users for the insomnia program.

Clinical Symptom Measures
Each of these measures of clinical symptom severity is a
published, reliable, and validated scale from the scientific
literature. Within each program, the symptom measure was
repeated in every lesson. These 4 measures were aggregated in
the comprehensive assessment (along with a fifth measure of
perceived stress).

Anxiety
The generalized anxiety disorder 7-item scale was used to assess
symptoms of anxiety [29]. This is one of the most widely used
screening and outcome tools available for anxiety and has been
shown, in past research, to have adequate levels of reliability
and validity [30,31]. Sample items include the following: (1)
feeling nervous, anxious or on edge and (2) not being able to
stop or control worrying. The instructions state: “Over the last
2 weeks, how often have you been bothered by any of the
following problems?” Items are rated on a 0 to 3 scale. Ratings
on the items were summed and scores were categorized into
levels of severity: low 0-4, mild 5-9, moderate 10-14, and severe
15-21. The clinical status for anxiety was defined as moderate
or higher (score of 10+). The severity mix for general anxiety
in the sample was 52.6% moderate (171/325) and 47.4% severe
(154/325).

Depression
The patient health questionnaire 9-item scale was used to assess
symptoms of depression [32]. This scale has been used in
hundreds of research studies and has well-established validity
and reliability [33]. The instructions state: “Over the last 2
weeks, how often have you been bothered by any of the
following problems?” Sample items included the following:
Little interest or pleasure in doing things and feeling down,
depressed, or hopeless. Items are rated on a 0-3 scale. Scores
on the 9 items were summed and then categorized into levels
of severity: minimal 0-4, mild 5-9, moderate 10-14, moderately
severe 15-19, and severe 20-27. The clinical status for
depression was defined as moderate or higher (score of 10+).
The severity mix for depression in the sample was 32.3%
moderate (112/347), 44.7% moderately severe (155/347), and
23.0% severe (80/347).

Social Anxiety
The social phobia inventory (SPIN) was used to assess
symptoms of social anxiety [34]. Past research has shown SPIN
to have adequate levels of reliability and validity [35]. The
instructions state: “Select the answer that best describes how
much the following problems have bothered you during the past
week.” Scores on the 17 items are rated on a 0-4 scale. Scores
were summed and categorized into 5 levels of severity: minimal
0-18, mild 19-30, moderate 31-40, severe 41-50, and very severe
51-68. The clinical status for social anxiety was defined as
moderate or higher (score of 31+). The severity mix for social
anxiety in the study sample was 36.0% moderate (73/203),
42.4% severe (86/203), and 21.6% very severe (44/203).

Insomnia
To assess symptoms of sleep disturbance and insomnia, the
sleep scale from the medical outcomes study (MOS) developed
by the Rand Corporation [36]. The MOS sleep scale has proved
to have adequate levels of reliability and validity [37]. The
6-item short version used item numbers 4, 5, 7, 8, 9, and 12
from the original full 12-item scale. The instructions for the
measure state: “How often during the past week did you…?”
The items included the following: (4) get enough sleep to feel
rested upon waking in the morning? (5) awaken short of breath
or with a headache? (7) have trouble falling asleep? (8) awaken
during your sleep time and have trouble falling asleep again?
(9) have trouble staying awake during the day? and (12) get
the amount of sleep you needed? The recall period was slightly
modified for use by Learn to Live, such that in the preliminary
comprehensive assessment, the instructions for this scale used
the past 4 weeks reference time period, whereas in each lesson
of the program, the instructions had a reference time period of
the past week. The 6 items were rated on a scale of 1-6. The
ratings were weighted (1=0, 2=20, 3=40, 4=60, 5=80, and
6=100) and summed. The total score was then categorized into
4 levels of severity: minimal 0-29, mild 30-43, moderate 44-60,
and severe 61-100. The clinical status of insomnia was defined
as moderate or higher (score of 44+). The severity mix of
insomnia in the study sample was 55.3% moderate (42/76) and
44.7% severe (34/76).

Sources of First and Last Scores on Outcome Measures
The data source for the score at the start of program use was
most often the student's score from the preliminary
comprehensive assessment, which had been completed by almost
9 out of every 10 participants (829/951, 87.2%). For those who
did not complete the comprehensive assessment, the score for
the start of program use was taken from the symptom assessment
done as part of the first lesson. The data source for the last score
at the end of program use was taken from the student's score on
the last lesson used, which varied within person from lesson 2
to lesson 8. Each program had a full range of lessons represented
from 2 to 8.

Follow-Up Survey
All registered users of the Learn to Live services were sent an
email and invited to complete a self-report survey about their
experiences. Modest financial incentives were provided to
students who participated in a follow-up survey. Note that
offering incentives for survey completion was a routine
component of business operations and not a procedure unique
to the research study. The specific questions and response
options and the findings are presented later in this paper. A total
of 136 users completed a survey during the valid follow-up
period, defined as at least 1 month but not more than 6 months
after the date of the last use of the program (between 31 and
183 days after the date of the last lesson used). About 1 out of
every 8 students in the study (136/951, 14.3%) completed a
valid follow-up survey.

Preliminary tests were performed by comparing the survey
sample with the others in the total sample to determine the
representativeness of the survey group. Specific statistical results
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for each of the measures compared are shown in Multimedia
Appendix 1. The survey group was similar to the nonsurvey
group on factors of age, completing the comprehensive
assessment, and using a teammate. However, the survey group
differed from the nonsurvey group in that it had more females,
used more lessons, had a longer timer period of use, had more
who used a coach, and had more who had tried more than one
of the programs. Although those who participated in the
follow-up survey process had greater engagement with the
program, both groups had nearly identical clinical outcomes.
Thus, the survey sample was considered representative of each
program and the overall program use experience, despite some
differences between the respondents and nonrespondents.

Data Analysis
All analyses were conducted using SPSS version 25 [38].
Descriptive and inferential tests were performed as appropriate
to the data and research questions. Details on the specific
analyses performed are presented in the Results section.

Results

Part 1: Profile of College Student Users of iCBT
Programs
This part of the paper describes the profile of college students
based on demographic factors and their use of the 4 programs.

Demographic Profile of the Total Sample
The sample included 951 students from 4 colleges and
universities, all located in the Midwest region of the United
States. In the total sample, the average age of the users was
23.38 years (SD=6.54) and ranged from 15 to 62 years, although
most users were in the 18 to 21 age group, typically of the
college undergraduate experience. Females comprised the vast
majority of program users at 74.2% (706/951), males were
23.6% (224/951), and 2.2% (21/951) of users self-identified as
gender diverse.

Other background factors of race and year in college were only
collected in the follow-up survey (described later in the paper,
n=136). For race, 80.1% (109/136) identified as white, 8.1%
(11/136) as Asian, 3.7% (5/136) as black or African American,
1.5% (2/136) as Hispanic or Latino, and another 6.6% (9/136)
as Other or no answer. Most of the users who completed the
survey were undergraduate students (85/136, 62.5%), although
slightly more than a third were graduate students (51/136,
37.5%). Among the 85 undergraduates, the mix of school class
was 15 freshman, 31 sophomores, 18 juniors, and 21 seniors.
This profile indicates that these iCBT programs appealed to

both undergraduate and graduate students who had a profile for
age, gender, and race, which was consistent with the larger
college student population in the United States [4].

Profile of Program Utilization in the Total Sample
This profile of program use is for the total sample (N=951)
across the 4 programs. The average number of lessons used was
3.63 (SD=2.08) out of the 8 possible. The mean number of days
of use from the start to the last lesson was 41.55 days
(SD=43.77), with a median of 25 days and a range of 1 to 183
days. The period of time between the use of each lesson
averaged 11.65 days (SD=13.14).

As expected, the number of lessons used and the duration of
the period of use were strongly positively correlated (r=0.47;
P<.001). The number of lessons used was not related to gender
(r=−0.02; P=.54) but was somewhat correlated with age (r=0.14;
P<.001), in that older students used more lessons. The duration
of use was not related to gender (r=−0.01; P=.98) but was
somewhat correlated with age (r=0.11; P<.001), in that older
students had a longer period of use.

About 1 in every 5 students chose to involve a coach from the
program staff for ongoing support during use of the program
(209/951, 22.0%). The use of a coach was strongly associated
with participating in a greater number of lessons (1.49 more
lessons on average than when not using a coach; r=0.30; P<.001)
and with greater duration of program use (37.13 more days of
use on average than when not using a coach; r=0.35; P<.001).
In contrast, the use of a coach was only weakly associated with
demographic factors of older age (r=0.08; P=.02) and was

unrelated to gender (X2
1,951=0.01; P=.76).

About 1 in every 8 students chose to engage a teammate (a
personal friend/family member) for ongoing support (124/951,
13.0%). The use of a teammate was not associated with the
number of lessons used (r=0.05; P=.12), the duration of use
(r=0.01; P=.72), or age of the user (r=−0.01; P=.81). However,
the use of a teammate was strongly associated with gender

(X2
1,951=8.2; P<.001), such that females (102/706, 14.4%) were

twice as likely to have used a teammate than were males
(16/224, 7.1%).

Comparison of the Four Programs Based on User
Demographic and Operational Factors
The demographic factors of age, gender, and operational use
factors were also compared between the 4 iCBT programs. The
results revealed significant differences between programs on 7
of the 9 factors tested (Table 2).
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Table 2. Comparison of user demographic and operational factors: The Learn to Live program (N=951).

P valueTest of differencesiCBTa programFactor

Chi-square
(df)

F test (df)Insomnia
(sleep)

Social anxietyDepressionStress, anxiety, and
worry

N/AN/AN/Ab76203347325Number of users

User demographic factors

.01N/A3.6 (3,947)User age (years)

22202121Median

25.72 (9.06)23.00 (6.38)23.21 (6.78)23.24 (5.51)Mean (SD)

<.00125.5 (6,951)N/AUser gender, n (%)

58 (76.4)129 (63.5)259 (74.6)360 (80.0)Female

15 (29.7)70 (34.5)76 (21.9)63 (19.4)Male

3 (3.9)4 (2.0)12 (3.5)2 (0.6)Gender di-
verse

Operational factors of program use

.048.5 (1,951)N/A69 (90.8)165 (81.3)309 (89.0)286 (88.0)Comprehensive
assessment: Yes,
n (%)

.12N/A2.0 (3,947)Lessons used, n (%)

39 (51.3)83 (40.9)152 (43.8)152 (46.8)2

9 (11.8)52 (25.6)69 (19.9)52 (16.0)3

7 (9.2)31 (15.3)27 (7.8)41 (12.6)4

3 (3.9)10 (4.9)20 (5.8)24 (7.4)5

2 (2.6)11 (5.4)13 (3.7)11 (3.4)6

1 (1.3)5 (2.5)8 (2.3)7 (2.2)7

15 (19.7)11 (5.4)58 (16.7)38 (11.7)8

3.78 (2.37)3.37 (1.69)3.80 (2.23)3.58 (2.03)Mean (SD)

<.0016.0 (3,947)Number of days

16222830Median

30.07 (33.83)33.34 (38.30)44.17 (44.77)46.54 (46.82)Mean (SD)

1-1431-1631-1831-182Range

.057.9 (3,951)N/A13 (17.1)33 (16.3)79 (22.8)84 (25.8)Coach used: Yes,
n (%)

<.00157.2 (3,951)N/A3 (3.9)2 (1.0)77 (22.2)42 (12.9)Teammate used:
Yes, n (%)

.0210.4 (3,951)N/A17 (22.4)28 (13.8)64 (18.4)36 (11.1)Multi-user: Yes,
n (%)

.303.7 (3,951)N/A11 (14.5)34 (16.7)54 (15.6)37 (11.4)Survey at follow-
up: Yes, n (%)

aiCBT: internet-based cognitive behavioral therapy.
bN/A: not applicable.

Demographics Compared by Program

Both demographic characteristics of users differed significantly
between programs. The average age of the students in the
insomnia program was about 3 years older than the average age
of the students in each of the other 3 programs. Although
females were the majority of users in every program, the social

anxiety program had relatively fewer women among users (64%)
than the gender mix in the other 3 programs (range 75%-80%;
female).

Operational Factors Compared by Program

The 4 programs were similar in the average number of lessons
used per person. The percentage of users who completed a valid
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survey at follow-up after use was also similar across the 4
programs. However, significant differences between programs
were present in 5 other utilization factors (Table 2). The
percentage of users who had completed the comprehensive
assessment was lower in the social anxiety program than in the
other 3 programs (81% vs 88%-91%). The average period of
use differed between programs, with the stress, anxiety, and
worry and depression programs both having longer average
periods of use (roughly 12 days more) than the social anxiety
and insomnia programs. The stress, anxiety, and worry program
and the depression program both had a higher coaching use rate
than the social anxiety and insomnia programs (26%, 23% vs
16%, 17%, respectively). The depression and stress, anxiety,
and worry programs both had a much higher use of teammates
for support than did the insomnia and social anxiety programs
(22%, 13% vs 4%, 1%, respectively). The percentage of students

who used multiple programs during the 3-year study period
differed significantly between programs (range 11%-22%).

Part 2: Improvement in Clinical Symptoms by
Program
This part of the results examines the primary outcomes of the
study for change in the clinical symptoms among users in each
program separately. Changes from before to after program use
in the level of severity of clinical symptoms were empirically
examined in two ways. The first approach was more clinically
focused and determined how many cases changed from being
in clinical status at the start (100% of users by design) to no
longer being in clinical status after use. The second approach
compared the average levels of symptom severity across all
cases in each program before and after use. Both approaches
were performed separately for each of the 4 programs. See Table
3 for details of the findings.

Table 3. Users at clinical status at start and last use and average level of clinical symptoms at start and at last use: by the Learn to Live program.

Internet-based cognitive behavioral therapy programCharacteristics

AllInsomnia (sleep)Social anxietyDepressionStress, anxiety, and worry

95176203347325Users, n

N/AeMOS-Sleep-6dSPIN-17cPHQ-9bGAD-7aMeasure

N/A0-1000-510-270-21Score range

N/A44+31+10+10+Clinical level score

N/A100100100100Clinical status at start, %

Test 1 of reduction in symptom severity at individual user level

N/A46 (56.4)158 (77.8)223 (64.3)176 (54.2)No change: Stayed clinical at last
use, n (%)

Unweighted
average:
36.8%

33 (43.4)45 (22.2)124 (35.7)149 (45.8)Changed from clinical at start to
subclinical at last use, n (%)

Test 2 of reduction in symptom severity level average across all users

N/A60.46 (11.32)43.89 (8.55)16.44 (4.12)14.50 (3.09)Start, mean (SD)

N/A47.03 (18.43)37.06 (13.31)12.34 (6.41)10.19 (5.02)Last use, mean (SD)

Unweighted
average:
23.1%

22.215.624.929.7Improvement, %

N/A6.85 (75)8.33 (202)12.71 (346)16.21 (324)Paired t test (df)f

N/A0.420.500.410.38Paired correlation, r

N/A1.100.800.911.25Effect size, Cohen d

N/ALargeLargeLargeLargeEffect size level

aGAD-7: Generalized Anxiety Disorder 7-item scale.
bPHQ-9: Patient Health Questionnaire 9-item scale.
cSPIN-17: Social Phobia Inventory 17-item scale.
dMOS-Sleep-6: Medical Outcomes Study Sleep 6-item scale.
eN/A: not applicable.
fAll P values <.001.

Change in Clinical Status by Program
For each program, the number of cases that were still above the
established scale score cutoffs for clinical status at the last lesson

used was examined. The results showed that the percentage of
users who changed from clinical status at the start to become
lower and subclinical in their level of severity after use was
46% for stress, anxiety, and worry, 43% for insomnia, 36% for
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depression, and 22% for social anxiety. Averaged across the 4
programs (unweighted by different sample sizes), 37% of the
students changed from clinical to non–clinical status after use.

Change in Average Level of Symptom Severity by
Program
Paired t test (two-tailed probability) and statistical effect size
(Cohen d) analyses were performed for each of the 4 programs
to test the extent of change in clinical symptom severity on
average across all users from before to after use. The results
indicated that each program had a significant improvement in
severity. The average improvement (as a percentage of score
reduction) for each program was as follows: 30% for stress,
anxiety, and worry, 25% for depression, 22% for insomnia, and
16% for social anxiety. Each of these results had a statistical
effect size that was considered as large (d range 0.80-1.25).
Averaged across the 4 programs (unweighted by different
sample sizes), there was a 23% reduction in the level of severity
of clinical symptoms after use.

Part 3: Multivariate Tests of Moderating Factors of
the Extent of Improvement in Clinical Symptoms After
Program Use in Total Sample
The findings in Part 1 revealed many differences between the
4 programs in terms of user characteristics and how the
programs were used. Overall, there were also some correlations
between many of the operational factors. This context indicated
that the overall results found in Part 2 for clinical improvement
specific to each program may be influenced by user
demographics and operational factors. Given the different
profiles of the 4 programs, it made sense then for us to explore
changes over time in the clinical outcomes using other more
sophisticated tests that take into account the joint influences of
the user demographic and program use characteristics. This part
of the results examined the impact of relevant potential
moderator factors on the change in clinical outcomes in the full
sample, considering all programs together.

As each of the programs had different outcome measures and
a standardized measure was needed for analyses involving all
programs in the same tests in the total sample, we used the
difference scores for the change in symptom severity measures
for each program (Multimedia Appendix 2). These difference
scores when converted into percentages of change from first to
last use ranged from 100% to −100% and had a near normal
distribution of variance for each program such that some users
had increased severity, some had little or no change, and some
had decreased severity. The variation between the 4 programs
in the extent of change in clinical outcome severity was
statistically tested when controlling for all of the other user
demographic and operational factors. The same tests also
explored whether each of the demographic and operational

factors were moderating the results for the extent of
improvement after use, when controlling for the shared effects
of the program used and all other factors. For example, was
there a greater reduction in clinical symptoms for students who
used more lessons in a program, all other factors being the same?

A repeated measures analysis of variance model with covariates
(ANCOVA) was conducted with the dependent measure of the
difference score for the amount of change in symptom severity
from start to last use. The factors included the program (4
groups), the covariates of the demographic factors of user age
(number of years) and gender (male, female, and gender
diverse), the operational factors of use of the comprehensive
assessment (yes/no), the number of lessons used (2-8), the time
period of use (number of days), the use of a coach (yes/no), the
use of a teammate (yes/no), and if the student had used more
than one program (yes/no). Each continuous variable was used
in the statistical tests as covariates with their full variance. The
results for each factor are shown in the second column of Table
4.

However, subgroups of the continuous variables were also
created for descriptive purposes to better understand the results
using the estimated scores. This recoding process was done for
the user, the number of lessons, the user’s age, and the duration
of use. The number of lessons used was recoded into 3
categories: (1) lessons used 2, (2) lessons used 3-7, or (3) all 8
lessons completed. The age of the student was recoded into 2
categories: (1) those who were within the traditional
undergraduate age range of 21 years or younger (n=534;
mean=19.41 years, SD=1.11; median=19) and (2) those who
were older and in the age range of 22 to 62 years (n=417;
mean=28.46 years, SD=7.07; median=27).

The time period of use was recoded into 3 categories, based on
dividing the sample into thirds (which was done separately
within each program): (1) shortest time period, (2) middle time
period, or (3) longest time period. As expected, these 3 groups
differed in the total number of days of program use: (1) shortest
time period (n=299; mean=5.20 days, SD=4.11; median=4 days),
(2) middle time period (n=330; mean=26.13 days, SD=11.17;
median=24 days), and (3) longest time period (n=322;
mean=91.11 days, SD=39.83; median=79 days). Essentially,
this yielded 3 groups that used the program for time periods
that lasted approximately 1 week, 4 weeks, and 13 weeks.

Adjusted mean scores on the dependent measure of the
percentage change in clinical symptoms were then calculated
for each subgroup within a factor. This process yielded estimated
scores for the clinical change outcome measure for subgroups
of a particular factor, while at the same time controlling for the
influence of all of the other factors. The detailed descriptive
results for adjusted percentage change levels for each subgroup
are presented in the third and fourth columns of Table 4.
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Table 4. Main effect tests of each factor on the outcome of reduction in clinical symptoms when controlling for other factors: total sample (N=951).

Relative odds for pairings of
subgroups with most differ-
ence

Sample, nImprovement from start to last use in
clinical symptoms by subgroups of factor
(%)

Results with all factors in

the modela
Factor

P valueF test (df)

<.00111.37 (11,950)Overall

N/Ab95123.9All program average

Yes 1.04 X greater than No.81<1 (1,950)Comprehensive assessment

82922.9Yes

12222.0No

Stress, anxiety, and worry
program 1.83 X greater than
social anxiety program

<.0017.42 (3,950)iCBTc program used

32529.3Stress, anxiety, and worry

34724.1Depression

7621.2Insomnia

20316.0Social anxiety

Older 1.14 X greater than
college age

.083.01 (1,950)Age of userd (years)

41725.7Older age of 22+ years

53422.5College age

Male 1.40 X greater than
average of female and gen-
der diverse

.033.42 (2,950)Gender of user

22428.7Male

70621.0Female

2119.9Gender diverse

All 8 lessons 2.41 X greater
than 2 lessons

<.00143.56 (1,950)Number of lessons usedd

12243.1All 8 lessons

40324.53-7 lessons

42617.92 lessons

Longer 1.13 X greater than
shorter

.66<1 (1,950)Duration (days of use)d

32224.6Longer: 13 weeks

33025.3Middle: 3 weeks

29921.7Shorter: 1 week

Coach yes 1.20 X greater
than no

.092.90 (1,950)Coach used

20927.5Yes

74222.9No

Teammate 1.20 X greater
than no

.152.11 (1,671)Teammate used (SAW or DEP
program users only)

11930.8Yes

55325.7No

Both 1.70 X greater than
neither

.014.53 (2,950)Live support combined use

3337.7Both coach and teammate

26726.4One live support
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Relative odds for pairings of
subgroups with most differ-
ence

Sample, nImprovement from start to last use in
clinical symptoms by subgroups of factor
(%)

Results with all factors in

the modela
Factor

P valueF test (df)

65122.2Neither used

Multiuser 0.86 X less than
no

.311.05 (1,950)Multiple program user

14520.1Used 2+ programs

80623.5No

aMean percentages of change for subgroup estimated after statistical adjustment for all other factors listed. Test for teammate use was smaller as only
2 programs had enough participants with the use of a teammate to qualify (N=672).
bN/A: not applicable.
ciCBT: internet-based cognitive behavioral therapy.
dTested in an analysis of variance model as a covariate using the full range of continuous data available. However, the subcategories shown have
estimated mean scores for descriptive purposes only.

Outcomes Overall
Overall, when adjusted for the program and all other factors,
the typical college student user experienced a 24% reduction in
the severity of clinical symptoms. This overall level of reduction
in clinical outcomes was moderated to a significant degree
(P<.05) by 3 factors. These 3 factors included the program topic,
the number of lessons used, and the gender of the user.

Outcome Differences by Program
The programs significantly differed from each other in terms
of the change in outcome level, all other factors being equal.
The stress, anxiety, & worry program had the highest level of
improvement in clinical symptoms per average user (29%),
followed by the depression program (24%), the insomnia
program (21%), and the social anxiety program (16%) as the
lowest. Thus, the program effectiveness differed between the 4
programs by a range of 16% to 29%.

A comparison of these adjusted results from the multivariate
tests with the unadjusted results (Table 3) indicated very small
differences between the 2 test methods (ie, change in the
percentage of users at clinical status after use vs. change in the
average level of symptom severity for all students after use).
For the stress, anxiety, and worry program, 29.7% versus 29.3%
equals a raw difference of 0.4 and a relative difference of 1.5%.
For the depression program, 24.9% versus 24.1% equals a raw
difference of 0.8 and a relative difference of 3.2%. For the
insomnia program, 22.2% versus 21.2% equals a raw difference
of 1.0 and a relative difference of 4.5%. For the social anxiety
program, 15.6% versus 16.0% equals a raw difference of 0.4
and a relative difference of 2.6%. Thus, the overall results
specific to each iCBT program did not change significantly,
when taking into consideration the influences from the set of
other relevant user and use context factors as well. This small
difference between the testing methods also suggests that the
other factors were acting in similar ways within each of the
programs in how they affected the outcomes. However, this
interpretation is examined directly in Part 4 of the results.

Outcome Differences Moderated by the Number of
Lessons Used
The largest difference among the covariates was found for the
operational factor of the number of lessons used. After
controlling for which program was used and for all of the other
operational and demographic factors, the students who
completed the full program had an average improvement of
43%, compared with a 25% improvement among the students
who used between 3 and 7 lessons, and only an 18%
improvement for the students who used just 2 lessons. This was
a relative difference such that the clinical success rate was 2.4
times higher for program completers than for those who
participated minimally in doing only the first 2 lessons. This
factor represents the level of dosage of the full content and
intervention material. As this was the largest effect of all of the
moderator factors tested, it was explored in more detail at each
of the 7 specific levels of the number of lessons used
(Multimedia Appendix 3).

The general pattern of how the number of lessons used was
associated with clinical change and distribution in the total
sample is presented in Figure 1. This graphic shows 2 bar graphs
side by side and sharing a center column for the number of
lessons used from a low of 2 to a high of 8. The bar chart on
the left side shows how many students in the total sample used
each total number of lessons (as a percentage). This figure
reveals that most of the students (45%) had used 2 lessons, with
the percentage of students in the middle levels of the number
of lessons (from 3 to 7) being between 2% and 19% of all users,
and only 13% of students who had completed all 8 lessons. The
other bar chart on the right side shows the average percentage
of improvement over time in clinical symptoms at each level
of number of lessons used. The lowest level of improvement at
16% was for the students who used the fewest lessons (2),
whereas the highest level of improvement at 40% was for the
students who had used the most lessons (8), with the levels of
improvement being in between these low and high ranges for
the other students who had completed a number of lessons in
between these extreme groups (3-7 lessons used). Thus, the
impact on the extent of change in clinical symptoms was greater
in an almost linear fashion as the number of lessons increased.
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Figure 1. Results in total sample across internet-based cognitive behavioral therapy programs for moderating effect of greater number of lessons used
(center) associated with greater improvement in clinical symptom severity (right side) and percentage of users at each level of lessons (left side).

Outcomes Moderated by the Demographic
Characteristics of the User
The gender of the user was significant as a covariate when
controlling for all other factors (Table 4). Males had a higher
level of improvement (29%) than did either females or gender
diverse students (21% and 20%, respectively). When tested
more specifically, with just 2 groups of males compared with
the combination of females and gender diverse students as one
group, controlling for all other factors, the result was even
stronger for males, having a greater improvement by 1.4
(F1,950=12.95; P<.001). Older students had slightly more clinical
improvement after use than did the traditional college-age
students (26% vs 23%; P=.08).

Outcomes Moderated by the Use of Live Support
The use of live support only approached significance as a
moderator when controlling for other factors (Table 4). Students
who used a live coach from the service for support had slightly
more clinical improvement after use than did the students who
did not (28% vs 23%; P=.09). When tested combing the data
from the only in the 2 programs with enough users of a
teammate to provide a fair test (ie, the stress, anxiety, and worry
and the depression programs), the students who had used a
friend or family member for support had slightly more clinical
improvement after use than the students who did not (31% vs
26%; P=.15).

However, when the 2 live support options were categorized into
a combined variable of 3 groups (users of both coaching and
teammates: 3.5% of all users; users of either kind of support:
28.0%; and nonusers of live supports: 68.5%), the findings were
significant (P<.001) when controlling for all other covariate
factors. These results indicated that the users of both live
supports had the most improvement (38%), followed by the
users of one of the live supports (26%), and with the non-users

of live supports users having the least amount of improvement
(22%).

Outcomes Moderated by Other Factors
Other operational factors did not significantly impact the extent
of improvement in clinical symptoms once all other factors were
considered (Table 4). These factors with no moderator effects
included the duration of use, optional use of the comprehensive
assessment before starting the first lesson, and whether or not
the student had used multiple iCBT programs.

An explanation for why the duration of use was not significant
is that it was positively correlated with the much stronger factor
of the number of lessons used and thus it had minimal impact
when the number of lessons factor was also included in the same
analysis. The lack of effect for the comprehensive assessment
is perhaps due to the timing of completing the comprehensive
assessment, which is often done on the same day as starting the
first lesson. Thus, the first lesson and the comprehensive
assessment tend to have very similar scores on the clinical
symptom measure used as the starting score.

Using more of the lessons on outcomes was critical for
improvement. The lack of effect for the factor of multiple
program user status makes sense when the average number of
lessons per program used was lower by about 1 lesson among
multi-program users than for single-program users (n=145,
mean=2.14, SD=2.57 vs n=806, mean=3.44, SD=1.9,
respectively).

In addition, both the comprehensive assessment and
multi-program user factors had imbalanced distributions, with
the vast majority of users being in 1 of the 2 categories (n=829
vs n= 122; n=806 vs n=145, respectively). Nonequivalence of
sample sizes between groups can also affect the fidelity of the
comparison tests.
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Part 4: Multivariate Tests Within Each Program of
Moderating Factors of the Extent of Improvement in
Clinical Symptoms After Program Use
Finally, additional repeated measures analysis of variance model
tests with covariates were conducted to determine if the
demographic and operational factors had moderator effects that
were similar within each of the specific programs concerning
their influence on the changes in the average level of symptom
severity. The insomnia program, however, was excluded because
it had too few users to allow us to conduct reliable tests of scores
in the various subgroups of the factors. The analysis sample
was also slightly smaller in each program tested, as the gender
diverse students were excluded as they represented too small a
group within each program for a reliable test (gender diverse:
n=2 for stress, anxiety, and worry program; n=12 for depression
program; n=4 for social anxiety program).

Stress, Anxiety, and Worry Program: Moderator Tests
For the stress, anxiety, & worry program (N=323), the results
of the statistical analysis found that 2 of the 8 factors were
significant as moderators of clinical symptom reduction after
use (Multimedia Appendix 4). The effect for the lessons used
was the largest of all the factors tested. Students who had used
2 lessons had the lowest level of clinical improvement at 23%,
students in the middle levels of the number of lessons used
(from 3 to 7) had a 31% improvement, and students who had
completed all 8 lessons had the highest level of improvement
with 46% reduction in symptoms. This was a relative difference
such that the clinical success rate for the group of program
completers was 1.9 times higher than the group that used just
2 lessons. The gender of the user was also significant when
controlling for all other factors. Males in this program had a
higher level of improvement than females (40% vs 27%,
respectively). This was a relative difference such that the clinical
success rate for males was 1.5 times higher than that for females.
Other factors were not significant as moderators of improvement
in the stress, anxiety, and worry program.

Depression Program: Moderator Tests
For the depression program (N=335), the results of the analysis
found that 2 of the 8 factors were significant as moderators of
clinical symptom reduction after use (Multimedia Appendix 4).
The effect for the lessons used was the largest of all the factors
tested. Students who had used 2 lessons had the lowest level of
clinical improvement at 18%, students in the middle levels of
the number of lessons used had a 24% improvement, and the
students who had completed all 8 lessons had a 48% reduction
in symptoms. This was a relative difference such that the clinical
success rate for the group of program completers was 2.8 times
higher than the group that used just 2 lessons. The use of a
teammate among the depression program participants had a
higher level of improvement than those who did not use a
teammate (32% vs 23%, respectively). In addition, both
demographic factors (age and gender) approached significance
when controlling for all other factors among users of the
depression program (P<.10). Males in the depression program
had a slightly higher level of improvement than females (31%
vs 23%, respectively). Older age students in the depression
program had a slightly higher level of improvement than

younger students (29% vs 22%, respectively). Other factors
were not significant as moderators of improvement after use in
the depression program.

Social Anxiety Program: Moderator Tests
For the social anxiety program (N=199), only one factor was
significant in the statistical analysis as a moderator of clinical
symptom reduction after use (Multimedia Appendix 4). The
gender of the user was significant when controlling for all other
factors. Males who addressed social anxiety had a higher level
of improvement than females (21% vs 13%, respectively). The
effect for the lessons used was in the same direction as in the
other programs, yet failed to reach significance, and all of the
other factors were not significant as moderators of improvement
in the social anxiety program.

In summary, the findings for tests of moderator effects
conducted separately within each program had a pattern of
results that was mostly similar to the same tests conducted in
the full sample across programs. The number of lessons used
had the same pattern of findings in each program and was highly
significant in 2 of the 3 programs specifically, although not for
the social anxiety program (perhaps due to the smaller sample
size). For gender, males improved more than females in each
program. The effect of age approached significance in the
depression and social anxiety programs but not in the stress,
anxiety, and worry program. The effect of the use of teammate
was found to be significant for the depression program but not
for the stress, anxiety, and worry program. Coaching contributed
to slightly better outcomes, but was not significant for any of
the 3 programs tested. Other operational factors did not affect
the outcomes within each program.

Part 5: Survey Outcomes
For the survey data, a descriptive approach guided the data
analysis to explore user responses concerning the promotion of
the services, experience with counseling, impact on
college–related outcomes and attitudes, and overall user
satisfaction with the service. The items and responses are
presented in Table 5. Students reported becoming aware of the
services from a variety of sources within the college
environment. The most effective promotional channel was
campus email (45%), followed by on-campus printed signage
(27%), campus health center (19%), on-campus digital signage
(15%), the website of the college/university (13%), and a friend
or classmate (4%).

Other questions on the survey asked about the impact of the
service use concerning 9 different academic related outcomes.
The first set of questions examined positive academic behaviors.
The results found that users were more likely after use to ask
for help needed for classes (40%), to participate in class (29%),
to complete assignments (15%), to make presentations in class
(15%), and to go to class on time (12%). When combined, about
8 in every 10 students had one or more of these positive
academic outcomes. A second theme involved how various
adverse academic outcomes were reduced or avoided after use
of the service. Some students reported that they were less likely
to drop out of school (20%), were less likely to transfer away
(15%), were less at risk of dropping a course (14%), or were
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able to avoid academic probation (10%). Considered together,
about 1 in every 3 students who used the service had avoided
experiencing at least one of these adverse outcomes. Overall,

almost 9 in every 10 student users were successful in one or
more of the full set of 9 academic outcomes.

Table 5. Results of items on follow-up survey: data averaged across all programs (N=136).

Users, n (%)Item

Awareness of service: How did you learn about Learn to Live?

61 (44.9)Campus email a

27 (27.2)On-campus printed signage

20 (14.7)On-campus digital signage

18 (13.2)College website

26 (19.1)On-campus health clinic

6 (4.4)A friend or classmate

Academic outcomes: How has Learn to Live affected your college experience (check all that apply)?

Positive outcomes experienced

55 (40.4)I am more likely to ask for help I need for classes

39 (28.7)I am more likely to participate in class

21 (15.4)I am more likely to complete assignments

20 (14.7)I am more likely to make presentations in class

16 (11.8)I am more likely to go to class on time

108 (79.4)Sum: Any one of the above 5 positive outcomes (yes)

Adverse outcomes avoided

19 (14.0)I am less at risk of dropping a course

13 (9.6)I have been able to avoid academic probation

27 (19.9)I am less likely to drop out of college/university

20 (14.7)I am less likely to transfer away from this college/university

50 (36.8)Sum: Any one of the above 4 adverse outcomes avoided (yes)

118 (86.7)Sum: Any one of the above 9 outcomes (yes)

Attitude toward college: Do you now have a more favorable attitude toward your college because they provide Learn to Live as a free benefit?

103 (79.4)Yes

33 (20.6)No

Satisfaction: Overall, how satisfied were you with the Learn to Live experience?

28 (27.9)Very satisfied

81 (59.6)Somewhat satisfied

14 (10.3)Somewhat dissatisfied

1 (0.7)Very dissatisfied

2 (1.5)Don't know

aItalics indicate specific response options to the question.

The results of another item indicated that about 8 out of every
10 students had a more favorable attitude toward the school
because the school provided the web-based counseling service.
Improved academic–related outcomes from the use of the
program may have contributed to a better overall opinion about
the school. Finally, a key finding of the survey was that almost
9 out of every 10 users were satisfied with their experience with
the web-based program.

The results of another item on the survey indicated that about
half of the students (74/136, 54.5%), all of whom had met the
clinical symptom threshold at the start of use, reported either a
current or a past year experience with in-person counseling.
Thus, about half of the students who used these digital mental
health support tools already had experience with counseling
from a live person. In addition, about a third of the users
(52/136, 38.3%) were actively engaged in other in-person
therapy at the time of their use of the iCBT program. This
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finding indicates that the use of the self-directed web-based
support tool was adjunctive to in-person counseling for about
1 in every 3 of these students. In addition, among the subgroups
of those who reported being currently involved with other
therapies, half (26/52, 50.0%) reported that they were getting
more out of it since adding the web-based resources. Thus, the
use of the iCBT tools had a positive effect on their ongoing
therapy experience.

The findings presented earlier on the importance of doing more
of the lessons to achieve better outcome improvement were
informed by responses on the survey for an item that asked why
a student did not use all of the lessons in a program. This was
answered by 74 of the 136 survey respondents. Not having
enough time to participate more often was the most common
response for the subgroup of users (37/74, 50.0%). About 1 in
6 of these noncompleters indicated that they had improved
enough to feel that they could stop before using more lessons
(12/74, 16.2%). Another 1 in every 6 of these students did not
complete the program because they were not able to relate to
the content or did not find the program was helpful (11/74,
14.9%). Taken together, these comments suggest that using
fewer than the full 8 lessons was influenced more by a variety
of nonsystematic factors unique to the students involved than
it was to the program content or functionality.

Part 6: Comparison of College Student and Employee
Users—User Profiles and Outcomes
This part of the results examines the replication of this study
with another similar study of employee users of the same iCBT
resources. The primary findings of this study are similar to those
found in a recent study of the same 4 programs when used by
employees [26]. The sample that was starting program use above
the clinical severity score thresholds was a total of 707 people.
The sample sizes, demographics, and program use characteristics
for the college and employee user samples are listed for each
of the 4 programs in Multimedia Appendix 5. To simplify the
comparison, the characteristics and results for the college users
and the employee users were examined as simple averages
across the 4 programs (ie, unweighted by the sample size
differences in programs within each user sample, calculated as
scores on a factor added up for the 4 programs and then divided
by 4). These full study averages are presented in Multimedia
Appendices 5 and 6.

For the demographic characteristics, the two samples were
similar for gender (78% females in the employee sample) but,
as expected, were quite different in age. The college sample
users with an average age in the mid 20s were about 15 years
younger than the average age of almost 40 years old for the
employee user sample.

The two samples were quite similar in terms of the operational
factors (see details in Multimedia Appendix 5). Both samples
had most of the participants at the clinical level using the stress,
anxiety, and worry or the depression programs more than the
other two programs. However, the insomnia program had been
used by a higher percentage of employee users than college
users (18% vs 8%, respectively). The rate of completion of the
comprehensive assessment before starting the program was the
same at 87% for both of the samples. The average number of

lessons used in the depression program was similar for the two
samples, but the employee sample had a slightly higher number
of lessons used in the other 3 programs compared with the
student sample. Across all 4 programs, the average number of
lessons used per program participant was similar, but slightly
more for the employee users than the college users (yet this
difference between the group averages was quite small - at less
than one-half of 1 lesson). The average period of time used in
each program was also similar for the two samples in each
program. Comparison of the average across all 4 program for
the period of use was also very similar, at only 1 day difference
between the college and employee users (both at about 40 days).

The use of live support also had some modest group differences
within each program (see details in Multimedia Appendix 5).
The percentage of users with coach support in each program
was greater for employees than it was for college students. The
average across programs was 32% with coaches for employees
compared to 21% with coaches for college students. The
percentage of users with teammate support in each program was
more similar for the two groups. The average across programs
was 11% with teammates for employees and 10% with
teammates for college students.

By design, all users in both samples were above the cutoff scores
for clinical status with moderate or higher levels of symptom
severity. Depending on the measure, there were 2 or 3 levels of
severity within the clinical status range. The data showed that
the college and employee samples were also largely similar in
the percentage of users at each severity level (Figure 2; with
the statistical details in Multimedia Appendix 7).

Considered together, the college student and employee groups
were similar in most of the key factors. A summary of the user
group averages is displayed in Figure 3. The source statistics
for Figure 3 are provided in Multimedia Appendices 5 and 6.
This high level of similarity offered a fair context to compare
the clinical outcomes for each iCBT program for college and
employee users.

The first outcome was how many of the users had changed from
being at clinical status at the start of use to being below the
threshold and no longer at clinical status after use. On average
across the 4 programs (unweighted mean), 36.8% of the college
users had this outcome compared to 46.8% of the employee
users.

Next, the outcome of the average amount of change across all
users in each sample was compared. The relative level of
reduction in clinical symptoms for the typical user (as a
percentage change from the mean score at the start to the mean
score at the last use) was generally similar in each of the iCBT
programs for the two samples. However, the employee users
had a higher level of symptom improvement than the college
users within each program. When averaged across the 4
programs (unweighted mean), the employee sample had an
average of 28.9% reduction in symptom severity per person.
This same metric was a 23.1% reduction for the college users.
The results for clinical change by each program are presented
in Multimedia Appendix 6.
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Perhaps the levels of the moderating factors of the number of
lessons used and the use of coaching, which were both somewhat
higher for employee users compared with college users,
contributed to the slightly better clinical results for the employee
user sample. Both these factors were also significant moderators
of clinical improvement when tested in the study of employees

involving both clinical and subclinical users [26]. In summary,
the comparison of the college user sample to the employee user
sample revealed mostly similar profiles of user characteristics,
operational use activity, and the primary clinical outcome
results.

Figure 2. Comparison of percentage of college users and employee users of the same internet-based cognitive behavioral therapy programs at different
levels of symptom severity at pre: by clinical assessment measure specific to each program.
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Figure 3. Comparison of college users and employee users of the same internet-based cognitive behavioral therapy programs on context factors and
on clinical outcomes: both groups averaged across the 4 programs.

Discussion

Principal Findings
This study examined how different technology-assisted support
tools can reduce symptoms associated with anxiety, depression,
social anxiety, and insomnia. All 4 of these programs had
significant reductions in clinical symptom severity after use,
and each program had results of a large statistical effect. When
averaged across the programs and also controlling for relevant
demographic and operational factors, the typical user had a 24%
reduction in symptom severity. At the individual level, about 1
in every 3 users changed from being in clinical status at the start
of use to being at a nonclinical level of severity after use. Our
findings replicate the generally positive results found in other
studies of college student users of behavioral health digital tools
on clinical symptoms [19-21,25].

Therapeutic dosage emerged as a particularly potent moderating
variable, with much better results for those who participated
fully in each program by completing all 8 lessons compared to
those who participated minimally. Among program completers,
the extent of improvement was more than double that of those
who used only 2 lessons. This beneficial effect of adherence to
the intervention (through completing more of the intended
lessons) is a finding consistent with other research on adherence
conducted in tests of similar kinds of iCBT tools for mental
health issues [24,39-41].

Better clinical improvement among male users than among
female users emerged as a surprise finding, even though less
than a third of all users identified as male. One explanation
could be the anonymity that this computerized medium affords
and that there is no requirement to talk about one’s mental health

challenges with another person. In this way, male users
(especially those with social anxiety issues) may have felt less
socially exposed by not having to talk with a counselor to better
understand the nature of social anxiety. Male users may also be
drawn more to the CBT oriented approach than to
emotion-focused coping strategies, which are often emphasized
in traditional talk therapy and which male college students tend
not to prefer [42]. Gender differences in use rates and the
effectiveness of technology-based support tools are also being
explored in other research [43-45].

The use of optional live support was associated with an
increased level of engagement in the key aspects of participation
and yet was only weakly associated with better improvement
in clinical symptoms, once these other more impactful factors
were also considered in the same tests. In the total sample,
however, the combination of using both live supports at the
same time was significantly greater than using just one type of
support or none at all. Coaching tended to be used more often
and had a larger effect on the clinical outcome improvement
than the options of live peer support from friends or family. The
survey also asked participants to comment on their experience
with using a coach. Two themes emerged from these qualitative
comments as to why it was helpful. First, the coach provided
accountability for engaging in more lessons and over a longer
period of time. Second, the coach provided a caring,
personalized form of support. The positive role of live coach
supports found in this study has also been found in past research
on technology tools for depression [46].

Optional peer supports of a friend or family member as
teammates were used far less often than coaching support (and
almost not at all in two programs). Note that coaches were also
used more than teammates in the study of employee users of
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the same programs with the same pattern of very low use of
teammates for the social anxiety and insomnia programs (see
details in Multimedia Appendix 5). Teammate use was not
associated with increased operational engagement. However,
when a teammate was used, support from a personal contact
had a small positive impact on the clinical change outcomes for
the users in the depression program (but not in the other program
with enough users of teammates to test). One potential
explanation could be the preference among some college
students to use social support from peers (ie, teammates in this
study) when mental health issues are framed more as enhancing
well-being and normal life challenges rather than as assisting
in the treatment of clinical issues [47].

The survey data from the same users also revealed high levels
of satisfaction and more favorable attitudes toward college or
university. Program participation was also positively associated
with at least one school performance outcome for 9 out of 10
students. About half of the students who used the web-based
programs also had past year or concurrent experience in utilizing
a face-to-face counselor. Moreover, one-fifth of the student
users were referred to the digital services by the university
counseling center, reflecting the acceptance of the digital
services by the counseling centers and some existing integration
of in-person and digital services. The benefits of using both
traditional in-person and technological clinical supports have
emerging research support [48].

The results of this study replicate the findings obtained from a
recent study of employee users of the same set of web-based
programs from Learn to Live [26]. The results of this study are
similar to the findings in recent studies from other commercial
providers of digital technologies designed to support common
mental health and insomnia concerns among adults
[25,27,39,49,50].

Limitations
As in all applied research projects, there are certain limitations
to this study. It was conducted using samples of college and
university student users from multiple schools who had
voluntarily used one particular commercial service. It is
unknown whether these findings with this suite of tools can be
replicated in other contexts of college student users. There were
no comparison groups to assess the relative benefit from these
iCBT tools compared to a matched group of nonusers. It is likely
that some level of symptom reduction would occur naturally
over time or form other causal forces not measured in this study.
If so, whether the improvements over time in each program
would have large size statistical effects if comparison groups
of nonusers had been included in the study design is unknown.
In addition, the causal mechanisms of how these web-based
tools contribute to clinical improvements need further
examination under more rigorous experimental study design
conditions.

Conclusions
This paper adds to the sophistication of the existing literature
by comparing 4 distinct clinical topics, all of which shared the
same digital platform and similar interactive website
tools. Considered together, the variability in the number of
lessons and in the total time period of use lends evidence to the
flexibility that iCBT programs have to accommodate individual
student preferences concerning when, how often, and how much
to use the lessons. These iCBT tools appear to be associated
with improved academic functioning and for some students,
even the ability to stay in school. Additional study of outcomes
beyond the typical focus on clinical symptoms in future studies
would potentially add to the overall value proposition for
web-based tools in support of the mental health of college
students.
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Abstract

Background: Monitoring during pregnancy is vital to ensure the mother’s and infant’s health. Remote continuous monitoring
provides health care professionals with significant opportunities to observe health-related parameters in their patients and to detect
any pathological signs at an early stage of pregnancy, and may thus partially replace traditional appointments.

Objective: This study aimed to evaluate the feasibility of continuously monitoring the health parameters (physical activity,
sleep, and heart rate) of nulliparous women throughout pregnancy and until 1 month postpartum, with a smart wristband and an
Internet of Things (IoT)–based monitoring system.

Methods: This prospective observational feasibility study used a convenience sample of 20 nulliparous women from the Hospital
District of Southwest Finland. Continuous monitoring of physical activity/step counts, sleep, and heart rate was performed with
a smart wristband for 24 hours a day, 7 days a week over 7 months (6 months during pregnancy and 1 month postpartum). The
smart wristband was connected to a cloud server. The total number of possible monitoring days during pregnancy weeks 13 to
42 was 203 days and 28 days in the postpartum period.

Results: Valid physical activity data were available for a median of 144 (range 13-188) days (75% of possible monitoring days),
and valid sleep data were available for a median of 137 (range 0-184) days (72% of possible monitoring days) per participant
during pregnancy. During the postpartum period, a median of 15 (range 0-25) days (54% of possible monitoring days) of valid
physical activity data and 16 (range 0-27) days (57% of possible monitoring days) of valid sleep data were available. Physical
activity decreased from the second trimester to the third trimester by a mean of 1793 (95% CI 1039-2548) steps per day (P<.001).
The decrease continued by a mean of 1339 (95% CI 474-2205) steps to the postpartum period (P=.004). Sleep during pregnancy
also decreased from the second trimester to the third trimester by a mean of 20 minutes (95% CI –0.7 to 42 minutes; P=.06) and
sleep time shortened an additional 1 hour (95% CI 39 minutes to 1.5 hours) after delivery (P<.001). The mean resting heart rate
increased toward the third trimester and returned to the early pregnancy level during the postpartum period.
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Conclusions: The smart wristband with IoT technology was a feasible system for collecting representative data on continuous
variables of health parameters during pregnancy. Continuous monitoring provides real-time information between scheduled
appointments and thus may help target and tailor pregnancy follow-up.

(JMIR Form Res 2020;4(7):e12417)   doi:10.2196/12417

KEYWORDS

prenatal care; postnatal care; wearable electronics; biosensing; cloud computing; mHealth; physical activity; sleep; heart rate

Introduction

Monitoring and follow-ups during pregnancy are vital to ensure
the health and well-being of pregnant women and their unborn
infants. Thus far, monitoring of pregnancy is performed at
scheduled appointments by health care professionals in maternity
care units [1]. Instead of intermittent measurements tied to time
and place, remote and continuous monitoring could provide
significant opportunities for health care professionals to observe
the health-related parameters of their patients [2] and detect
abnormal changes in maternal adaptation to pregnancy and
liability to pregnancy complications early. Remote monitoring
might support personalized care as maternity care could be
tailored according to the received information. A personalized
monitoring approach could also enhance a woman’s
self-management because it makes the woman more aware of
her health and might commit her to pregnancy care [3].

The Internet of Things (IoT) provides methods for ubiquitous
and continuous maternity monitoring. The IoT is a high-level
network of objects (ie, things) that are wirelessly connected to
servers to provide efficient and comprehensive services [4,5].
In practice, the pregnant woman wears sensors that monitor
health-related parameters, enabling her and health care
professionals to track the data through web-based user interfaces
anywhere and at any time [5]. Recently, the use of various
eHealth applications in pregnancy care has sharply
increased—for example, for remote monitoring of blood
glucose—and the number of maternity care visits for women
with gestational diabetes mellitus has decreased with no
differences in maternal or neonatal outcomes noted [6,7].
Further, pulse and blood pressure sensors in a smartphone
application have been developed, and the feedback from
pregnant women has been positive [8,9].

Physical activity and sleep are significant for a pregnant
woman’s general well-being and quality of life [10]. Physical
activity decreases as pregnancy progresses [11], and sleep
disorders are common among pregnant women, especially
during the third trimester and during the postpartum period [12].
Both physical activity and sleep are usually measured by
subjective self-reports [11-13], which is complicated because

self-reports may over or underestimate the duration of sleep or
activity [13,14]. On the other hand, device-based monitoring
has the potential to increase physical activity because having
visibility to one’s daily activity is known to be an incentive to
increase physical activity [15]. Although smart wristbands are
widely utilized to measure activity, sleep, and heart rate, their
use in pregnant women is still scarce [2]. Continuous
device-based monitoring would provide unique and
representative data on the levels and changes of activity and
sleep during pregnancy and the postpartum period. Furthermore,
heart rate measures could be utilized to evaluate the intensity
of the physical activity of pregnant and postpartum women.
Continuous monitoring could also be useful to target
interventions to those needing them the most and to measure
health outcomes systematically.

This study aimed to evaluate the feasibility of continuous
monitoring of health parameters (physical activity, sleep, and
heart rate) of nulliparous women throughout pregnancy and
until one month postpartum with a smart wristband and an
IoT-based monitoring system.

Methods

Study Design and Settings
This study was conducted as a prospective observational
feasibility study on nulliparous women attending two maternity
outpatient clinics in Southern Finland between May 2016 and
June 2017. Physical activity, sleep, and heart rate data were
collected with a smart wristband integrating a
photoplethysmogram bio-sensor to measure heart rate [16] and
an inertial measurement unit to track activity and sleep [17].
The study design is presented in Figure 1.

The study was carried out per the Code of Ethics of the World
Medical Association (Declaration of Helsinki) and approved
by the Joint Ethics Committee of the Hospital District of
Southwest Finland (35/1801/2016) and the university hospital.
Permission to use Garmin Vivosmart (HR, Garmin) smart
wristbands in this study was obtained from the manufacturer.
The study was not registered due to the feasibility design.
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Figure 1. The study design.

Participants and Recruitment
In Finland, all pregnant women are offered a screening
ultrasound free of charge at the end of their first trimester. A
convenience sample of 20 pregnant women was recruited from
this visit. Criteria for eligibility were women (1) expecting their
first child, (2) ≥18 years of age, and (3) ≤15 of weeks of
singleton gestation. Women were excluded if they did not
understand Finnish or English or did not have a PC, tablet, or
mobile device with which to synchronize data.

The midwives at the maternity outpatient clinics informed the
eligible women about the study. After providing oral and written
information, the midwives asked permission for the researchers
to be in contact with potential participants (N=22). The
researchers explained the study purpose and procedures to the
women by telephone and scheduled a meeting if a woman was
willing to participate. Two women declined participation
because they felt that they would not wear the smart wristband.
Written informed consent was obtained from all participants at
the meeting with the researchers. In addition, a smart wristband
and instructions on how to use it were given to each participant,
and background information was obtained through a
questionnaire.

Outcome Measures and Data Collection
Maternal background characteristics of age, BMI, marital status,
education, employment status, smoking, and pre-pregnancy
physical activity habits were collected with a questionnaire at
the meeting with the researcher. Data on pregnancy and delivery
were collected from the maternity card and hospital electronic
patient records.

Physical activity, sleep, and heart rate data were collected
objectively using a Garmin Vivosmart, small (21 mm × 12.3
mm) and light (29.6 g) smart wristband. The device has shown
an acceptable level of validity for step counts tested under
laboratory conditions against the Optogait system (OPTOGait,

Microgate Srl) and a manual hand counter on the treadmill
[18,19]. The device detected sleep automatically based on heart
rate and hand movements during regular sleep hours, not during
the day. Physical activity intensities were estimated by
comparing heart rate data with the data collected by an
accelerometer sensor when acceleration was detected, in
comparison to the patient’s average resting heart rate. If the
heart rate sensor was not on, the device calculated the number
of steps per minute to evaluate moderate-to-vigorous physical
activity (MVPA) minutes. At least 10 consecutive minutes must
be recorded to earn intensity minutes so that either step count
rate or heart rate was elevated above the predefined
moderate-intensity threshold [20]. The women were instructed
to wear the activity tracker for 24 hours a day during their
pregnancy and for 1 month after delivery, totaling 7 months.
They were advised to synchronize the devices once a day or at
least when charging the devices every 5 days. Data were
accessible for both the researchers and the women.

An IoT-based system was implemented to provide remote health
monitoring throughout pregnancy and postpartum. The
monitoring system leverages an amalgamation of different
sensing, communication, and computing resources to collect,
transmit, and analyze data [5,21]. The architecture of this system
is illustrated in Figure 2. First, a smart wristband was used to
collect health data from the mother remotely. Second, the
collected data were transmitted to cloud servers via a gateway
device, which was a smartphone or a personal computer. Third,
the cloud was responsible for storing the data and for performing
the following data preprocessing and analysis methods.

Data collection rates were not fixed throughout monitoring, as
the Garmin provided the parameters at different rates. Therefore,
we first homogenized the heart rate values by interpolating or
averaging them. We then selected a 15-minute interval between
successive values. Moreover, step counts were obtained from
the Garmin. We leveraged step count values to specify physical
activity levels. Sleep duration per night was extracted from the
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sleep data provided by Garmin. To validate this data, we carried
out a manual cross-check between the sleep data and other data,

including hand movement and heart rate values. The sleep data
were corrected or removed in cases of mismatch.

Figure 2. An Internet of Things–based system for remote maternity monitoring.

Statistical Data Analysis
Physical activity (step count) and heart rate data were accepted
as valid for analyses if the participant wore the device for at
least 10 hours per day while awake [22,23] at least 4 days per
week [24]. The only exception was the week of delivery, from
which all awake data were included in the analyses because the
delivery week is shorter in most cases (if woman deliverers at
40+1 gestational week, this week includes only 2 days). Sleep
measurements were considered successful if there was no
off-wrist time during the sleep period [25] and at least 4 sleep
periods measured per week. Sleep duration was defined as the
number of minutes scored as sleep by the Garmin algorithm.

To describe the women’s background information and monitored
health parameters (step counts, sleep and awake minutes, heart
rate, and MVPA minutes), means, SD, or CI and medians with
ranges were used as continuous variables and counts with
proportions for categorical variables. Daily step counts, sleep,
and heart rate data from 13 weeks of gestation to 1 month
postpartum were presented for the second and third trimesters
and the postpartum period (averaging all accepted data during
each period). The changes in weekly step counts and sleep
minutes were assessed throughout pregnancy. These analyses
were performed with a linear mixed model with repeated
measures, including one within factor (time = gestational
weeks). A compound symmetry covariance structure was used

for time. This method allows women with missing values to be
included in the analyses. The same method was used to study
differences in average step count, sleep, and awake minutes
between pregnancy trimesters. Changes over trimesters in
MVPA minutes were analyzed using the Friedman test because
the normality assumption was not met.

Spearman correlation testing was used to explore associations
between mean daily step count by the second and third trimesters
and the postpartum period as well as mean daily sleep minutes
by the trimesters and postpartum period. MVPA minutes were
compared to the recommendation for physical activity in healthy
pregnant women: 150 minutes of moderate-intensity or 75
minutes of vigorous-intensity activity per week [26]. All tests
were performed as two-sided tests with a significance level set
at .05. The analyses were performed using SAS System, version
9.4 for Windows (SAS Institute).

Results

Participants
A total of 20 of 22 eligible pregnant women (refusal rate of 9%)
were enrolled in the study. The mean gestational age at
recruitment was 12 (SD 2) weeks of gestation. The background
characteristics of the women are described in Table 1 and the
perinatal outcomes are described in Table 2.
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Table 1. Descriptive statistics for maternal background characteristics (N=20).

ParticipantsCharacteristic

26 (5.0)Age (years), mean (SD)

12 (2.1)Gestational age at recruitment (week), mean (SD)

Highest educational qualification, n (%)

4 (20)Primary education

9 (45)Secondary education

4 (20)College or university of applied sciences

3 (15)University

Marital status, n (%)

17 (85)Married or living with a partner

3 (15)Single

Employment status, n (%)

13 (65)Working

2 (10)Unemployed

5 (25)Student

24.4 (17.7–43.5)Pre-pregnancy BMI (kg/m2), median (range)

7 (35)Pre-pregnancy smoking, n (%)

5 (25)Smoking during pregnancy, n (%)

12 (60)Pre-pregnancy physical activity (almost daily), n (%)

Table 2. Descriptive statistics for perinatal outcomes (N=20).

ParticipantsPerinatal outcomes

39.4 (2.6)Gestational age at delivery (week), mean (SD)

5 (25)Gestational diabetes, n (%)

Means of delivery, n (%)

14 (70)Vaginal

4 (20)Vacuum-assisted

2 (10)Emergency cesarean section

3415 (1100-4445)Birth weight (g), median (range)

Physical Activity and Sleep
The recordings yielded valid physical activity data for a median
of 144 (range 13-188) days, which represented 75% of the
6-month data collection period during pregnancy. During the
postpartum period, valid data were available for a median of 15
(range 0-25) days, representing 54% of the 1-month data
collection period.

Physical activity decreased from the second trimester to the
postpartum period (Figure 3). The mean daily steps during the
second trimester were 6838 (95% CI 5866-7810) and decreased
by a mean of 1793 (95% CI 1039-2548) steps per day in the
third trimester (P<.001). The daily steps further decreased by
a mean of 1339 (95% CI 474-2205) steps in the postpartum
period (P=.004). In weekly comparisons, the average daily step
count was between 6000 and 7000 from 13-31 gestational
weeks. After gestational week 32, the mean daily step count

decreased to 5000 by 36 gestational weeks and further to
approximately 4000 steps/day after that. The most significant
decrease in physical activity occurred at 32 gestational weeks
(P<.05 in most weekly comparisons) (Table 3).

Valid sleep data were available from a median of 137 days
(range 0-184), representing 72% of data during pregnancy.
During the postpartum period, a median of 16 days (range 0-27)
of valid data (57%) was used in the analyses (Table 3). Sleep
minutes decreased, and nightly awake minutes increased from
the second trimester to the postpartum period (Figure 3). The
participants slept a mean of 8 hours (95% CI 7.6-8.3 hours)
during the second trimester and a mean of 20 minutes (95% CI
–0.7 to 42 minutes) less per night in the third trimester (P=.06).
The total night sleep time shortened an additional 1 hour (95%
CI 39 minutes to 1.5 hours) in the postpartum period (P<.001).
In weekly comparisons, the average daily sleep minutes were
between 450 and 500 from 13 to 38 gestational weeks. After
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gestational week 38, the mean daily sleep minutes decreased to 435 (P<.05 in most weekly comparisons; Table 3).

Figure 3. Mean and standard deviation of the sleep data and step counts per day by week during pregnancy and postpartum (n=2-19).

Table 3. Mean step counts and sleep minutes by trimesters and the postpartum period.

Overall differences be-
tween periods (P value)

Postpartum period
(n=12)

Third trimester
(n=17)

Second trimester
(n=19)

Variables

12 (42)51 (67)76 (70)Valid physical activity days, n (%a)

Steps per dayb

<.0013705 (2635-4776)5045 (4049-6041)6838 (5866-7810)Mean (CI)

<.001e.004d<.001cPairwise differences between periods (P value)

12 (41)48 (63)69 (63)Valid sleep days, n (%a)

Sleep (min/night)b

<.001393 (367-420)457 (433-481)477 (433-501)Mean (CI)

<.001e<.001d.06cPairwise differences between periods (P value)

Awake (min/night)b

<.00167 (52-81)32 (25-40)21 (15-27)Mean (CI)

<.001e<.001d.02cPairwise differences between periods (P value)

aCalculated days during the follow-up period.
bMeasured by Garmin Vivosmart.
cSecond trimester versus third trimester.
dThird trimester versus postpartum period.
eSecond trimester versus postpartum period.

Heart Rate and the Intensity of Physical Activity
The resting heart rate increased progressively by 17% from 60
bpm (SD 5) at 13 gestational weeks to 70 bpm (SD 8) at 32
gestational weeks and remained at that level until delivery. The
resting heart rate decreased to the early pregnancy level by 4
weeks postpartum (Figure 4).

The intensity of physical activity decreased from the second
trimester to the postpartum period. A median of weekly MVPA
minutes during the second trimester was 46 (range 0-288) and
decreased by a mean of 14 minutes (95% CI –3 to 32 minutes)
per week in the third trimester. After delivery, the MVPA
minutes further decreased to a median of 15 (range 0-188)
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minutes per week, but the change was not significant (P=.08;
Figure 4). Comparing the MVPA minutes with the general
recommendation of physical activity for pregnant women, only
47%, 24%, and 25% of the participants achieved the

recommended activity level in at least 1 week in the second and
third trimesters and the postpartum period, respectively (Table
4).

Figure 4. Resting heart rate values and moderate-to-vigorous physical activity minutes per week during pregnancy and postpartum (n=3-19). HR: heart
rate; MVPA: moderate-to-vigorous physical activity.

Table 4. Median MVPA minutes by trimester and the postpartum period.

Overall difference be-
tween periods (P value)

Postpartum period

(n=12)

Third trimester

(n=17)

Second trimester

(n=19)

Variables

.0815 (0-188)27 (0-279)46 (0-288)MVPAa (min/week)b, median (range)

N/Ad3/12 (25)4/17 (24)9/19 (47)Participants meeting the recommended MVPAc, n/N (%)

N/A7/40 (18)19/154 (12)43/239 (18 )Weeks of 150 MVPA minutes, n/Ne (%c)

aMVPA: Moderate-to-vigorous physical activity.
bMeasured by Garmin Vivosmart.
cModerate-to-vigorous physical activity at least in 1 week during follow-up.
dN/A: not applicable
eCalculated weeks during the follow-up period.

Discussion

Principal Findings
To our knowledge, this is the first continuous, long-term
follow-up study measuring physical activity, sleep, and HR
during pregnancy and the postpartum period. The results of this
study confirmed that this IoT-based system was feasible to
monitor health parameters during pregnancy when we collected
a large amount of valid physical activity (75% of the data
collection period) and sleep (72%) data. After delivery, the
amount of data obtained was not representative. Overall physical
activity, measured objectively with step counts, was low during
pregnancy and postpartum. Sleep time decreased during
pregnancy and after delivery, and heart rate increased due to
hemodynamic changes. These expected results support the
preliminary reliability of a smart wristband with IoT-technology.
However, more research is needed to validate the continuous
monitoring of pregnant and postpartum women.

Evaluation of the Health Parameters: Physical Activity,
Sleep, and Heart Rate
Physical activity (daily steps) decreased during pregnancy and
were quite low in the third trimester and especially during the
first month after the delivery. Previous studies using intermittent
and subjective measurements also showed that physical activity
decreases as the pregnancy progresses [27,28], and one previous
study using continuous monitoring also found that step counts
decrease in inactive pregnant women as pregnancy proceeded
[29]. According to a previous review [15], the smart wristband
itself might increase participant physical activity. However, the
effects of physical activity interventions are often short term.
Thus we estimated that this was not relevant in our study due
to the long follow-up period. After the delivery, it was not
expected that the women’s physical activity would have returned
to the early pregnancy level during the first month. In addition
to the recovery from delivery, the transition to first-time
parenthood takes time. A smart wristband could be used to
illustrate the level of physical activity to a pregnant woman
herself and, by implication, support her in changing her lifestyle
to a more active one. Furthermore, physical activity improves
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sleep quality during the postpartum period [12,30], and
well-rested women are most likely to be physically active; thus,
both elements of health should be equally supported.

Our study confirmed previous findings on declining sleep quality
and more frequent nocturnal awakenings. In line with the
previous study [31], we found sleep quality decline starting
from the first trimester. In addition, both the number and
duration of nocturnal awakenings seemed to increase as
pregnancy proceeded [30] and in the postpartum period [12].
However, the sleep time remained rather high throughout
pregnancy and after delivery. Pregnant women’s abnormal sleep
duration is associated with several maternal problems, such as
hypertensive disorders [32], increased body mass index after
delivery [33], and depression and anxiety [34]. Moreover,
extreme sleep duration during pregnancy has been associated
with gestational diabetes [35]. Although the sleep duration of
the study participants was mostly sufficient according to the
present recommendations, the awake minutes during sleep
periods increased during pregnancy. The nocturnal awake
minutes reduced sleep quality and probably compromised sleep
efficiency. The data on sleep quality in pregnancy are limited;
thus, the present study adds significantly to the present
knowledge of this subject. Smart wristbands provide many
opportunities to measure and support the sleep hygiene of
pregnant women in maternity care.

The resting heart rate increased until 32 gestational weeks, a
normal hemodynamic change during singleton pregnancy [36];
thus, it appears that a smart wristband is an appropriate tool for
measuring heart rate during pregnancy. In the future, heart rate
and heart-rate variability could be utilized to study the level of
stress or the recovery from physical or mental exertions.
Maternal stress is associated with some pregnancy complications
[37], and identifying the increase in stress could help with
finding suitable interventions to support the pregnant woman.
The intensity of the physical activity levels in this study was
low, as expected, and decreased considerably during the last
month of pregnancy. A comparison with the global physical
activity recommendation for pregnant women showed that over
half of the participants did not reach the recommended 150
minutes of moderate or vigorous physical activity per week
during the second or third trimester.

Limitations
The study includes distinct limitations due to the feasibility
design. The participants were recruited as a convenience sample;

however, the sample consisted of a diverse group of primiparous
women. Due to the small sample size, the results from this study
may not be generalizable. Furthermore, the small sample size
did not allow us to perform statistical analyses between outcome
predictors and maternal background characteristics or perinatal
outcome variables. Although Garmin Vivosmart has been shown
to provide a valid measure of step count [18,19] and total sleep
time compared with a sleep diary in a healthy adult population
[38], it is notable that the device has not been validated in
pregnant women. A sleep diary would have strengthened our
results. However, due to the extended data collection period,
we made the decision not to use such a method. The intensity
of physical activity was estimated based on heart rate elevation.
This approach is not unambiguous in pregnant women, because
even if the resting heart rate increases, the maximal heart rate
decreases during pregnancy, resulting in a smaller heart rate
reserve.

Furthermore, the specificity of intensity measures is only
moderate as the device may underestimate the intensity at higher
rates [19]. Therefore, moderate and vigorous activity minutes
may be biased. Missing data due to the participants not wearing
the smart wristband or not remembering to synchronize the
device might have affected our results. The data collection
period was, however, very long, and only valid weeks were
included in the analysis. The data during pregnancy were
representative and covered the long follow-up period well. After
delivery, however, other methods for monitoring should be
considered. In addition, the smart wristband used in this study
was found to be a feasible tool for continuous monitoring during
pregnancy [39].

Conclusions
The smart wristband with the IoT solution seems to be a feasible
system to collect representative data on continuous variables
such as physical activity, sleep, and heart rate throughout
pregnancy. However, more research is needed, and other
methods for monitoring after delivery should be considered.
Continuous monitoring provides personalized information and
thus may help target and tailor pregnancy follow-up. Remote
monitoring provides vast opportunities to observe health-related
parameters in pregnancy and thus detect pathological signs at
an early stage and partly replace traditional appointments. Future
studies on predicting complications or support of women with
high-risk pregnancies are needed.
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Abstract

Background: People living with chronic illnesses are an increasingly large group. Research indicates that care and
self-management should not only focus on the illness and problem-oriented aspects of these individuals’ lives but also support
them in recognizing and leveraging their personal strengths in daily life.

Objective: This paper presents the design and developmental process of MyStrengths, a mobile health (mHealth) app designed
to help its users (people with chronic conditions) both find and make use of their personal strengths in their daily lives. Through
4 consecutive phases, this paper presents participant- and researcher-driven activities, discussions regarding design, and development
of both the MyStrengths app and its content.

Methods: During the 4 phases, we used a range of methods and activities, including (1) an idea-generating workshop aimed at
creating ideas for strengths-supporting features with different stakeholders, including patients, caregivers, relatives, and designers
(N=35); (2) research seminars with an international group of experts (N=6), in which the concept, theoretical background, and
design ideas for the app were discussed; (3) a series of co-design workshops with people in the user group (N=22) aiming to
create ideas for how to, in an engaging manner, design the app; and (4) in 4 developmental iterations, the app was evaluated by
people in the user group (N=13). Content and strengths exercises were worked on and honed by the research team, the expert
groups, and our internal editorial team during the entire developmental process.

Results: The first phase found a wide range of stakeholder requirements to, and ideas for, strengths-focused mHealth apps.
From reviewing literature during the second phase, we found a dearth of research on personal strengths with respect to people
living with chronic illnesses. Activities during the third phase creatively provided numerous ideas and suggestions for engaging
and gameful ways to develop and design the MyStrengths app. The final phase saw the output from all the earlier phases come
together. Through multiple increasingly complete iterations of user evaluations testing and developing, the final prototype of the
MyStrengths app was created.

Conclusions: Although research supports the use of strengths-focused mHealth tools to support people living with chronic
illnesses, there is little guidance as to how these tools and their content should be designed. Through all activities, we found great
support among participating users for strengths-focused apps, and we can consider such apps to be both appropriate and valuable.
This paper illustrates how combining a range of user-, researcher-, literature-, and designer-based methods can contribute to
creating mHealth tools to support people with chronic illnesses to find and use more of their own personal strengths.

(JMIR Form Res 2020;4(7):e18049)   doi:10.2196/18049

KEYWORDS

mHealth; participatory design; personal strengths; gameful design; gamification; iterative development; positive approach;
co-design; user engagement; mobile phone; chronic care; self-management
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Introduction

Background
The number of people living with chronic illnesses is continually
increasing [1,2]. Between 2010 and 2020, the World Health
Organization has predicted the number of persons with chronic
conditions to rise by 15% [3]. For instance, in the United States,
6 in 10 people have one chronic disease, and as many as 4 in
10 have 2 or more chronic diseases [4]. Living with chronic
illnesses is a highly demanding task, and many of the challenges
faced are shared across conditions and demographics. For
instance, chronically ill people can be required to cope with
symptoms, disabilities, medication regiments, lifestyle changes,
or emotional consequences such as depression and fear [1,5,6].
Managing these aspects of life with chronic illnesses is often
described as self-management [7,8]. Traditionally,
self-management interventions in health care have focused on
patients’ actual or potential health problems, risks, and deficits
[7,9]. This is usually done by providing support to solve,
alleviate, or prevent such problems through information, skill
training, and teaching coping techniques. However, evidence
from psychology and biobehavioral sciences points to the
traditional health care approach, that is, focusing on people’s
problems and deficits, as not optimal to aid people in reaching
their best health potentials [10,11]. Increasingly,
self-management interventions include more balanced
approaches that not only assess a person’s deficiencies (eg,
symptoms, problems, and needs) but also integrate positive
personal resources and values. They are, in essence, providing
a more holistic approach to health and well-being [8,12,13].

As the group of people living with chronic illnesses grows, a
readily available mHealth tool that is not disease specific but
instead aims at supporting its users overcome commonly shared
challenges could be of great use. One particularly promising
approach to provide support anchored in an individual’s positive
personal resources and values is to help them in recognizing
and using more of their personal strengths [10,14]. In this paper,
we describe the process of creating such a tool, the MyStrengths
app.

Personal Strengths
The concept of personal strengths has its foundation in positive
psychology [10,15] and has been defined as “traits/capabilities
that are personally fulfilling, do not diminish others, ubiquitous,
and valued across cultures, and aligned with numerous positive
outcomes for oneself and others” [14]. Simply put, this means
emphasizing what is possible, valuable, and doable, as opposed
to focusing on deficits and problems [16,17]. A focus on
people’s own strengths has been shown to contribute positively
to better moods and happiness [10] as well as increased general
health and well-being [14,18,19]. Focusing on health care,
Sturgeon and Zautra [20] reported how people with chronic
pain use traits such as positive emotions, optimism, and social
engagement to maintain a good life. Similarly, Rotegård et al
[21] found cancer patients to employ strengths items such as
will power and trust in health care providers to meet their daily
challenges. In a study on adults with major depressive disorder,
Cheavens et al [22] found better outcomes from personalizing

treatment to focus on the patients’ strengths rather than on their
deficits and problems. In a study among people with one or
more chronic conditions, positive emotions have been connected
to increasing patient activation [23]. In addition to the strengths
reported in the studies cited earlier, a multitude of different
strengths used to overcome challenges and live a good life has
been identified by participants in studies on strengths among
people living with chronic illness in general: having a positive
outlook on life; being persistent; being kind and caring; having
courage; having support from family, friends, peers, and health
care providers; and having constructive self-management
strategies [16,24,25].

In sum, being aware of and mobilizing one’s personal strengths
can lead to a wide range of positive effects on health and
well-being both for people in the general population as well as
people living with chronic illnesses.

mHealth and Design for Engagement
In addition to the increasing ubiquity of smartphones and
personal computers, both electronic health (eHealth) and mobile
health (mHealth) interventions have been developed to support
a wide range of health-related goals, for instance, medication
adherence [26], symptom monitoring [27], support of smoking
cessation [28], managing rheumatic and musculoskeletal
diseases [29], and stress management [30]. However, to our
knowledge, no tools have been designed focusing on identifying
and mobilizing people’s personal strengths in support of people
living with chronic illnesses.

Although mHealth tools or services show great promise for
supporting people with chronic illnesses [31], their success is
often contingent on them being used as intended [32,33].
However, focusing on use alone is not necessarily enough, and
as Kelders [33] argues, one should also take into consideration
users’ sense of involvement with and enjoyment of the mHealth
tools. Together, these 3 aspects make up what can be referred
to as engagement [34,35]. To increase users’ engagement with
tools or services, the use of design approaches known from the
world of games, typically called gamification or gameful
designs, is increasingly popular [36-39]. There are several
definitions of gameful designs, and in this project, we define it
similar to the one presented by Huotari and Hamari [40]: using
design approaches and implementations from the world of games
(in our otherwise nongame tools) to add a sense of playfulness
and increase users’ enjoyment and engagement. To date,
gameful eHealth and mHealth tools have been designed for a
variety of purposes, such as mental health [41], smoking
cessation [42], and promoting physical activity among patients
with rheumatoid arthritis [43].

Concerning the efficacy of gameful designs, Johnson et al [36]
reviewed gameful designs for health and well-being. They found
a positive influence of gameful designs for tools aimed at
increasing physical activity and fitness, nutrition, health care
utilization, medication misuse, blood glucose monitoring, and
patient empowerment. Importantly, the authors also found
gameful designed tools to have positive effects on personal
growth, well-being, flourishing, stress, and anxiety. Thus, as
they have the potential to positively affect not only behavior
but also users’ well-being through positive and engaging
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experiences, gamefully designing tools or services should be
particularly promising within the field of health [36,38].

Looking at specific gameful design techniques and
implementations, the use of points, badges, and leaderboards,
often referred to together as the PDB triad, is the most used
approach among gameful interventions [36,37]. Such approaches
have been critiqued for simplifying the nature of human
motivation by assuming that humans primarily are motivated
by achieving increasingly more or by merely leading or winning
over others [44,45]. Gameful design approaches, such as chasing
rewards, have also been reported as unfitting for mindfulness
and well-being interventions [46]. It should be noted, however,
that gamified well-being interventions have also been designed
successfully using the aforementioned approaches [38].

Thus, when designing a tool that centers around self-awareness
and reflection, it appears crucial to create engagement in ways
that are aligned with the users’ real interests and values. This
can, for instance, be done by having the app represent a better
self of its users with avatars and creating an involving and
interesting narrative, rather than only external factors such as
points and leaderboards [45,47]. Although research points to
the positive effects of gameful designs, no evidence-based
framework for designing eHealth or mHealth interventions
gamefully currently exists [48,49]. Furthermore, what the active
ingredients of successful gameful designs are is mostly unknown
[36].

Participatory Design Processes
Users’ participation in the design process is a productive way
of ensuring that gameful designs are experienced as appropriate
as well as meaningful to the end users [48,50-52]. Contributing
to the literature on participatory eHealth development, this
project takes a participatory design approach [53] to investigate
ways of designing and creating the MyStrengths app.

Participatory design is guided by the fundamental ethical stance
that the end users, whose future may be affected by the design,
should have a say in the process. As such, participatory design
processes do not merely include users as passive informers and
evaluators but seek to include these as co-designers throughout
the design process [54,55]. As such, participatory design is not
merely concerned with collecting users’ needs, ideas, or
preferences but also with enabling meaningful participation.
Examples include using techniques such as design games [56],
role-playing [57], or future workshops [58]. In eHealth and
mHealth, participatory approaches have, for instance, been
involved in the design of apps to support teenagers with chronic
illnesses in the transition from pediatric to regular care [59], to
support young children living with cancer [60], and to facilitate
stress management for cancer survivors [30].

Aims
As presented, the number of people living with one or more
chronic illnesses is increasing. The rising ubiquity of
smartphones affords mHealth research and designers to create
support tools that can easily reach a large number of users
without relying on their physical access to health care services
and personnel. As personal strengths are common to us all, a
tool supporting people living with chronic illnesses to find and

use more of their own should thus be of great benefit. To our
knowledge, neither the development nor the evaluation of any
such tool has been published before.

Addressing this, our main goal was to present the activities,
discussions, and decisions undertaken during designing the
MyStrengths app. Our secondary goal addresses the lack of
guidelines for creating both gameful designs and strengths
features or activities for people living with chronic illnesses.
Through this project, we explore and evaluate ways to integrate
the focus of people’s personal strengths into mHealth tools and
how to make such tools more engaging through gameful and
engaging designs in ways that are suitable for, respectful to,
and appreciated by people living with chronic illnesses.

Methods

Overall Project Design
This paper presents activities from the project “The Power of
Personal Strengths—using gamification to support patients in
chronic illness management.” The project was conducted at the
Department of Digital Health Research at Oslo University
Hospital, Norway, between 2016 and 2019, and funded by the
Research Council of Norway (grant #248026).

To achieve its goal of creating the MyStrengths app, the project
has a comprehensive, iterative, and participatory approach to
combine patients’preferences and requirements with knowledge
and expertise from the fields of self-management, positive
psychology and well-being, and mHealth design. The overall
design process follows the 4 stages presented in the Double
Diamond design process [61]: discovering, defining, developing,
and delivering. The 2 first and the 2 latter stages make up a
diamond of diverging and converging activities. Divergence
refers to activities where designers (and co-designers) go broadly
out to discover new opportunities, solutions, and ideas for their
design. Conversely, the converging activities are focused on
narrowing down, concretizing, and creating based on the former
phase [62].

Participants
The main project team consisted of 5 researchers (with
backgrounds in nursing, public health, behavior change,
informatics and design, and mHealth development), 2 editorial
content producers, and a patient representative, to ensure that
the user perspective was maintained. Although the project,
outside of one of the activities, does not directly include health
care workers, it should be noted that 4 of the 8 participants in
the group had long clinical working experiences. The team met
weekly and planned and coordinated the work throughout the
entire project period.

In addition to the main project team, the project employed 3
main types of participants during the activities:

1. People in the user group, living with chronic illnesses. These
people were recruited through collaborating institutions,
such as learning and mastery centers at local hospitals or
patient organizations, or from the team’s professional
network. Recruited in the same manner, patient
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representatives and caregivers as well as designers and
researchers took part during the first phase.

2. Designers and developers, external and from the in-house
information technology (IT) system development group.

3. Researchers who are part of the project’s international
advisory group.

Ethical Considerations
The project was planned and conducted in adherence to the
principles of the Helsinki Declaration [63] and approved by the
Privacy Protection and Data Security Committee at Oslo
University Hospital. All participants, or their legal guardians,
signed informed consent before taking part.

Results

Design Activities and Results
The following section presents the iterative activities and the
outcomes from the development process. As each phase builds

on the earlier phase, the activities and results are presented
grouped into the 4 phases of the design process:

1. In the discovering phase, users and other stakeholders took
part in a full-day workshop, working toward identifying
and ideating ideas for how a strengths-focused mHealth
tool could work and be designed.

2. In the defining phase, inputs from the earlier phase as well
as from literature and previous projects and experiences
were discussed, and decisions on content and priorities were
made.

3. The developing phase focused on the user experience of
the tool.

4. In the delivering phase, all information and input gathered
were put together, and a working high-fidelity prototype
of the MyStrengths tool was developed.

A visual overview of the project’s phases, activities, and
participants is presented in Figure 1.

Figure 1. The project’s phases, activities, and participants.

Phase 1: Discovering
The first phase of development explored, through an
idea-generating workshop, how a mHealth tool could be created
to support people living with chronic illness through discovering
and using their own strengths.

Methods and Activities

Idea-Generating Workshop

To gather ideas and input from relevant stakeholders, a day-long
idea-generating workshop was hosted, where patients, relatives,
representatives from patient organizations, health care personnel
and researchers, and designers and developers participated
(n=35). The design of the workshop was inspired by Future
Workshops, a common idea-generation activity within
participatory design [57], and additionally adjusted with a

positive and forward-looking approach based on principles from
appreciative inquiry [64]. The participants worked in 6 groups
hosted by members of the project team, and the first part of the
workshop consisted of group activities focused on identifying
and presenting each person’s personal strengths, naming typical
challenges experienced by people living with chronic illnesses,
and what strengths people could use to overcome these. An
illustration of this activity is shown in Figure 2. The latter part
of the workshop had the same groups create concepts for an IT
tool that could help them use their own strengths to overcome
their daily challenges in a new and innovative manner.

In addition to the briefly described findings presented here, a
detailed description of workshop methods and results are
described in a separate publication [65]. Data from the
workshops were qualitatively analyzed by the first and fourth
authors of that publication using thematic analysis [66].
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Figure 2. Activity from Idea Generation workshop.

Results

App Concepts—Strengths Focus

Each of the six participant groups created concepts for different
eHealth tools that could support them in overcoming the selected
challenges.

For example, Figure 3 shows the concept created by one of the
participant groups. The suggestion is a personalized app that is
designed to help the user identify her strengths and use them to
complete challenges and tasks in everyday life. It could, for
example, integrate sensors to interpret when a person is stressed

and then prompt her with some of her strengths to help and
motivate her to complete initiated tasks. The group participants
also suggested more specific ideas for the strengths focus in
mHealth tools, for instance, (1) having friends in the app suggest
strengths the user has; (2) that the app provides the user
reminders of her strengths; (3) based on previous input in the
app, providing tips for what strengths the user can use to
overcome new challenges; and (4) that the tool could offer
exercises and tasks that would either build on or provide
opportunities for the users to mobilize and use their own
strengths.
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Figure 3. Example of User-Concept.

Table 1 presents the 6 groups and their mHealth tool
suggestions. We planned to distribute the participants evenly
between the groups based on gender and backgrounds, although
some changes were outside our control. Although the groups

vary in composition and only some of the ideas explicitly
focused on mobilizing the personal strengths among people
living with chronic illnesses, a positive and strengths-focused
foundation exists in all the app ideas.
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Table 1. Six proposed mobile health or electronic health tools from the idea-generating workshop (N=35, 13 males).

DescriptionChallengesApp ideaGroup number (participants)

A treasure chest app where a person can store his or her
strengths, those written by himself or herself as well as
strengths added by others (eg, friends and family)

Finding balance in lifeStrengths treasure chest1 (n=5, 2 males)

Patient (n=1)

Health care provider
(n=1)

Public health official
(n=1)

ITa developer (n=1)

Researcher (n=1)

An app where a person can invite people to join his or
her own cheering squad

Mastering various aspects of lifeCheering squad app2 (n=8, 3 males)

Patient (n=4)

Health care provider
(n=3)

IT developer (n=1)

An app for a person transitioning from a pediatric ward
to a unit for adults in a hospital

Challenging to be a young adult in
a hospital

User-controlled person-
alized hospital

3 (n=6, 3 males)

Patient (n=2)

Health care provider
(n=2)

Researcher (n=1)

IT developer (n=1)

Virtual reality four-dimensional glasses that simulate ex-
periences from different parties present in a consultation
setting (eg, patient, caregiver, or a family member)

Communication among relatives
and the health care system

Empathy simulator4 (n=7, 1 male)

Patient (n=1)

Patient organization

Representative (n=2)

Health care provider
(n=3)

IT developer (n=1)

An app to help a person to make choices based on earlier
knowledge and experiences

Prioritize among important thingsPrioritizing app5 (n=6, 2 males)

Patient (n=3)

Health care provider
(n=1)

Patient organization

Representative (n=1)

Designer (n=1)

An app that helps a person identify his or her strengths
and use them to complete tasks in everyday life

Finishing projectsTask completer app6 (n=3, 1 male)

Patient (n=1)

Health care provider
(n=1)

Designer (n=1)

aIT: information technology.
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User Requirements and Functionality Ideas

The analysis of the workshops revealed 4 main themes of
functionality requirements for the strengths-focused
self-management tool:

1. Social support, that the tool should include support for
social support and interaction, for example, by providing
the possibility to chat with peers or role models, or
one-directional messaging that friends can send to the user
to cheer him or her up but that does not require the person
to respond.

2. Supporting patient-health care providers’ collaboration, for
example, by supporting communication with providers,
preparation for consultations, or easy sharing of information.
One group suggested giving the user the possibility to use
the app to give providers better insights into their feelings
and values and using this information so that the treatment
could be adjusted to the best fit these.

3. Awareness and reflection, allowing users to develop
awareness and reflection about oneself and one’s current
situation. This could, for instance, be done by adding to
and adapting the app to fit the users’ values and situation
or by helping the users to be more aware of, and use, their
own strengths.

4. Supporting the users with coping strategies, by, for example,
helping them to prioritize and make choices between
different activities and goals that they wish to do or
accomplish and by providing an overview of activities,
goals, and choices done in the past.

Users’Preferences and Needs for Design and User Experience

The workshop also revealed a wide range of user requirements
for the design of the strengths tool itself. The most prevalent
requirement is that the design should have an overall positive
focus and approach. For instance, it was suggested that all
feedback be given in a supportive and positive manner or using
pleasant and engaging metaphors such as treasure chests, islands
in an ocean, or avatars. The participants also considered it
important to be able to customize and adapt the tool to their
own needs and preferences. This could include adjusting the
tool content depending on the user’s diagnosis or health
situation, their level of experience, and simply being able to
turn functionalities on or off.

Phase 2: Defining
To further inform the project, the second phase mainly consisted
of us performing a literature search on strengths-focused
interventions. These findings, as well as the outcomes from the
first phase, were then discussed and evaluated in a research
seminar.

Methods and Activities

Literature Review

To further explore the topic of strengths-focused management
and support of individuals with chronic illnesses, we conducted
a literature search using terms that employ positive approaches
(eg, positive psychology interventions and mindfulness
interventions). Although this review was intended to be
published, the resource situation and practical changes on the

project would regrettably thwart this. The findings are
nonetheless outcomes of the project and are, therefore, presented
in this paper.

Research Seminar

We hosted a 3-day research seminar with the main project team
and 6 experienced national and international researchers from
the field of behavior change, psychology, eHealth, service
design, and participatory care. The primary goal of this research
seminar was to combine the results from the previous phase
with knowledge, evidence, and previous experiences to decide
on a set of core features for the MyStrengths tool. Although the
user representative was the only user taking part in the seminar,
we took care to ensure that the opinions, needs, and ideas voiced
by users were present and given equal weight during discussions
and decisions. A secondary goal of the research seminar was to
discuss the findings from the review of previous literature and
how these findings might be used beneficially in the project.

The activities in the research seminar took many forms,
including presentations, brainstorming, discussions, and versions
of the activities from the idea-generating workshop held in the
previous phase. The seminar was audio recorded, and a detailed
summary and a key item take away form was created using
these recordings as well as participants’ notes, drawings, and
photos.

Results

Review

From an initial search response of 6742 records, 7 publications
on 6 different interventions were identified and included in the
analysis. Three of these were delivered as in-person or
face-to-face interventions [67-70], 2 interventions were delivered
through web-based channels [71,72], and 1 intervention
consisted of both offline and online intervention delivery modes,
one per intervention group [73]. In all studies, personal strengths
were implemented as one part of the intervention, and none of
the studies focused solely on personal strengths. In all, a lack
of consistency in the literature was found, and personal strengths
were scarcely covered. This is also a common finding in more
extensive reviews on behavior change techniques [74].

Of the more promising findings, the study by Nikrahan et al
[67] identified a positive effect on hope and happiness at a
15-week follow-up of the participants. Participants were
randomly assigned to 1 of the 3 positive intervention groups or
a wait-list control group, and participants in the intervention
groups received a 6-week in-person group training program.
Two of the intervention groups included strengths activities. In
the first group, participants were asked to identify a signature
strength from a list of 24 personal strengths, use a signature
strength in daily activities and identify strengths in their partners
and children, and use a signature strength in a way that furthers
a cause larger than oneself. In the second group, participants in
parts of the intervention focused on positive personality traits
to overcome fears about others’ opinions; accept themselves;
and initiate contact with people they would like to meet to foster
authenticity, self-esteem, and extroversion. In another study by
Cerezo et al [69], the experimental group received weekly
face-to-face sessions aiming to provide positive

JMIR Form Res 2020 | vol. 4 | iss. 7 |e18049 | p.164http://formative.jmir.org/2020/7/e18049/
(page number not for citation purposes)

Jessen et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


psychology-related coping strategies and enhance their
psychological strengths. From this, the authors found positive
between-group effects on positive emotions postintervention
when comparing the experimental group with a control group.

In addition to the activities described earlier, strengths activities
employed in all the studies identified ranged from questionnaires
asking participants to select strength(s) items that most apply
for them or naming strengths directly to exercises where they
reflect on how they have used their strengths recently or aim to
use a signature strength in a daily activity. Although such
exercises are in line with common approaches for identifying
personal strengths [14], none of the included studies reported
on adaptations of strengths exercises and activities to the specific
target groups.

A brief description of the 6 identified interventions’ designs
and findings is presented in Multimedia Appendix 1 [67-73].
As these interventions typically consist of multiple modules
stemming from separate theories or approaches, it was not
possible to conclude on either specific effects or mechanisms
through which the interventions affected well-being. However,
other studies have previously identified goal setting as a
potential promising factor. More specifically, Linley et al [75]

have shown strengths use to be associated with goal progress,
which, in turn, was related to psychological need fulfillment
and enhanced well-being in the general population, thus
providing an example of how positive interventions could be
combined with self-management interventions to support
patients in better management of chronic illnesses.

Research Seminar Discussions and Project Development

When discussing review findings and further plans, we
thoroughly discussed the overall approach of the MyStrengths
tool and how it should be designed for the best possible effects.
On the basis of the lack of evidence for specific mechanisms
for increasing people’s use of strengths, a general 3-step
approach was suggested: (1) create awareness of people’s
strength; (2) help users to reflect on these; and (3) support users
in using the strengths by, for instance, setting small and
achievable goals. This was also along the lines of 2 of the
identified publications [72,73], which also integrated personal
strengths in the same module as personal goals. Concluding this
phase, the outcomes from the idea workshop in the previous
phase were presented, discussed, and sorted into main categories
of possible features for the MyStrengths tool. These features
are shown and briefly described in Textbox 1.

Textbox 1. Suggested MyStrengths tool features.

My strengths

Assessment and overview of the user's own personal strengths.

My goals

Larger goals the users want to achieve and can use his or her strengths to reach.

My small experiments

Small goals or activities that can serve as building blocks on the road to achieving the user's larger goals.

Exercises

Activities or tasks the user can do to use his or her strengths more. These can be created by the user or be preprogrammed within the app.

My experiences

A logbook that would allow the user to write down and reflect on activities or situations in relation to how they did or did not use their strengths.
These reflections could then be accessed at a later stage and form part of the users planning or reflection on new activities, thus help them in using
their strengths more productively.

Information

Content that explains as well as expands on the concept of strengths and its scientific background. This section could also provide specific information
for the users, for instance, based on specific illnesses or a geographic area.

Social support

A variety of social features that could allow the user to communicate, support, or get support from other users, for instance, by sharing experiences
or by supporting each other in reaching goals.

Timeline

A section of the app that would gather all input information in one place and present it in a visual and nice fashion.

About me

A profile page the users can set up to describe themselves, their values, and what is important to them.

Settings

General settings for the app.
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Phase 3: Developing
Having created a set of features or functionalities of the
MyStrengths tools, the goal for the third phase was to further
develop and hone ideas and concepts for how to best design
and implement features in an engaging and motivating way for
users. This phase consisted of 2 main activities: a series of
co-design workshops with users and another research seminar
with experts in the field.

Methods and Activities

Co-Design Workshops

With the suggested features of the MyStrengths tool as a starting
point, design challenges and low-fidelity mock-ups were created
and used in a series of co-design workshops. In total, 2
workshops were conducted with each of the 3 different
participant groups, from 2 educational centers and a youth
council from hospitals in Norway.

Each of the workshops used participatory design methods,
including design games, prototyping, and scenario making
[57,76,77]. The first workshop focused on the design of the tool
in a gameful and engaging way, and the second workshop built
on the former and focused on the users’ discovery and use of
their own personal strengths into such tools. In addition to
providing new ideas for the design and features of the
MyStrengths tool, the workshops also allowed the participants
to give feedback on the ideas and features that had been mocked
up as part of the design activities. The detailed descriptions of
the methods, procedures, and outcomes of these workshops
have previously been presented in a separate publication [78].

Research Seminar

Next, a second 3-day research seminar was hosted with the
project team and the same research experts from the fields of
behavior change, positive psychology, eHealth, and participatory
care taking part. As with the earlier seminar, the user
representative was the sole participant from this group. Still,
we also took great care to communicate and represent the
perspectives and inputs stemming from user participants through
all workshop activities. The seminar’s goal was to discuss and
gain feedback on the undertaken activities and their outcomes
to confirm these and to prioritize features and functionalities
for the tool. A third focus of the seminar was to inform and
guide the team in the design and content development of the
strengths exercises to be included. As with the seminar in phase
2, a range of activities such as presentations, brainstorming, and
discussions were employed. To further the participants'
understanding and appreciation of the user ideas from the earlier
activities, we also used tasks from the co-design workshop, with
participants splitting into smaller groups. The research seminar
was audio recorded, and the recordings as well as participants’
notes, photographs taken, and drawings were used to create a
detailed summary and a listing of key decisions, discussions,
and takeaway points.

Results

Co-Design Workshops

In total, 22 people with various chronic illnesses, in 3 locations,
participated in 2 consecutive co-design workshops (see Table
2 for participants’ age and gender). The workshops revealed
further requirements from the user group in the form of
numerous suggestions for how game-like features and elements
could be designed to create a strength-based eHealth and
mHealth tool.

Table 2. Participants in co-design workshops.

Age (years), rangeParticipants, nGroup number

17-217 (2 males)Group 1

21-587 (2 males)Group 2

27-648 (3 males)Group 3

17-6422 (7 males)Total

In the workshops, the participants created posters and
wireframes with their ideas for using gameful designs in
strengths-focused mHealth apps. During the second workshop,
they also rearranged and commented on simple mock-ups of
the app created based on output from the first workshop. As
with the idea-generating workshop in phase 1 (discovery), the
importance of keeping the user experience positive and
supporting emerged as one of the most important requirements.
Typical and proverbial gameful design elements such as points,
competitions, or trophies [37] were also often suggested. The
participants also voiced several concerns, for instance, the need
for the new tool to be experienced as motivating, yet not
addicting, by overly focusing on scoring points and winning.

The design workshops also yielded feedback and input into
using mHealth to support people in using their strengths more.

For instance, one group suggested a strengths assessment system
in which the tool narrows down one’s strengths by asking a
series of questions and then suggesting strengths one might
have based on the answers.

Some of the groups created complete concepts for
self-management apps. For instance, Figure 4 presents a sketch
of a progress tracker in the app, visualized as the user and a
friend competing to reach the top of a mountain. Other concepts
further provided the user with opportunities to collaborate and
share experiences or activities with friends as well as the option
to set increasingly hard goals and targets. In terms of
collaboration, it was also suggested that one could send
anonymized small predefined texts or icons to other users as an
uncomplicated way of creating social features while maintaining
user privacy.
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Figure 4. User sketch of idea.

Research Seminar

Features and Functionalities

In the research seminar, the proposed list of features and
functionalities was thoroughly discussed in light of previous
experiences and literature as well as with regard to the outcomes
from the co-design workshops. One of the chief decisions made
was to focus the remaining work on functionalities directly
related to the user's strengths and the use of these, rather than
features providing information or social interaction. Providing
information was discussed and dropped as users, in general,
were considered to already have considerable access to relevant
information fitting their specific needs. As such, creating
relevant content surpassing what is already available to the
individual users was considered to be very time and resource
intensive. This has also been reported by participants in the
design workshops and is additionally supported in the literature
[79].

The social features were cut primarily because of regulations
from the privacy protection committee at our institution. To log
in to patient-facing services that have social and/or sharing
capabilities, even if this information is anonymized, these
regulations mandate the use of a level 4 two-factor
authentication system. These are, in Norway, available from a
limited number of approved providers and are typically used to
log in to banks and public services. Both the researcher’s
experiences and direct statements from participants in our
various workshops pointed to this being overly cumbersome
and would lead to the app not being used much. As such,
designing ways to create social interaction between users was
deemed challenging and resource intensive, and we were forced
to drop these capabilities.

As a way of supporting users to easily use their strengths more,
it was suggested to link specific strengths to goals and then have

small, more easily achievable subgoals. It was proposed that
this connection could be made by starting with a goal and then
finding a strength or simply by starting with a strength the users
want to use. The overall goal of this is to create a list of the
personal strengths the user has. The app should also present the
user with suggestions for how they could use their strengths in
what the project team described as strengths exercises, in case
the participants did not come up with activities themselves. The
tool could then provide the user with feedback and positive
reinforcement on the goals accomplished. An underlying goal
should be to change the user’s habits in small steps, as typically
done in behavior change interventions [80], and help them
gradually use their strengths more. To further contribute to users'
well-being, it was also suggested that the app also should feature
gratitude exercises, such as the three good things exercise
[10,14].

Design

In terms of design, the second research seminar resulted in the
overall idea of designing for gameful and enjoyable interactions
that could help users learn for their own experiences and be
more active in their self-management. During discussions,
particular focus was placed on the users' first interaction with
the tool and how this should be designed to simultaneously
explain the rationale behind a strengths focus, introduce the
app, and motivate the users to start exploring their strengths.
For example, it was concluded that using avatars could be a
positive source for motivation, as it could provide users with
social motivations and support and, in some cases, allow the
users to visualize a better self. Some suggestions included
designing avatars to fulfill the role of either a guide or a
companion or a narrator to the app (for instance, a friendly
avatar to be one’s climbing companion) or as a virtual
representation of the users (designed by the users themselves
during the initial use of the tool). Another way proposed to
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provide relatedness with the app could be using videos (animated
or real life) that could present the concept and rationale of
strengths or compelling user stories.

The use of different metaphors in the app was proposed and
discussed. Among other ideas, an expansion of the
user-generated climbing mountains concept from the co-design
workshop was suggested. Here, the user would still have
climbing mountains as a goal, and the way to get to the top
would contain several stops and base camps where the user
could reflect and take stock of the tools (strengths) they are
using for the expedition. Other ideas were to theme the app as
a journey of discovery. Still, after discussion, a decision was
made that a potential metaphorical theme or approach for the
tool should be culturally neutral and not focus on metaphors
that, for instance, are well known by some populations but can
be unfamiliar to others. More traditional game features, such
as points and unlockable content, were also suggested. However,

a consensus opinion was that these should only be implemented
if they could provide further value to the tool as a whole, as
opposed to merely adding points for the sake of gamifying the
tool.

At the end of this phase, the feature list for the MyStrengths
tool was updated by removing, adding, and reorganizing features
into a more detailed list. Specific ideas and features suggested
by users and researchers or identified in the literature were added
and annotated with its source. Although the overall categories
were supported and suggested from users, researchers, and
literature, the specific implementations of these often differed.
For instance, at the end of an exercise, users suggested
performing a reflection task on the difficulty of doing the task,
whereas the researchers suggested performing a reflection task
concerning how you had used your strengths to complete the
task. When completed, the list (presented in Textbox 2) covered
4 main sets of features.

Textbox 2. Intervention feature overview list following phase 3.

My strengths

Assessment and overview of the user's strengths using a predefined list of strengths

Strengths exercises

Examples of exercises the user can try out on one or more of his or her specific strengths to try out to apply these in his or her daily life in a new way

Strengths experiments

Small activities that can serve as building blocks on the road to achieving the user's goals. Here, the user would first outline a goal and then plan out
several small activities, or experiments, that could help toward reaching it

Daily log

Section of the app with 2 separate features. First, it allows the user to rate how the day has been and write down the three good things exercise. Second,
it collects and visualizes the user’s inputs and activities throughout the app and finally provides a summary for each day in an easily scrollable interface

Phase 4: Delivering
With a core set of features, the fourth phase of the project
consisted of the final design and the technical development of
the MyStrengths app through workshops with designers,
development with our IT department, and iterative evaluations
from users.

Methods and Activities

Designer Workshop

With the 4 primary features for the app (ie, strengths assessment,
strengths exercises, strengths experiments, and daily log) as a
basis, a 2-day design workshop was held to condense the
gathered inputs and create a central concept for the tool. In
addition to the core members of the project team, our in-house
designer and one developer as well as 4 external designers
experienced in designing for health and behavior change
participated. For these workshops, inspiration was drawn from
how game jams are organized [81]. Starting with a thorough
description of the activities undertaken thus far, the participants
worked in smaller groups. During the second day, a concept
emerged, and the latter part of the workshop was spent on
collectively elaborating and embellishing this concept.

Strengths and Strengths Exercises

With previous research on personal strengths at our research
center as a basis [16,21], a list of 40 strengths to be included in
the assessment part of the MyStrengths app was created.
Connected to each of these strengths, we then created matching
strengths exercises. These exercises are activities that the user
can perform to employ a specific strength. For instance, if one
person has kindness as a strength, the app could suggest for him
or her to do something kind to a neighbor today. Most of these
exercises were based directly on strengths exercises found in
academic and popular literature [10,14,82-84] or related to items
reported by participating patients in earlier related studies [16].
The wording and content of these exercises were iteratively
refined during the user evaluations of the app.

Iterative Development—User Evaluation

Building on the outcomes from the workshop with the designers,
the research team worked closely with the in-house designers
and developers to sketch out and create mock-ups of the specific
features of the app.

Over 4 iterations, with more and more of the features added,
the app was evaluated by people living with chronic illnesses.
On 3 occasions, colleagues at our center experienced in eHealth
and mHealth development, and new to the tool, also evaluated
the app using the same setup and methods as the evaluators
from the user group. On the basis of feedback from the
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evaluations, adjustments were discussed and made by the
research and development teams.

All user evaluations were audio and video recorded (see Figure
5 for an example of the video frame). The first author (SJ) hosted
the evaluations, whereas a member of the project team observed,
supported the host when needed, and took notes. During
evaluations, participants were not given instructions but were
told to navigate through the app freely and describe their
impressions and actions by thinking aloud [85]. Having gone

through all the features available, the user and the project
members openly discussed the experience and any thoughts or
ideas the user might have. Both the facilitator and the observer
wrote detailed notes. The first author rewatched the recorded
evaluations and, drawing on these and the notes, made detailed
reports from each evaluation. Individual reports were combined
and presented to the research team and developers. This group
then discussed the findings and ideas from the evaluations and
then decided on what changes to make to both existing and
planned functionalities and design.

Figure 5. User evaluating the app (capture from video).

Results

Designer Workshop and Iterative Development

During the designers’ workshop, on advice from researchers
and experts, it was decided that concrete metaphors should be
avoided. Following this, we decided on a concept with spheres
visualizing the users’ strengths floating on the home screen.
See Figure 6 for an early sketch of the home screen. By putting
the users' own strengths front and center, simply opening the
app could serve as a positive reminder of all the strengths the
user has. When starting the app for the first time, a single sphere
would float up to the top of the screen. The users can then click

on and rate the strength as having, partially having, and not
having. The app includes 40 strengths, and based on the ratings
given, the spheres have different colors. To emphasize the
strengths the user has, the ones rated as having would float on
top. Under these, the other spheres of the partially having would
float, and at the bottom, the ones the users rated as not having.
Unrated spheres would float up toward the top to vie for the
users' attention and get him or her to rate them. Clicking on one
of these spheres would then open it up, and the user would have
the possibility to do exercises and register reflections and
thoughts concerning the strength. Users are also easily able to
add their own strengths and exercises should they want to.
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Figure 6. Home Screen Sketch (left).

Another key design decision from this workshop was to
minimize the focus on the number of strengths a person has or
the number of exercises done. This is because part of the
rationale for a strengths focus posits that one uses strengths one
already has [17]. As such, gaining new strengths is not a primary
goal. To keep track of what users do in the app, we created the
daily log section where each day's activity and input would be
presented on cards listed onscreen. The log would additionally
provide the users with the three good things exercise from
positive psychology [10], daily asking the users for three good
things they had experienced that day.

To engage users, time was spent discussing novel ways to
interact with the app, and it was suggested that if the users shook

the phone, this could, for example, result in the spheres on the
screen moving around or prompting the users with a randomly
suggested exercise. Although the shaking idea was eventually
discarded because of both technical and design challenges, the
concept of suggesting random exercises was refined through
several iterations. Figure 7 presents a snapshot of an early
interactive mock-up of the home screen with a try me button in
the top left corner. Pushing the button, the app would then
suggest an exercise for one of the users’ strengths at random.
In the final design, this feature took inspiration from the world
of games and the universally known roll of a dice, in what
became the dice feature. In addition to surprising the users with
randomly selected exercises, this randomness could possibly
also provide users with new exercises very easily.
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Figure 7. Home screen interactive mockup.

After several iterations of both paper-based and interactive
mock-ups, our internal IT department started the development
of the MyStrengths app based on the Unity [86] game engine.

User Evaluations

In 4 iterations, 13 users and 3 of our colleagues tried and
evaluated the app. Table 3 presents the features added and
evaluated, the number of participants, and their age and gender.

Table 3. Development iterations and users (N=13, 1 male).

Features introduced in the current iterationInternal testers, nAge (years), rangeUser evaluations, nIteration number

222-624 (1 male)1 • Introduction Pages
• Home screen
• Strengths assessment
• Strengths exercises (Marvel-app mock-

ups)

020-5042 • Strengths exercises

151-5933 • Daily log

—a04624

aNo new features added.

Overall

In sum, the feedback from the user evaluations was quite
positive, and everyone reported to like the concept. However,
the users also reported that the daily log section of the app was
not particularly fun or engaging to use, and in a few cases, they
even stated that they expected something more fun when clicking

on it. Following this feedback, several of the participants
contributed creatively with suggestions for improvements, and
during the evaluations, they suggested adding a more game-like
way to create goals and write entries in the daily log. Some of
the evaluators also wanted to add pictures from the phone in
the daily log. Due to all content created or added in the app
being encrypted and stored locally, we could not add this
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functionality as it could possibly make the app’s data use on
the devices enormous. Several participants suggested adding
more visual flair overall, for instance, by using more animations
and interactivity throughout or by adding avatars to represent
you in the app. Many evaluators reported they were expecting
to receive some notifications from the app, for instance, to
remind them to do exercises or simply reminding them of their
strengths. It was also suggested that the app in the notifications
could ask users how they feel each day and then provide
appropriate feedback, for instance, by cheering the user on if
the day was good or reminding them of better times or their
strengths if the day was bad.

Strengths

When trying the strengths experiments, several participants
reported that they would instead work on gaining the strengths
they were lacking than focusing on using the ones they had
more. When asked about this, one participant explained,
“Because this is how we are always taught to think.” Over the
different iterations of the app, both the wording and style of the
strengths exercises were subject to significant work and
redesign. For instance, most users preferred exercises that were
concise and simple to do (ie, not involving many steps of
different actions needed). Along the same line, many users in
the earlier iterations reported that some of the exercises were
too complex and time consuming. Several users also commented

on the impracticality of the strengths exercises asking them to
write plans and thoughts down on paper, and they would instead
prefer to do this on the phone itself. A large portion of the users
also preferred exercises that were physical rather than cognitive
or mental, such as “surprise a friend with something nice today”
as opposed to “Sit down for 15 minutes and think about the
good things you have in your life.”

Usability

In terms of user friendliness, we experienced during the
evaluations that the intuitiveness of some sections the tool was
not satisfactory. For instance, when the first sphere was shown
on the screen, as shown in Figure 8, most participants did not
click on or try to interact with it. This was redesigned, so that
unopened spheres would pulsate to attract the users’ attention
and indicate a possibility for interaction. Although we follow
guidelines for universal design, a user with reduced dexterity
still found some buttons difficult to hit. These were redesigned
to be larger. We also encountered multiple instances of users
not fully understanding icons and buttons. For example, on the
page for performing strength exercises, one can choose between
suggested exercises or add one’s own by pushing a button with
a plus sign (+). During the evaluations, few of the evaluators
used this button, even if prompted to add new exercises, and it
was both redesigned and placed more prominently on the page.

Figure 8. Screenshot of first strengths sphere.

There were also multiple technical issues discovered during the
evaluations. In the earliest iterations, the app would freeze if
users tried adding emojis as part of textual input. We also found
an issue where the strengths spheres that should be floating to
the top of the screen instead sank to the bottom of the available
screen space. Overall, more than 120 design and usability issues

as well as numerous bugs and technical problems in the
MyStrengths tool were identified over the different iterations.
The issues were redesigned and fixed between iterations.
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Work With External Game Designers

As feedback from user evaluations as well as the project group
indicated a need for a more playful experience when using the

MyStrengths app, we decided to consult with an external game
designer to help expand on the gameful aspects of the daily log
functionality, which at present visualized summaries of each
day’s activities and registrations as cards (Figure 9).

Figure 9. Daily log screenshot.

Working with the designer yielded a detailed concept description
and rationale as well as mock-ups of the further developed daily
log section of the app, an example of which is presented in
Figure 10. The concept of spheres was also central to this, and
entries into the daily log would look like pearls on a string one

can swipe between. Like in the home screen, clicking on a
sphere would open it up and show the details of that day’s
entries. Hovering above each sphere would be small icons
visualizing different activities registered during the day.

Figure 10. Daily log new concept sketch.
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Although the project team found this concept to hold great
potential, we were not able to implement these designs into the
app because of both administrative and resource-related
challenges as well as the need for the app to be ready in time
for its feasibility trial. On the basis of the outcomes of this trial,
we have planned to make adjustments to the app before making
it generally available, and we aim to implement the new design
concept during this period.

The Final MyStrengths App High-Fidelity Prototype
The finished high-fidelity prototype of the MyStrengths app
centers on a list of strengths spheres floating around on the
screen (Figure 11). These are colored red, yellow, blue, or green
and signify which strengths one thinks one possesses, strengths
one partly possess, do not possess, or have not yet assessed (or
do not find relevant). Although the apps ask users to rate the
40 strengths, the user can also add as many new strengths as
they please. From this screen, the user can access the 2 other
key features of the app: strengths exercises and reflections and

the daily log. Clicking on a sphere opens it up and provides the
user with a list of suggestions for small exercises and the
opportunity to create new exercises themselves or a note-taking
area for writing small reflections on how this strength can help
them in their lives (Figure 12). Active or completed exercises
are listed in the exercises menu at the bottom of the screen. The
daily log asks for an entry each day and when doing this first
asks for a rating of how the day was, using 5 smiley faces (from
sad to happy), then asks the person to write 3 good things that
happened and pick icons for these (Figure 13). For each day,
the log puts all this information into a summary and represents
each daily entry as a card on a scrollable list (Figure 14). The
dice at the bottom center of the screen randomly selects a
strength exercise from the strengths that the user has and
suggests exercises for the user to use this strength (Figure 15).
A secondary goal of both the dice and the opportunity to add
own strengths and exercises is that the app can provide users
with new and interesting experiences, despite its basic set of
features and content.

Figure 11. MyStrengths Home Screen.

JMIR Form Res 2020 | vol. 4 | iss. 7 |e18049 | p.174http://formative.jmir.org/2020/7/e18049/
(page number not for citation purposes)

Jessen et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 12. Strengths Exercise.

Figure 13. Rating the day in the daily log.
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Figure 14. Daily Log.

Figure 15. Dice Suggestion.
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Privacy and Data Security
Maintaining user privacy is of high importance. As presented
in phase 3, the privacy protection and data security committee
at our institution has strict guidelines that led us to discard the
interaction between users of the MyStrengths app. As such,
users will not be able to identify one another. The app is planned
to be available through both Google Play and the Apple App
Store, and besides having an account in these stores, there is no
need for the users to identify themselves or register before using
the app. Although there are slight differences between data
available to developers on Google Play and Apple App stores,
the most detailed information on users available would be an
aggregated number of users with different operative system
versions. All data generated by users are encrypted and stored
locally on the device. When launching the app for the first time,
users create a four-digit pin code needed to access the app. A
key for data encryption is generated, and this key is used to
encrypt data before being stored. The encryption key itself is
stored after being encrypted using a temporary key derived from
the user's pin code. The app also conforms to the standards set
by the European General Data Protection Regulation.

During a 4-week feasibility trial, the app will send usage data
over a secure connection to the Service for Sensitive Data at the
University of Oslo. Once the trial is completed, the registration
and transmission of usage data will be disabled, and the app
will only run locally on the users’ device. The feasibility trial
has also been approved by the privacy protection and data
security committee.

Discussion

Principal Findings
The availability of strengths-focused mHealth apps or guidelines
for their design is scarce. This paper contributes to this field by
presenting, in detail, the various activities, decisions, and
outcomes from the design of the MyStrengths app. We have
presented 3 types of findings stemming from the process of
development:

1. From individuals in the target group who took part
throughout, we have gotten both ideas and design
requirements for strengths-focused mHealth tools. Chief
among this input is the need to have such apps thoroughly
focused on the user themselves and if using gameful designs
to keep these mostly noncompetitive and positively oriented.

2. Having reviewed the existing literature on strengths-focused
self-management interventions, we found a general lack of
existing guidelines or design descriptions for
strengths-focused mHealth tools. However, goal setting
might be a productive way through which one might help
people find and use more of their strengths.

3. Researchers and designers contributed, among other things,
with knowledge and input on how strengths activities can
be designed and connected to the users achieving set goals.
This group also took part in prioritizing between, and
merging, the various features and parts into the final
MyStrengths app prototype.

From our experiences on this project, we would like to further
discuss a few points and present some recommendations for
others, creating strengths-focused and positive mHealth tools.

Gameful Designs in a Positive and Strengths-Focused
Environment
Recent literature reviews of gamefully designed eHealth and
mHealth tools report the most popularly used game elements
to all to be externally oriented: points, rewards, and leaderboards
[36,37]. Still, through activities involving both users and experts,
it was repeatedly suggested to be cautious with such elements,
and during the co-design workshops, users voiced a specific
dislike for designs with reward schemes that facilitate addictive
use. This is similar to findings from the study by Ahtinen et al
[46], where participants reported chasing rewards unfit for
mindfulness exercises. However, in a review of apps promoting
well-being and mindfulness [38], the authors found the
archetypical game elements of points’badges and competitions
to continue to be the approaches mainly used.

Not overly using externally oriented motivational features, such
as points and rewards, has also been discussed in more
theoretical works on engaging and gameful designs [45,87,88].
These also highlight the importance of not only playing the
game mechanics to win but to do the activities or tasks for the
right reasons. This seems especially relevant for the
MyStrengths tool, with its focus on the user’s reflections and
awareness concerning themselves and their situation. As such,
we decided to tone down the focus on gameful features that
foster competition and aggregation of points or rewards and
instead focus on engaging users with pleasant and positive user
experiences.

Combining both social and goal-directed game elements into
features such as competitions and collaborations is also very
popular in gameful designs [37]. In addition, their potential for
providing social comparisons and role modeling can make such
features valuable in the field of mHealth [36]. However, users
taking part reported concerns regarding visibly losing to, or
receiving negative communications from, other users. To address
this issue, the users during the co-design activities proposed
ideas such as one-way communication using predefined texts
or elements as a way of ensuring a positive focus. Anonymized
social interaction or competition might be one way of leveraging
the positive and motivational aspects of social interaction. This
would also allow the user to avoid any perceived obligation of
reciprocity or the possible stigmas of losing to one’s friends.
An example of such an approach is presented by Mylonopoulou
[89], who created leaderboards for progress in a mHealth tool,
in which the user was shown and compared with 3 other
anonymous users who were slightly better than them.

A gameful feature that, although not highly used, still holds
potential is randomness [38]. During this project, we developed
the dice feature that randomly selects strengths exercises for
the users with the press of a button on the app’s home screen.
The rationale for using randomness as a design element is that
it can induce a sense of variety and anticipation of what the
future holds for the user [38,90,91]. Randomness can be suitable
for tools such as MyStrengths, in which there is no set route or
user journey through the app. However, it is likely more
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challenging to include randomness in tools that are based on
strict treatment regimens such as cognitive behavioral theory,
in which the structure and order of activities is important [38].
The dice feature was well received by users in the evaluations,
and we consider such approaches to hold great potential for
providing gameful or playful experiences in an overall positive
and gentle fashion. Thus, in technical terms, the design approach
for this project can be described as focusing more on designing
for playfulness, free play, and exploration, rather than
gamefulness, which, in addition to free play and exploration, is
more rule structured and often concerns a pursuit of points or
scores [48].

Strengths Approach to mHealth and eHealth
At the core of the strengths concept is changing the focus from
deficits to the positive to achieve better well-being or happiness
[14,17]. In keeping with this approach, emphasis should be
placed on using existing strengths rather than focusing on
turning non-strengths into actual strengths. Even so, during our
user evaluations, several participants reported that they would
instead work on gaining new strengths, as opposed to focusing
on the ones they already have. This way of thinking is not that
surprising and falls in line with the typical deficit focus of health
care in general [92,93]. Therefore, future self-management tools
using a positive or strengths approach should consider how to
support users in shifting this way of thinking. In MyStrengths,
the dice feature, which selects exercises at random, only draws
exercises related to strengths that the user has assessed as having
and thus guides them to build on their already identified
strengths. This approach can be described as a way of nudging
[94], a form of altering people’s behavior without forcing their
options or activities. Furthermore, as an additional way of
emphasizing the users’ existing strengths, the MyStrengths app
sorts the strengths spheres so that the ones already marked as
a possessed strength by the user are at the top and visible first
when the app is opened.

Although assessment of people’s personal strengths has been
done before (for instance, through tools or services such as VIA
Character strengths [14] and StrengthsFinder 2.0 [95]), these
assessments have been made for the general population, not
specifically for people living with chronic illnesses. This project,
therefore, used a set of personal strengths that have been
reported by, and found important for, people living with chronic
illnesses [16]. Still, people’s strengths vary from person to
person, and to improve the personal relevance of the tools for
the users, we would also recommend to do as in the MyStrengths
app and allow users to create their own strengths.

Despite previous research showing that the strength concept
can be challenging for people to grasp, particularly when
referring to one's own health [96], users participating in
co-design activities as well as evaluations of the tool mostly
understood the strengths concept quite well and were able to
relate to it. One the other hand, users who took part in evaluating
the first iterations of the app reported finding the strengths
exercises difficult to grasp, and most of these participants also
preferred the more physical and tangible exercises (such as “do
something nice for a friend today”) over exercises that were
either more cognitively challenging or consisted of many steps

(such as “go to a library, borrow and read this book, then think
how your journey as a patients likens the hero in the story”).
On the basis of this type of feedback, the exercises were
redesigned to be simpler to both understand and perform.

Privacy and Ethical Considerations for Designing
mHealth Tools
During all design phases in this project, users participating
discussed privacy and the different ways in which the features
of MyStrengths could affect this. For instance, during the
co-design workshop, multiple participants talked about how
one’s strengths were a very personal thing and something one
might not want to share with anyone. Similarly, in the
idea-generating workshop, several participants also voiced
concerns about privacy and suggested using nicknames in
communication with others. Clearly not wanting to share this
information about themselves, one participant simply said, “I
would never put something like this on Facebook” [78].
Participants in the user evaluations also highlighted concerns
regarding privacy, and many would ask the facilitator whether
anyone could view the information they entered into the
MyStrengths app. As such, we can surmise that although people
living with chronic illnesses, for instance, often are active in
support and interest groups on social media [79], they should
also likely be the ones to control what, if anything, to share.

As voiced by participants throughout this project, losing is no
fun when it is owing to your own medical situation. Thus, it
became important to make sure the MyStrengths app is respectful
to users changing shapes, and we avoided using gameful design
techniques such as awarding users for streaks, that is, using the
app according to set schedules or intervals. Furthermore, when
creating engaging, gameful, or persuasive designs, designers
are steering users toward a desired action. In doing so, one
should be careful not to steer users toward making choices that
are against their interest or will or create a very limited set of
perceived choices for interaction [97,98]. In MyStrengths, the
dice only draws exercises for strengths that each person assesses
themselves as having and will thus not suggest exercises for
strengths that the user considers herself or himself not to have.
In the MyStrengths app, this is explained to the users when
going through the first-use tutorial of the app. However, users
still have the possibility of selecting activities for all strengths
in the app through the home screen. As such, it is important to
consider the ethical aspects of mHealth tools. This can, as
discussed above, mean not metaphorically forcing the users
hand too much or using game design techniques that, for
instance, are experienced as inappropriate, unfair, or even
trivialize the user’s situation [45,47,90].

Participatory Approach
In creating mHealth tools, it is highly beneficial for the design
group to include researchers and/or designers with health,
design, and psychology experience or background as well as
actual representatives of the user group [51,52,97]. In this
project, both the diverging phases started with involving users
in a broad way to create ideas and suggestions before the
converging phases relied more on evidence and input from
researchers and designers to narrow the initial input down to
concrete and implementable solutions. From their participation,
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we see that the users contributed valuable contributions such
as (1) emphasizing a liking for a gameful design but not
necessarily when it consists of stiff competition and possibly
losing; (2) providing important input into the design and wording
of the strengths exercises; and (3) how the MyStrengths app
should fully be about the users, putting them at its center.

Although users did not actively take part in most of the
converging phases, we were always focused on correctly
representing their contributions and needs. In general, user
inputs and concerns were maintained through 3 different
strategies: (1) having a user representative, who is equal to
everyone else in the project group (this person, it is important
to highlight, works as a nurse and has a medical or nursing
background, something that may also reduce the hierarchical
distance between them and the researchers); (2) using the
outcome from the co-design workshops and user evaluations in
the discussions; and (3) having all project members and
researchers do the same design tasks as the participants in the
co-design workshop. This third strategy also supported the
important task of communicating and creating a deeper
understanding of the users’ needs and requirements within the
project group [99]. This allowed the group to see not only the
outcomes of the participants’ work but also to go through the
process of creating similar types of work themselves.

In terms of the nonuser participants, a range of professions have
been involved, including researchers with health, psychology,
and informatics background and expertise; developers;
designers; and game designers. Each of these participants
contributed to broadening the group’s repertoire of possibilities
with respect to the design of the MyStrengths tool. To name a
few, (1) the psychology and health care researchers provided
important information and feedback regarding the strengths
approach, (2) the developers and designers contributed creatively
in putting everything together into a working and user-friendly
tool, and (3) involving the external game designer provided
suggestions for more interactive and immersive solutions.

As such, the outcomes of this project can be considered to stem
from a space between 3 different groups (see illustration in
Figure 16): (1) theory, evidence, and researchers’ knowledge;
(2) designers, developers, as well as the limitations and
opportunities of the technology itself; and (3) the users, with
their needs and ideas. Although the power of decision in this
project was mostly placed with the researchers and experts,
most decisions were the result of a negotiation between the 3
groups and their inputs into the project. Even though no users
besides the user representative took part in the 2 converging
phases, following the 3 strategies described above still allowed
us to maintain and represent their needs, ideas, and requirements
in the decision-making processes.

Figure 16. Venn diagram of decision space.

As shown by the range of outputs from the idea and design
workshops, users are indeed capable of creating ideas and
concepts with great potential. Although we thoroughly maintain
the user’s inputs and ideas throughout the project, they are not
able to contribute new input without taking part. This could, in
particular, have changed the way in which we implemented and
combined ideas and concepts stemming from the users in the
first place. Still, users have been included and given the power
and opportunity to create ideas or suggest ways to use the tool
and to evaluate and suggest improvements to the design, the 2

aspects of a project that have the strongest possibility for
participation [100]. As presented in this paper as well as in
previous publications from this project [65,78], we have shown
how the participants in our co-design activities contribute
creatively and productively to both the content and design of
the MyStrengths app.

Lessons Learned From Creating MyStrengths

During the process of developing MyStrengths, we collaborated
with a multitude of different stakeholders in a wide range of
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activities and processes. From these, we wish to highlight some
points and issues that may be of interest to others developing
positive or strengths-focused eHealth or mHealth tools for
people living with chronic illnesses.

(Try to) Involve Users in All Activities
When projects clear the proverbial fuzzy front end [54] and
finally start building the actual product, the pace of the work
tends to increase. In earlier phases of the project, recruiting
participants to activities was often done in collaboration with
the institutions participating in the project's activities. By
recruiting only for specific activities, we had to reach out again
during later phases and re-recruit the same participants. This
made organizing the recruitment and activities for participation
time consuming and thus more challenging than envisioned.
For instance, we would have benefited from additional design
activities with users, both in connection with the designer
workshop and in response to the user evaluations in phase 4.
To achieve this, we could have recruited participants early in
the project into a pool of available participants that we could
easily contact to work more closely with as the project moved
on. Although all design projects are highly dynamic, and
schedules and priorities are often subject to unforeseen changes
in resources, time, or technology, we would recommend creating
a systematic plan for recruitment and participation for the
entirety of the project.

Use User Representatives
Having a user representative as a member of the project group
helped us in keeping touch with the users' perspectives and
challenges throughout the work, even when the users were not
participating. The user representative in our project was a
full-fledged member of the group and took part in all activities
and decision-making processes. For others employing
representatives, we would also recommend including these as
much as possible in activities and discussions to ensure they
stay active and up to date and not end up passive sources, which
the rest of the team only taps for information when needed. In
addition, by the representative being a full member of the team,
and not merely invited when needed, he or she gets to know the
other project members better, and hierarchical differences in
power are hopefully diminished.

Ideate Freely
We had to abandon the implementation of social features,
primarily because of restrictions from the privacy officers at
our institution. Although we could have foreseen this issue and
removed the possibility of social features in our activities, we
might have restricted the participants' creativity and range of
possibilities. Furthermore, by working without restrictions
during the workshops, participants also give important
information and feedback that, for instance, are relevant not
only to social features but also to mHealth tools as a whole.

It may seem more efficient concerning time and money to keep
participatory activities focused on what is possible or advisable
to create. However, we still recommend allowing for free
creativity and ideation in such activities, as this can yield not
only interesting ideas and concepts but also valuable insights
into the user group and their needs and wishes.

Participatory Approaches in the Face of Incomplete
Guidelines
Participatory approaches should be well suited in design
situations where the aim is to create something new in the face
of a shortage of guidelines for designing. This project aimed at
both exploring ways of creating an engaging and
strengths-focused mHealth app as well as actually developing
one, MyStrengths. It is our position that those goals together
make participatory approaches well suited. In addition, as our
secondary goal is to explore opportunities for designing
strengths-focused tools, it seems right indeed to include users,
primarily as they should be considered to be experts of their
own situation, and additionally as they can widen the design
space [101] by, for instance, contributing ideas that the
researchers and designers would not think of. Thus, users can
also contribute productively in situations with solid evidence
forming the basis of mHealth tools. As presented earlier, even
how text is written and phrased benefited from user input. Thus,
we would recommend considering all forms of creating mHealth
tools, even small projects that, for instance, translate an existing
tool, processes in which user participation can be of great value.

Strengths and Limitations
The activities as well as outcomes presented in this paper can
serve as a foundation for future research on the development of
strengths-focused mHealth or eHealth interventions for people
living with chronic illnesses. It is important to note that because
of the explorative nature of this project, any generalizations as
to what designs or functionality people living with chronic
illnesses enjoy or want is neither possible nor intended.
However, based on both the quality and range of output
presented in this paper, it is likely that our chosen activities and
methods worked well and may be applicable to others as well.

However, there are also some limitations to this study. First, all
users and stakeholders participating in the study volunteered to
participate on their own or were contacted by the project team
or collaborating institutions. As such, the participating groups
are likely biased toward being more motivated, resourceful, and
managing their life with chronic illness well. Thus, they may
not perfectly represent the entire user group. However, this is
too common for this kind of research. Using other means for
recruitment, such as social media [102], might have eased access
to harder-to-reach users, but this was not within the project's
mandate.

Second, by aiming to design a mHealth tool for such a broad
group (ie, people aged >16 years living with chronic illness),
this project sought to design for a target group that is practically
the entire population. However, creating features for specific
or smaller groups was not the goal of the project, among others,
as having strengths is something shared by everyone irrespective
of illnesses, age, or background.

Third, the gender balance during most of the project activities
was skewed toward female participants, with around only
one-third of the participants being male. During the user
evaluations, only one of the participants was male. During all
recruiting, we tried to recruit more male participants, and
unfortunately, we were never able to reach equal number of
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males and females. Similarly, both age and gender distribution
among the participants changed throughout the project.
However, having participants from different age groups also
means that they represent the age range of the intended user
group.

Fourth, regulations concerning privacy and data security made
us decide to drop the inclusion of social functionalities in the
MyStrengths app. Although necessary for us to do, this also
meant that we discarded one of the more popular features
suggested by participants throughout all our activities. Similarly,
because of unforeseen challenges at our end as well as for our
external collaborators, we were never able to implement the
redesign of the daily log part of the app.

As it stands, some of the features and concepts suggested by
users, designers, or researchers throughout this project for
various reasons ended up unused. Technical challenges and
restrictions or overruns on time and resources are not uncommon
in these kinds of projects. Many of the technical challenges
faced are a product of us trying out new designs or forms of
interactions, such as the strengths spheres floating on the home
screen or the initial idea of shaking the device to move spheres
around. Although time consuming, this experimentation is also
in line with the projects’goal of exploring new ways of creating
strengths-focused and engaging mHealth tools. The design of
strengths-focused mHealth or eHealth interventions has rarely
been reported, and both the activities and outcomes reported in
this paper add important new information to this growing field.

We also wish to highlight the fact that the MyStrengths app was
developed in a very collaborative way with members of the
users and stakeholder groups. In fact, 2 of the participants took
part in all activities with user involvement, idea workshops,
co-design workshops, and user evaluations. Although caregivers
only participated in the first phase, their perspective was not
lost in the later phases, as several members of the project team
have backgrounds in nursing and health promotion work. The
repeated involvement of many users is an excellent strength to
the project. It allows researchers, developers, and participants

to create a thorough and deep understanding of each other and
the tools being designed.

Everyone has their own strengths [14,17], and as such, the
MyStrengths app has great potential in helping the increasingly
large group of people living with chronic illnesses. Although
the MyStrengths app holds great promise, we cannot, at present,
speak to the effects or benefits of its use. However, a real-world
feasibility trial with the MyStrengths app is currently ongoing,
the results of which will be presented in a future publication.

Conclusions
Supporting people living with chronic illnesses in focusing on
their strengths and positive resources can lead to higher
well-being and quality of life. This project developed the
MyStrengths app, a tool supporting its users to use their strengths
more actively in their everyday life. As there currently exists
little guidelines on developing mHealth tools with a strengths
focus, this project took a participatory approach to create an
engaging and playful mobile app to address this gap in research.
During this process, we explored a range of ways of
implementing strengths into mHealth tools and how to make
such tools more engaging for its users. Although participatory
design projects take time and are resource intensive, designing
a tool such as the MyStrengths app based solely on the
knowledge and ideas from literature and researchers is likely
not a sound strategy as the user perspective is often lacking. In
this project, we have shown how users can contribute
productively to ensure that mHealth and eHealth tools being
developed are both accepted and understood well.

Adding to the growing field of designing strengths-focused
mHealth tools, this paper presents our approach for creating the
MyStrengths app, which is based on evidence and established
theories as well as created with contemporary design methods
and with a high degree of user participation. Outcomes from,
and methods used during, this project can be used as a starting
point for future studies exploring strengths or strengths based
on mHealth and eHealth tools. We kindly invite others to further
develop, adapt, and build on findings, ideas, and activities
presented in this paper for their own contexts.
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Abstract

Background: Timely and comprehensive diagnostic image sharing across institutional and regional boundaries can produce
multiple benefits while supporting integrated models of care. In Ontario, Canada, the Diagnostic Imaging Common Service
(DICS) was created as a centralized imaging repository to enable the sharing and viewing of diagnostic images and associated
reports across hospital-based and community-based clinicians throughout the province.

Objective: The aims of this study were as follows: (1) to explore real-world utilization and perceived clinical value of the DICS
following the provision of system-wide access and (2) to identify strategies to optimize the technology platform functionality
and encourage adoption.

Methods: This multimethod study included semistructured interviews with physicians and administrative stakeholders and
descriptive analysis of the current DICS usage data.

Results: In this study, 41 participants were interviewed, that is, 34 physicians and 7 administrative stakeholders. The following
4 key themes emerged: (1) utilization of the DICS depended on the awareness of the technology and the preferred channels for
accessing images, which varied widely, (2) clinical responsibilities and available institutional resources were the drivers of
utilization (or lack thereof), (3) centralized image repositories were perceived to offer value at the patient, clinician, and health
care system levels, and (4) the enabling factors to realize value included aspects of technology infrastructure (ie, available
functionality) alongside policy supports. High-volume DICS usage was not evenly distributed throughout the province.

Conclusions: Suboptimal adoption of the DICS was driven by poor awareness and variations in the clinical workflow. Alignment
with physician workflow, policy supports, and investment in key technological features and infrastructure would improve
functionality and data comprehensiveness, thereby optimizing health system performance, patient and provider experience,
population health, and health care costs.

(JMIR Form Res 2020;4(7):e17220)   doi:10.2196/17220
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Introduction

The ability to electronically share patient-level information
across institutional and geographic boundaries can facilitate an
integrated and coordinated model of health care delivery among
hospital-based and community-based health care professionals
by providing timely transfer of relevant and complete
information to inform clinical decision making [1]. Within the
diagnostic imaging landscape, rapid and comprehensive sharing
of imaging data has demonstrated multiple benefits at the
patient, clinician, and health care system levels. Patient
experience and quality of care is improved by reducing the
number of unnecessary tests and radiation exposure [2-5] and
by facilitating timely access to specialist consultation and
treatment [4]. At the clinician level, timely diagnosis and
treatment improves clinical and administrative workflows
[2,4,6,7]. Reducing duplicate imaging improves the overall
health care system efficiency and associated costs [2-5,8,9].
Technology-enabled models of electronic image sharing include
institutional and multi-institutional regional picture archiving
and communication systems (PACSs), onsite and offsite vendor
neutral archives, cloud-based image transfer, and
cross-enterprise document image sharing [10-13]. The
technology environment of a health care organization or a
clinical practice (ie, technology infrastructure, storage, and
resources) influences the platform availability and channels of
access for internal and external imaging studies [7]. The import
and display of external priors (ie, imaging performed at external
institutions) can be time-intensive and lead to clinical
inefficiencies, treatment delays, and duplicate testing [2-4].
Physicians may temporarily retrieve and import external imaging
data from regional diagnostic imaging repositories (DIRs)
directly into their local PACS by using import and display of
external priors or foreign exam management [14], whereas
community-based health care professionals may rely on
accessing a third-party provider portal, image upload from a
compact disc or, most commonly, a fax of an image report.
Multiple channels of access to diagnostic imaging can lead to
variability in clinical and administrative workflow.

In order to alleviate the logistical and administrative burden of
transferring imaging data across multiple systems, several
jurisdictions have implemented centralized imaging repositories
through health information exchanges [13,15]. For example,
Scotland has adopted a unified nationwide approach with a
single supplier PACS and a central data archive for long-term
data storage and sharing [16]. In jurisdictions with fragmented
PACSs and electronic medical record systems such as the United
Kingdom and Estonia, blockchain technology has been
introduced to increase interoperability and decentralize data for
easy access and exchange [17]. Blockchain systems have been
shown to improve interoperability and reduce administrative
costs involved in transporting data, without compromising the
security [17]. Within Ontario, Canada, a centralized imaging
repository was created by eHealth Ontario, an agency affiliated
with the Ontario Ministry of Health, to enable and support
real-time sharing and viewing of diagnostic images and reports,
which was the focus of this study.

The objective of this clinically focused evaluation was to explore
physician engagement and the perceived value following
system-wide access to a centralized DIR in Ontario, Canada
(the Diagnostic Imaging Common Service [DICS]). This
evaluation was completed in partnership with the Ontario
Ministry of Health to directly inform future strategies to
optimize the technology platform and increase adoption and
meaningful use.

Methods

Study Design
This multimethod study included one-on-one semistructured
interviews that explored the utilization and perceived value of
the DICS from the perspective of the physicians across a wide
range of specialties and geographic areas. Usage data relating
to access of the repository was also examined to understand the
utilization of the centralized repository and the practice
characteristics of the users who accessed large volumes of data.
Ethics approval was obtained from the research ethics board of
Women’s College Hospital (REB# 2018-0177-E).

Study Setting
Medically necessary hospital and physician services (including
diagnostic imaging) is publicly funded in Ontario, Canada
according to the Canada Health Act [18]. Ontario has a
population of over 14 million, which represents 38.6% of the
Canadian population in 2018 [19]. There are over 36,000
physicians in active practice in Ontario, including 1000
radiologists and 13,500 primary care physicians [20-22]. In
2012-2013, more than 21 million diagnostic imaging procedures
were performed in Ontario, 60% of which were performed in
hospitals and the remainder in stand-alone independent health
facilities [23]. eHealth Ontario, an agency affiliated with the
Ontario Ministry of Health, created the DICS to enable and
support real-time sharing and viewing of diagnostic images and
reports.

The DICS provides a single front-end web-based viewer that,
on the back end, consolidates access to imaging procedures
stored across multiple DIRs, thereby providing long-term storage
for hospitals and contributing independent health facilities within
a specified geography-based catchment area [24]. The DICS is
a federated repository that uses a cross-enterprise document
sharing to facilitate registration, distribution, and access to
images across health care organizations. When a health care
practitioner initiates an incoming query to access an image or
a report (via a web-based viewer), the cross-enterprise document
sharing integration profile sources the relevant data from the
DIRs. This enables the health care practitioners to view images
and reports across the entire province (ie, outside of their
traditional institutional and regional boundaries). To ease the
access for these health care practitioners, the DICS was
embedded into 3 pre-existing clinical viewing portals as of
August 2018. These portals provide the heath care practitioners
access to a range of patient-level information, including
diagnostic imaging reports, dispensed medications, laboratory
results, hospital visits, and home and community care
information (ie, referral details, risk assessments, and care
plans). The DICS initiative provides the additional ability to
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view images in a web-based viewer on top of the baseline ability
to view image reports. As of January 2019, there were over 35
million images and over 47 million reports available on the
DICS. Of these, <0.001% of the images and <0.002% of the
reports were accessed during the month of January. While there
is some variation based on the clinical viewing portal used, it
takes the DICS system an average of 0.49 seconds to respond
to a query (range, 0.01-40.85 seconds). This response time is
distinct from the time it takes the image to load, which is known
to be variable.

Recruitment and Data Collection
Physicians were recruited using a combination of convenience
and purposive sampling to achieve a diverse sample of
participants that reflect the breadth of the current use and the
future potential of the DICS. The research team, representatives
of the Ontario College of Family Physicians, and working group
members of the clinical viewing portals were asked to refer
contacts who could provide relevant insight. A snowball
recruitment strategy was employed, wherein interview
participants were asked to refer colleagues who may have
relevant insights related to the DICS platform or access to
imaging. Purposive data-driven recruitment was also used by
asking eHealth Ontario to send out recruitment emails to
high-volume users of the DICS based on the viewing statistics.
The recruitment expanded to include administrative stakeholders
(ie, those with experience in hospital PACS administration,
regional DIRs, and independent health facilities) in response to
emerging themes around multiple channels of accessing
diagnostic imaging and role of the clinical viewing portals in
order to fully understand access and engagement. The practice
characteristics (ie, geographic location, professional role, and
specialty) of high-volume users accessing the DICS during the
study timeframe were obtained from eHealth Ontario’s usage
statistics.

Data Analysis
All interviews were audio recorded and professionally
transcribed verbatim. Two researchers (LW and JF)
independently and inductively coded 3 transcripts to develop a
coding framework using NVivo (QSR International), which
was applied to the remaining transcripts. Emerging insights
were coded inductively and added to the codebook, as necessary.
An inductive thematic analysis was applied to identify prominent
and recurring themes at regular intervals. Codes were reviewed
by 3 members of the research team (ie, LW, JF, VK) who then
began the process of thematic mapping to understand the
relationships and to generate preliminary themes and subthemes.
Refinements and specifications of the thematic categories,
subcategories, and relationships between the themes were
discerned based on in-depth discussion and negotiated consensus
with the fourth member of the research team (LD). Descriptive
statistics was performed on usage statistics.

Results

Between February 22, 2019 and June 30, 2019, 41 participants
were interviewed, that is, 34 physicians and 7 administrative
stakeholders. The physicians represented a cross-section of the
practice areas and a broad range of specialties (Table 1). The

administrative stakeholders were managers or directors working
in independent health facilities, hospitals, or the regional DIRs
who were involved in the implementation or oversight of
diagnostic images.

1. Variable utilization is driven by awareness and access
preferences: A lack of awareness of prior imaging studies
alongside multiple channels available to access internal and
external diagnostic imaging and reports (ie, local viewers,
regional DIRs, and the DICS through clinical viewing
portals) leads to inconsistent and suboptimal engagement
with the DICS.

2. Clinical roles and institutional resources inform utilization
practices: The functionality of the clinical viewing portals
connecting to a centralized DIR needs to fully support the
intricacies of the clinical workflow requirements of multiple
users, including radiologists, specialists, and primary health
care professionals. Radiologists require high-resolution
capabilities for images with a link to transcription software
to interpret and produce a diagnostic image report, whereas
specialists (eg, oncologists, surgeons) use images to plan
a surgical approach and monitor change over time in order
to plan medical treatments and evaluate responses. When
image fidelity, speed of upload, measurement tools, and
viewing features for comparative studies (ie, side-by-side
viewing) in clinical viewing portals were inferior to local
PACS, engagement with the DICS was low. In primary
health care, clinicians need efficient and comprehensive
access to full reports (rather than the images themselves)
to inform their clinical decision making and navigate the
patient thorough the health care system. Incomplete or
delayed access to reports resulted in decreased utilization.
The institutional and technological ecosystem influences
how external diagnostic imaging is utilized. While
integrating regional DIRs with a local PACS through
foreign exam management is a common modality for image
viewing, small hospitals and community services may have
less technological resources and updated software to support
this.

3. Centralized diagnostic imaging was perceived to offer value
at the patient, clinician, and health system levels: A
centralized DIR with efficient image access was perceived
to increase patient satisfaction and safety (ie, reduced
radiation exposure, timely diagnosis, and timely treatment),
improve the clinical and administrative workflows and
communication of the health care professionals, and
optimize the health care organizational efficiency by
reducing unnecessary repeat imaging and subsequently
reducing the health care costs and wait times.

4. Enabling factors to realize value include technology
infrastructure and policy supports: High-value technology
infrastructure for radiologists and specialists include
automatic integration and downloading of images into local
systems to enable a comprehensive view of the imaging
history, alongside specific functionality of the DICS to
support this. Policy supports and infrastructure to promote
interoperability between systems (ie, standardization and
regulation) and to reduce the image contribution gaps from
community-based diagnostic imaging services (ie,
independent health facilities) and specific clinical specialties
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outside of traditional radiology and the scope of DIRs (ie,
cardiac imaging) would significantly increase the value and
utilization of the centralized repository.

Over 570,000 reports and 135,000 images were viewed between
September 2018 and April 2019 across the 3 clinical viewing
portals. In February 2019, there were 11,070 users who accessed
the DICS at least once during the month. The majority of the
high-volume users (566/658, 86%), defined by the research

team as viewing >15 images or reports in that month, included
health care professionals who were located primarily in the
Greater Toronto Area and Southeast Ontario region. This
distribution mirrored the demographic profile of the interviewed
participants (Table 1).

Four key themes emerged (Table 2), which described physician
experiences with accessing images and engaging with the DICS
and their overall perceptions of value.

Table 1. Participant characteristics (N=41).

Administrative stakeholders (n=7), n (%)Physicians (n=34), n (%)Participant characteristics

Professional specialty

N/Aa7 (20)Primary care

N/A6 (17)Radiology

N/A7 (20)Oncology

N/A3 (9)Thoracic surgery

N/A2 (6)Emergency medicine

N/A2 (6)Orthopedic surgery

N/A2 (6)General medicine

N/A1 (3)Respirology

N/A1 (3)Cardiology

N/A1 (3)Urology

N/A1 (3)Gastroenterology

N/A1 (3)Neurosurgery

Geographic region

N/A29 (85)Greater Toronto Area and Southeast Ontario

N/A3 (9)Southwest Ontario

N/A2 (6)Northern and Eastern Ontario

Health care setting

N/A30 (88)Hospital

N/A4 (12)Community

Years of clinical practice

N/A7 (20.5)0-5

N/A7 (20.5)6-10

N/A18 (53)>10

N/A2 (6)Unavailable

Role

5 (72)N/AAdministrator for diagnostic imaging repository

1 (14)N/APACSb administrator

1 (14)N/AImaging director of an independent health facility

Geographic region

3 (43)N/AGreater Toronto Area and Southeast Ontario

1 (14)N/ASouthwest Ontario

3 (43)N/ANorthern and Eastern Ontario

aN/A: not applicable.
bPACS: picture archiving and communication system.
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Table 2. Themes describing physician experiences and their illustrative quotes.

Illustrative quoteTheme

Variable utilization is driven by awareness and
access preferences

• When I read conceptual imaging, it is like 20, 30, 40 cases a day. I do not know whether there
was outside imaging done—if there would be a prompt, that would be very helpful, that is one.
It is just not practical. I cannot log in to the clinical viewing portal and check whether any
outside imaging was done for every single patient.[Radiologist 1]

• It is my strong preference to use our own viewer in the hospital…because if I can access their

images through our (regional DIRa) interface, and then I can transfer those images to our own

PACSbsystem. [Urologist 1]

Clinical roles and institutional resources inform
utilization practices

• Ultimately all these web-based viewers, no matter how good they are, they cannot be a PACS
quality or caliber machine, because my PACS, yeah, sure, I can do other things on it, but really
it is a computer dedicated to 1 task and 1 task only, whereas the website has lots of different
tasks. [Radiologist 4]

• I think the local PACS has more functionality in terms of the ability to display multiple images
from different dates on the same screen and to synchronize the images so that I can make a
direct comparison on 1 monitor between a current scan and a remote scan, like an older scan.
[Thoracic Surgeon 2]

• I think just, again, the integration into our workflow is really important. Primary care has a
very busy, and a very, very chaotic workflow. If things do not fit into that, they often get left
behind, even if they are potentially a helpful resource. I am just really thinking about how to
access this in a very easy way, where I do not have to retype in the patient’s date of birth,
medical record number, name, etc. Ideally, if it is from the electronic health record, it is con-
nected in. I think that is really important. [Primary Health Care Professional 5]

• There are a few vendors that we do not have foreign exam management set up on yet. I know
that they have reached out. They would really like to be able to do that…they do not have foreign
exam management and I know that they would be a huge, huge user of it. Once they do decide
on the vendor that they are going to use, hopefully we will be able to get foreign exam manage-
ment set up with them, which would be a really big asset. [DIR Administrator]

Centralized diagnostic imaging was perceived
to offer value at the patient, clinician, and health
system levels

• I would say that more often than not, it will lead to one or both of the following outcomes.
Number one, the patient care is delayed that day and clinics start running late. That is probably
minor. It is annoying and it obviously costs patients more parking money, etc, but the more
important one was that I think clinicians just go and say, you know what? Mrs. Robinson, I
cannot read this fax. We cannot see your computed tomography image. I am going to call the
radiologist. You clearly have an urgent problem and we are going to try to urgently book you
for a new computed tomography session here within the next week. So then, clinicians start
calling radiologists and they are like hey, I have got a patient in clinic, she is here today, it is
kind of urgent, she looks like she has got jaundice, I do not know what is going on, I cannot
see the image from the outside, can you just try and find a slot….…I think you guys now can
see the downstream impact that this does for health care delivery efficiency…it is huge. And
that is just 1 patient’s story but imagine 80 clinicians all doing this all at the same time in 1
center, each 1 individual. You can see how imaging departments across the province are going
ugh. [Oncologist 2].

Enabling factors to realize value include technol-
ogy infrastructure and policy supports

• I guess what I would need is that my PACS facilitator, the informatics team at my hospital,
ideally, automatically, without having to do any work, would automatically be able to import
those images in Digital Imaging and Communications in Medicine format from this large system
into our system and be matched with the patient’s name so that when I open the study, I can
see all the prior imaging data. [Radiologist 2]

• The final downside of the clinical viewing portal is that I cannot transfer the images to my own
PACS system. That is always handy because then I can have access to them when I am on the
network and if there is network downtime, then also it would allow me to use that internal
viewer to do all that stuff more expeditiously. [Urologist 1]

• The biggest downside to all these things is the fact that most outside community-based diagnostic
imaging services are simply not available on any electronic format. In particular, in the ultra-
sound imaging performed outside (ie, independent health facilities), we are missing a vast
majority of things that would really be sort of important and would prevent further testing. We
order a lot of repeat ultrasounds in patients who have just had an ultrasound, which is a sig-
nificant drain on resources because unfortunately, the report, I mean I really do not care what
the image is but the actual report is simply not available in any repository. So that is kind of
the biggest disadvantage is that community access is not there. [Emergency Physician 2]

• It is logical, it is obvious, to be able to look at an echocardiogram and an electrocardiogram
with a cardiac magnetic resonance image makes complete sense, and it would be used widely.
But currently, the systems are firewalled, you cannot view echocardiograms on our system,
and you cannot view nuclear medicine heart testing on our system…. [Radiologist 3]
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aDIR: diagnostic imaging repository.
bPACS: picture archiving and communication system.

Discussion

Principal Findings
Although a centralized DIR was perceived to offer clinical value
by physicians across a wide range of specialties, there was
inconsistent and suboptimal engagement. This was driven by
several factors, including a lack of awareness, nuances of clinical
workflow and professional roles, functionality of the viewing
portals, and policies around interoperability with the local
viewing systems. A key driver that was identified to increase
clinical utility was the addition of data sources from
community-based diagnostic imaging services and other medical
specialties to expand the comprehensiveness of the repository.
The provision of broad, system-wide access to the DICS through
clinical viewing portals was not reflective of, or sensitive to,
the heterogeneity of the clinical roles, workflows, and diagnostic
image requirements of physician specialists. The inability to
upload images from the clinical viewing portals into the local
PACS leads to limited utility for the physicians who rely
primarily on the PACS for their workflow (ie, radiologists and
in-hospital specialists) [25]. Rather than providing similar access
and functionality to all the physicians, greater value may be
realized if optimization of the digital platform is targeted toward
high-priority clinical areas, wherein diagnostic imaging is
integral to specific professional roles and workflows. The
potential priority areas identified from this evaluation included
oncology, surgery, and orthopedics, wherein diagnostic images
are routinely used to inform a surgical and medical approach,
monitor response to treatment, and track progression/resolution
over time. Previous research performed in a surgical oncology
center in Ontario found that a shared regional DIR decreased
repeat imaging and reduced the waiting times for surgical
consultation and surgery [4]. An additional specialized image
sharing technology is the Emergency Neuro Imaging Transfer
System. This system is a centralized web-based image archive
distinct from the DICS that is available in select acute care
centers in Ontario that provides temporary access to “on
demand” neurological, vascular, and cardiac computed
tomography images, magnetic resonance images, and ultrasound
images for urgent or critical care [26]. To better understand how
to optimize and implement the DICS to increase adoption and
utilization, targeted clinician consultation is needed to elucidate
value propositions in high-value clinical areas alongside robust
clinical and administrative workflow mapping, co-design with
intended clinician users [27,28], and education to increase the
awareness of the centralized repository.

Beyond the functionality of the DICS and the alignment with
the clinical and administrative workflows, a major reported
barrier to clinical utility and perceived value of the DICS was
the lack of data comprehensiveness. This arose from the reality
that community-based independent health facilities do not
regularly contribute images to regional DIRs, despite performing
up to 40% of the radiology procedures in Ontario [23]. In
addition, images that were outside of traditional radiology, such
as cardiac images, were not within the scope of the original

DIRs and thus were not consolidated into the DICS. Further,
multiple channels for accessing imaging data often exist (ie,
DIRs, local or regional PACS, and the DICS in Ontario), which
can lead to image duplication and fragmented data sets.
Consolidated access to comprehensive images and reports
through a single portal would produce the most value for
clinicians and the health system by facilitating timely access
and reducing duplicate imaging [29]. However, administrative
stakeholders described challenges surrounding system variation
in terminology mapping, data formats, and protocols, storage,
and sustainment models for ongoing image contribution from
community-based facilities.

Successful implementation of diagnostic image sharing
platforms is supported by digital formats and standards that
ensure interoperability across multiple vendors and establishing
image quality and reporting standards to meet the diverse needs
of multiple clinical areas [30-32]. Policy supports around
incentives and mandatory reporting of any imaging studies
receiving public payment would also encourage data
contributions from heterogeneous organizations. Such
approaches are best supported by a coordinated government
strategy such as the Nationwide Interoperability Roadmap in
the United States [33], wherein vendors, health care systems,
and medical institutions have committed to information
technology exchange standards. Consequently, increasing
comprehensive and consistent availability of imaging reports
across the system is best facilitated through multistakeholder
collaborative efforts, which would, in turn, optimize the clinical
value of the centralized repository.

Limitations
This formative study provides insight into the perspectives of
diverse health care professionals, including radiologists,
physician specialists, and primary care practitioners. As this
study was meant to generate hypotheses about the current use
and future potential of the DICS, the next step is to conduct a
thorough analysis of the quantitative usage data and identify
high users of imaging services in Ontario. In collaboration with
the Ontario Ministry of Health, we will identify target users and
engage in specialty-specific assessments of imaging
requirements and workflow patterns to increase the
generalizability of the results. The majority of the participants
(34/41, 82.9%) were physicians practicing at academically
affiliated hospitals and localized to 1 region of the province.
Although this was reflective of the demographic data of the
DICS users, future work is needed to understand a broad range
of the clinician perspectives as current usage is suboptimal, and
current user demographic data are not reflective of the optimal
target population. In addition, other types of health care
professionals who may access the DICS, such as nurses and
allied health care professionals, were not interviewed. The
administrative stakeholder group was not the primary
recruitment target; therefore, further engagement is needed to
build upon their preliminary insights and gain a comprehensive
understanding of the administrative and policy drivers that
influence engagement with the DICS.
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Conclusions
The clinical utility and perceived value of a system-wide,
one-size-fits-all approach to a centralized DIR has not been
fully realized owing to suboptimal awareness and lack of
alignment with end-user workflows. Further engagement with
potentially high-value clinical information users (ie, those who

access large volumes of diagnostic images and reports) will
help in aligning the technology platform with the nuances of
different medical specialist end-user workflows and diagnostic
imaging needs. In parallel, investment in data
comprehensiveness and inclusion of all imaging reports in
Ontario in 1 system would enhance the value by strengthening
the utility of the available data.
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Abstract

Background: Certolizumab pegol (CZP) is an anti-tumor necrosis factor drug approved for the treatment of multiple moderate
to severe chronic inflammatory diseases. In the European Union, CZP is approved for administration by subcutaneous self-injection
using a prefilled syringe, prefilled pen, or reusable electromechanical auto-injector (electronic device). CimplyMe is a companion
app for use alongside CZP self-injection devices, designed to support CZP-treated patients self-managing their treatment and
disease.

Objective: This study aimed to validate the usability of the companion app by demonstrating that tasks required for use can be
performed successfully by intended end users.

Methods: We recruited 15 patients with moderate to severe rheumatoid arthritis, currently prescribed biologic treatment, and
using apps on a smart phone. Patients were assessed on their ability to use the companion app in a setting designed to simulate
a location where patients regularly administer biologic treatment. To assess the usability of the key features of the app, 8 critical
and 3 noncritical tasks were designed. Patients’ success on each task was recorded through observations or knowledge-based
questions. Successes with difficulty and use errors were also recorded. If a patient made a use error at the first attempt, a second
attempt was allowed. Second-attempt use errors were recorded as a task failure.

Results: A total of 207 first attempts at the 14 components of the 8 critical tasks were evaluated (3 patients failed to complete
one component); 178 (86.0%) critical tasks were successfully completed at the first attempt. The remaining first attempts comprised
16 (7.7%) successes with difficulty and 13 (6.3%) use errors, which had to be repeated. One critical task was not re-attempted
by one patient due to time constraints; however, there were no use errors in the 12 completed second attempts. A total of 107
first attempts at the 3 noncritical tasks were made, all of which (107/107, 100.0%) were completed without use errors.

Conclusions: In simulated testing, patients were able to successfully use the companion app without formal training. This study
suggests the companion app is easy to use and could help patients prescribed CZP better manage their treatment and disease.

(JMIR Form Res 2020;4(7):e17373)   doi:10.2196/17373

KEYWORDS

rheumatology; internet; digital health; mobile health; mHealth; smartphone; mobile phone; validation human factors study

Introduction

Anti-tumor necrosis factors (TNFs) are established and effective
treatments for moderate to severe chronic inflammatory diseases
[1]. The use of anti-TNFs alongside conventional
disease-modifying antirheumatic drugs has been proven to result

in better long-term disease control and reduced functional
impairment [1].

Certolizumab pegol (CZP) is an Fc-free, PEGylated anti-TNF
approved for use in 66 countries [2]. CZP is approved to treat
adults with moderate to severe rheumatoid arthritis (RA), axial
spondyloarthritis (including both radiographic and
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nonradiographic axial spondyloarthritis), psoriatic arthritis, and
plaque psoriasis in European Union (EU) countries and is also
indicated for Crohn’s disease in the United States [3,4]. In the
EU, CZP treatment is administered via prefilled syringe or
prefilled pen [5]. Recently, an electromechanical autoinjection
device (electronic device [e-Device]), ava, has also been
approved for use [3,5]. All CZP-injection devices were designed
with patient input. The e-Device aims to provide patients with
customizable features to improve patient satisfaction and overall
self-injection experience [5].

Subcutaneous self-injection is associated with several specific
challenges that can lead to reduced treatment adherence.
Increasing use of smartphones and tablets provides a unique
opportunity to address some of these challenges. For example,
mobile phone apps can be designed to support patients and
provide a means to overcome challenges such as forgetfulness
[6]. Previous studies looking into the effectiveness of mobile
phone health apps suggest that if well designed, they may
provide an effective tool, empowering patients with long-term
chronic conditions to self-manage their own health [7-9].
CimplyMe is a new mobile technology companion app designed
to be used alongside any CZP self-injection device to further
support and engage CZP-treated patients throughout their disease
journey. By providing additional support, the companion app
aims to improve patient satisfaction, treatment adherence, and
resulting clinical outcomes.

The aim of this study was to validate the usability of the
companion app by demonstrating that critical tasks can be
performed successfully by a group of patients diagnosed with
RA, representative of the intended end users.

Methods

Study Design
This study assessed the usability of CimplyMe, a new mobile
technology companion app designed to be used alongside any
CZP self-injection device to further support and engage
CZP-treated patients throughout their disease journey. The app

provides step-by-step guidance through its timeline feature,
providing information on the disease and CZP treatment.
Guidance is focused on the initial 12 weeks of treatment but
continues to support patients throughout their disease journey.
Patients can track their pain, energy levels, mood, and activities
using the Health Metrics Tracking feature. This is incorporated
into the Health Summary that provides patients with an overview
of their progress, including treatment adherence tracking, which
they can choose to share with health care practitioners and their
family. Milestones are included in the app and were designed
to help patients acknowledge important moments in their disease
journey and motivate patients to continue treatment.
Additionally, injection and clinic appointment reminders aim
to improve patient outcomes by supporting treatment adherence
and disease monitoring.

Th i s  s tudy  was  des igned  in  l ine  wi th
ANSI/AAMI/IEC62366-1:2015 on applying human factors and
usability engineering to medical devices [10]. Each participant
gave informed consent before attending a single session; all
sessions took place in London, United Kingdom. Figure 1 shows
the study design. Patients were not given any formal training
but had some time to familiarize themselves with the app. They
were also able to use an instruction manual if requested,
although the app was designed to be used without this document.
Patients were asked to complete 11 use scenarios that were
designed to simulate the intended use of the app. A moderator
asked all patients to behave in the way they thought they would
if the scenario was real. During the session, a moderator
recorded all observations and patient feedback in a workbook.
The sessions were also video recorded.

The primary study objective was to validate that the user
interface of CimplyMe is intuitive, easy, and safe to use by
intended users so as not to cause injury or harm. The secondary
objective was to confirm that the risk of errors was reduced as
far as reasonably possible through risk-mitigation methods
implemented in the user interface (UI) of the beta version of
the app used in this study.

Figure 1. Study design flowchart.
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Study Procedures and Evaluations
Patients were assessed on their ability to complete 8 critical
tasks composed of 14 component tasks and 3 noncritical tasks
composed of 8 component tasks (Table 1). All participants were
observed and timed while completing each task by study
personnel. Each test session was scheduled to last for 105
minutes (1.75 hours); the moderator divided the time allocated
between each task (between approximately 3 and 10 minutes
depending on the task) to ensure that the participants could at
least attempt each task once. Each component task had to be

completed correctly; otherwise, a use error was recorded. If a
patient struggled to complete the component tasks but avoided
a use error, the task was recorded as a “success with difficulty.”
If a patient made a use error on their first attempt, they could
attempt the task a second time. If a use error was made at the
second attempt, it was recorded as a task failure. All patient
actions that led to, or resulted from, successes with difficulty
or use errors were recorded. Detailed root cause analysis was
carried out on all tasks completed with difficulty or recorded
as a use error to determine whether the cause was a result of the
user interface.

Table 1. Critical and noncritical tasks.

Use scenariosTasks

Critical tasks

Patients were asked to explain how they would go about downloading an app.1. Download companion app

Patients were shown the app terms and conditions and asked to explain what the message means.
They were then asked if the app can be used on a jailbroken phone.

2. Jailbroken phonea

Patients were asked to change the language of the app.3. Set up user profile (change language)

Patients were asked to explain how they would set up medication reminders. They were asked
to schedule an injection reminder and edit it, following instructions. Finally, they were asked to
delete the injection reminder.

4. Set and adjust medication reminder

Patients were told to imagine they wanted to perform their injection ahead of schedule. They
were given the date and locations of the injection they had just made and were asked to register
the injection in the app.

5. Manually enter injection dates

Patients were asked to log an injection date that was outside of the logging time frame and asked
if they understood the confirmation screen informing them that CZP was not logged within the
correct time frame.

6. Log CZPb injection date

Patients were asked to imagine their treatment plan has changed and asked to change their dose
regimen.

7. Add or edit a CZP medication schedule

Patients were asked what they would do if they opened the app and an “Updates Available”
screen appeared.

8. Download app updates

Noncritical tasks

Patients were asked to imagine they wanted to schedule a physician appointment and given in-
formation to input. They were then asked to edit the information they just inputted and finally
to delete the reminder.

1. Edit or delete clinical appointments

Several error messages from the app were presented. The patient was asked to explain what they
thought the different messages mean.

2. Error messages

Patients were asked to remove their user profile from the app.3. Remove profile from the app

aA jailbroken phone is one that has bypassed restrictions to allow the user to download apps from websites other than the official app store.
bCZP: certolizumab pegol.

Participants
Adult patients (≥18 years) diagnosed with moderate to severe
RA were invited to participate in the study. To ensure at least
97% of potential use errors were identified [11], a minimum of
15 intended users were recruited. To verify their RA diagnosis,
patients were asked to provide a confirmation letter from their
physician. In addition, patients had to have been prescribed
biologic treatment at the time of enrollment. Patients must have
been using a smart phone and had experience using apps, of
any type, on their phone. Patients must also have stated that
they would use a medical mobile app to assist with their disease
treatment. The study aimed to recruit at least 7 patients with

impaired vision, either correctable or not correctable with glasses
or contact lenses.

Patients were excluded if they had participated in medical device
research for a medical app in the previous 6 months, were app
developers, or had stated that they would not use a mobile app
to assist with their disease treatment. Patients were also excluded
if they experienced <10 minutes of joint stiffness in the morning
without treatment.
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Results

Patient Disposition and Baseline Characteristics
Of the 30 patients who were screened to take part in the study,
15 patients completed the study. Of the 15 patients that did not
take part, 8 were unable to provide a physician’s letter, 4 were
not able to take part due to scheduling, and 2 patients
self-withdrew. One patient was excluded as they were known

to the sponsor. Familiarity with the use of mobile apps was a
stated requirement; therefore, there were no screen failures
relating to this.

Patient baseline characteristics are shown in Table 2. The mean
patient age was 53.5 years (SD 12.0 years), and 66.7% (10/15)
patients were female. All patients were using either a prefilled
syringe or prefilled pen to administer their current biologic
medication.
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Table 2. Patient baseline characteristics.

RAa patients (n=15)Parameter

53.5 (12.0)Age (years), mean (SD)

10 (66.7)Gender (female), n (%)

Ethnicity, n (%)

11 (73.3)White British

2 (13.3)Black British

2 (13.3)British Asian

14 (93.3)Dominant hand (right), n (%)

Highest education level achieved, n (%)

0Early years

0Primary

4 (26.7)Secondary

1 (6.7)A-Level

6 (40.0)College/university

4 (26.7)Postgraduate/vocational

Vision (self-reported), n (%)

4 (26.7)Nearly perfect

3 (20.0)Need glasses to read

2 (13.3)Need glasses to see into the distance

6 (40.0)Need glasses to read and see into the distance

0Impaired vision and not correctable with glasses

15 (100.0)Disease severity (moderate to severe), n (%)b

Morning joint stiffness (minutes in the morning), n (%)

1 (6.7)0c

4 (26.7)≤30

6 (40.0)30-60

4 (26.7)>60

Joints affected by RA, n (%)

12 (80.0)Fingers

11 (73.3)Hands

8 (53.3)Wrists

5 (33.3)Elbow

Current biologic medication, n (%)

6 (40.0)Etanercept

2 (13.3)Certolizumab pegol

6 (40.0)Adalimumab

1 (6.7)Tocilizumab

Type of self-injection device used, n (%)

7 (46.7)PFSd

8 (53.3)PFPe

aRA: rheumatoid arthritis.
bPhysician-determined.
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cWhen medicated; when unmedicated, stiffness ≥10 mins.
dPFS: prefilled syringe.
ePFP: prefilled pen.

Critical Task Successes and Use Errors
Throughout the study, 207 first attempts at critical component
tasks were completed. Of these, 86.0% (178/207) tasks were
successful; 7.7% (16/207) were successes with difficulty; and
6.3% (13/207) were use errors (Table 3). Twelve second
attempts at critical tasks were completed in the study; one task
was not re-attempted due to time constraints. No use errors were
encountered when performing tasks for a second time, although
4 tasks were recorded as successes with difficulty (Table 3).

Reasons for patient difficulties and use errors during first and
second attempts at critical tasks are shown in Multimedia
Appendix 1. Several (6/13, 46.2%) first attempts classed as use
errors were cases of patients not completing the task in the

allotted session time. Patients were not given a set amount of
time to complete each task; however, the total time of each
session was limited to 110 minutes so not all patients were able
to complete all tasks within this time frame.

Difficulties at the first attempt were due to various reasons;
however, most (10/16, 62.5%) resulted from patients getting
confused by the app terms, organization, or process (Multimedia
Appendix 1). Additionally, one difficulty was caused by an app
fault. There were 4 successes with difficulty during the 12
second attempts at the critical tasks. As with those observed at
first attempt, most (3/4, 75.0%) of these difficulties were due
to patients getting confused by the app terms or organization
(Multimedia Appendix 1).

Table 3. Critical and noncritical task outcomes.

Use errorSuccess with difficultySuccessTask and attempt

Critical tasks

1316178First (n=207)

048Second (n=12)a

Noncritical tasks

03104First (n=107)

aOnly 12 patients re-attempted critical task 6, “log an injection date,” due to time constraints.

Root Cause Analysis of Critical Task Errors
The root cause analysis of all use errors is shown in Table 4.
The UI contributed to 61.5% (8/13) of use errors. Of these,
42.9% (3/8) were attributable to the small font size in the

instructions for use (IFU). In 37.5% (3/8) of the use errors,
patients did not see or were not prompted to scroll to the
necessary button(s). The remaining errors associated with the
UI (2/8, 25.0%) were attributed to app complexity or lack of
clarity.
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Table 4. Root cause analysis of all use errors.

Did the UIa contribute to the use error?Root causeTask and patient actions

4. Set and adjust medication reminder

Yes: expected the app to do more and did
not read the IFU

Perception/cognition: expected the app to
have a more assistive role in setting up a
reminder

P09: did not save the reminder; opened IFUb but did
not read it after realizing it was 120 pages

Yes: unsure what tracking reminder meantCognition: did not understand what
“Tracking Reminder” meant

P02: tried to edit the reminder but deleted it; confused
tracking reminder and injection reminder

5. Manually enter injection dates

NoPerception/cognition: did not see the “Add
Another” button and thought they would
add both injections to the same image

P03: did not register second injection

NoPerception/cognition: could not see or un-
derstand where to register an injection

P04: took a long time to understand the task

Yes: did not see the “Add Another” button,
only “Done”

Perception: did not see the “Add Another”
button

P05: only registered one injection

NoCognition: did not know where to go to
register injections

P06: kept trying to register injections through health
tracking

Yes: “Register Injection” was not visible
on the screen, and there was nothing on the
screen to suggest scrolling down

Perception/cognition: did not see the button
and did not think to continue scrolling

P10: did not scroll down to see “register injection”

Yes: text was very small in the IFU, which
led to the patient skimming the text

Cognition: expected to add both injections
on the same image

P12: registered an injection but could not register a
second injection

7. Add or edit a CZPc medication schedule

NoCognition: thought they were looking in the
obvious place to look

P02: expected “Change Treatment Plan” to be on the
timeline

No: patient struggled with the terminology
throughout

Cognition: struggled with the terminology
of the app

P04: took a long time to complete the task

NoPerception: did not see the section in profileP09: expected to edit their dose regimen through the
calendar

Yes: patient said the complexity of the app
made it more difficult

Perception/cognition: not able to find where
to complete the task

P11: not able to find where to edit the medication
schedule

Yes: text could have been bigger and use
of colors clearer

Cognition: patient found it difficult to under-
stand the language and reasoning behind
the confirmation screen

P04: thought the app was faulty when the confirmation
screen appeared

aUI: user interface.
bIFU: instructions for use.
cCZP: certolizumab pegol.

Noncritical Task Successes and Use Errors
A total of 107 first attempts at the 3 noncritical tasks were
performed in the study. Of these, 97.2% (104/107) were

successful, 2.8% (3/107) were successes with difficulty, and
none were use errors (Table 3). Reasons for patient difficulties
when completing noncritical tasks are shown in Figure 2.
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Figure 2. Reasons for noncritical task difficulties and use errors at first attempt. The number of patients who completed noncritical tasks was <15 as
some patients did not have time to complete all tasks during the session.

Discussion

Principal Findings
No failures were observed for any of the attempted tasks; all
patients were able to successfully complete both critical and
noncritical tasks using the companion app on their first or second
attempt without any formal training.

There were several instances where use errors could be attributed
to the UI; these can all be resolved by small changes to the app.
For example, patients did not realize that they needed to scroll
further down the page to find the correct information or buttons
in multiple instances. To minimize this problem, the scaling of
the app could be optimized to ensure that most buttons are
always on the screen. If future feedback suggests patients still
have difficulties, a small note or animation could be added to
indicate the need to scroll down on first use. Additionally,
patients found the font size in the IFU and app too small or did
not read the IFU because it was too long. However, the font
size on the app is dependent on the default font size settings on
the patient’s phone and can be changed by the patient, if
necessary. Two patients did not understand the terminology
used in the app, or struggled with the complexity of the app
itself, resulting in confusion and error in completing tasks and
navigating the app. However, this was likely due to the short
amount of time patients were given to familiarize themselves
with the app. It is anticipated that patient understanding of the
app’s terminology and layout would improve with use, as
indicated by the reduction in errors when tasks were attempted
for a second time in this study.

Mobile technology apps have been developed to provide
information and patient education, facilitate lifestyle changes
as a strategy to ameliorate disease, provide medication reminders
to promote treatment adherence, and record patient metrics for
disease monitoring [12-15]. Previous research suggests that
mobile technology apps can help patients feel supported and
improve patient satisfaction [12,16]. For example, compared to
usual care, a mobile health technology–supported disease
management model for atrial fibrillation resulted in
improvements in patient quality of life [17]. Patient adherence
and disease management may also be improved with the support
of treatment management apps [16,18,19]. For example, a 2019
systematic literature review of studies investigating mobile apps

as a method to improve treatment adherence identified 11 studies
of patients with a variety of diseases [18]. Of these, 7 studies
reported an increase in treatment adherence with use of a mobile
app [18].

One of the key challenges associated with the use of mobile
apps is the high user attrition rate, with the level of mobile app
engagement dropping off over time [20]. Understanding the
features and characteristics most valued by patients may improve
app engagement. Users appreciate features that save time over
current methods and identify an app as valuable when it is
simple and intuitive to use, provides specific instructions to
better manage a condition, shares data with designated
individuals, and incorporates motivational “push” factors
[20,21]. Increasing age is also associated with reduced use of
smartphones for internet browsing, social media, and apps [22].
Consequently, mobile app attrition is likely to be increasingly
challenging in the population of patients likely to use mobile
apps such as CimplyMe; patients with chronic inflammatory
diseases are likely to be older and so are likely to be less
comfortable using mobile apps. Designing apps with the user
in mind and assessing usability in human factors studies will
help ensure successful patient engagement.

Study Limitations
Human factors studies only simulate use in an everyday
environment. Patients were asked to behave in the way they
thought they would if the scenario was real; however, this may
be difficult to judge accurately. Each session was limited to 105
minutes, and, as a result, patients may have felt under some
time pressure to complete each task. Time constraints also
restricted patients’ ability to familiarize themselves with the
app. Additionally, each task was completed discretely, which
may have interfered with their familiarization of the app, owing
to the lack of continuity between tasks. Patients were selected
based on their willingness to use mobile apps, which may limit
the generalizability of the results; however, the app will be
provided as an additional support component and so use by
patients will be voluntary. Therefore, the study population is
reflective of the final population of patients who would likely
use this in clinical practice. Finally, the number of patients
participating in the study was small; therefore, the results may
not represent the app’s usability in a wider patient group or
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capture all potential use errors and difficulties when using the
app.

Conclusions
In a simulated setting, patients were able to use the companion
app successfully. No critical task failures were observed; all

patients were able to successfully complete both critical and
noncritical tasks within two attempts without any formal
training. This study demonstrates that the companion app UI is
generally intuitive and easy to use among patients familiar with
using apps. The app could support CZP patients to self-manage
their treatment.
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Abstract

Background: Chronic diseases are the leading cause of death worldwide. Addressing key lifestyle risk factors during adolescence
is critical for improving physical and mental health outcomes and reducing chronic disease risk. Schools are ideal intervention
settings, and electronic health (eHealth) interventions afford several advantages, including increased student engagement,
scalability, and sustainability. Although lifestyle risk behaviors tend to co-occur, few school-based eHealth interventions have
targeted multiple behaviors concurrently.

Objective: This study aims to summarize the co-design and user testing of the Health4Life school-based program, a web-based
cartoon intervention developed to concurrently prevent 6 key lifestyle risk factors for chronic disease among secondary school
students: alcohol use, smoking, poor diet, physical inactivity, sedentary recreational screen time, and poor sleep (the Big 6).

Methods: The development of the Health4Life program was conducted over 18 months in collaboration with students, teachers,
and researchers with expertise relevant to the Big 6. The iterative process involved (1) scoping of evidence and systematic literature
review; (2) consultation with adolescents (N=815) via a cross-sectional web-based survey to identify knowledge gaps, attitudes,
barriers, and facilitators in relation to the Big 6; (3) content and web development; and (4) user testing of the web-based program
with students (n=41) and teachers (n=8) to evaluate its acceptability, relevance, and appeal to the target audience.

Results: The co-design process resulted in a six-module, evidence-informed program that uses interactive cartoon storylines
and web-based delivery to engage students. Student and teacher feedback collected during user testing was positive in terms of
acceptability and relevance. Commonly identified areas for improvement concerned the length of modules, age appropriateness
of language and alcohol storyline, the need for character backstories and links to syllabus information, and feasibility of
implementation. Modifications were made to address these issues.
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Conclusions: The Health4Life school-based program is the first universal, web-based program to concurrently address 6
important chronic disease risk factors among secondary school students. By adopting a multiple health behavior change approach,
it has the potential to efficiently modify the Big 6 risk factors within one program and to equip young people with the skills and
knowledge needed to achieve and maintain good physical and mental health throughout adolescence and into adulthood.

(JMIR Form Res 2020;4(7):e19485)   doi:10.2196/19485

KEYWORDS

primary prevention; schools; eHealth; chronic disease; mobile phone; health promotion

Introduction

Background
Chronic diseases such as cardiovascular disease, type 2 diabetes,
and mental disorders are the leading causes of death globally
[1]. It is well established that major chronic diseases share 4
common lifestyle risk factors: poor diet, physical inactivity,
smoking, and alcohol use [1,2]. Emerging evidence has also
linked these established chronic disease risk factors with 2
additional risk behaviors: sedentary behavior (ie, sitting and
recreational screen time) [3,4] and poor sleep (ie, long or short
duration and/or poor quality) [5]. Together, these 6 risk factors
(the Big 6) are important targets for prevention and early
intervention programs to reduce chronic disease.

A life course approach to prevention includes intervening early
to reduce risk factors before the onset of chronic disease [6].
Early adolescence is a critical period to intervene, as it coincides
with the emergence of many health risk factors and is a time
when young people acquire greater autonomy over their lifestyle
choices [7]. To date, most prevention approaches have focused
on changing single behaviors, despite risk factors commonly
co-occurring [8]. For example, watching television is associated
with high-fat snacking [9], and young people who engage in
risky alcohol and other drug use are also more likely to eat
poorly and be sedentary [7]. In recognition of this clustering,
multiple health behavior change interventions [10] have been
developed to address risk factors together, rather than in
isolation. These interventions are underpinned by the transfer
theory [11], whereby skills and knowledge learned about one
behavior are thought to transfer to other contexts [12], resulting
in improvements across multiple behaviors without additional
intervention [13]. For example, an intervention targeting
physical activity was also shown to improve eating habits [14].

Schools are ideal locations to deliver healthy lifestyle
interventions, as they provide an opportunity to engage large
numbers of students during this critical time period, and in
Australia, schools are mandated to teach health education.
Furthermore, outside of the family environment, the school is
the primary setting within which the development of children
and young people can be directed and shaped [15]. As teaching
time is often limited, multiple health behavior change
interventions that can simultaneously address multiple risk
factors are particularly advantageous. However, evidence-based
prevention programs are typically poorly implemented, often
because of limited resources, a lack of teacher training and
support, and program adaptations that undermine efficacy
[16,17]. In fact, it has been estimated that only 14% of programs
delivered in schools have the correct content and modes of

delivery [18], and more recently, that teachers adapt between
50% and 68% of content in prevention interventions [17,19].
This may help to explain why interventions targeting health
behaviors, such as physical activity, among adolescents have
been largely unsuccessful [20]. Web-based interventions have
the potential to overcome implementation barriers encountered
by face-to-face interventions and offer several advantages,
including increased student engagement, scalability, and
program fidelity [21]. For example, core content is
preprogrammed on the web, and completion is self-directed by
students; therefore, delivery is not dependent on teacher training
or skills, which promotes faithful delivery of key program
components [22,23]. Research indicates that web-based
interventions can be an effective means of preventing and
reducing substance use among adolescents [21,24], and
computer-based education has been shown to be superior to a
generic classroom curriculum in increasing physical activity
and improving diet [25]. Furthermore, schools are increasingly
looking for digital web-based platforms to deliver key
curriculum content as an alternative or adjunct to face-to-face
teaching. However, there are no existing web-based
interventions that adopt a multiple health behavior change
approach to address the Big 6 among school students.

The effective Climate Schools prevention programs [26-28] use
interactive, web-based cartoons about a group of teenagers to
engage students; summaries and optional class activities to
reinforce key content; and principles of social influence theory,
namely, information provision, normative education, and
resistance skills training [29], to prevent risky substance use
and associated harms among adolescents [26-28]. Using the
Climate Schools programs as a model, we developed the
Health4Life school-based program to address gaps in the field.
Underpinned by a multiple health behavior change approach
[10], Health4Life aims to empower adolescents to reduce
chronic disease risk and improve current physical and mental
health by providing simultaneous web-based education about
the Big 6 lifestyle risk factors. The intervention consists of 3
components: (1) a school-based program delivered to all grade
7 students (aged approximately 12 years) during class time,
regardless of risk (universal prevention); (2) an accompanying
smartphone app, available to all students regardless of risk
(universal prevention); and (3) additional web and app content
delivered outside of school to students who remain at risk of
chronic disease 1 and 2 years after initial intervention delivery
(selective prevention).

Objectives
This study aims to describe the co-design and user testing of
the universal in-class school-based component of the
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Health4Life intervention to aid in the development of future
web-based prevention resources.

Methods

Co-Design
The Health4Life school-based program was developed using
an iterative co-design process consisting of 4 key stages (Figure
1). A co-design approach was used to engage young people in

the co-creation and refinement of the program. Co-design allows
for a richer understanding of user needs and may be particularly
important in fostering the engagement and satisfaction needed
for web-based interventions to succeed among young people
[30]. The Health4Life school-based program was co-designed
with youth and teachers, with development coordinated by a
research team comprising experts in addiction, physical activity,
exercise physiology, sleep, dietetics, mental health, electronic
health (eHealth) interventions, and behavior change.

Figure 1. Co-design of the Health4Life school-based program.

Stage 1: Scoping of the Literature
Although guided by an overarching multiple health behavior
change approach [10], scoping of the literature was conducted
to identify evidence-based prevention principles and best
practice for the prevention of each of the Big 6 behaviors.
Specifically, members of the research team with expertise in
each of the 6 health behaviors were consulted to identify key
behavioral theories and seminal school-based prevention papers

and systematic reviews concerning each behavior. In addition,
searches were conducted to identify national guidelines or
recommendations, along with any further school-based
prevention papers or systematic reviews and behavioral theories
that could guide development. The key behavioral theories and
evidence-based prevention principles that were identified and
embedded in the Health4Life school-based program are outlined
in Table 1.

Table 1. Key behavioral theories and evidence-based prevention principles for each of the Big 6 behaviors.

Evidence-based prevention principlesKey behavioral theoriesBig 6 behavior

Alcohol use and smoking •• Normative educationSocial influence theory
• •Social learning theory Resistance skills training

•• Information and knowledge provisionSocial cognitive theory
• Using peer leaders
• Harm minimization
• Life skills training, for example, decision making, problem-solving, coping

skills, refusal and assertion skills, self-esteem, and self-control

Physical activity •• Development of competence, relatedness and social connection, and autonomySelf-determination theory
• •Social cognitive theory Promotion of autonomous motivation (engaging in behavior that is valued,

personally relevant, and enjoyable)
• Self-regulatory skill development, for example, goal setting, self-monitoring,

and decision making

Sedentary recreational
screen time

•• Development of competence, relatedness and social connection, and autonomySelf-determination theory
• •Social cognitive theory Self-regulatory skill development, for example, goal setting, self-monitoring,

and decision making

Sleep •• Teaching biological contributing factors to sleep timing and durationTwo-process model of sleep
• •Social cognitive theory Maintaining regular sleep patterns and identifying sleep problems

• Self-regulatory skill development, for example, goal setting, self-monitoring,
and decision making

Diet •• Self-regulatory skill development, for example, goal setting, self-monitoring,
and decision making

Social cognitive theory

In addition, to better understand the effectiveness of
interventions targeting multiple risk behaviors, we conducted
a systematic review and meta-analysis of eHealth school-based
multiple health behavior change interventions targeting two or
more of the Big 6 risk factors [31]. A total of 22 publications

assessing 16 interventions were included in the review. Most
of the studies assessed interventions to prevent alcohol use and
smoking or improve diet and physical activity. Few studies
targeted screen or sitting time, and none addressed sleep. Pooled
findings supported the effectiveness of eHealth school-based

JMIR Form Res 2020 | vol. 4 | iss. 7 |e19485 | p.208http://formative.jmir.org/2020/7/e19485/
(page number not for citation purposes)

Champion et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


multiple health behavior change interventions for improving
both accelerometer- (standard mean difference [SMD] 0.33;
95% CI 0.05 to 0.61) and self-report–(SMD 0.14; 95% CI 0.05
to 0.23) measured physical activity, screen time (SMD −0.09;
95% CI −0.17 to −0.01), and fruit and vegetable intake (SMD
0.11; 95% CI 0.03 to 0.19). However, the effects were small
and short lived. No effects were seen for alcohol or smoking,
fat, or sugar-sweetened beverage or snack consumption.

Interventions varied greatly in their content and delivery. Few
studies described specific behavior change techniques, and none
of the studies referred to an established behavior change
taxonomy [32], making it difficult to tease apart effective
intervention components that could be embedded into future
programs. However, effective programs tended to use
computer-based tailored feedback, whereby students were
provided with individualized, normative, or stage-matched
feedback based on self-reported responses to computer-based
assessments, suggesting that this may be an important
component to include in future interventions.

Results from the systematic review highlighted the need to
develop multiple health behavior change interventions that
address sleep problems among youth, as none of the included
interventions addressed sleep. This is despite the growing
recognition that physical inactivity, sedentary behavior, and
sleep are codependent [33,34] and the fact that many young
people report sleep problems [35]. Generally, ineffective
interventions for alcohol use and smoking were brief, primarily
used the transtheoretical model [36], and did not provide
sufficient opportunities for skill building. It was concluded that
future eHealth multiple health behavior change interventions
targeting alcohol and tobacco use alongside other risk behaviors
should be guided by principles of effective substance use
prevention (eg, normative education and life skills training).
Finally, the findings indicated that eHealth multiple behavior
change interventions were only effective in increasing physical
activity among students aged 13 years or older, and boys had a
greater increase in physical activity than girls. This suggests
that such interventions might not adequately engage girls or
young teenagers (aged <13 years) and that formative research
is required to better understand the beliefs, attitudes, and
motivations of these groups regarding physical activity.

Stage 2: Web-Based Survey With Adolescents
A web-based self-report survey was conducted to understand
young people’s knowledge about the Big 6, their current
engagement with health behaviors, their beliefs and attitudes
about health, and barriers and facilitators to achieving good
health.

Participants and Procedure
A total of 7 independent secondary schools in New South Wales
and the Australian Capital Territory of Australia were invited
to participate. Of the 7 schools, 3 agreed to participate.
Participating schools were asked to distribute information and
consent forms to the parents or guardians of their grade 7 to 9
students. Passive parental consent and active student consent
were required for youth to be eligible to participate in the study
(99% consent rate). Students completed an anonymous

web-based survey in a supervised classroom setting between
August 2018 and September 2018. Participants who completed
the survey were entered into the draw to win a Fitbit valued at
Aus $450 (US $315), with one prize given per school. Ethics
approval was obtained from the University of New South Wales
Human Research Ethics Committee (HREC; HC180224).

Measures
Demographic data collected included age, sex, self-reported
height and weight, and postcode. Self-reported health status
was measured using a single item, “How would you rate your
own health?,” with responses made on a 5-point Likert scale
ranging from “Poor” to “Excellent.”

Physical Activity

To assess moderate-to-vigorous physical activity (MVPA)
students were asked, “Over the past 7 days, how many days did
you do moderate or vigorous intensity physical activity for at
least 60 minutes per day?” [37]. Participants were provided
with a written description of what constitutes MVPA.

Screen Time

Using a modified version of the Adolescent Sedentary Activity
Questionnaire [38], students were asked to recall the amount of
time (hours and minutes) typically spent on recreational screen
time on weekdays and weekend days.

Fruit and Vegetable Consumption

Using validated short items commonly used in health research
[39,40], fruit intake was assessed via a single item: “About how
many serves of fruit do you usually have each day?” (“don’t
eat fruit” to “6 serves or more”). A similar item measured
vegetable intake. Participants were provided with information
about what constitutes one serve of fruit or vegetables.

Sleep

Students were asked to report their usual bedtime and wake
time on school nights and weekend nights. Sleep duration (in
hours) was calculated as the difference between wake time and
bedtime. Self-reported estimates of bedtime, wake time, and
sleep duration have been shown to be reliable and valid [41].

Alcohol and Tobacco Use

Students were asked to report if they had ever tried alcohol or
tobacco, based on validated items used in previous school-based
trials [28,42].

Attitudes, Knowledge, Barriers, and Facilitators

A series of open-ended questions were asked to understand
attitudes toward health, for example, “What does good health
mean to you?” Students were asked 5 multiple-choice questions
to test their knowledge about age-appropriate national
recommendations for the Big 6 risk behaviors. These items were
based on national guidelines for each behavior [34,43-45]. As
there are no official national guidelines for smoking,
participants’ knowledge could not be assessed. Open-ended
questions were used to assess key motivational factors, barriers,
and facilitators of health, for example, “What gets in the way,
or stops you, from being more physically active?”
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Analysis
Data were collated and analyzed using IBM SPSS Statistics 24
(IBM Corp). Descriptive analyses were conducted to illustrate
the sample characteristics, prevalence rates of the Big 6, and
knowledge. For the collected open-ended data, we selected a
subsample of student responses (20%-25%) and carried out a
qualitative analysis on these responses until no new themes
emerged (ie, data saturation was reached). The sample was
stratified by age and year group, and a random subsample was
selected to ensure balanced representation across age and year
groups. Using an inductive approach, one author (LG) coded
responses from the subsample, examined the data for frequent
or significant responses, and grouped them according to key
themes or categories.

Findings

Health Behaviors and Knowledge

A total of 815 students (mean age 13.89 years, SD 0.89; 84.3%
[687/815] female) from 3 schools (2 coeducational and 1 female
only) completed the survey. The majority of participants

perceived their health to be “very good” (334/801, 41.7%) or
“good” (274/801, 34.2%); however, adherence to national
guidelines for the Big 6 was mixed. Only 12.9% (101/784) of
participants achieved the recommended amount of MVPA, and
only 11.8% (92/779) of participants reported eating enough
vegetables per day. The majority of students (622/779, 79.8%)
reported eating sufficient fruit serves, and approximately half
of the participants (382/779, 49.0%) met guidelines for screen
time on weekdays; however, only 23.0% (179/779) of
participants met guidelines on the weekend. A small proportion
of students (29/778, 3.7%) had tried tobacco in their lifetime,
and 64.0% (498/779) of students had used alcohol in their
lifetime (including a taste or sip). Among students aged 14 years
or older, 70.1% (262/374) met the guidelines of sleeping 8 to
10 hours; however, only 53.0% (222/419) of students aged 12
to 13 years met their guideline of 9 to 11 hours. Knowledge of
the recommended guidelines was poor for physical activity,
diet, and sleep (Table 2); however, most students (719/786,
91.5%) correctly identified that for adolescents, the safest option
is not to drink alcohol at all, and 98.1% (771/786) of students
agreed that smoking is harmful.

Table 2. Percentage of students who correctly identified national guidelines.

Value, n (%)Risk behavior and Australian guidelines for young people

Physical activity (n=798)

212 (26.6)Accumulate 60 min or more of moderate-to-vigorous physical activity per day

Sedentary recreational screen time (n=792)

394 (49.7)No more than 2 hours per day

Sleep

77 (19.0)9-11 hours of uninterrupted sleep per night for those aged 5-13 years (n=405)

210 (59.8)8-10 hours per night for those aged 14-17 years (n=351)

Diet (n=789)

279 (35.4)Minimum of 2 serves of fruit per day

266 (33.7)Minimum of 5 serves of vegetables per day

Alcohol use (n=786)

719 (91.5)For children and young people aged younger than 18 years, not drinking alcohol is the safest option

Attitudes, Barriers, and Facilitators

The key themes extracted from the open-ended responses are
illustrated in Table 3. Many of the student responses aligned
with the key behavioral theories and prevention principles
outlined in stage 1. For example, consistent with
self-determination theory, key facilitators of physical activity

included social connection and intrinsic motivation. In addition,
in line with social influence and social learning theories, the
role of peers and older influences was prominent when
considering reasons to drink alcohol and smoke cigarettes. These
findings further shaped the storylines and guided the core
content in the Health4Life program (more information is
provided in the Stage 3: Content and Web Development section).
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Table 3. Summary of key themes extracted from the open-ended responses of students.

ExampleTheme

The meaning of good health

“Eating well and just keeping active.” (Male, 14 years)Physical health factors such as being physically fit or
active and having a good diet

“Being active and eating healthy, but also to have a positive and healthy mindset.” (Female,
13 years)

Mental health factors such as having a positive mental
state and feeling well

“Good health to me means being happy. It also means being healthy by exercising and
eating the right foods. But mainly I think it means being happy.” (Female, 13 years)

Emotional health factors such as feeling happy

Physical activity motivators

“I know that when I do exercise it puts me in a better mood which motivates me because
who doesn't want to be in a good mood.” (Female, 14 years)

Outcomes of being active such as the positive emotions
felt afterward and maintenance of fitness and health

“My friends and family. They help encourage me to take part in sport and also get me
outside of the house for a run.” (Female, 12 years)

Social factors such as friends, family, and teammates

“What motivates me is my liking and love for sports. I find most sports extremely fun to
play.” (Female, 12 years)

Enjoyment and fun derived from physical activity and
sports

Physical activity barriers

“My schedule is full with other work [homework, study for exams] and also I have
commitments like family and community work so I don’t always have enough time to
work out.” (Male, 14 years)

Lack of time because of school, homework, or assign-
ments and other commitments

“Things such as not having enough sleep, not being motivated enough and being too tired
can contribute.” (Female, 13 years)

Laziness or a lack of motivation and feeling tired

Reasons for young people smoking

“It is seen as the cool thing to do or a way to make you seem older than you are.” (Male,
14 years)

To look or feel cool

“Peer pressure from people either older than them or their age.” (Female, 12 years)Peer pressure or to fit in

“Some people my age smoke probably because they want to seem like a ‘cool’ kid and
also try to experience what it tastes like.” (Female, 14 years)

Curiosity or just to try it

“I don’t think they smoke.” (Female, 12 years)No reason as people do not smoke at that age

Reasons for young people drinking alcohol

“I think people my age drink alcohol because they want to seem cool and mature, as al-
cohol is an adult thing to do.” (Female, 13 years)

To look or feel cool

“Because of peer pressure, thinks it’s cool and will achieve friends loyalty.” (Male, 13
years)

Peer pressure or to fit in

“People my age drink alcohol mostly out of curiosity and because they want to see what
it tastes like.” (Female, 12 years)

Curiosity

“I don't think people my age drink alcohol.” (Female, 13 years)No reason as people do not drink alcohol at that age

Barriers to getting enough sleep

“...because they are on their technology just before bed, making it hard to get to sleep.”
(Female, 13 years)

Using technology and devices

“I think that people my age do not sleep because they stay awake doing homework or
schoolwork. Assignments, projects.” (Male, 14 years)

Other commitments taking their time such as home-
work or extracurricular activities

Stage 3: Content and Web Development

Background and Content Development
The development of the Health4Life school-based program was
based on the effective Climate Schools substance use prevention
programs [26-28], which use web-based cartoon storylines about
a group of teenagers to deliver key prevention messages and

engage students. Underpinned by a multiple health behavior
change approach [10] and guided by the key behavioral theories
and prevention principles for each of the Big 6 behaviors
identified in stage 1, the findings from the web-based youth
survey conducted in stage 2, and consultation with researchers
with expertise in the Big 6, the core content areas were
developed, which formed the basis for the 6-module Health4Life
program (Table 4).
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Table 4. Summary of Health4Life program content.

Key messagesModule

1 • Guidelines for eating healthily and benefits of a healthy diet
• Tips for increasing water intake
• Sleep needs of adolescents and the benefits of sleeping well
• Guidelines for recreational screen time and the benefits of limiting screen use

2 • Prevalence and patterns of alcohol and tobacco use among adolescents
• Australian guidelines to reduce health risks from drinking alcohol
• Identifying reasons why teenagers choose to, or not to, drink alcohol
• Benefits of being physically active
• Finding physical activities that you enjoy

3 • Short- and long-term consequences of alcohol and tobacco use
• Consequences of excessive sedentary recreational screen time
• Strategies for reducing sedentary recreational screen time
• Responsible use of social media

4 • Social, financial, and legal consequences of alcohol and tobacco use
• Assertive communication skills and refusal skills
• Australian guidelines for physical activity and sedentary behavior
• Tips for setting specific, measurable, achievable, relevant, time-bound (SMART) goals

5 • Understanding food labels
• Limiting sugar-sweetened beverage consumption
• Improving sleep hygiene
• Avoiding too much sleep on weekends (“social jet lag”)

6 • Associations and interrelations between health habits
• Relationships between the Big 6 and mental health
• Physical, social, and emotional benefits of health and well-being
• The Big 6 and long-term health

Character Development and Script Writing
The first step in designing the cartoon modules was to develop
character profiles. The characters were purposely designed to
be of similar age to the target audience (ie, grade 7 students,
aged approximately 12 years) and to have different strengths
and weaknesses and various health behavior clusters. Basic
character profiles were developed with and reviewed by young
people (n=7; aged 12-15 years; 2 males and 5 females) recruited
via personal and professional networks. The youth reviewers
were asked to make suggestions about character names,
appearance, personalities, and health habits and to provide ideas
for age-appropriate scenarios to be embedded into the storylines.
Next, based on these characters and the findings from the
web-based youth survey (stage 2), initial cartoon scripts for the
6 modules were written by members of the research team. The
scripts aimed to provide students with information and skills
about the Big 6 through the context of a teenage drama. The
script writing was an iterative process, undergoing review by
the expert researchers (n=22) and young people (n=9) before
being sent for animation. Youth reviewers were asked to
comment on the language used and relevance of the storylines,
whereas expert reviewers commented on the accuracy of the
content and prevention messages. Scripts were modified
accordingly and then sent to animators to develop into the
cartoon animations.

Module Summaries and Activities
Consistent with the Climate Schools programs [26-28], teacher
and student summaries and optional class activities were
developed, in addition to the cartoon storylines, for each of the
6 modules. Module summaries were developed to reinforce the
key content taught within the cartoons. The summaries were
written by members of the research team, drawing on the latest
available evidence, including national prevalence data, for
example [46,47], national guidelines, for example [48], and
recent scientific literature relating to the Big 6 risk factors, for
example, benefits of engaging in healthy behaviors and
consequences of engaging in risky behaviors. In addition, a set
of 4 to 5 activities was developed for each module, including
points for class discussions, worksheets, quizzes, and homework
tasks. Activities were designed to develop key self-management
and interpersonal skills, such as communication, decision
making, and problem-solving, and to meet key outcomes from
the stage 4 New South Wales Personal Development, Health
and Physical Education syllabus, the Western Australian Year
7 Health and Physical Education syllabus, and the years 7 and
8 Australian Health and Physical Education curriculum (for
Queensland). Each module includes one web-based activity,
such as interactive worksheets, games, or quizzes, to provide
an engaging and immersive learning experience. Summaries
and activities for each module were reviewed by members of
the wider Health4Life team, including those with expertise
relevant to the Big 6 behaviors.
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Stage 4: User Testing
User testing was conducted in 2019 with year 7 students and
teachers to gain feedback on the acceptability and feasibility of
the Health4Life school-based program before implementation.
Ethical approval was obtained from the University of Sydney
HREC (2018/882).

Student Testing: Participants and Procedure
A selection of secondary schools in Sydney that had previously
expressed interest in participating in research were invited to
participate in user testing of the Health4Life program, of which
2 agreed to participate. A total of 2 focus groups (45-60 min)
were conducted with grade 7 students in 2 independent
secondary schools in Sydney: one all male (n=21; mean age
12.05 years, SD 0.38) and one all female (n=20; mean age 12.10
years, SD 0.31). Consent forms were distributed to parent or
guardians, with passive parental consent and active student
consent required. Facilitated by 2 researchers, the focus group
consisted of students watching a video presentation of modules
1 and 2 cartoons as a group. Following each cartoon, the
facilitators led a class discussion, prompting students with
questions regarding the likability and relatability of the
characters, storylines, and language used in the cartoons. The
focus groups were audio recorded and later transcribed. At the
end of the discussion, students were also asked to complete a
brief, 10-min questionnaire to provide their written feedback
about the acceptability and relevance of the Health4Life
modules. Students were remunerated a Aus $30 (US $20) gift
voucher for their time spent in the focus group. Students were
also invited to provide feedback on the remaining 4 modules
via a web-based survey for an additional reimbursement of one
Aus $15 gift (US $10) voucher per module.

Teacher Testing: Participants and Procedure
All grade 7 health education teachers at the same 2 participating
schools were invited to participate in the user testing process.

Additional teachers were recruited via social media and personal
and professional networks. A total of 8 teachers from 5 schools
agreed to participate. After providing informed consent, teachers
were invited to view 2 Health4Life modules (including cartoons,
module summaries, and activities) and asked to complete a
web-based survey to comment on the acceptability and
suitability of the Health4Life school-based program. The
teachers were reimbursed Aus $50 (US $35) for each module
they reviewed. In addition, health education curriculum experts
(n=6) from New South Wales, Western Australia, and
Queensland were engaged to provide expert advice on the
alignment of the Health4Life content with the national- and
state-based health education curricula.

Analysis
Student and teacher questionnaire data were analyzed using
IBM SPSS Statistics 24. Descriptive statistics were conducted
to calculate the percentage agreement for each survey item. The
focus group data were transcribed by one researcher (EH).
Individual comments and specific recommendations were
extracted to inform refinements and modifications to the
Health4Life program.

Results

User Testing Results
A total of 41 students (mean age 12 years, SD 0.35; 49% [20/41]
female) provided feedback about the Health4Life school-based
program. As the review of modules 3 to 6 occurred outside of
the classroom and was optional, the response rate ranged from
39% (16/41) to 100% (41/41) across modules. Overall, students
rated the cartoon modules favorably, providing positive feedback
about the likability and believability of the storylines and
characters (Table 5). An example of open-ended feedback
provided by students is summarized in Multimedia Appendix
1.

Table 5. Summary of student questionnaire data.

Module 6
(n=16), n (%)

Module 5
(n=18), n (%)

Module 4
(n=26), n (%)

Module 3
(n=31), n (%)

Module 2
(n=41), n (%)

Module 1
(n=41), n (%)

Question

14 (88)16 (89)24 (92)30 (97)37 (90)36 (88)Overall rating (% good/very good)

13 (81)18 (100)24 (92)30 (97)38 (93)35 (85)How much did you like the storylines? (%
liked a little/lot)

12 (75)17 (94)24 (92)28 (90)34 (83)29 (71)How much did you like the characters?
(% liked a little/lot)

13 (81)16 (89)23 (88)26 (87)32 (82)31 (78)How believable and realistic were the
storylines? (% completely/somewhat)

14 (88)14 (78)22 (85)22 (73)—a30 (77)Do you think that other year 7 students
will understand the information in the
lessons? (% strongly agree/agree)

11 (69)14 (78)20 (77)20 (67)—28 (72)Do you think other year 7 students will
like the characters? (% strongly
agree/agree)

10 (63)11 (61)20 (77)21 (70)—32 (82)Do you think that other students will find
the cartoons an engaging way to learn? (%
strongly agree/agree)

aStudents were asked to respond to questions 5-7 about both modules 1 and 2, so separate data for each module were not available.
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A total of 8 teachers (75% male) participated in user testing: 7
taught at coeducational schools and 1 taught at a single-sex
school. On average, participants had been teaching for 11.5 (SD
10.09) years. Table 6 summarizes the feedback provided by
teachers via the web-based questionnaire. Overall, the teachers
rated the Health4Life program positively, with the percentage
of teachers rating the modules as good or very good ranging
from 88% to 100%. The vast majority of teachers also indicated

that the modules were a good fit with the health education
syllabus and that the storylines were believable, age appropriate,
and understandable to students. However, some teachers had
concerns about the modules adequately covering content, having
sufficient lesson time, and feasibility of implementation.
Multimedia Appendix 2 provides key themes and examples
extracted from the open-ended teacher feedback.

Table 6. Summary of teacher questionnaire feedback.

Module 6
(n=7), n (%)

Module 5
(n=7), n (%)

Module 4
(n=7), n (%)

Module 3
(n=7), n (%)

Module 2
(n=8), n (%)

Module 1
(n=8), n (%)

Feedback item

7 (100)7 (100)7 (100)7 (100)7 (88)7 (88)Overall rating (% good/very good)

7 (100)7 (100)6 (86)6 (86)6 (75)6 (75)Fit with syllabus (% very well/extremely well)

7 (100)6 (86)7 (100)7 (100)8 (100)7 (88)Believable and valid storylines (% yes)

7 (100)7 (100)7 (100)7 (100)7 (88)8 (100)Age-appropriate content (% yes)

7 (100)7 (100)6 (86)6 (86)8 (100)8 (100)Concepts understood/remembered by students (%
yes)

3 (43)4 (57)4 (57)3 (43)5 (63)4 (50)Lesson length adequately covers content (% yes)

7 (100)7 (100)7 (100)7 (100)7 (88)8 (100)Language acceptable to youth (% yes)

0 (0)0 (0)1 (14)1 (14)1 (13)1 (13)Concerns about language used (% yes)

7 (100)7 (100)7 (100)7 (100)8 (100)8 (100)Effectiveness of program improving students’
health behaviors (% somewhat effective/very ef-
fective)

1 (14)1 (14)4 (57)4 (57)5 (63)5 (63)Likely to have implementation problems (% yes)

4 (57)4 (57)4 (57)4 (57)6 (75)6 (75)Sufficient time to deliver modules (% yes)

5 (71)5 (71)6 (86)6 (86)7 (88)7 (88)Sufficient computers for students (% yes)

Key Changes Made to the Health4Life Program After
User Testing
On the basis of feedback obtained from students and teachers,
several modifications were made to the Health4Life program,

including changes to the language, a reduction in cartoon text
and slides, the addition of a backstory module and links to
syllabus overviews, and the provision of alternate delivery
methods (Table 7).
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Table 7. Examples modifications made to the Health4Life program.

ModificationsKey issues identified

Lesson length • Scripts were revised to make wording more succinct, and cartoon slides were removed
where possible.• Text-heavy cartoons

• It was made clear to teachers that the class activities are optional and that a range
of activities are provided so that the most suitable and feasible options can be selected.

• Too many cartoon slides
• Concern over fitting the cartoons and activities into

one lesson

Cartoon content • Language was refined based on student suggestions (eg, changing “okay” to “kk”
in text messages).• Age appropriateness of language

• An introductory cartoon module was added to provide a backstory for each of the
main characters.

• Need for a backstory
• Relatability of alcohol storyline for year 7 students

• The script was adapted to make it clear that, aside from Xavier (year 7), the only
other characters drinking alcohol are older (year 10).

Linking content to the health and physical education curric-
ula

• Expert curriculum consultants were engaged to develop or review unit overviews
that map the cartoon content and activities to the relevant syllabus outcomes and
descriptors for each state.

• An outline of how the components of the Health4Life program align with the different
stages of learning (knowledge, understanding, skills, and application) and the 5
propositions (taking a strengths-based approach, focusing on educative purposes,
valuing movement, developing health literacy, and including a critical inquiry ap-
proach) that shape the health and physical education curricula was provided.

Implementation feasibility for schools with limited access
to computer rooms or devices

• Teachers were provided with alternative delivery options, such as using a smart
board to go through the modules as a class or using hard copies of the cartoons and
activities.

The Final Health4Life School-Based Program
The Health4Life school-based program is underpinned by a
multiple health behavior change approach [10]. It is anticipated
that by providing students with concurrent education about the
Big 6, while also highlighting the associations and interrelations
between health behaviors, the program will efficiently facilitate
change across multiple behaviors. The program uses principles
of social influence [29], social cognitive [49], social learning
[50] and self-determination theories [51], and the two-process
model of sleep [52,53] (Table 1 and Figure 2), with key behavior
change components and mechanisms for change woven into the
storyline and accompanying activities. The Health4Life
school-based program was developed to meet outcomes from
the stage 4 New South Wales Personal Development, Health

and Physical Education syllabus, the Western Australian Year
7 Health and Physical Education syllabus, and the years 7 and
8 Australian Health and Physical Education curriculum (for
Queensland). Teachers are provided with unit overviews that
map the cartoon content and activities to the state-based syllabus
outcomes and descriptors, along with an outline of how the
components of the Health4Life program align with the different
stages of learning (knowledge, understanding, skills, and
application) and the 5 propositions (taking a strengths-based
approach, focusing on educative purposes, valuing movement,
developing health literacy, and including a critical inquiry
approach) that shape the health and physical education
curriculum. An overview of the program content is provided in
Table 4.
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Figure 2. Health4Life Conceptual model.

The Health4Life school-based program consists of 6 modules,
ideally delivered once per week, each comprising the following:

1. A 20-min web-based cartoon completed individually by
students (Figure 3): The cartoons follow the story of a group
of teenagers, of similar ages to grade 7 students, to impart
key prevention messages while engaging students and
maintaining interest. The cartoon modules aim to provide
evidence-based information about the Big 6, improve
resistance skills, modify existing norms, and increase
autonomous motivation. Short web-based quizzes are
embedded at the end of each cartoon module to test
knowledge.

2. Module summaries: teachers and students are provided with
PDF factsheets for each module to provide additional details
and reinforce key messages.

3. Optional activities: teachers are provided with a selection
of 4 activities (eg, worksheets, group discussions, and
homework tasks) to implement with their students after the
cartoon in remaining lesson time (approximately 20 min).
Teachers can select which and how many activities they

implement to best suit the needs of their class. A
self-directed interactive web-based activity (eg, web-based
worksheet and game) is also included after each cartoon
module to accommodate students completing the cartoon
component at different speeds.

On the basis of the findings of the systematic review conducted
in stage 1, the final component of the Health4Life school-based
program is web-based tailored feedback. Students are provided
color-coded strengths-based feedback about their adherence to
national health guidelines for each of the Big 6 immediately
after completing a self-report web-based assessment, via the
study website (Figure 4). The feedback aims to help students
identify behaviors to increase, decrease, or maintain. Using a
traffic light system, green notifications are provided to students
who are currently meeting national guidelines (Going Strong),
orange notifications are given to students who are not yet
meeting guidelines but are close (Needs some work), and red
notifications are provided to students who are not meeting
guidelines (Action needed).
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Figure 3. Example cartoons from the Health4Life modules.

Figure 4. Example web-based tailored feedback.
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Program Implementation
The Health4Life school-based program is a universal
intervention designed to be delivered to all grade 7 students,
regardless of their level of risk for chronic disease. It was
designed for delivery during health education classes
approximately once per week over 6 weeks. All materials are
available on the web and accessed via student and teacher
portals. Teachers are provided with implementation guidelines
and links to the syllabus; however, no teacher training is
required.

Discussion

Principal Findings
This study aimed to describe the comprehensive, formative
research and development process of the school-based
component of the Health4Life initiative. The program was
developed in collaboration with students, teachers, and health
professionals and is grounded in theory and the best available
scientific evidence and is aligned closely with the latest health
education curricula in Australia.

Strengths and Limitations
A key strength of the Health4Life school-based program is that
it is the first eHealth intervention to concurrently address the
Big 6 lifestyle risk factors for chronic disease—physical
inactivity, poor diet, smoking, alcohol use, poor sleep, and
sedentary recreational screen time—among school students. By
adopting a multiple health behavior change approach, it has the
potential to efficiently modify the Big 6 within one program
and to equip young people with the skills and knowledge needed
to maintain good physical and mental health throughout
adolescence and into adulthood. Although not the focus of this
paper, the Health4Life school-based program is supplemented
by a universal smartphone app that prompts students to monitor
their behaviors, track their progress, and set goals. In addition,
a selective intervention based on cognitive behavioral and
motivational enhancement principles provides youth who remain

at risk of chronic disease when they are in grades 8 and 9, with
additional web and app content to assist them in developing
coping strategies and skills to facilitate healthy behavior change.
Detailed information about these additional components has
been published elsewhere [54]. Together, these 3 components
span both universal and selective prevention, maximizing
outcomes for students throughout their secondary school years.
Finally, as the Health4Life program is delivered to students via
web-based technology with interactive components and no
teacher training is required for implementation, student
engagement and program fidelity is likely to be increased [21]
(assessment of these outcomes is reported on elsewhere [54]).
Importantly, web-based interventions also typically lead to
improved scalability and sustainability, which enhances the
dissemination potential and reach of the Health4Life program.
A notable limitation of the co-design process is that students
and teachers were only recruited from independent schools in
Sydney for user testing and, although the web-based survey
sample in stage 2 spanned across 2 states, participants were
predominantly female. Nonetheless, this study was successful
in engaging end users at various stages of the development
process, and the final program was rated favorably and deemed
acceptable and relevant by young people.

Future Directions
The next important step is to evaluate the effectiveness of the
Health4Life intervention. A large cluster randomized controlled
trial is currently underway in 71 Australian schools (>6600
students) to evaluate whether Health4Life is more effective than
health education as usual in delaying the uptake of alcohol and
tobacco use, reducing sedentary recreational screen time,
reducing the decline in MVPA, reducing consumption of
sugar-sweetened beverages, and improving sleep [54].

Conclusions
Ultimately, this study has the potential to make a substantial
public health impact by concurrently addressing 6 key risk
factors, thereby reducing the incidence of chronic disease and
minimizing the associated costs, disability, and early mortality.
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Student open-ended feedback.
[DOCX File , 17 KB - formative_v4i7e19485_app1.docx ]

Multimedia Appendix 2
Teacher open-ended feedback.
[DOCX File , 18 KB - formative_v4i7e19485_app2.docx ]

References
1. Understanding Health and Illness. Australian Institute of Health and Welfare. 2014. URL: https://www.aihw.gov.au/getmedia/

d2946c3e-9b94-413c-898c-aa5219903b8c/16507.pdf.aspx?inline=true [accessed 2020-04-20]
2. Ezzati M, Riboli E. Behavioral and dietary risk factors for noncommunicable diseases. N Engl J Med 2013 Sep

5;369(10):954-964. [doi: 10.1056/NEJMra1203528] [Medline: 24004122]
3. Ding D, Rogers K, van der Ploeg H, Stamatakis E, Bauman AE. Traditional and emerging lifestyle risk behaviors and

all-cause mortality in middle-aged and older adults: evidence from a large population-based Australian cohort. PLoS Med
2015 Dec;12(12):e1001917 [FREE Full text] [doi: 10.1371/journal.pmed.1001917] [Medline: 26645683]

4. Lynch BM, Owen N. Too much sitting and chronic disease risk: steps to move the science forward. Ann Intern Med 2015
Jan 20;162(2):146-147. [doi: 10.7326/M14-2552] [Medline: 25599352]

5. Cappuccio FP, Cooper D, D'Elia L, Strazzullo P, Miller MA. Sleep duration predicts cardiovascular outcomes: a systematic
review and meta-analysis of prospective studies. Eur Heart J 2011 Jun;32(12):1484-1492. [doi: 10.1093/eurheartj/ehr007]
[Medline: 21300732]

6. Wilcox S. Chronic Diseases in Australia: Blueprint For Preventive Action. Victoria University: Melbourne Australia. 2015.
URL: https://www.vu.edu.au/sites/default/files/AHPC/pdfs/Chronic-Diseases-in-Australia-Blueprint-for-preventive-action.
pdf [accessed 2020-04-20]

7. de la Haye K, D'Amico EJ, Miles JN, Ewing B, Tucker JS. Covariance among multiple health risk behaviors in adolescents.
PLoS One 2014;9(5):e98141 [FREE Full text] [doi: 10.1371/journal.pone.0098141] [Medline: 24858838]

8. Spring B, Moller AC, Coons MJ. Multiple health behaviours: overview and implications. J Public Health (Oxf) 2012
Mar;34(Suppl 1):i3-10 [FREE Full text] [doi: 10.1093/pubmed/fdr111] [Medline: 22363028]

9. Marsh S, Ni Mhurchu C, Maddison R. The non-advertising effects of screen-based sedentary activities on acute eating
behaviours in children, adolescents, and young adults. A systematic review. Appetite 2013 Dec;71:259-273. [doi:
10.1016/j.appet.2013.08.017] [Medline: 24001394]

10. Prochaska JJ, Spring B, Nigg CR. Multiple health behavior change research: an introduction and overview. Prev Med 2008
Mar;46(3):181-188 [FREE Full text] [doi: 10.1016/j.ypmed.2008.02.001] [Medline: 18319098]

11. Lippke S, Nigg CR, Maddock JE. Health-promoting and health-risk behaviors: theory-driven analyses of multiple health
behavior change in three international samples. Int J Behav Med 2012 Mar;19(1):1-13 [FREE Full text] [doi:
10.1007/s12529-010-9135-4] [Medline: 21234735]

12. Fleig L, Lippke S, Pomp S, Schwarzer R. Intervention effects of exercise self-regulation on physical exercise and eating
fruits and vegetables: a longitudinal study in orthopedic and cardiac rehabilitation. Prev Med 2011 Sep;53(3):182-187.
[doi: 10.1016/j.ypmed.2011.06.019] [Medline: 21784096]

13. Johnson SS, Paiva AL, Mauriello L, Prochaska JO, Redding C, Velicer WF. Coaction in multiple behavior change
interventions: consistency across multiple studies on weight management and obesity prevention. Health Psychol 2014
May;33(5):475-480 [FREE Full text] [doi: 10.1037/a0034215] [Medline: 24274806]

14. Mata J, Silva MN, Vieira PN, Carraça EV, Andrade AM, Coutinho SR, et al. Motivational 'spill-over' during weight control:
increased self-determination and exercise intrinsic motivation predict eating self-regulation. Health Psychol 2009
Nov;28(6):709-716. [doi: 10.1037/a0016764] [Medline: 19916639]

15. National Research Council (US) and Institute of Medicine (US) Committee on the Prevention of Mental Disorders and
Substance Abuse Among Children, Youth, and Young Adults: Research Advances and Promising Interventions. Family,
School, and Community Interventions. In: O'Connell ME, Boat T, Warner KE, editors. Preventing Mental, Emotional, and
Behavioral Disorders Among Young People: Progress and Possibilities. Washington, DC: National Academies Press;
2009:157-190.

16. Dusenbury L, Brannigan R, Hansen WB, Walsh J, Falco M. Quality of implementation: developing measures crucial to
understanding the diffusion of preventive interventions. Health Educ Res 2005 Jun;20(3):308-313. [doi: 10.1093/her/cyg134]
[Medline: 15522898]

17. Miller-Day M, Pettigrew J, Hecht ML, Shin Y, Graham J, Krieger J. How prevention curricula are taught under real-world
conditions: types of and reasons for teacher curriculum adaptations. Health Educ (Lond) 2013;113(4):324-344 [FREE Full
text] [doi: 10.1108/09654281311329259] [Medline: 26290626]

JMIR Form Res 2020 | vol. 4 | iss. 7 |e19485 | p.219http://formative.jmir.org/2020/7/e19485/
(page number not for citation purposes)

Champion et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v4i7e19485_app1.docx&filename=b30653f9d3a831b39e4953394d9c6ee4.docx
https://jmir.org/api/download?alt_name=formative_v4i7e19485_app1.docx&filename=b30653f9d3a831b39e4953394d9c6ee4.docx
https://jmir.org/api/download?alt_name=formative_v4i7e19485_app2.docx&filename=f9bc3889a8b7c46e33c124e8ada647c1.docx
https://jmir.org/api/download?alt_name=formative_v4i7e19485_app2.docx&filename=f9bc3889a8b7c46e33c124e8ada647c1.docx
https://www.aihw.gov.au/getmedia/d2946c3e-9b94-413c-898c-aa5219903b8c/16507.pdf.aspx?inline=true
https://www.aihw.gov.au/getmedia/d2946c3e-9b94-413c-898c-aa5219903b8c/16507.pdf.aspx?inline=true
http://dx.doi.org/10.1056/NEJMra1203528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24004122&dopt=Abstract
http://dx.plos.org/10.1371/journal.pmed.1001917
http://dx.doi.org/10.1371/journal.pmed.1001917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26645683&dopt=Abstract
http://dx.doi.org/10.7326/M14-2552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25599352&dopt=Abstract
http://dx.doi.org/10.1093/eurheartj/ehr007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21300732&dopt=Abstract
https://www.vu.edu.au/sites/default/files/AHPC/pdfs/Chronic-Diseases-in-Australia-Blueprint-for-preventive-action.pdf
https://www.vu.edu.au/sites/default/files/AHPC/pdfs/Chronic-Diseases-in-Australia-Blueprint-for-preventive-action.pdf
http://dx.plos.org/10.1371/journal.pone.0098141
http://dx.doi.org/10.1371/journal.pone.0098141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24858838&dopt=Abstract
http://europepmc.org/abstract/MED/22363028
http://dx.doi.org/10.1093/pubmed/fdr111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22363028&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2013.08.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24001394&dopt=Abstract
http://europepmc.org/abstract/MED/18319098
http://dx.doi.org/10.1016/j.ypmed.2008.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18319098&dopt=Abstract
http://europepmc.org/abstract/MED/21234735
http://dx.doi.org/10.1007/s12529-010-9135-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21234735&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2011.06.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21784096&dopt=Abstract
http://europepmc.org/abstract/MED/24274806
http://dx.doi.org/10.1037/a0034215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24274806&dopt=Abstract
http://dx.doi.org/10.1037/a0016764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19916639&dopt=Abstract
http://dx.doi.org/10.1093/her/cyg134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15522898&dopt=Abstract
http://europepmc.org/abstract/MED/26290626
http://europepmc.org/abstract/MED/26290626
http://dx.doi.org/10.1108/09654281311329259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26290626&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


18. Ennett ST, Ringwalt CL, Thorne J, Rohrbach LA, Vincus A, Simons-Rudolph A, et al. A comparison of current practice
in school-based substance use prevention programs with meta-analysis findings. Prev Sci 2003 Mar;4(1):1-14. [doi:
10.1023/a:1021777109369] [Medline: 12611415]

19. Pettigrew J, Graham JW, Miller-Day M, Hecht ML, Krieger JL, Shin YJ. Adherence and delivery: implementation quality
and program outcomes for the seventh-grade keepin' it REAL program. Prev Sci 2015 Jan;16(1):90-99 [FREE Full text]
[doi: 10.1007/s11121-014-0459-1] [Medline: 24442403]

20. Borde R, Smith JJ, Sutherland R, Nathan N, Lubans DR. Methodological considerations and impact of school-based
interventions on objectively measured physical activity in adolescents: a systematic review and meta-analysis. Obes Rev
2017 Apr;18(4):476-490. [doi: 10.1111/obr.12517] [Medline: 28187241]

21. Champion KE, Newton NC, Barrett EL, Teesson M. A systematic review of school-based alcohol and other drug prevention
programs facilitated by computers or the internet. Drug Alcohol Rev 2013 Mar;32(2):115-123. [doi:
10.1111/j.1465-3362.2012.00517.x] [Medline: 23039085]

22. Backer TE. Finding the Balance: Program Fidelity and Adaptation in Substance Abuse Prevention: A State-of-the-Art
Review. California State University, Northridge (CSUN). 2001. URL: https://www.csun.edu/sites/default/files/
FindingBalance1.pdf [accessed 2020-07-09]

23. Pankratz MM, Jackson-Newsom J, Giles SM, Ringwalt CL, Bliss K, Bell ML. Implementation fidelity in a teacher-led
alcohol use prevention curriculum. J Drug Educ 2006;36(4):317-333. [doi: 10.2190/H210-2N47-5X5T-21U4] [Medline:
17533804]

24. Champion KE, Newton NC, Teesson M. Prevention of alcohol and other drug use and related harm in the digital age: what
does the evidence tell us? Curr Opin Psychiatry 2016 Jul;29(4):242-249. [doi: 10.1097/YCO.0000000000000258] [Medline:
27153124]

25. de Bourdeaudhuij I, van Cauwenberghe E, Spittaels H, Oppert J, Rostami C, Brug J, et al. School-based interventions
promoting both physical activity and healthy eating in Europe: a systematic review within the HOPE project. Obes Rev
2011 Mar;12(3):205-216. [doi: 10.1111/j.1467-789X.2009.00711.x] [Medline: 20122137]

26. Newton NC, Teesson M, Vogl LE, Andrews G. Internet-based prevention for alcohol and cannabis use: final results of the
climate schools course. Addiction 2010 Apr;105(4):749-759. [doi: 10.1111/j.1360-0443.2009.02853.x] [Medline: 20148791]

27. Newton NC, Vogl LE, Teesson M, Andrews G. CLIMATE schools: alcohol module: cross-validation of a school-based
prevention programme for alcohol misuse. Aust N Z J Psychiatry 2009 Mar;43(3):201-207. [doi:
10.1080/00048670802653364] [Medline: 19221908]

28. Teesson M, Newton NC, Slade T, Carragher N, Barrett EL, Champion KE, et al. Combined universal and selective prevention
for adolescent alcohol use: a cluster randomized controlled trial. Psychol Med 2017 Jul;47(10):1761-1770. [doi:
10.1017/S0033291717000198] [Medline: 28222825]

29. Botvin GJ. Preventing drug abuse in schools: social and competence enhancement approaches targeting individual-level
etiologic factors. Addict Behav 2000;25(6):887-897. [doi: 10.1016/s0306-4603(00)00119-2] [Medline: 11125777]

30. Thabrew H, Fleming T, Hetrick S, Merry S. Co-design of ehealth interventions with children and young people. Front
Psychiatry 2018;9:481 [FREE Full text] [doi: 10.3389/fpsyt.2018.00481] [Medline: 30405450]

31. Champion KE, Parmenter B, McGowan C, Spring B, Wafford QE, Gardner LA, et al. Effectiveness of school-based eHealth
interventions to prevent multiple lifestyle risk behaviours among adolescents: a systematic review and meta-analysis. Lancet
Digit Health 2019 Sep;1(5):e206-e221. [doi: 10.1016/s2589-7500(19)30088-3]

32. Abraham C, Michie S. A taxonomy of behavior change techniques used in interventions. Health Psychol 2008
May;27(3):379-387. [doi: 10.1037/0278-6133.27.3.379] [Medline: 18624603]

33. Tremblay MS, Aubert S, Barnes JD, Saunders TJ, Carson V, Latimer-Cheung AE, SBRN Terminology Consensus Project
Participants. Sedentary behavior research network (SBRN) - terminology consensus project process and outcome. Int J
Behav Nutr Phys Act 2017 Jun 10;14(1):75 [FREE Full text] [doi: 10.1186/s12966-017-0525-8] [Medline: 28599680]

34. Australian 24-Hour Movement Guidelines For Children and Young People (5 to 17 Years). Australian Government
Department of Health. 2019. URL: https://www1.health.gov.au/internet/main/publishing.nsf/Content/
AC46EFBE3130BC97CA2583D00023E7B0/$File/
Australian%2024-Hour%20Movement%20Guidelines%20for%20Children%20and%20Young%20People%205-17%20years.
pdf [accessed 2020-04-20]

35. Matricciani L, Olds T, Petkov J. In search of lost sleep: secular trends in the sleep time of school-aged children and
adolescents. Sleep Med Rev 2012 Jun;16(3):203-211. [doi: 10.1016/j.smrv.2011.03.005] [Medline: 21612957]

36. Prochaska JO, DiClemente CC. Stages and processes of self-change of smoking: toward an integrative model of change.
J Consult Clin Psychol 1983 Jun;51(3):390-395. [doi: 10.1037//0022-006x.51.3.390] [Medline: 6863699]

37. Ridgers ND, Timperio A, Crawford D, Salmon J. Validity of a brief self-report instrument for assessing compliance with
physical activity guidelines amongst adolescents. J Sci Med Sport 2012 Mar;15(2):136-141. [doi:
10.1016/j.jsams.2011.09.003] [Medline: 22051688]

38. Hardy LL, Booth ML, Okely AD. The reliability of the adolescent sedentary activity questionnaire (ASAQ). Prev Med
2007 Jul;45(1):71-74. [doi: 10.1016/j.ypmed.2007.03.014] [Medline: 17532371]

JMIR Form Res 2020 | vol. 4 | iss. 7 |e19485 | p.220http://formative.jmir.org/2020/7/e19485/
(page number not for citation purposes)

Champion et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1023/a:1021777109369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12611415&dopt=Abstract
http://europepmc.org/abstract/MED/24442403
http://dx.doi.org/10.1007/s11121-014-0459-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24442403&dopt=Abstract
http://dx.doi.org/10.1111/obr.12517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28187241&dopt=Abstract
http://dx.doi.org/10.1111/j.1465-3362.2012.00517.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23039085&dopt=Abstract
https://www.csun.edu/sites/default/files/FindingBalance1.pdf
https://www.csun.edu/sites/default/files/FindingBalance1.pdf
http://dx.doi.org/10.2190/H210-2N47-5X5T-21U4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17533804&dopt=Abstract
http://dx.doi.org/10.1097/YCO.0000000000000258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27153124&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789X.2009.00711.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20122137&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2009.02853.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20148791&dopt=Abstract
http://dx.doi.org/10.1080/00048670802653364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19221908&dopt=Abstract
http://dx.doi.org/10.1017/S0033291717000198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28222825&dopt=Abstract
http://dx.doi.org/10.1016/s0306-4603(00)00119-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11125777&dopt=Abstract
https://doi.org/10.3389/fpsyt.2018.00481
http://dx.doi.org/10.3389/fpsyt.2018.00481
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30405450&dopt=Abstract
http://dx.doi.org/10.1016/s2589-7500(19)30088-3
http://dx.doi.org/10.1037/0278-6133.27.3.379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18624603&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-017-0525-8
http://dx.doi.org/10.1186/s12966-017-0525-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28599680&dopt=Abstract
https://www1.health.gov.au/internet/main/publishing.nsf/Content/AC46EFBE3130BC97CA2583D00023E7B0/$File/Australian%2024-Hour%20Movement%20Guidelines%20for%20Children%20and%20Young%20People%205-17%20years.pdf
https://www1.health.gov.au/internet/main/publishing.nsf/Content/AC46EFBE3130BC97CA2583D00023E7B0/$File/Australian%2024-Hour%20Movement%20Guidelines%20for%20Children%20and%20Young%20People%205-17%20years.pdf
https://www1.health.gov.au/internet/main/publishing.nsf/Content/AC46EFBE3130BC97CA2583D00023E7B0/$File/Australian%2024-Hour%20Movement%20Guidelines%20for%20Children%20and%20Young%20People%205-17%20years.pdf
https://www1.health.gov.au/internet/main/publishing.nsf/Content/AC46EFBE3130BC97CA2583D00023E7B0/$File/Australian%2024-Hour%20Movement%20Guidelines%20for%20Children%20and%20Young%20People%205-17%20years.pdf
http://dx.doi.org/10.1016/j.smrv.2011.03.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21612957&dopt=Abstract
http://dx.doi.org/10.1037//0022-006x.51.3.390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6863699&dopt=Abstract
http://dx.doi.org/10.1016/j.jsams.2011.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22051688&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2007.03.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17532371&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


39. Nguyen B, Ding D, Mihrshahi S. Fruit and vegetable consumption and psychological distress: cross-sectional and longitudinal
analyses based on a large Australian sample. BMJ Open 2017 Mar 15;7(3):e014201 [FREE Full text] [doi:
10.1136/bmjopen-2016-014201] [Medline: 28298322]

40. Rustihauser I, Webb K, Abraham B, Allsopp R. Evaluation of Short Dietary Questions From the 1995 NNS. Canberra,
Australia: Commonwealth Department of Health and Aged Care; 2001.

41. Golley RK, Maher CA, Matricciani L, Olds TS. Sleep duration or bedtime? Exploring the association between sleep timing
behaviour, diet and BMI in children and adolescents. Int J Obes (Lond) 2013 Apr;37(4):546-551. [doi: 10.1038/ijo.2012.212]
[Medline: 23295498]

42. Teesson M, Newton NC, Slade T, Chapman C, Birrell L, Mewton L, et al. Combined prevention for substance use, depression,
and anxiety in adolescence: a cluster-randomised controlled trial of a digital online intervention. Lancet Digit Health 2020
Feb;2(2):e74-e84. [doi: 10.1016/s2589-7500(19)30213-4]

43. National Health and Medical Research Council. Australian Dietary Guidelines. Canberra, Australia: NHMRC; 2013.
44. Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, et al. National sleep foundation's sleep time duration

recommendations: methodology and results summary. Sleep Health 2015 Mar;1(1):40-43. [doi: 10.1016/j.sleh.2014.12.010]
[Medline: 29073412]

45. National Health and Medical Research Council. Australian Guidelines to Reduce Health Risks From Drinking Alcohol.
Canberra, Australia: Commonwealth of Australia; 2009.

46. Guerin N, White V. Secondary School Students’Use of Tobacco, Alcohol and Other Drugs in 2017. Australian Government
Department of Health. 2018. URL: https://www.health.gov.au/resources/publications/
secondary-school-students-use-of-tobacco-alcohol-and-other-drugs-in-2017 [accessed 2020-04-20]

47. Muscular Fitness: It’s Time for a Jump Start. Active Healthy Kids Australia. 2018. URL: https://www.
activehealthykidsaustralia.com.au/siteassets/documents/2018/ahka-report-card-long-form-2018-final-for-web.pdf [accessed
2020-04-20]

48. Australian 24-Hour Movement Guidelines for Children and Young People (5-17 years) – An Integration of Physical Activity,
Sedentary Behaviour and Sleep. Australian Government Department of Health. 2019. URL: https://www1.health.gov.au/
internet/main/publishing.nsf/Content/health-24-hours-phys-act-guidelines [accessed 2020-07-09]

49. Bandura A. Social Foundations of Thought and Action: A Social Cognitive Theory. Englewood Cliffs, NJ: Prentice-Hall;
1986.

50. Kelman HC. Compliance, identification, and internalization three processes of attitude change. J Conflict Resolut 2016
Jul;2(1):51-60. [doi: 10.1177/002200275800200106]

51. Ryan RM, Deci EL. Intrinsic and extrinsic motivations: classic definitions and new directions. Contemp Educ Psychol
2000 Jan;25(1):54-67. [doi: 10.1006/ceps.1999.1020] [Medline: 10620381]

52. Borbély AA. A two process model of sleep regulation. Hum Neurobiol 1982;1(3):195-204. [Medline: 7185792]
53. Daan S, Beersma DG, Borbély AA. Timing of human sleep: recovery process gated by a circadian pacemaker. Am J Physiol

1984 Feb;246(2 Pt 2):R161-R183. [doi: 10.1152/ajpregu.1984.246.2.R161] [Medline: 6696142]
54. Teesson M, Champion KE, Newton NC, Kay-Lambkin F, Chapman C, Thornton L, Health4Life Team. Study protocol of

the Health4Life initiative: a cluster randomised controlled trial of an eHealth school-based program targeting multiple
lifestyle risk behaviours among young Australians. BMJ Open 2020 Jul 13;10(7):e035662 [FREE Full text] [doi:
10.1136/bmjopen-2019-035662] [Medline: 32665344]

Abbreviations
eHealth: electronic health
HREC: human research ethics committee
MVPA: moderate-to-vigorous physical activity
SMD: standard mean difference

Edited by G Eysenbach; submitted 20.04.20; peer-reviewed by H Thabrew, R Pine; comments to author 12.06.20; revised version
received 22.06.20; accepted 25.06.20; published 28.07.20.

Please cite as:
Champion KE, Gardner LA, McGowan C, Chapman C, Thornton L, Parmenter B, McBride N, Lubans DR, McCann K, Spring B,
Teesson M, The Health4Life Team, Newton NC
A Web-Based Intervention to Prevent Multiple Chronic Disease Risk Factors Among Adolescents: Co-Design and User Testing of the
Health4Life School-Based Program
JMIR Form Res 2020;4(7):e19485
URL: http://formative.jmir.org/2020/7/e19485/ 
doi:10.2196/19485
PMID:32720898

JMIR Form Res 2020 | vol. 4 | iss. 7 |e19485 | p.221http://formative.jmir.org/2020/7/e19485/
(page number not for citation purposes)

Champion et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=28298322
http://dx.doi.org/10.1136/bmjopen-2016-014201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28298322&dopt=Abstract
http://dx.doi.org/10.1038/ijo.2012.212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23295498&dopt=Abstract
http://dx.doi.org/10.1016/s2589-7500(19)30213-4
http://dx.doi.org/10.1016/j.sleh.2014.12.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29073412&dopt=Abstract
https://www.health.gov.au/resources/publications/secondary-school-students-use-of-tobacco-alcohol-and-other-drugs-in-2017
https://www.health.gov.au/resources/publications/secondary-school-students-use-of-tobacco-alcohol-and-other-drugs-in-2017
https://www.activehealthykidsaustralia.com.au/siteassets/documents/2018/ahka-report-card-long-form-2018-final-for-web.pdf
https://www.activehealthykidsaustralia.com.au/siteassets/documents/2018/ahka-report-card-long-form-2018-final-for-web.pdf
https://www1.health.gov.au/internet/main/publishing.nsf/Content/health-24-hours-phys-act-guidelines
https://www1.health.gov.au/internet/main/publishing.nsf/Content/health-24-hours-phys-act-guidelines
http://dx.doi.org/10.1177/002200275800200106
http://dx.doi.org/10.1006/ceps.1999.1020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10620381&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7185792&dopt=Abstract
http://dx.doi.org/10.1152/ajpregu.1984.246.2.R161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6696142&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=32665344
http://dx.doi.org/10.1136/bmjopen-2019-035662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32665344&dopt=Abstract
http://formative.jmir.org/2020/7/e19485/
http://dx.doi.org/10.2196/19485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32720898&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Katrina Elizabeth Champion, Lauren Anne Gardner, Cyanna McGowan, Cath Chapman, Louise Thornton, Belinda Parmenter,
Nyanda McBride, David R Lubans, Karrah McCann, Bonnie Spring, Maree Teesson, The Health4Life Team, Nicola Clare
Newton. Originally published in JMIR Formative Research (http://formative.jmir.org), 28.07.2020. 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
http://formative.jmir.org, as well as this copyright and license information must be included.

JMIR Form Res 2020 | vol. 4 | iss. 7 |e19485 | p.222http://formative.jmir.org/2020/7/e19485/
(page number not for citation purposes)

Champion et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Feasibility of Assessing Economic and Sexual Risk Behaviors
Using Text Message Surveys in African-American Young Adults
Experiencing Homelessness and Unemployment: Single-Group
Study

Larissa Jennings Mayo-Wilson1,2, MHS, PhD; Nancy E Glass3, RN, MPH, PhD; Alain Labrique2, MHS, MS, PhD;

Melissa Davoust2,4, MSc; Fred M Ssewamala5, MSW, PhD; Sebastian Linnemayr6, MA, MPhil, PhD; Matthew W

Johnson7, MA, PhD
1Department of Applied Health Science, Indiana University School of Public Health, Bloomington, IN, United States
2Department of International Health, Johns Hopkins University School of Public Health, Baltimore, MD, United States
3Johns Hopkins University School of Nursing, Baltimore, MD, United States
4Department of Health Law, Policy and Management, Boston University School of Public Health, Boston, MA, United States
5The Brown School, Washington University in St Louis, St Louis, MO, United States
6RAND Corporation, Santa Monica, CA, United States
7Behavioral Pharmacology Research, John Hopkins University School of Medicine, Baltimore, MD, United States

Corresponding Author:
Larissa Jennings Mayo-Wilson, MHS, PhD
Department of Applied Health Science
Indiana University School of Public Health
1025 East 7th Street
Bloomington, IN
United States
Phone: 1 812 856 0902
Email: ljmayowi@iu.edu

Abstract

Background: Text messages offer the potential to better evaluate HIV behavioral interventions using repeated longitudinal
measures at a lower cost and research burden. However, they have been underused in US minority settings.

Objective: This study aims to examine the feasibility of assessing economic and sexual risk behaviors using text message
surveys.

Methods: We conducted a single-group study with 17 African-American young adults, aged 18-24 years, who were economically
disadvantaged and reported prior unprotected sex. Participants received a text message survey once each week for 5 weeks. The
survey contained 14 questions with yes-no and numeric responses on sexual risk behaviors (ie, condomless sex, sex while high
or drunk, and sex exchange) and economic behaviors (ie, income, employment, and money spent on HIV services or products).
Feasibility measures were the number of participants who responded to the survey in a given week, the number of questions to
which a participant responded in each survey, and the number of hours spent from sending a survey to participants to receiving
their response in a given week. One discussion group was used to obtain feedback.

Results: Overall, 65% (n=11/17) of the participants responded to at least one text message survey compared with 35% (n=6/17)
of the participants who did not respond. The majority (n=7/11, 64%) of the responders were women. The majority (n=4/6, 67%)
of nonresponders were men. An average of 7.6 participants (69%) responded in a given week. Response rates among ever
responders ranged from 64% to 82% across the study period. The mean number of questions answered each week was 12.6 (SD
2.7; 90% of all questions), ranging from 72% to 100%. An average of 6.4 participants (84%) answered all 14 text message
questions in a given week, ranging from 57% to 100%. Participants responded approximately 8.7 hours (SD 10.3) after receiving
the survey. Participants were more likely to answer questions related to employment, condomless sex, and discussions with sex
partners. Nonresponse or skip was more often used for questions at the end of the survey relating to sex exchange and money
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spent on HIV prevention services or products. Strengths of the text message survey were convenience, readability, short completion
time, having repeated measures over time, and having incentives.

Conclusions: Longitudinal text message surveys may be a valuable tool for assessing HIV-related economic and sexual risk
behaviors.

Trial Registration: ClinicalTrials.gov NCT03237871; https://clinicaltrials.gov/ct2/show/NCT03237871

(JMIR Form Res 2020;4(7):e14833)   doi:10.2196/14833
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Introduction

Prior research has found that text messaging may be a promising
strategy for involving young adults in research [1-7], as young
adults are among the largest consumers of digital communication
technologies [8-10]. More than 8 billion text messages are sent
in the United States each day [8,11], and 97% of US young
adults, aged 18 to 29 years, report using text messages at least
once a day [8,12]. According to smartphone user data in the
United States, young adults send and receive as many as 75 text
messages per day, regardless of socioeconomic status [11].

In recent years, two-way text messages in the form of text
message questionnaires (or surveys) have been used to obtain
real-time data in health research settings [3,5,7,13-15]. Text
messaging as an assessment tool has been valued given that it
can be easily integrated into the lives of study participants, who
often carry cell phones throughout the day, without being
intrusive or requiring additional travel or study visitation time
[16]. For researchers, data collection has a rapid turnaround
time, is scalable to large groups, and is relatively inexpensive
[3,4,16,17]. Participants may also be more responsive to the
convenience of text messaging [16], and there is an additional
benefit of anonymity when reporting sensitive behaviors, such
as sexual activity, drug use, or housing instability [2]. In fact,
one study found that text message responses from participants
were more candid than responses from voice interviews [18].
Text message surveys yield data that are comparable with other
paper and online assessment tools [19,20], while overcoming
many of the limitations of these traditional approaches (ie,
interviews, computer-assisted surveys, and school-based
assessments) [4,7,21,22]. For example, real-time text message
data can reduce recall biases inherent in costly assessments that
may be several months or years apart [5,23]. More frequent text
message surveys, which are administered daily or weekly over
the life of a study, may also provide a more detailed picture of
how behaviors change over time [1,5,23]. Obtaining data in
real-time can also enable researchers to address any issues
related to measurement or nonresponse promptly [24,25]. Text
message surveys may also result in more representative research
data by better engaging out-of-school individuals or individuals
living in lower-income and underserved communities, who
might otherwise be missed when using school- and clinic-based
assessments [4,21].

Text message surveys have been used in many health areas,
including diet and obesity [6,7], asthma [7], teen pregnancy
[26], and depression [1]. However, with the exception of

measuring medication adherence [3,5,24,25,27], two-way text
message surveys have rarely been used in HIV prevention
research. Sexual risk behaviors, such as unprotected sex, sex
while intoxicated, or sex with multiple concurrent partners, are
known to contribute to the spread of HIV [28-30]. As a result,
reducing sexual risk-taking is a hallmark of many HIV
behavioral prevention strategies, particularly among African
American young adults who are disproportionately impacted
by HIV [31-33]. Yet, despite the high rates of cell phone usage
and the alarmingly high rates of HIV in African American young
adults, few studies have used text messages to collect data on
sexual behaviors [2]. Commonly used methods to collect data
on sexual behaviors, such as those mentioned earlier (ie,
interviews, computer-assisted surveys, and clinic visits), are
less likely to measure behaviors in the most recent hours or days
prior [5]. In addition, the economic drivers of HIV are rarely
assessed using repeated measures. Prompting young adults to
provide a text message reply regarding the frequency and type
of sex they engaged in, in addition to other socioeconomic
factors, may be a viable means of data collection, provided it
is feasible, acceptable, and reliable.

The aim of this study was to examine the feasibility of assessing
sexual and economic behaviors using text message surveys in
African American young adults who were out-of-school and
experiencing homelessness and unemployment in Baltimore,
Maryland. The majority (82%) of HIV diagnoses in Baltimore
is found among African Americans, with young adults, aged
20 to 29 years, representing the highest proportion [34]. Young
adults in the city make up an increasing proportion of the
homeless and unemployed [35,36]. Young adults experiencing
homelessness are 6-12 times more likely to become infected
with HIV than housed young adults, with prevalence rates as
high as 12% [37-39]. HIV prevalence among African Americans
in Baltimore is 3.1%, which is more than 10 times the national
HIV prevalence in the United States (0.3%) and which exceeds
the Joint United Nations Programme on HIV and AIDS’s
definition of a generalized epidemic (HIV prevalence >1%)
[34,40,41]. Specifically, this manuscript describes the process,
challenges, and solutions regarding text message survey
responsiveness and utility. In addition, it discusses the
implications of using text message surveys in future HIV
behavioral intervention trials.
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Methods

Design
A single-group cohort study was used to examine the feasibility
of assessing economic and sexual risk behaviors using weekly
text message surveys. Participants were invited to respond to a
text message survey sent to their cell phone every Monday at
9 AM for 5 weeks.

Recruitment and Enrollment
Potential participants were recruited onsite from 2
community-based organizations (CBOs) providing emergency
and supportive residential services to young adults in Baltimore,
Maryland. A recruitment flyer was posted in the main building
of both CBOs. Designated CBO staff introduced potential
participants to the study team on scheduled visit days. Study
eligibility was determined using a paper-based screening
questionnaire that was administered by a trained research
assistant. Individuals were eligible to participate if, at the time
of enrollment, they were African American, aged 18-24 years,
living in Baltimore, experiencing homelessness within the last
12 months (ie, defined as reporting any episode in which a
person lacked a regular or adequate nighttime residence, such
as a hotel/motel, vehicle, shelter, or friend’s home, and was
living primarily on their own, apart from a parent or guardian),
unemployed or underemployed (≤10 hours per week),
out-of-school, reporting one or more episodes of unprotected
sex in the last 12 months, and having a cell phone that could
send and receive text messages. Eligible participants were then
introduced to the study, and informed consent was obtained.

As part of the enrollment process, we invited participants to
register their cell phone number with the text message survey
app. Participants sent a text message with the word join to the
study phone number to register. Each person then received a
brief orientation regarding the survey’s content, timing, and
payment incentive (US $20 in cash for answering 4 out of 5
weekly surveys). We also provided snacks and beverages. In
the presence of a trained research assistant, the participant also
completed a mock but identical version of the 14-question text
message survey on his or her cell phone. This was done to
confirm readability and understanding of the text message
questions and prompts and to clarify any points of confusion.

Participants were also advised on how to opt out of the survey
by sending a text with the word leave at any time. As a final
orientation step, participants were provided an informational
sheet and advised on how to increase privacy during the study
period and avoid unintended loss of confidentiality, such as
activating cell phone passwords, deleting all text message
surveys, responding only to the study’s phone number, and
answering in a quiet and private space. Participants were also
informed of the study’s security protocol that included
separating cell phone numbers from identifying information;
selecting a platform, such as TextIt.In, that did not require
handing over participants’names, addresses, or other identifying
information to a mobile database software company;
anonymizing phone numbers with a random code at the end of
the study to render numbers invalid for future use; and using
encrypted and compliant channels of TextIt.In.

Text Survey Design
We used TextIt.In to create, send, and receive text messages
from participants. TextIt.In is an online service for building text
messaging apps using a visual and interactive flow. The text
message survey was powered by Twilio, a cloud communications
platform, using a study-sponsored phone number. We then
developed an online logic tree to order how survey questions
would be texted to the participants. Figure 1 shows an excerpt
of the branch logic used in the question tree. Each of the 14
questions was sent sequentially and in the same order as a single
text message after the prior question had been answered. To
facilitate responsiveness and data quality, the text messaging
app included automated reminders and quality check prompts.
Participants had 24 hours to complete each weekly text message
survey. One automated text message reminder was sent to
participants who did not initiate responding to the survey or to
those who started but did not complete the survey within the
first 24 hours. Reminder text messages included the name of
the study, the payment incentive, and a reminder to respond to
the survey within the next 24 hours. In addition, participants
who responded with ineligible words or numbers outside of
preset ranges received a text message query asking them to
re-enter a valid response. All completed surveys generated 1
automatic text message that thanked the participant for his or
her time.
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Figure 1. Screen shot of TextIt.In weekly survey flow (excerpt only).

Measures
Data were collected in August and September 2017. Participants
received the same 14 questions as text messages each week,
regardless of their responses to the week’s prior text message
survey. Table 1 lists the questions used in the survey of this
formative study. The set of questions was adapted from previous
studies of economic empowerment and costs associated with
HIV preventive and treatment services [42-51] and included
questions developed by the study team, specifically for African
American young adults experiencing homelessness and
unemployment [52-54]. All questions were in English and
reviewed by the study team, piloted with young adults, and
revised as necessary prior to utilization. The questions referred
to the last 7 days, equivalent to the prior week. Eligible
responses were yes/no or number of units (ie, dollars, episodes,
and people). There were 7 economic questions relating to
involvement in any type of paid work, the amount of cash earned
from a job, the amount of cash earned from one’s own business,
the amount of cash deposited into a savings account, the
occurrence of loss of housing, the occurrence of requesting for
cash to meet living expenses, and the amount of cash spent on
any HIV preventive services or products (ie, condom or lubricant
purchases, insurance copays for HIV testing or antiviral
medications, and travel expenses to HIV educational sessions).
An additional 7 sexual behavioral questions inquired about the
number of sex partners, engagement in sex while high or drunk,
frequency of condomless sex, utilization of other noncondom
HIV preventive methods, frequency of sex exchange, discussion
of HIV testing with sex partners, and receipt of HIV testing.

The primary feasibility measures of this study were: number of
participants who responded to the survey in a given week,
number of questions to which a participant responded in a given
week, and number of hours from sending a survey to participants
to receiving their response in a given week. We calculated the
number, mean, and proportion of participants who responded

to each question in each of the weekly surveys over the 5-week
study period. A participant was categorized as responding to
the question if he or she provided a valid response such as
yes/no, a numerical response, a free-form text, or a skip response
to proceed to the next question. A participant was categorized
as responding to the survey if he or she provided a valid
response to at least one question of the 14-question survey. Ever
responders were defined as enrolled participants who responded
to at least one text message survey over the course of the study
period. Nonresponders were defined as enrolled participants
who did not return a text message response to any of the text
message surveys over the course of the study period. We
considered the study to be feasible if we were able to identify
and recruit >15 eligible participants within the study period.
The study was also considered feasible if a mean question
response rate of 70% or more among ever responders was
achieved and if the mean response time was 24 hours or less.
Feasibility was based on ever responders to account for any
initial run-off of participants who signed up for the study but
did not participate once the text message survey was initiated.

As part of the study’s process evaluation, 1 discussion group
with 5 responders was used to obtain feedback. A recruitment
flyer was posted in the main building of both CBOs, and all
participants, including nonresponders, received a text message
regarding the day, time, and location of the focus group
discussion. The group discussion was moderated by the study
PI who used a focus group discussion guide. Participants were
asked to describe what they liked or disliked about the text
message survey, what they considered to be barriers and
facilitators to responding, and what changes they would
recommend regarding the survey design (ie, questions, timing,
and frequency), including suggestions for additional information
or questions they would have liked to receive. Participant
responses were documented using memo field notes that were
expanded upon immediately after the discussion.
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Table 1. List of questions included in the weekly text message survey with response options.

Response optionsaText message questionIndicator

01 Yes; 02 NoIn the last 7 days, did you perform any activity for pay?Employment

US $In the last 7 days, how much did you earn in total from working for someone else?Income earned from job

US $In the last 7 days, how much did you earn from being self-employed or from your own
business?

Income earned from own business

US $In the last 7 days, how much did you deposit into a savings account?Savings

01 Yes; 02 NoIn the last 7 days, have you been without a place to stay?Housing stability

01 Yes; 02 NoIn the last 7 days, did you ask someone for money to meet your food, housing, or other
living expenses?

Financial distress

US $How much have you spent in the last 7 days on HIV prevention?Money spent on HIV prevention

__ # peopleIn the last 7 days, how many people have you had sex with?Sex partners

01 Yes; 02 NoWith any of these people, were you drunk or high while having sex?Sex while drunk or high

__ # of timesIn the last 7 days, how many times did you have sex without a condom?Condomless sex

Free textNot including a condom, what other method(s) did you use to prevent HIV in the last
7 days?

Noncondom HIV preventive methods

__ # of timesIn the last 7 days, how many times did you receive money, food, or drugs in exchange
for having sex?

Sex exchange

01 Yes; 02 NoIn the last 7 days, did you discuss HIV testing with your sex partner(s)?Discussion of HIV testing

01 Yes; 02 NoIn the last 7 days, did you get tested for HIV?Uptake of HIV testing

aAll questions included a response option of skip.

Analysis
To analyze the results of the text message survey, we first
created a database in Excel that included: a cell phone number
for each participant; a participant unique study ID; demographic
data relating to participants’ age, gender, education level, years
living in Baltimore, number of hours worked per week, and
number of children living in and out of the household, the date
and time of study enrollment, the date and time of all outgoing
and/or incoming messages, and the numerical, textual, or
free-from text message response to each of the 14 text message
questions each week. Secondly, we calculated the study’s
primary feasibility measures, as listed above. Third, we
calculated the frequencies of sexual and economic behaviors
per the specific responses for each weekly question. Finally,
lessons learned from the study’s process evaluation were
analyzed over 5 implementation domains: acceptability,
enrollment and registration, responsiveness, data quality, and
data access. This process involved a close reading of the study’s
field notes, coding lessons learned by each implementation
domain, and discussing findings with the study team.

Ethics Approval
This study received ethics approval from the Johns Hopkins
Bloomberg School of Public Health institutional review board
(IRB#00007563).

Availability of Data and Materials
The dataset analyzed during this study is available in the
Mendeley repository [55].

Results

Sample Characteristics
A total of 17 participants were enrolled in the study, accounting
for 1 of the study’s 3 feasibility criteria. Table 2 describes the
sample’s demographic characteristics. All participants (n=17/17,
100%) were African American (per inclusion criteria), living
in Baltimore, and recruited from 1 of the 2 community
organizations providing support to young adults experiencing
homelessness. The mean age was 21.2 years (SD 2.1). 53%
(n=9/17) of participants were female and 47% (n=8/17) of the
participants were male. About half of participants (n=9/17, 53%)
had not received a high school diploma or equivalent. None
were currently enrolled in school. The majority of participants
were unemployed (n=13/17, 76%), and 24% (n=4/17) were
working part-time. 29% (n=5/17) were parents with children
living in or outside of their household.
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Table 2. Demographic characteristics of participants.

TotalResponse groupSample characteristics

NonrespondersEver responders

17 (100%)6 (35%)11 (65%)Number of participants, n (%)

21.2 (2.1)21.5 (2.5)21.0 (1.9)Age (years), mean (SD)

African Americana, n (%)

17 (100)6 (100)11 (100)Yes

0 (0)0 (0)0 (0)No

Gender, n (%)

8 (47)4 (67)4 (36)Male

9 (53)2 (33)7 (64)Female

Recruited from community-based organizations for homeless young adultsa, n (%)

17 (100)6 (100)11 (100)Yes

0 (0)0 (0)0 (0)No

Highest level of education, n (%)

9 (53)4 (67)5 (45)<12th grade

8 (47)2 (33)6 (55)High school diploma or equivalent

0 (0)0 (0)0 (0)Post-baccalaureate

Currently enrolled in schoola, n (%)

0 (0)0 (0)0 (0)Yes

17 (100)6 (100)11 (100)No

Employment statusa, n (%)

13 (76)5 (83)8 (73)Unemployed

4 (24)1 (17)3 (27)Employed part-time

0 (0)0 (0)0 (0)Employed full-time

18.9 (5.4)21.5 (2.5)17.5 (6.1)Number of years living in Baltimore, mean (SD)

Are parents, n (%)

5 (29)1 (17)4 (36)Yes

12 (71)5 (83)7 (64)No

aPer inclusion criteria.

Text Survey Responsiveness
Table 3 describes additional feasibility measures of the study.
65% (n=11/17) of participants responded to at least 1 text
message survey over the 5-week study period compared with
35% (n=6/17) of participants who never responded. The majority
(n=7/11, 64%) of ever responders were young women. The
majority (n=4/6, 67%) of never responders were young men
(Table 2). Among those who ever responded, an average of 7.6
participants responded to the text message survey in any given
week (69% response rate; Table 3). Response rates among ever
responders ranged from 64% to 82% across the 5-week study
period, representing 62.7% of all survey questions in all 5 weeks.
When participants responded in a given week, they also
answered the majority of the 14 survey questions. The mean
number of answered questions for responders in a given week
was 12.6 (SD 2.7; 90% of all questions), ranging from 72% to

100% of all questions. This met the study’s feasibility criteria
of an average weekly question response rate of 70% or more
among ever responders. An average of 6.4 participants (84%)
answered all 14 text message survey questions in a given week,
ranging from 57% to 100%. Participants responded on average
8.7 hours (SD 10.3) after receiving the survey. In week 1,
participants responded the fastest with an average of 1.7 hours
(SD 2.2). The slowest mean time to response was 12.6 hours
(SD 13.2) in week 3. This met the study’s feasibility criteria of
a mean response time of <24 hours.

Table 4 presents the number of responders per question per
week among ever-responding participants. The questions at the
beginning of the survey had the highest response rates. Response
rates were comparable across all questions in weeks 2 and 5 but
tapered at the end of the survey in weeks 1, 3, and 4. In week
5, 1 participant answered the first question of the survey but
omitted answering any further questions. Participants were most

JMIR Form Res 2020 | vol. 4 | iss. 7 |e14833 | p.228https://formative.jmir.org/2020/7/e14833
(page number not for citation purposes)

Jennings Mayo-Wilson et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


responsive to questions about employment, condomless sex,
and discussions with sex partners. Nonresponse was highest for
questions relating to sex exchange and money spent on HIV
prevention products or services. The text messaging app

successfully sent and received 1289 text messages with few
errors (0.1%), indicating relative efficiency and reliability (Table
3).

Table 3. Feasibility measures among all and ever-responding participants by week and in total.

TotalWeekStudy subgroups

54321

All participants (n=17), n

851717171717Number of weekly text message surveys sent out

1289267236298291197Number of text messages sent and received (includes all welcome, survey,
reminder, correction, and thank you messages)

Ever-responding participants (n=11)

7.6 (69)7 (64)7 (64)9 (82)8 (72)7 (64)Participantsa who responded to the survey each week, n (%)

12.6, 2.7
(90)

12.1,
4.9 (86)

13.3,
1.9 (95)

13.6,
1.3 (97)

14.0, 0.0
(100)

10.1,
5.2 (72)

Questions participantsa responded to each week, mean (SD) (% out of 14)

8.7 (10.3)13.9
(15.4)

4.9 (8.6)12.6
(13.2)

10.2 (12.2)1.7 (2.2)Hours from sending survey to receiving participants’a response each week,
mean (SD)

6.4 (84)6 (86)6 (86)8 (89)8 (100)4 (57)Participantsa,b who responded to all 14 questions each week, n (%)

aNever responders are excluded.
bNonresponders for the specific week are excluded.

Table 4. Number of responders per question per week.

WeekQuestion number

5, n4, n3, n2, n1, n

779871

679872

679863

679864

679865

679866

679857

679858

679859

6698410

6688411

6688412

6688413

6688414

Reported Economic and Sexual Behaviors
Weekly economic and sexual behaviors reported by the
participants are shown in Table 5. Employment rates remained
low, ranging from 14% to 43% over the study period. Mean
earnings from employment by others or from the participant’s
own business ranged from US $37 (SD 62.8) to US $146 (SD
220.3) per week and from US $7 (SD 18.9) to US $55 (SD
107.2) per week, respectively (Table 5). Participants

experiencing housing instability decreased from 43% to 0%
over the course of the study period, as did the proportion of
those requesting money from others to cover living expenses
(57%-0%). For most weeks, no money was spent on HIV
prevention services or products, such as condoms, HIV testing,
lubricants, or antiviral medications. For 3 of the 5 weeks,
approximately 14% of participants reported having sex while
high or drunk at least once in the past week. Condomless sex
was a common risk behavior, with 14%-75% of participants
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reporting condomless sex at least once in a given week. There
were no reports of sex exchange for money, food, or housing.
Using other noncondom prevention methods was also low (11%
in week 3). Participants were more likely to respond yes to the
last two sexual behaviors of the survey, which were about
discussing HIV testing with any of their sex partners (43%-67%)

and receiving an HIV test in the past week (14%-43%).
Participants used the skip response infrequently and only during
weeks 1 and 2. When used, skip was most common for questions
relating to sex exchange and money spent on HIV prevention
services or products (Table 5). The dataset analyzed during this
study is publicly available [55].

Table 5. Reported economic and sexual behaviors in the last 7 days by ever responders.

WeekNumber of times skip
response was used

IndicatorQuestion number

54321

43433338140Participants who performed any activity
for pay, %

1

85.7
(127.7)

36.6 (62.8)114.4
(141.9)

145.6
(220.3)

69.7
(94.5)

1Earnings from job (US $), mean (SD)2

16.7
(40.8)

7.1 (18.9)34.4
(48.8)

18.6
(49.1)

54.5
(107.2)

0Earnings from self-employment or own
business (US $), mean (SD)

3

18.3
(38.0)

18.6 (32.9)28.9
(39.8)

20.5
(35.2)

48.6
(66.6)

1Reported savings in (US $), mean (SD)4

0142225430Participants reporting having no place to
stay, %

5

0143338570Participants who asked for money for
living expenses, %

6

0 (0.0)0 (0.0)25.6
(66.2)

51.4
(136.1)

0 (0.0)2Reported spending on HIV prevention
in (US $), mean (SD)

7

0.5 (0.5)0.6 (0.5)0.8 (0.7)1.4 (0.7)1.0 (0.7)0Number of sex partners in past week,
mean (SD)

8

014013140Participants who were drunk or high
while having sex (at least once), %

9

14293375430Participants who reported condomless
sex at least once in the past week, %

10

0011000Participants who reported noncondom
prevention methods, %

11

000002Participants who reported sex exchange
in the past week, %

12

43716750571Participants who discussed HIV testing
with sex partners, %

13

43142225141Participants who received an HIV test,
%

14

Implementation Lessons Learned
Table 6 summarizes the successes, challenges, and lessons
learned in using text message surveys in this population. Key
successes included participant acceptability, willingness to
respond to the survey, confirming readability and functionality
using a mock text message survey at enrollment, having
moderately high responsiveness, and building in quality checks.
Implementation challenges were low responses to questions
perceived as sensitive or stigmatizing, technological delays,
and the time required for restructuring text message data for
analysis. Additional feedback from responders in a post-study
discussion was that having the text message surveys arrive
weekly and at the same time was helpful, as participants were

always on their cell phones and available to respond quickly
and conveniently. This, along with receiving cash payments,
was viewed as a positive outcome. However, the reported
weaknesses were that, for some, receiving the same set of
questions each week was repetitive and may have contributed
to response fatigue. Participants also requested whether
informational text messages such as job announcements or
sexual health tips could be provided as a reward for responding
to each week’s survey. The study team’s observations while
implementing the text message survey was that reducing text
message wording, including using response prompts (eg, reply
with: yes/no, US $ dollars, and # of times), and reminders were
important to facilitating participation.
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Table 6. Summary of text message surveys’ successes, challenges, and lessons learned by implementation domain.

Lessons learnedChallengesSuccessesImplementation domain

Participants valued text message con-
tact but requested to receive nonrepeat-
ed survey questions and texts on jobs
or sexual health.

Response declined at the end of the sur-
vey. The reasons for nonresponse are not
well known because of lost to follow-up.

Participants were eager to enroll and
motivated by cash payments. Willingness
to respond to sensitive questions was
enhanced by privacy supports.

Acceptability

Financial support for accessing cellular
service may be needed to enroll more
disconnected young adults.

Some interested young adults did not
have a working cell phone. Long word-
ing of some questions appeared as multi-
ple texts on small screens during enroll-
ment.

Readability and function of the survey
were confirmed at enrollment for all
participants who answered a mock sur-
vey and clarified points of confusion.

Enrollment and registra-
tion

Increasing incentives, reducing the
number of questions, or reducing the
frequency of surveys may improve re-
sponsiveness.

One-third of participants (mostly men)
enrolled but never responded. One partic-
ipant responded to only the first question.

Two-thirds of participants responded to
the survey representing a moderately
high response rate. No participants used
the opt-out function.

Responsiveness

More efforts are needed to assess data
quality in lieu of response prompts,
larger sample size, and responses over
time.

All data were self-reported and not ad-
ministered by a researcher. The recall
period of later responders may have in-
cluded overlapping days.

A 7-day window and sending surveys on
the same day and time were used to re-
duce recall bias. Query text messages
were sent for invalid responses.

Data quality

Routinely restructuring data would fa-
cilitate real-time analysis of individual
and aggregate statistics.

All output was generated into separate
weekly files that required time-consum-
ing restructuring.

Data were available at low cost and in
real time at the moment when the partic-
ipant responded.

Data access

Discussion

Principal Findings
The goal of this study was to examine the feasibility of a
relatively new mode of data collection using text message
surveys in a high HIV prevalence urban and ethnic minority
setting. We found that using weekly automated text message
surveys with short assessments was feasible with vulnerable
young adults. Data collection with this population can be
challenging, given the unpredictability of young adults’
schedules and the uncertainty regarding their interests in
research participation. However, the majority of invited
participants completed the survey and were receptive to
answering the study’s text message questions. To our
knowledge, this is one of the first studies in an urban setting to
use text message surveys to assess economic and sexual risk
behaviors in economically-vulnerable African American young
adults, who also had little experience responding to text
messages for research purposes.

The study’s experience is informative with regard to 3 research
areas: acceptability of text message surveys, survey
responsiveness, and implications for future studies relating to
efficiency and data quality. First, in the context of acceptability,
several factors may have contributed to the study’s generally
positive reception. This study’s recruitment process began with
an introduction to the study to young adults in the presence of
their peers at the CBO center. Therefore, potential participants
had an opportunity to enjoy snacks, ask questions, and determine
their own interests, including the interests of their peers, in
participating in the study. The study team also explained the
cash incentives being used to compensate individuals who
completed the 5-week test cycle. Although eligible young adults
appeared to be motivated by cash payments, other potential
drivers to participation may have been the perceived benefit of
participating in a study on HIV prevention with friends,

including being prompted to think about or discuss HIV.
Another driver to participation may have been interests in using
text messages as a new means of income generation, since nearly
all young adults had a cell phone and were underemployed. The
study also invited each participant to try a mock text message
survey on their cell phone in a private location at the CBO. This
enabled them to see what they would be receiving each week
and to confirm their capacity to respond. It was our experience
that participants found responding to relatively sensitive text
message questions on economic and sexual behaviors
acceptable, given the readability of the questions, the short
completion time required (about 3 to 4 minutes), the anonymity
of their cell phone, the ability to use phone passwords for
additional privacy, and the option to delete all text messages.

A second area of consideration is responsiveness to the text
message survey. Among all participants, the response rate of
65% was moderately high, representing nearly two-thirds of
participants. For those individuals who responded to at least
one text message survey, response rates were even higher in a
given week, ranging from 64% to 82%, with participants
answering about 90% of all questions. This study’s findings
included higher response rates than similar text message survey
studies, including 3 studies assessing substance use and sexual
risk behaviors with US young adults aged 18 to 25 years (49%
response rate) [2], medication adherence in HIV-negative
transgender men and women (39% response rate) [3], and
medication adherence from caregivers of HIV-infected children
in Uganda (24% response rate) [56]. On the other hand, we have
similar response rates as 2 additional studies assessing drug
adherence using text message surveys with lesbian, gay,
bisexual, and transgender young adults in the United States
living with HIV (61% response rate) [5] and assessing quality
of life via text message surveys with older patients with
rheumatoid arthritis (69% response rate) [14]. Although higher
responsiveness may be needed if text messages are the sole form
of evaluation, such engagement by predominantly financially-
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and residentially-unstable young adults is encouraging. In
addition, the average time to response ranged from 2 to 12 hours,
representing a relatively rapid response period compared with
mail-in or online surveys that may experience several days or
weeks between distribution and response. Potential contributing
factors may have been that the study’s in-person orientation
process allowed participants to feel prepared in knowing what
type of questions would be asked and how long it would take
to respond. Our sequentially sending each question only after
the prior question had been answered further allowed
participants to track and respond to questions at their own pace.
Being female also appeared to aid responsiveness, although
more research is needed to understand whether and why this
may be the case.

To that end, it is important to consider the nonresponsiveness
observed in this study. The reasons for nonresponse may have
been poor network coverage, having one’s cell phone lost/stolen,
or lacking sufficient charge or cellular credit. The potential to
earn cash payments spurred interest in many participants.
However, for some, this enthusiasm may have waned over time.
Nonresponsiveness may also have resulted from experiencing
negative emotions when thinking about financial hardships or
prior sex partners. It is possible that some participants simply
wanted a break from the study but chose not to use the opt-out
commands (leave or stop). Future studies should assess reasons
for nonresponse, as this could increase the number of
participants providing study data. Increasing incentives, reducing
the number of questions, or reducing the frequency of text
message surveys may also improve responsiveness. Paying
participants more frequently rather than at the end of the study
and requesting alternative forms of contact (ie, email and social
media) to reconnect with nonresponders may additionally be
helpful. Greater engagement might also be achieved if the text
message surveys are concurrently embedded within an
intervention or other in-person contact targeting the outcomes
of the text assessment.

A final important area relates to implications for future research.
Our text message surveys showed some promise as a
measurement tool in behavioral research. Having repeated
measures each week from participants provides stronger
statistical power and enables trialists to better characterize
fluctuations over time. Our text message survey was configured
to query again any invalid or out-of-range responses to maximize

data quality over time. Once the survey flow was automated
and launched, there was minimal maintenance. However, despite
having data available from the moment participants responded,
the process of restructuring and aggregating weekly data files
was time-consuming and resulted in the team generally viewing
and analyzing data at the end of the study, rather than on a
weekly basis. Improvements in exporting and coding the
messaging app’s data would increase efficiency. Finally, given
that text messaging technology is constantly evolving as are
young adults’ cell phone behaviors, including the option to
respond to surveys via instant messaging or other text messaging
apps may improve participation.

The study’s small sample size was a limiting factor, as the study
was not designed to determine efficacy or estimate prevalence
of economic and sexual risk behaviors. Rather, the study aimed
to conduct a rapid test cycle using a small group of young adults
with a preliminary goal of assessing instrument feasibility for
a larger intervention trial. We additionally selected young adults
who had a working cell phone, were literate, and were receiving
residential services at the participating CBOs. Although the
participants were vulnerable in other ways, such a sampling
strategy could mean that the findings are not generalizable to
more disconnected young adults. In addition, although not using
an interviewer to administer surveys may have increased
participants’ responsiveness to sensitive questions, the use of
self-administered assessments could have reduced data quality.
Finally, although weekly assessments provided more frequent
contact than traditional pre-post study designs, asking
participants to recall economic and sexual behaviors in the last
7 days rather than the day before via daily surveys may have
been challenging for some participants. Despite these limitations,
the study was successful in monitoring behaviors over time.
This study’s findings provide support for using text message
surveys to collect data in future behavioral trials.

Conclusions
Text messages offer the potential to better evaluate HIV
behavioral interventions using repeated longitudinal measures
at lower cost and research burden. However, they have been
underutilized in US minority settings. We found that using
weekly automated text message surveys with short assessments
was feasible with vulnerable young adults. Additional research
should focus on maintaining high responsiveness, improving
the efficiency of data analysis, and ensuring data quality.
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Figure Correction: Detecting Screams From Home Audio
Recordings to Identify Tantrums: Exploratory Study Using Transfer
Machine Learning

Rebecca O'Donovan1, BSc; Emre Sezgin1, PhD; Sven Bambach1, PhD; Eric Butter2, PhD; Simon Lin1, MD, MBA
1The Abigail Wexner Research Institute, Nationwide Children's Hospital, Columbus, OH, United States
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Corresponding Author:
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Email: emre.sezgin@nationwidechildrens.org

Related Article:
 
Correction of: https://formative.jmir.org/2020/6/e18279/
 

(JMIR Form Res 2020;4(7):e21591)   doi:10.2196/21591

In “Detecting Screams From Home Audio Recordings to
Identify Tantrums: Exploratory Study Using Transfer Machine
Learning” (JMIR Form Res 2020;4(6):e18279) an error was
noticed.

Figure 4 included an incorrect version of the ROC and
Precision-Recall curves, which did not reflect the average
precision (0.42) and AUC (0.95) reported in the manuscript.
Figure 4 has been updated with the correct image and caption.

Figure 4. Results on all Supernanny data. AUC: area under the curve; ROC: receiver operating characteristic.

The correction will appear in the online version of the paper on
the JMIR website on July 8, 2020, together with the publication
of this correction notice. Because this was made after submission

to PubMed, PubMed Central, and other full-text repositories,
the corrected article has also been resubmitted to those
repositories.
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