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Abstract

Background: Posttraumatic stress disorder (PTSD) is a common disorder that requires more treatment options. Mobile health
(mHealth) app interventions are promising for patients with PTSD, asthey can provide easily accessible support, strategies, and
information. However, knowledge about mHealth interventions is sparse and primarily based on quantitative studies.

Objective: The aim of this study is to qualitatively explore the experiences of patients with PTSD with regard to using an
mHealth app as a stand-al one intervention before commencing psychotherapeutic treatment.

Methods: We conducted semistructured interviews with 14 participants 6 weeks after they received the app. The participants
were all referred to PTSD treatment and were waiting to commence psychotherapeutic treatment. During this waiting time, the
participants had no contact with the health staff. Interviews were transcribed and were analyzed using thematic analysis.

Results: A total of 3 themes were identified—the use of app, being a patient, and the overall evaluation of the app. The use of
the app was described with the subtheme of habits, and the theme of being a patient included the subthemes of having negative
experiences with the app and being a part of aresearch project. The use of the app encompassed how psychological factors and
technical problems could interfere with the use of the app. The theme of being a patient depicted that the waiting time before
starting treatment was long, and a subgroup of patients experienced feeling worse during this time, which they partly attributed
to using the app. Several suggestions for change have been described in the overall evaluation of the app.

Conclusions: The findings in this study revealed that emotional arousal influenced the use of the app and that it was difficult
for participantsto establish ahabit of using the app, thus reflecting the importance of supporting habit formation when implementing
an mHealth app in mental health care services. This study makes an important contribution to the field of mHealth research, as
it revealed that some participants had negative experiences resulting from using the app, thus reflecting the potential harm of
having an mHealth app without the support of a clinician. It is therefore recommended to use a blended care treatment or an
approach in which mental health care professionals prescribe an mHealth app for relevant patients to avoid increased suicidal
risk.

(JMIR Form Res 2021;5(8):€26852) doi:10.2196/26852
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Introduction

Background

Posttraumatic stress disorder (PTSD) is a common disorder,
with a prevalence of approximately 2% in European countries
[1]. There are serious personal and societal consequences
associated with PTSD, such as poor quality of life, high
comorbidity, and increased use of health services [1,2].
Furthermore, PTSD is recognized as a risk factor for suicidal
thoughts and behaviors and completed suicide [3,4]. Although
the costs of PTSD are widely recognized, logistical and
individual barriers, such as a lack of available mental health
care services and negative beliefs about help-seeking, are
common [5,6].

In Denmark, patients are referred to the public mental health
services (MHS) by their general practitioner if acomplex mental
disorder is suspected. Patients are entitled to have a diagnostic
interview within 30 days, but psychotherapeutic treatment may
start substantially later depending on the available resourcesin
the given clinic. As such, patients often experience waiting list
periods exceeding 6 weeks before commencing treatment.
During thistime, the patient has minimal support fromthe MHS
and, therefore, there is considerable interest in developing
technological treatment aternatives.

Smartphones are owned by 79% of adultsin European countries
[7] and offer a platform with the potential to reach populations
with otherwise limited access to health care [8]. Mobile health
(mHealth) apps provide easy accessto cost-effective treatment
tools that can potentially increase treatment engagement and
well-being [5,9]. Thereisgreat potential to effectively integrate
apps into mental health care, as they can offer interventions,
provide psychoeducation, promote self-awareness, and help
overcome the self-stigmatization associated with receiving
mental heath care [10-12]. A systematic review and
meta-analysis of the effects of self-management appsfor patients
with PTSD reveaed that no significant difference was found
between self-management app—based treatment groups and the
control group on waiting list [8]. However, only 6 studies were
included, leaving the quality of the evidence base low.

Although there is a growing body of quantitative research on
mHealth apps as a supplement or stand-alone treatment
[6,13-16], qualitative studies are surprisingly absent. To our
knowledge, only 2 studies have used a qualitative approach to
investigate patients’ experiences using an mHealth app for
PTSD. A study on attitudes toward mHealth in a sample of
veteranswith either PTSD, depression, and/or an alcohol abuse
disorder revealed a marked difference in the openness toward
using mHealth apps depending on rurality, whererural veterans
expressed more negative views than urban veterans [17].
Another study investigating the PTSD Coach app showed that
participants found some coping strategies and self-assessment
tools useful [18]. Consequently, it is still unclear how patients
with PTSD perceive and experience using mHealth apps [8].
Thereisaneed for future research to expl ore these experiences,
as they can provide unique insights into compliance,
engagement, adherence, aswell as positive and adverse effects.

https://formative.jmir.org/2021/8/e26852
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With this exploratory qualitative study, we seek to fill this
research gap.

Objectives

To investigate the potentia of using mHealth apps for patients
with PTSD in MHS, an mHealth app named PTSD Help was
devel oped for use as a stand-al one treatment and as a supplement
to psychotherapeutic treatment. This study explores the
following research question: how do patients diagnosed with
PTSD experiencethe use of an app, PTSD Help, asastand-alone
treatment before psychotherapeutic treatment?

By exploring this aspect qualitatively, we aim to uncover both
the experienced benefitsand limitations of using the app, which
can be used in the process of devel opment and implementation
of mHealth apps for PTSD in MHS.

Methods

Context

The study was conducted within the context of the study “The
PTSD help app in a Danish PTSD population: A randomized
controlled feasibility trial,” which investigated the feasibility
of implementing the PTSD Help app in the Danish MHS [13].
The participants in the larger study were randomized to either
awaiting list control group or aPTSD Help app treatment group.
All participants received treatment for their PTSD diagnosis
after 6 weeks [13]. The randomized controlled feasibility trial
of the PTSD Help app study will be published in the near future.
This study used a qualitative study design to explore the
patients experiences using the app as a stand-alone treatment
in the waiting period before the commencement of treatment
inthe MHS.

Intervention: PTSD Help

PTSD Help isan mHealth app that includes functionalities such
as psychoeducation, emotion regulation tools, a note function,
and a crisis plan (Figure 1). Emotion regulation tools offer a
range of different interventions, including distraction exercises,
grounding exercises, simple body exercises, and calmingimages
accompanied by music. As sleep problems are common in the
PTSD population, the app contains two functions to aleviate
deep problems:. guided sleep meditation, in which theindividual
can choose between amale or female voice, and general sleep
hygiene advice. Two self-assessment tools are provided in the
app: the PTSD checklist for DSM-5 [19] to monitor PTSD
symptoms, which isavailablewith aninterval of at least 2 weeks
to be as close to the clinical use as possible. The second
assessment tool aimed to monitor sleep quality (sleep condition
indicator) [20], which is available daily (Figure 2). An overall
favoritefunction is provided, giving the patient the opportunity
to choose which functions are the most meaningful and bringing
these functions to the front page.

To ensure that PTSD Help can be used across treatment
modalities, it is designed as ageneric intervention and does not
include theory-specific elements. This design was chosen as
the Danish MHS, which provides arange of different treatment
types for patients with PTSD.
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Figurel. The PTSD Help app overall user surface. PTSD: posttraumatic stress disorder.
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Figure 2. Overview of the PTSD self-assessment tool (in Danish). PTSD: posttraumatic stress disorder.
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Ethical Considerations

Participants provided both verbal and written informed consent
before participating in the study and were informed that they
could withdraw their consent at any time. Participants were
informed that the interviews were being recorded and
subsequently anonymized and transcribed verbatim. To ensure
anonymity, participants were given a project 1D, and audio
recordings of the interviews were stored in a secure database
administered by the Capital Region of Denmark. The
participants’ psychotherapeutic treatment commenced shortly
after the interview was conducted, thus ensuring minimal
treatment gap.
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Participants

The study was conducted within the MHS of the Capital Region
of Denmark (MHS-CRD), where 14 participants were recruited.
Participants included in the study were aged >18 years,
diagnosed with PTSD in accordance with the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5),
were accepted for PTSD treatment, had access to a smartphone
with iOS (version 10 or higher) or Android (version 5.0.1. or
higher), and provided informed consent. The reasons for
exclusion were increased suicidal risk, current episodes of
bipolar disorder or psychotic disorder, current substance abuse,
inability to understand and/or read Danish, and concurrent
psychiatric or psychological treatment of PTSD outside the
MHS-CRD [13].
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Procedure

Participants gained access to the PTSD Help app after the
assessment interview and were given brief verbal general
instructions on how to use the different functions in the app.
This verbal introduction was based on a manuscript to ensure
that all participants received the same information and took
approximately 5 minutes. Furthermore, 3 days after gaining
access to the app, the participants were contacted by telephone
to ensure that there were no technical issues in using the app.
There was no further assistance in using the app following the
telephone call. Finally, the participants were contacted by
telephone 6 weeks after having gained access to the app, and
they were invited to participate in semistructured interviews
(full description of the recruitment procedure has been provided
in the study by Scharff et al [13]). The participants were not
prohibited from having contact with health staff while waiting
to commence psychotherapeutic treatment; however, this was
rarely seen in the MHS-CRD and was therefore not monitored.
Interviews were conducted in 2019. The sample was randomly
selected because of its strict time schedule.

Materials

The semistructured interview guide aimed at exploring the
participants’ experiencesusing the PTSD Help app (see Textbox

Textbox 1. Concepts covered in the interviews.

Riisager et al

1 for concepts covered). The interviews lasted approximately
30 minutes and were conducted over the telephone. The
interviewswere transcribed verbatim by agraduate psychology
student.

Assessments were conducted as part of a larger study. The
Mini-International Neuropsychiatric Interview 7.02. [21] was
used to establish PTSD diagnosisin accordance with the DSM-5.
PTSD symptoms were measured using the PTSD checklist for
DSM-5[19], which is a self-report questionnaire that assesses
the presence of the four core DSM-5 PTSD symptom clusters
during the past month with a cut-off score between 31 and 33,
thus providing knowledge on the severity of symptoms.

Table 1 shows the demographic and clinical characteristics of
thetotal sample of participants. Participants were aged between
20 and 59 years, and the majority werefemale (8/14, 57%). All
participantsfulfilled the diagnostic criteriafor PTSD according
to the International Classification of Diseases, Tenth Revision
and had at least one comorbid psychiatric disorder. The most
frequently reported comorbid disorder was panic disorder (6/14,
42%), followed by amajor depressive episode (3/14, 21%) and
agoraphobia (3/14, 21%), thus reflecting a population sample
with complex mental health problems.

Concepts

o Useof appsin general

o  PTSD Help app utility value

o  PTSD Help usefulness

. Design

«  Suggestions for change

.  Disadvantages or negative experiences with using the app

https://formative.jmir.org/2021/8/e26852
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Table 1. Demographic and clinical characteristics of all participants (N=14).

Characteristics

Value

Age (years), mean (SD; range)
Gender, n (%)

Female

Male

Diagnosis MINI2 (1CD-10°), n (%)
PTSDC (F43.1in 1CD-10)

pcL-5¢ score, mean (SD)

Comorbidity using MINI (ICD-10), n (%)
Major depressive episode (F32.2 in ICD-10)
Major depressive disorder, recurrent (F33.2 in ICD-10)
Agoraphobia (F40.0in ICD-10)

Socia anxiety disorder (F40.1in ICD-10)
Panic disorder (F41.0 in ICD-10)

39 (13.5; 20-59)

8(57)
6 (43)

14 (100)

46.6 (9.3)

3(21)
1(7)

3(21)
2 (14)
6 (42)

3MINI: the Mini-International Neuropsychiatric Interview.
b1CD-10: International Classification of Diseases, Tenth Revision.
®PTSD: posttraumatic stress disorder.

dpCL-5: The Posttraumatic Stress Disorder Checklist for the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.

Data Analysis

Semistructured interviewswere conducted by 2 members of the
research team (MEL and IMTPA) and a graduate student of
psychology. Data were analyzed by first author LHGR and
researcher Il using thematic analysis under the supervision of
an experienced qualitative researcher. Thematic analysis is a
qualitative method that alows for the organization,
interpretation, and reporting of data[22,23]. The analysis was
conducted through 6 phasesthat adhered to Braun and Clarke's
thematic analysis approach [22]. The researchers LHGR and |
separately coded the interviews and conducted the thematic
analysis. The Lincoln and Guba[24] criteriafor trustworthiness
were addressed in each phase to ensure the high quality of the
analysis. Through researcher triangulation, overlaps were
discovered and discussed, and 3 themes were chosen. Themes
were chosen according to their relationship to the overall
research question.

https://formative.jmir.org/2021/8/e26852
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Results

Overview

Table 2 summarizes the most frequently used functions in the
app and the least used functions. The dataindicated that all the
participants except one (13/14, 92.9%) had used the app and
that the mean use was 16.8 (SD 12.3) times during the study
period. Thetotal app use ranged from 0 to 39 times, indicating
that some participants frequently engaged in the app, whereas
one participant never used it during the study period. The most
frequently used function in the app was the “ Symptoms and
strategies’ function with amean of 5.9 (SD 4.4). Theleast used
function wasthe* Sleep Condition Indicator” with 57.1% (8/14)
participants using it with a mean of 1.0 (SD 1.1), followed by
the function “ Positive activites’ with 64.3% (9/14) participants
using it with amean of 1.1 (SD 1.1).

Thefollowing themes emerged in the thematic analysis. (1) use
of app, (2) being a patient, and (3) overall evaluation of the
app. An overview of themes and subthemes is provided in
Textbox 2 and presented using verbatim quotes from the
participants in the following text.

JMIR Form Res 2021 | vol. 5 | iss. 8 |€26852 | p.8
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Table 2. Total app use and the most and least frequently used functions.
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App use Number of timesthat functionswere Endorsed, n (%)
used, mean (SD; range)
Total app use 16.8 (12.3; 0-39) 13(92.9)
Most used functions
Symptoms and strategies 5.9 (4.4; 0-15) 12 (85.7)
Crisisplan 5.7 (3.1; 0-13) 13(92.9)
Help falling asleep 4.1 (5.6; 0-19) 10 (71.4)
L east used functions
Body exercises 1.2(0.9; 0-3) 11(78.6)
Positive activities 1.1(1.1;,0-3) 9(64.3)
Sleep condition indicator 1.0(1.1;0-3) 8(57.1)

Textbox 2. Themes and subthemes.

Themes and subthemes
e« Useof App
«  Subtheme 1: Habits

« Being aPatient
«  Subtheme 2: Negative experiences with the app
«  Subtheme 3: Being a part of aresearch project

«  Overal Evauation of the App

Theme 1: Use of the App

Overview

The use of the app concerns psychological factors related to
app use (such as anxiety, stress, and habits) and technical
problems. The psychological factors had a dual function, as
they could both motivate as well as disrupt the use of the app.
For example, some participants reported using the app during
panic attacks, whereas others reported that a high level of
anxiety prevented them from using the app:

But when you are completely panic-struck, it's not
likeyou think “ now I'mgoing to useit,” it'soften like
it'stoo late, so it is more when you are about to calm
down that it is actually a help, right. [Participant
1D24]

Other participants described similar experiences, where even
though they had used the app frequently, ahigh level of anxiety
could prevent them from using the app. For these participants,
the thought of using the app when in distress was hot an option,
as they simply did not remember that they had it in the exact
moment:

So, do you fedl that it has become a habit to use it?
Understood in the sense that you remember to use it
when you have a panic attack, for example?
[Interviewer]

No, not quite yet, but it dependsa lot on how bad I'm
feding. Because if it's really bad, then it's like you

https://formative.jmir.org/2021/8/e26852

don’t really think about anything, then of course |
don't think that | need to grab my phone. [Participant
1D21]

Some participants reported using the app to prevent stress,
whereas others referred to using the app overall asadistraction
tool, which was seen as a positive and useful function. A
subgroup of participants experienced technical difficulties, such
as missing sound on the sleep meditation or that the mobile
phone automatically went to screensaver mode when they used
meditation exercises, which caused some participants to stop
using the app atogether.

Subtheme 1: Habits

The subtheme of habits emerged as participants described their
use of the app to explain alow level of app use. One participant
described how a high level of anxiety prevented the habitual
use of the app, as high arousal interrupted regular use. Other
participants reported that the novelty value when using the app
in the beginning stimulated frequent use, but that this effect
quickly vanished.

Well, of course in the beginning | used it to get to
know it. And also customize it like in case of
emergency, and | have also chosen my favourite
functions. And | used it in the beginning, and actually
got a little habit of using it a couple of times a day,
but then it unfortunately went down the drain.
[Participant 1D14]
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Several participants reported either forgetting that they had the
app or forgetting to use the app in relevant situations. A
participant explained how he, in the beginning, tried to use the
app as adistraction tool when he had a panic attack but that he
quickly forgot he had the app:

You forget that you have it on your phone. Because
it's not something you think about in everyday life,
like” now | havetheapp” and then | get thesefeelings
where | can fedl all this anxiety, it's not that | go to
my phone and useiit, | think | just forget. That | have
thistool available. [Participant ID16]

Theme 2: Being a Patient

Overview

The theme refers to how the patient experienced having the
PTSD Help app during the waiting time until psychotherapeutic
treatment started. Within this theme, the subthemes, negative
experienceswith the app and being a part of a research project,
emerged.

For some partici pants, the waiting time from when the diagnostic
interviews were conducted to when the psychotherapeutic
treatment started felt long. One participant stated that the waiting
time was too long, and he used the app as a way to not feel
completely lost while waiting. Thus, the app was experienced
as a supportive tool for some participants during the waiting
time.

The participants al so discussed their experience of participating
in the initial diagnostic interview in the MHS-CRD. For
example, one participant explained how there was no time in
theinitia diagnostic interview to explain the diagnosis, which
led the patient to seek thisinformation in the app:

...but there has not really been a time when someone
has sat down with me and explained what the
symptoms are, what | should expect, how the process
will be, and here | think the app has been good.
Because | can google everything on the internet, but
here | know that it comes from a source created by
doctorsand psychologists. So, it's not just something
that's just lying around on the internet. [Participant
ID39]

On the other hand, some participants reported being
overwhelmed by the status of being a patient. Having to usethe
app added to the stress. A participant explained how facing
PTSD-related problems would make thingsworse, and that she
did not feel able to engage in the app unsupported:

So, from the very first interview, it took almost a
month before | had the next two appointments. And
during that time, | shut down everything, and didn’t
want to relate to anything, or think about anything,
and | pushed everything away, and when there were
four-five daysuntil | had to start, everything got worse
up to the maximumagain. | only slept two-three hours
a night and woke up with anxiety and palpitation
and...yes. So, the bottom line is that when I'm forced
to deal with it, it gets worse. [Participant |D29]
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The participants who addressed the theme of being apatient all
highlighted the waiting time as problematic and that information
(either from the app or from aprofessional) about their diagnosis
and the overall treatment process were helpful.

Subtheme 2: Negative Experiences With the App

Although there was an overall positive attitude toward the app
inthat participants reported becoming more aware of symptoms
and sensationsthat increased their understanding of the disorder,
negative experiences from using the app were also reported.
Although participants generally saw becoming more aware of
their symptoms as clinically beneficial, some experienced it as
a worsening of symptoms and exposing vulnerability in a
situation of minimal support. One example of a participant
reporting using the app regularly reported feeling worse from
theincreased self-awarenessthat followed using the intervention
toolsin the app:

So, you may have become more aware of yourself if
you can put it that way? [Interviewer]

Yes exactly, and what to look for to why you have
these symptoms, and what these symptoms mean and
that it isnot, you know, your own fault, if you can say
so. [Participant]

Have you noticed if any of your symptoms have
changed since you got the app? [Interviewer]

| do not think changed, | just think they have
become...all in all, worse. [Participant 1D39]

The participants who reported negative experiences all agreed
that focusing on their PTSD symptoms without support from a
professional caused increased distress.

Subtheme 3: Being a Part of a Research Project

Some participants reported how being apart of aresearch project
was stressful:

But what | would also like to say is that | have been
to a psychologist before, and now | go to the
psychiatric clinic in Hilleroed to find out what
treatment | should have, and then at the same time, |
should also use the app, and at the same time you get
calls, and | get asked a lot of things about the app,
so | just think...I'mwell aware that you have some of
these things, but it might be a little...too much, then
| have to use the app, then | go to a psychologist, so
it might also take up a little too much timein everyday
life, | think...That you are constantly made aware that
you have this problem. [Participant ID16]

Another participant felt almost the opposite, as he explained
how contact with the research team helped him relax as he knew
he could reach out to the research team if he needed help.

Theme 3: Overall Evaluation of the App

This theme covers how the participants experienced using the
app, the design of the app, and its specific functionalities. Within
thistheme, participants provided several suggestionsfor changes
to the app.

Overall, most participants reported using the app regularly and
were generally positive toward it. The design of the app was
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reported to be accessible and easy to use, athough some
participants reported that a few of the functionalities, such as
the location of the questionnaires, were not placed intuitively
and were therefore confusing. The participants had several
suggestions for improvements, such as implementing
notifications as reminders, providing psychoeducation for
relatives, and personalizing the app.

...you're able to personalise the app, where you can
put some pictures in it that make you happy, or
something like that, right. Because | have learned
that on my computer, when it sin sleep mode, it shows
some pictures, and for meit has actually been really
relaxing to be able to sit there and watch these
pictures and think “ okay” So, something like that, |
don’'t know...you just relax when seeing something of
your own that you have chosen in advance, and maybe
also some musi c that you might like or something like
that. [Participant |D24]

In particular, the suggestion to implement notifications in the
app as areminder for using the exercises, self-assessment, and
other features was mentioned several times. There was a broad
consensus across participants that the key advantages of the app
were that it was areliable source of information on PTSD and
that it worked well as a distraction tool. A small number of
participants reported being surprised at how effective some of
the emotion regulation tools were (eg, the soothing images).

Discussion

Principal Findings

Thisqualitative study explored patients’ experienceswith using
the PTSD Help app as a stand-alone treatment before
commencing psychotherapeutic treatment. All the interviewed
participants except one (13/14, 92.9%) had used at least some
functionsin the app with the range of use among the participants
from O to 39 times during the study period. Thus, nearly all
participants had experience from engaging with the app to
report. The data also indicated a broad range of use among
participants.

A total of 3 themes were identified in the analysis—the use of
the app, being a patient, and the overall evaluation of the app.
Overall, the participants felt comfortable using the app and
experienced several functions in the app as helpful. However,
the analysis found that a subgroup of participants reported
negative experiences with the app. Finally, the wish for amore
personalized app emerged.

Our findings showed that some participants reported that
increased emotional arousal (eg, anxiety) could lead to both an
increase and a decrease in app use depending on the situation.
Thus, an optimal level of distress seemed to promote the use of
the app and increase individuals ability to use emotional
regulation strategies when needed. One could speculate that to
remember to use the app efficiently, at least some distress is
necessary. This issue is important to note, as it raises the
guestion of the existence of an optimal load of symptomswhen
using an app as a stand-alone treatment. Previous studies on the
effectiveness of mobile apps have focused on symptom
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improvement rather than patterns of use[6]. Our study suggests
that it is possible that patients who are less impaired by their
symptoms will benefit the most and be the most engaged users
of the app, whereas patients with more severe symptoms will,
to a higher degree, refrain from using the app.

What is new is our finding that a subgroup of participants
reported negative experiences with the app. Although this
appliesonly to alimited number of participants, it must be taken
serioudly, as increased symptom severity in PTSD has been
associated with increased suicidal risk [3,4]. This finding
emphasizesthe potential general challenge of app interventions
as a stand-alone treatment. In contrast to psychotherapy, where
the clinician’s continuous evaluation of the patient, including
risks, benefits, and goals, guides which intervention is used,
mHealth apps offer the same functionsto al patients, potentially
leaving vulnerable patients unassi sted in choosing and applying
interventions [25]. Although the PTSD Help app offersacrisis
management plan and strategies for coping with suicide risk,
the use of these functionsis dependent on the patient, who may
have limited insight and, as such, risk not using the functions
when needed or not being able to use the functions unassi sted.
Consequently, it could be argued that to be able to support this
vulnerable subgroup of patients, a blended care intervention,
including clinician support, is crucial.

Habits were raised as a subtheme in the way the participants
used the app. As using the app is a prerequisite to obtain an
effect, it is relevant to understand patterns of use and factors
involved in the participants’ use of the app. One perspective on
patterns of use comes from research on habits and habit
formation [26]. Devel oping habitsisadynamic processin which
behavioral control isinitially goal dependent but shiftsto context
dependence as the behavior is repeated [27]. In our study, the
participants were responsible for defining their goal on their
own and received limited contextual instructions in using the
app, and the instructions were somewhat vague (eg, ‘ when you
are feeling distressed’). The analysis found that participants
reported how forgetful ness and the use of the app not becoming
habitual caused unintentional nonadherence. Accordingly, a
recent systematic review focusing on medication adherence
across chronic medical conditionsfound that habit strength was
strongly correlated with medication adherence [28]. Focusing
on psychotherapy, a study on a guided self-help intervention
using cognitive bias modification training found a significant
treatment effect in patients with depression who reported having
created a habitual use of the practiced self-help response [29].
These findings suggest that supporting habit formation through
clinician-supported interventions on goal definition and
contextual instructions appears to be important when
implementing an mHealth app and could have had an impact
on the frequency of use of the PTSD Help app.

In relation to the previous suggestion to use a blended care
approach to support patients with potential suicidal thoughtsin
using the app, a blended care approach could also strengthen
habit formation and thus potentially be of more help. Thiswould
also apply to vulnerable patients with an increased risk of
suicide. If using the app successfully becomes a habitual
behavior, it will automatically be activated in the relevant
context and, therefore, not be dependent on available mental
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resources, which may be limited in situations with high
emotional arousal.

This study aso revealed how the waiting time until treatment
starts could feel long and stressful for the patient and result in
the patient not engaging in the app, and clinician support could
aleviate this. Previous studies have shown that including
clinician support in internet-based treatments increases the effect
size and patient adherence [30,31]. A study on a
clinician-supported version of the PTSD Coach app found
promising resultsinterms of acceptability and feasibility among
patients and clinicians[32]. The procedure in the present study
did not include clinician support, but it included a technical
support call after 3 days, which some participants perceived as
a clinical support call, which in turn might have encouraged
participants to be more engaged in using the app after this call.
Our findings suggest that providing participants with more
contextual instructions and at least some clinician support on a
regular basis may be important to make the use of the app
habitual, which could prove pivotal in optimizing the effect of

The participants evaluation of the app was closely related to
suggestionsfor change, in which awishto be ableto personalize
the app was prominent. Thisrequest is consistent with previous
qualitative studies on theinternet and mobile-based interventions
[33,34]. Although the app offers personalization of the content
to some extent, this finding echoes the need for more
personalized material and interventions. With the PTSD Help
app, this could mean changing the focus from the individual
choosing his or her own preferred functions in the app to the
app recommending relevant interventions based on a data
collection of theindividual’s specific distribution of symptoms.
Asthe app aready contains self-monitoring tools, in line with
recommendations [9], it seems plausible to use this collected
datain an automated tailoring algorithm. A variety of functions
should be offered in the app to ensure that it holds content of
relevanceto every participant with avariety of individual needs
and preferences.

Regarding age, al the participants were aged <60 years, making
it difficult to generalize the results past that age. However, the
majority of patients treated in MHS in Denmark are aged <60
years, as demonstrated in demographic datafrom alarge sample
of 2473 patientswithout adiagnosis of psychosisin MHS-CRD,
where the average age was 33.0 years [35]. Thus, our results
cannot be generalized to older adults but can mirror the average
age seen in MHS in Denmark.

Limitations

Somelimitationsinfluencethe strength of the conclusionsdrawn
from the results of this study. The sample was based on a
convenience sampling principle, because of a strict time limit
for recruitment. The most optimal sampling strategy would have
been a selected sample, which would have alowed the
information from this study to be applied beyond its settings
[36]. Furthermore, no participant in the study was older than
59 years, making it difficult to generalize our findings to older
adults.
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There is a possibility that there was a positive sampling bias,
as those participants who agreed to participate generally had a
positive attitude toward the app. Two participants were asked
to participate but declined because of areported negative attitude
toward the app. One could speculate that this positive attitude
is not necessarily the general attitude of all participants using
the app. This could also explain how the data on the total app
use showed that one participant did not engage in the app at all
during the study period, but this was not revealed in the
interviews.

The study covered participants experiences of using the app
and acknowledged that there are multiple factors, such as
technological, psychological, and social factors, which affect
the experience. These factors may not be fully covered by the
semistructured interview in this study, as they are not always
apparent to the participant or the participant may not wish to
reveal them to amember of the research team.

Future Implications

Inlight of the current COV1D-19 pandemic and the urgent need
for developing internet-based treatment services that ensure
treatment commitment and adherence, it is important to cover
the patient’s experience of using mHealth apps, as this will
provide the research field with essential information about
usability, acceptability, and possible negative effects. This
qualitative study makes an important contribution to the field
of mHealth research, showing that providing an mHealth app
to patientswith PTSD without clinician support should be done
with caution. Our findings stressthat personalization and active
interactions could be beneficial to integrate in future mHealth
apps to ensure continuous engagement and positive experiences
with the treatment. On the basis of these findings, we provide
two suggestionswhen implementing an mHealth appinan MHS
with a PTSD population: (1) using a blended care treatment
with clinician support to provide assistance and regular
psychiatric assessment as well as to stimulate habitual use and
(2) using an approach where mental health care professionals
prescribe an mHealth app for relevant patients. Using one of
these suggestions when implementing an mHealth app for
patients with PTSD in MHS will enable clinicians to identify
patients who are at risk of experiencing worsening symptoms
from using the app unassisted. Future studies could investigate
the association between use and outcome to determine if a
dose-response mechanism exists and which functions patients
seem to engage the most with signaling, which might be more
important than others.

Conclusions

This qualitative study examined how patients with PTSD
experienced the mHealth app PTSD Help as a stand-alone
treatment before commencing psychotherapeutic treatment. The
overall findings were that the majority of participants expressed
that they had a positive experience using the app, but that a
subgroup of participants reported negative experiences using
the app. The lack of habitual use of the app was aso raised to
explain a low level of use and not using the app in relevant
situations.
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There are undoubtedly many advantages in implementing
mHealth apps in MHS. Our findings demonstrate the need for
research on which patients can benefit and which patients are
at risk of experiencing worsening of symptoms from having an
mHealth app as a stand-al one treatment. We hope that this study
will serve as a springboard for future mHealth studies to form
hypotheses about which patientsin particular can benefit from

Riisager et al

using an mHealth app (either as a stand-alone treatment or as a
supplement to treatment) and explore this in a mixed methods
approach to provide new fine-grained insightsinto the research
field. As a consequence of the participants wish for a more
personalized app, we also encourage further investigation of
the possibility of developing such an app using a tailoring
algorithm to recommend interventions to the user.
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Abstract

Background: The Pfizer-BioNTech COVID-19 vaccine uses a novel messenger RNA technology to elicit a protective immune
response. Short-term physiologic responses to the vaccine have not been studied using wearable devices.

Objective: We aim to characterize physiologic changes in response to COVID-19 vaccination in asmall cohort of participants
using awearable device (WHOOP Strap 3.0). Thisis a proof of concept for using consumer-grade wearable devices to monitor
response to COVID-19 vaccines.

Methods: In this prospective observationa study, physiologic data from 19 internal medicine residents at a single ingtitution
that received both doses of the Pfizer-BioNTech COVID-19 vaccine was collected using the WHOOP Strap 3.0. The primary
outcomes were percent change from baselinein heart rate variability (HRV), resting heart rate (RHR), and respiratory rate (RR).
Secondary outcomes were percent change from baseline in total, rapid eye movement, and deep sleep. Exploratory outcomes
included local and systemic reactogenicity following each dose and prophylactic analgesic use.

Results: In 19 individuals (mean age 28.8, SD 2.2 years, n=10, 53% female), HRV was decreased on day 1 following
administration of the first vaccine dose (mean —13.44%, SD 13.62%) and second vaccine dose (mean —9.25%, SD 22.6%). RHR
and RR showed no change from baseline after either vaccine dose. Sleep duration was increased up to 4 days post vaccination,
after an initial decrease on day 1. Increased sleep duration prior to vaccination was associated with a greater change in HRV.
Local and systemic reactogenicity was more severe after dose two.

Conclusions: This is the first observational study of the physiologic response to any of the novel COVID-19 vaccines as
measured using wearable devices. Using thisrelatively small healthy cohort, we provide evidence that HRV decreasesin response
to both vaccine doses, with no significant changesin RHR or RR. Sleep duration initially decreased following each dose with a
subsequent increase thereafter. Future studies with a larger sample size and comparison to other inflammatory and immune
biomarkers such as antibody response will be needed to determine the true utility of thistype of continuous wearable monitoring
in regards to vaccine responses. Our data raises the possibility that increased sleep prior to vaccination may impact physiologic
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responses and may be a modifiable way to increase vaccine response. These results may inform future studies using wearables

for monitoring vaccine responses.
Trial Registration:

(IMIR Form Res 2021;5(8):€28568) doi:10.2196/28568

KEYWORDS

Clinical Trials.gov NCT04304703; https://www.clinicaltrials.gov/ct2/show/NCT04304703

COVID-19; wearable devices, remote physiologic monitoring; heart rate; heart rate variability; respiratory rate; sleep; REM dsleep;
deep deep; wearable; vaccine; monitoring; respiratory; physiological; cohort

Introduction

The COVID-19 pandemic has had a substantial global impact
resulting in over 165 million infections and nearly 3.5 million
deaths worldwide [1,2]. Vaccines are required to end the
pandemic. The first vaccine to receive emergency use
authorization for prevention of COVID-19 infection by the
United States Food and Drug Administration wasthe BN T 162b2
messenger RNA (mMRNA) COVID-19 vaccine (Pfizer-BioNTech
COVID vaccine) that encodes the spike protein of the
SARS-CoV-2 virus [3,4]. Following preliminary studies with
this mRNA vaccine showing neutralizing antibody response, a
phase 3 randomized clinica trial demonstrated that the
Pfizer-BioNTech vaccine was safe and had an efficacy of 95%
in reducing risk of contracting COV1D-19 compared to placebo
[4-6].

An estimated 21% of US adults report using wearable devices
that objectively measure physiologic parameters[7]. Although
marketed for personal use, the widespread nature and
convenience of these devices allows health care professionals
to monitor physiologic changesin real time [8]. The WHOOP
Strap 3.0 has been externally validated for tracking of heart rate
variability (HRV), resting heart rate (RHR), respiratory rate
(RR), and sleep stage duration [9]. HRV is determined by the
subtle variation in the time between successive heart beats, thus

HRV isameasure of the balance between the sympathetic and
parasympathetic nervous system and their composite effectson
heart rate [10].

A recent study using the WHOOP device was able to track
physiologic changes, specifically an increase in nocturnal RR
and decrease in HRV, in individuals who reported COVID-19
infection. These changes were noted 2 days before symptom
onset in 20% of individuals and in 80% of the cohort after
symptom onset [11]. Other studies have used HRV and RR
measured by wearable devices to prospectively and
retrospectively predict and identify COVID-19 infection
(confirmed by positivetesting) [12-14]. Therefore, we postul ated
that it would be possible to track an array of physiologic
responses following COVID-19 vaccination. This wearable
remote monitoring strategy could serve as a proof of concept
and guide design of future studies of the physiologic and
immune responses to vaccines.

Methods

Study Population

Internal medicine residents at Penn State Hershey Medical
Center previously enrolled in a clinical trial (NCT04304703)
using the WHOOP Strap 3.0 to measure physiol ogic parameters
were used for thisanalysis (Multimedia Appendix 1, Figure 1)
[15].

Figure 1. A total of 19 participants, 53% female, who were vaccinated with two doses of the Pfizer-BioNtech COVID-19 vaccine (mean time between
doses 19.6, SD 2.8 days), transmitted continuous physiologic data via the WHOOP device. Changes from baseline were observed in HRV and were
most pronounced on day 1 and 2 for dose 1 and only day 1 for dose 2. RR and RHR were unaffected following vaccination. Sleep duration initially
decreased on day 1 post vaccine dose 1 and dose 2, with a compensatory increase from days 2 to 4, prior to return to baseline. Sleep deprivation was
associated with ablunted HRV response, and premedication was associated with less change in RR and increasesin REM and deep sleep percentages.
HRV: heart rate variability; REM: rapid eye movement; RHR: resting heart rate; RR: respiratory rate.
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Study Design

The primary objective of this prospective observational study
was to determine the physiologic changes following the first
and second doses of the Pfizer-BioNTech COVID-19 vaccine.
Primary outcomes were percent change from baselinein HRV,
RR, and RHR for days 1 to 6 following each vaccine dose.
Secondary outcomeswere percent change from baselineduration
of total, rapid eye movement (REM), and deep deep.
Exploratory outcomes included analysis of local and systemic
reactogenicity (type and duration) associated with vaccination
and prophylactic analgesic use.

Study Procedures

Internal medicine residents were given a WHOOP Strap 3.0 to
wear to measure physiologic parameters and sleep [15] (for full
details, see Multimedia Appendix 2 [9,16-19]). Eligible
participants were surveyed to disclose their vaccination dates
for the novel Pfizer-BioNTech COVID-19 vaccine along with
local and systemic reactogenicity and analgesic use following
each vaccine dose.

Inclusion criteria for this analysis were patients concurrently
enrolled in aclinical trial (NCT04304703) using the WHOOP
device and who transmitted at least 80% of physiologic data
during the study period including at least 24 of 45 days prior to
dose one (to establish baseline metrics) and all data for the 6
days following vaccine dose one, dose two, or both. These data
cutoffswere chosen based on published data using the WHOOP
devicefor establishing achange from baselinein RR[11]. Local
and systemic reactogenicity was graded as mild, moderate, or
severe based on guidelinesfrom the Centersfor Disease Control
and Prevention [1,20]. Patients were excluded if they did not
or were unabl e to disclose the dates of vaccination (Multimedia
Appendix 3). Data were blinded to study investigators for
analysis. Recorded demographics included age, gender,
comorbidities, and year of residency training.

Data collection was approved by the Institutional Board Review
at Penn State Hershey Medical Center (STUDY 14522).
Statistical Analysis

We defined a significant change from baseline to be greater
than 5% a priori. This cutoff was set based on recent findings
in two studies: (1) changes in RR and other physiologic

Hajduczok et al

parametersin COVID-19-positiveindividual s, which were used
to develop a predictive algorithm for COVID-19 infection risk
stratification [11], and (2) precision measurements of heart rate,
RR, HRV, and REM dleep stage duration using the WHOOP
device were found to have less than 10% error [9].

The percent change of each metric for each participant in the
data set was averaged together for the overall percent change
of that metric for each day (d; equation 1). In equation 1, b, is
given as the average of the metric from the baseline period for
participant n, and x,, is the value of the metric on the day (d)
being calculated post vaccine dose.

@

To determine the effect of sleep for the week leading up to the
vaccineon the physiological effects of the vaccine, we computed
Pearson correlations between hours of sleep in the 7 days prior
to vaccine dose 1 and the percent changes of the physiological
measurements post vaccine dose 1 [21].

Symptoms were aggregated and the density of the self-reported
duration of symptoms was calculated [22]. Postvaccination
reaction severity was compared to changes in physiologic
parameters by Pearson correlations.

Results

Baseline Characteristics

A total of 19 participants met inclusion and exclusion criteria
for this analysis; 18 individuals for dose 1 and 13 for dose 2
(Multimedia Appendix 3). Participantswere 53% (n=10) female,
with an age range of 26 to 35 years and amean and median age
of 28.8 (SD 2.2) and 29 years, respectively. No comorbidities
were reported in 74% (n=14) of participants (Multimedia
Appendix 1).

Baseline metrics were collected for all participants up to 45
days prior to vaccination dose 1 (Table 1). Mean baselineswere
asfollows: RHR 63.09 (SD 6.36) bpm, HRV 52.09 (SD 21.58)
ms, and RR 16.27 (SD 1.23) respirations per minute (rpm).
Although interindividua variability in metricshad awider range,
intraindividual variability was much lower, most notably in
nocturna RR, with an intraindividual SD of mean 0.37 (SD
0.12) rpm.

Table 1. Baseline physiological and sleep metrics intraindividual mean and SD.

Intraindividual SD, mean (SD)

Metric Intraindividual mean, mean (SD)
Heart rate variability (ms) 52.09 (21.58)

Resting heart rate (bpm) 63.09 (6.36)

Respiratory rate (rpm) 16.27 (1.23)

Sleep (hours) 6.71 (0.58)

REM?sleep (%) 21.99 (6.71)

Deep sleep (%) 19.10 (2.15)

13.16 (6.94)
4.95 (1.50)
0.37 (0.12)
1.48 (0.39)
6.49 (1.23)

3.81 (0.66)

3REM: rapid eye movement.
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Physiologic Responseto COVID-19 Vaccination by
Dose

For dose 1 (n=18), therewasareductionin HRV onday 1 (mean
percent change—13.44%, SD 13.62%). HRV returned to baseline
by day 3 and remained at baseline thereafter (Figure 2A, blue;
Table 2). There was no significant change in RHR and RR
compared to basdinein the 6 daysfollowing vaccination (Figure
2B, C, blug; Table 2).

Hajduczok et a

For dose 2 (n=13), HRV decreased on day 1 (mean percent
change—9.25%, SD 22.69%) but quickly normalized to baseline
by day 2 (Figure 2A, magenta; Table 3). Similar to dose 1, there
was no significant change in RHR and RR in response to dose
2, with both metrics remaining at baseline from day 1 to day 6
(Table 3).

Figure2. Percent changefrom baselinein (A) heart rate variability, (B) respiratory rate, and (C) resting heart rate, measured 6 daysfollowing COVID-19

vaccine dose 1 (blue) and 2 (magenta). Data is reported as mean (SD).
A

9 Dose T
z 20 mm 1 —
Z - 2
= —_ —
=
S 10
-
=
-
§ 0 P bodd
=
14
E
=-10
o
‘E P SN —
-
£
g-20
1 2 3 4 5 6
Days Post Vaccine
g9
z3
o
£2
£
21
-
-
&0
=
2
o-1
E
-~
£-2 4
S
-9
_3.
1 2 3 4 5 '
Days Post Vaccine
C 10

6

o

Percent Change Resting Heart Rate (%)
L]

- -

Days Post Vaccine

https:/formative.jmir.org/2021/8/e28568

XSL-FO

RenderX

JMIR Form Res 2021 | val. 5 | iss. 8 |e28568 | p.19
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Hajduczok et al

Table 2. Percent changes from baseline in physiological and sleep metrics for 6 days postvaccine dose 1 (n=18).

Metrics Day 1, meanper- Day 2, meanper- Day 3, meanper- Day 4, meanper- Day5, meanper- Day 6, mean per-
cent change (SD) cent change (SD) cent change (SD) cent change (SD)  cent change (SD)  cent change (SD)
Heart rate variability —13.44(1362) —3.74(34.63)  4.21(27.23) ~1.32(30.39) —4.35 (26.79) —2.80 (27.46)
Resting heart rate 2.73 (5.50) -1.10(6.93) —2.23(7.31) 0.72 (8.80) 0.26 (8.68) 2.02 (11.48)
Respiratory rate 0.16 (1.95) 1.34 (1.98) -0.23(2.70) 0.02 (3.81) ~1.73 (2.56) ~1.04 (2.29)
Hours of sleep -8.41 (22.96) 5.00 (18.27) 9.41 (21.60) 7.74 (17.81) 3.21(24.38) —3.21(27.54)
Percent of REM?sleep —4.94 (37.65) —6.53 (30.06) —-5.13(33.34) —6.70 (19.62) —2.70 (31.10) —16.98 (29.41)
Percent of deep sleep 9.64 (26.30) 3.08 (23.00) 4.11 (12.66) 4,58 (15.28) —6.05 (19.58) —2.38(17.53)
8REM: rapid eye movement.
Table 3. Percent changes from baseline in physiological and sleep metrics for 6 days postvaccine dose 2 (n=13).
Metrics Day 1, meanper- Day 2, meanper- Day 3, meanper- Day 4, meanper- Day 5, mean per- Day 6, mean per-
cent change (SD)  cent change (SD)  cent change (SD) cent change (SD) cent change (SD) cent change (SD)
Heart rate variability -9.25 (22.69) 7.48 (32.44) -1.30 (19.44) -5.56 (13.70) —7.76 (13.12) 2.19 (30.22)
Resting heart rate 4.20 (9.42) 0.82(8.27) -0.15 (5.15) 1.37(6.17) 4.63 (10.38) 1.70 (12.83)
Respiratory rate 0.19 (4.10) 1.07 (6.44) -0.26 (4.00) 0.15 (3.22) -0.54(3.63) 0.13 (3.06)
Hours of sleep —2.10(26.18) 5.33 (17.71) 6.06 (23.84) 9.22 (28.37) —4.58 (20.45) 0.49 (12.30)
Percent of REM@ sleep 13.79 (45.88) -8.73(39.57) 12.67 (36.41) 0.64 (37.99) 6.12 (32.02) -8.35 (43.06)
Percent of deep sleep 4.00 (25.02) ~1.70 (19.21) 3.56 (20.31) —6.01 (22.09) 342 (21.31) —11.37 (24.40)

3REM: rapid eye movement.

Postvaccination Changesin Sleep

Tota deep duration, REM, and deep sleep duration (in hours)
were measured for all participantsfor 6 days following vaccine
administration. Total sleep duration followed a similar overall
pattern for both vaccine doses: aninitial decrease was observed
on day 1 (dose 1: mean —8.41%, SD 22.96%; dose 2: mean
—2.1%, SD 26.8%) followed by an increase above baseline on
days 2, 3, and 4, with subsequent return to baseline on days 5
to 6 (Figure 3A; Tables 2 and 3). The change in sleep duration

https://formative.jmir.org/2021/8/e28568

peaked on day 3 following dose 1 and day 4 following dose 2.
Total sleep duration was proportional to time in bed and thus
showed similar trends in response to vaccine dose 1 and dose
2.

Patterns of change in REM and deep sleep did not follow the
same pattern as total sleep duration but showed greater
variability overal (Figure 3B, C; Tables 2 and 3). Total sleep
cycles and dleep disturbances had no correlation with changes
in physiologic metrics following either vaccine dose.
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Figure 3. Percent change from baselinein (A) total sleep duration, (B) REM sleep duration, and (C) deep sleep duration, measured 6 days following
COVID-19 vaccine dose 1 (blue) and 2 (magenta). Data is reported as mean (SD). REM: rapid eye movement.
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Sleep Impact on HRV Changes

Sleep duration was evaluated 7 days preceding vaccine
administration to establish an individualized baseline. During
the baseline assessment period, participants slept, on average,
6 hours and 43 (SD 35) minutes per night, of which 21.99% (1
hour and 28 minutes) was REM sleep and 19.1% (1 hour and
17 minutes) was deep sleep. A greater amount of sleepinthe 7
days prior to receiving the first dose of the vaccine was
moderately correlated with ahigher percent changein HRV the
2 days following vaccine dose 1 (Pearson R=0.570 day 1,
R=0.494 day 2).

Postvaccination Symptoms

An array of local and systemic reactions to vaccination were
reported by participants, ranging from arm soreness to fatigue

https:/formative.jmir.org/2021/8/e28568
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and body aches. A greater frequency and duration of symptoms
were reported following dose 2 (Figure 4A, B). Arm soreness
was reported in more than 60% of participants for both doses.
The majority of symptoms subsided by hour 60 post vaccination
(Figure4A). The mean symptom duration following dose 1 was
49.7 (SD 49.2) hours, which decreased to 34.1 (SD 13.3) hours
for dose 2. The most frequent symptom duration after dose 1
and dose 2 was 24 hours. Overall, postvaccination reactogenicity
would be classified as mild to moderate, as no severe adverse
reactions such as angioedema or other allergic reactions
requiring urgent treatment were reported [1,20]. Presence of
postvaccination reactogenicity did not show astrong correlation
with changes in sleep or other physiologic parameters.
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Figure4. (A) Self-reported symptom duration following dose 1 and dose 2 of the COVID-19 vaccine. (B) Local and systemic reactogenicity experienced

by participants by vaccine dose.
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Analgesic Effectson HRV, Sleep, and Postvaccination
Symptoms

None of the 19 participants premedicated with analgesic
medications (ibuprofen or acetaminophen) prior to dose 1,
however, 7 of the 13 (54%) participants premedicated prior to
dose 2 (Multimedia Appendices 4 and 5). Overall changesin
HRV were the same in both groups (premedication vs no
premedication; Multimedia Appendix 5). Those who did not
premedicate had a greater response (increase) in RR on day 1
and day 2, but overal RR was unaffected when both groups
were analyzed together (Multimedia Appendix 4). RHR had a
slightly greater increase on day 1 for those who did premedicate
(Multimedia Appendix 4). The group that premedicated had
both a greater initial decrease and compensatory increase in
total sleep duration (Multimedia Appendix 5). This group also
had higher percentage of REM and deep sleep in the days after
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receiving dose 2, which were most prominent on day 1
(Multimedia Appendix 5).

Theduration of all reported symptoms between the groupswere
similar: participants without medi cation experienced symptoms
for a mean of 30.0 (SD 13.4) hours, and participants who
self-medicated prior to dose 2 experienced symptoms for 37.7
(SD 10.0) hours. Therewas no significant differencein symptom
severity among the two groups [1,20].

Discussion

Principal Findings

In this small observational study in a relatively young and
healthy cohort of participants, we provide evidence that
consumer-grade wearable devices can be used to measure
physiologic responseto COVID-19 vaccination (Figure 1). HRV
change from baseline was the most prominent signal in our
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study population, while RHR and RR were unaffected (Figure
2).

Decreases in HRV, a surrogate of autonomic tone, have been
shown to predict negative clinical outcomes following severe
infections [23-25]. HRV decreases have also been correlated
with an increased C-reactive protein (CRP) within the first 2
days following administration of the influenza A vaccine [26].
Lower magnitude CRP elevations have been associated with
increased risk of infection, suggesting that greater HRV
decreases and CRP increases would equate to a protective
inflammatory or immunologic response [26,27]. Thus, we

Hajduczok et al

propose that a higher percent change in HRV may equate to a
more robust immune response to COVID-19 vaccination
[14,26,28-30]. The directionality of HRV change (decrease) is
significant, as this is suggestive of increased parasympathetic
tone due to generation of an immune response to the vaccine
[14,28]. Further investigation of HRV response to vaccination
could provide a useful surrogate marker for immune system
activation (Figure 5) [31]. This could be accomplished in a
randomized controlled trial (RCT) of vaccination versus placebo
with wearable tracking of HRV in comparison to CRP levels,
antibody titers, and protection against infection.

Figure 5. Hypothetical connection between physiologic response measured by wearables (HRV, RHR, RR), inflammatory response (serum CRP and
proinflammatory cytokine levels), and host immunity dictated by antibody response to vaccination. Wearable monitoring of physiologic metrics could
potentially be asimple and effective way to track the efficacy of vaccine-mediated protection against infection (dashed arrow). HRV highlighted asthis
parameter showed the greatest changes in this study. CRP: C-reactive protein; HRV: heart rate variability; RHR: resting heart rate; RR: respiratory rate.
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Therewasrelatively no changein both RR and RHR in response
to vaccination (Figure 2B, C). Thisisof particular interest given
that spikes in RR are clinicaly relevant in prediction of
COVID-19 infection and progression of disease [1,11-13].
Although we did not directly collect data on oxygen saturation
or hypoxia, it is likely that changes in RR are specific to
COVID-19 infection, which has a predilection for pulmonary
pathology. Thus, this change would not be expected with
vaccination as, unlike natural disease, it does not impact
pulmonary function.

Interestingly, there was amoderate correl ation between change
in HRV and amount of sleep prior to vaccination (greater sleep
was associated with a greater decrease in HRV). Sleep
deprivation is known to have a significant impact on viral
susceptibility and blunted adaptive immune response in the
presence of viral vaccines [32-38]. Decreased antibody titers
and overall immune response have been observed in vaccinated
participants that are sleep deprived, most notably in response
to theinfluenzaand hepatitis A vaccine[34-39]. A recent study
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Protection against
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of 2884 health care workers showed that 1-hour longer sleep
duration was associated with 12% lower odds of COVID-19
infection [40]. Our data demonstrate that sleep duration impacts
physiologic responseto COVID-19 vaccination and, if correlated
with immune response in further studies, could be leveraged to
potentiate the effectiveness of vaccination in general.

Limitations and Future Studies

This is a small observational study in a specific cohort of
participants with no control arm. A larger powered study is
needed for formal statistical analysis of physiologic changes
and to control for baseline demographics. The lack of a control
group institutes bias; an RCT with a placebo arm (no vaccine)
would allow for comparison of physiologic metricsto acontrol
group. However, our use of percent change from baseline in
our outcomes would help overcome intraindividual variability
confounding of results (ie, individuals may have a greater
magnitude change in parameters ssimply because they have a
higher baseline, which isaccounted for by using percent change
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from established baseline). Last, this population is known to
have a greater degree of sleep deprivation secondary to duty
hours and clinical demands, which may be a confounder and
reduce the generalizability of the results [41].

Incorporation of biomarkers such as CRP is needed to
corroborate association with physiologic changes (Figure 5) as
previously observed in other vaccine studies [26,29,42,43].
Despite only exploring the response to the Pfizer-BioNTech
COVID-19 vaccine, this study further confirms the feasibility
of using wearabl e remote physiol ogic datato monitor responses
to vaccines. This ssmple method to track vaccine responses
would be useful for future novel vaccines. The key will be to
determine how well remotely monitored physiologic metrics
can predict inflammatory response, vaccination antibody titers,
and ultimately protection from infection. This may provide a
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noninvasive method for individualized prediction of vaccine
efficacy.
Conclusion

Wearable devices are now widely available to everyday
consumers, and as technology has advanced, they are being
more widely used to capture medical data[7,8,12,13,44]. This
study is a proof of concept for this remote monitoring strategy
to capture physiologic response to COVID-19 vaccines. If
correlated with immune response and vaccine efficacy in future
studies, this approach could be leveraged in the general
population to predict response to vaccines. Our data also raises
the possibility that increased sleep prior to vaccination may
impact physiologic responses. This warrants further study and
isapotentially modifiable factor to optimize vaccine response.
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Multimedia Appendix 1
Baseline characteristics of study participants.
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Multimedia Appendix 2
Description of physiologic metrics.
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Multimedia Appendix 3

Study flowchart. A total of 38 participants were initially enrolled in the study; 33 were screened for inclusion and exclusion
criteria, yielding 19 participants that were included for final analysis (18 participants for dose 1 and 13 participants for dose 2).
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Multimedia Appendix 4

Premedication subgroup analysis. Percent change from baselinein (A) heart rate variability, (B) respiratory rate, and (C) resting
heart rate, measured 6 daysfollowing COVID-19 vaccine dose 2 isreported for participants who premedicated prior to vaccination
(purple) and participants who did not premedicate (green). Datais reported as mean (SD).
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Multimedia Appendix 5

Premedication subgroup analysis. Percent change from baselinein (A) total sleep duration, (B) rapid eye movement sleep duration,
and (C) deep sleep duration, measured 6 days following COVID-19 vaccine dose 2 isreported for participants who premedi cated
prior to vaccination (purple) and participants who did not premedicate (green). Data is reported as mean and SD.
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Abstract

Background: Display signageisubiquitousand essential in hospitalsto serve several clerical, operational, and clinical functions,
including displaying notices, providing directions, and presenting clinical information. These functions improve efficiency and
patient engagement, reduce errors, and enhance the continuity of care. Over time, signage has evolved from analog approaches
such as whiteboards and handwritten notices to digital displays such asliquid crystal displays, light emitting diodes, and, now,
electronic ink displays. Electronic ink displays are paper-like displays that are not backlit and show content by aligning
microencapsulated color beads in response to an applied electric current. Power is only required to generate content and not to
retain it. These displays are very readable, with low eye strain; minimize the emission of blue light; require minimal power; and
can be driven by severa data sources, ranging from virtual servers to electronic health record systems. These attributes make
adapting electronic ink displaysto hospitals an ideal use case.

Objective: Inthis paper, we aimed to outline the use of signage and displaysin hospitals with afocus on electronic ink displays.
We aimed to assess the advantages and limitations of using these displays in hospitals and outline the various public-facing and
patient-facing applications of electronic ink displays. Finally, we aimed to discuss the technological considerations and an
implementation framework that must be followed when adopting and deploying electronic ink displays.

Methods: The public-facing applications of electronic ink displays include signage and way-finders, timetables for shared
workspaces, and noticeboards and bulletin boards. The clinical display applications may be smaller form factors such as door
signs or bedside cards. The larger, >240-inch form factors may be used within patient rooms or at clinical command centers as a
digital whiteboard to display general information, patient and clinician information, and care plans. In all these applications, such
displays could replace anal og whiteboards, noticeboards, and even other digital screens.

Results. We are conducting pilot research projects to delineate best use cases and practices in adopting electronic ink displays
inclinical settings. Thiswill entail liaising with key stakeholders, gathering objectivelogistical and feasibility data, and, ultimately,
quantifying and describing the effect on clinical care and patient satisfaction.
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Conclusions: There are severa use casesin aclinical setting that may lend themselves perfectly to electronic ink display use.
The main considerations to be studied in this adoption are network connectivity, content management, privacy and security
robustness, and detailed comparison with existing modalities. Electronic ink displays offer a superior opportunity to future-proof
existing practices. Thereis aneed for theoretical considerations and real-world testing to determine if the advantages outweigh

the limitations of electronic ink displays.

(IMIR Form Res 2021;5(8):€30862) doi:10.2196/30862

KEYWORDS

electronicink; patient satisfaction; display systems; whiteboards; hospital; deployment; proposal; implementation; communication;

engagement; efficiency; usage

Introduction

Background on Hospital-Based Signage

Display signage is ubiquitous in hospitals and is important for
daily hospital operations and clinical care [1]. Signage serves
arange of clerical, operational, and clinical functions, including
waypoint finding; displaying directions, notices, and bulletins;
and presenting and organizing clinical schedules. The use of
signs in clinical care became standard practice after a 2001
report by the Institute of Medi cine emphasi zed patient-centered
care [2]. Clinicians demonstrated that whiteboards increased
patient engagement, thereby increasing satisfaction, mitigating
common medical errors, and enhancing continuity of care[3-5].

Over the past decade, plasma and liquid crystal display (LCD)
televisions have replaced anal og surfacesto convey information.
These dynamic digital aternatives enable both public-facing
and clinical display systems to refresh and display data
longitudinally or continuously. Public-facing displays serve
general needs, including providing directions and maps,
bulletins, notices, and general information. These may require
intermittent or continuous changes, depending on the purpose
they serve. Displays serving as bulletin boards may require the
ability to display multiple messages, either requiring significant
space when presented as analog or requiring continuous
refreshes when digitally presented. Clinical display systems
present individualized patient data to clinicians or patients.
These require more ad hoc changes when anal og, creating arisk
of inaccurate information due to lapses in manua updates.
Alternatively, digital clinical displayslend themselvesto amore
automated approach through electronic health record (EHR)
linkage. Asthe cost of digitizing display systems has decreased,
thereisrenewed interest in replacing physica signagein hospital
systems with a host of digital display options.

Electronic display screens have garnered attention asan effective
aternative to traditional paper or printed signage. With
increasing network integration, LCD and light emitting diode
(LED) screens have demonstrated value despite their cost [6].
As part of a data network (ie, “internet of things'), electronic
display screens are more autonomous, alowing hospitals to
provide accurate real-time information without much, if any,
human manipulation. Electronic display screens can beremotely

https://formative.jmir.org/2021/8/e30862

updated from a central hub, reducing the time and manpower
needed for maintenance. They may be more environmentally
sustainable by reducing paper and chemical waste [6]. There
has already been traction in adopting electronic displays for
public-facing information such as hospital waypoint finding,
announcements, event postings, public health messaging, and
cafeteriamenus. These screens also have the potential to replace
standard dry-erase boards as an individualized clinical display,
standardizing information that patients receive daily or, in some
settings such as the clinic or emergency department, multiple
times each day. Each hospital will face its own unique
challenges regarding the cost of physical devices, energy use
concerns, integration difficulties, and privacy concerns for
displays of patient information. This can make adoption of
patient-facing electronic displays difficult [7].

One potentia alternative to traditional signage is the use of
electronic ink displays. Electronic ink is made of microcapsules
of black pigments and white pigments suspended in aclear fluid.
When a positive or negative electric field is applied,
corresponding particles move to the top of the microcapsule
where they become visible to the viewer. These systems are
low power, easy to read, and can be manufactured at scale.
Commercially used in eReaders and store placards and, thus,
already known to many consumers, the adoption of electronic
ink displays may serve as a viable platform to deliver
information in the hospital setting. In this paper, we described
the use of electronic ink, alow-power, high-resolution display
screen that can be adapted to multiple hospital uses. We
presented several use cases for electronic ink displays and
described an implementation schema for hospital systems
seeking to explore the use of these displays both for public and
clinical functions.

Electronic Ink

A formative devel opment of paper-like electrophoretic surfaces
wasinitiated at Xerox Palo Alto Research Center in 1974, under
the pseudonym “Gyricon” [8,9]. A thin layer of transparent
plastics with millions of small charged beads, akin to the dry
powdery substances found in toner, rotates to present one
colored side to the viewer when voltage is applied (Figure 1).
The image, once set, does not change shape until new voltage
patterns are applied.

JMIR Form Res 2021 | vol. 5 | iss. 8 |€30862 | p.29
(page number not for citation purposes)


http://dx.doi.org/10.2196/30862
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

Jambaulikar et al

Figure 1. Working principle of electronic ink displays. Image provided by E Ink.
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In the mid-1990s, a professor at the Massachusetts Institute of
Technology MedialL ab tasked 2 of hisstudentsto take the early
work of Gyricon and create avariant of electrophoretic ink that
would alow for more precise image rendering and the ability
to scale up to mass production. That project wascommerciaized
in 1997 asE Ink [8]. Unlike Gyricon’s bichromal electrophoretic
inks, E Ink instead uses microcapsules containing black and
white pigments suspended in aclear fluid. These microcapsules
are 50 microns in size and impart a more precise method of
manipulating ink particles to create high-resolution, crisp
displays. A core benefit of all electrophoretic inks is that they
only need power to change an image, not to maintain it. This
resultsin low-power displaysin comparison with standard LCD
panels(ie, 25-50 MW vs 100-200 mW for 1.5-2.5-inch displays)
[10].

The end result is areadable, “ paper-like” display that does not
require backlighting and consumes significantly less power than
typical LCD or LED screens. For the display of information
that is static and does not require constant refreshes, electronic
ink displays provide a potential alternative to more heavily
powered LCD screens. This enables electronic ink technology
to be used in places where a power source may not be available
or constant backlighting is not required. Advances in both
flexible screens and coloration enabled paper-like electronic
ink screensto be applied to avariety of consumer facing signage
such as grocery store signs, advertisements, and identification
badges[11,12].

Advantages of Electronic Ink Displays

Thereare severa advantagesto electronic ink displayscompared
with conventional LED or LCD screens. Because of the
paper-like quality of electronic ink displays, they simulate
analog paper surfaces and do not require backlighting, unlike
conventional screens. This may make reading electronic ink
displays easier by eliminating glare. Given the lack of
backlighting, electronic ink displays emit no heat, decreasing
the need for cooling systemsor vents; thisisadistinct advantage
for display screens that are integrated into wall alcoves.
Electronicink displaysare also lightweight and robust. Because
they lack aliquid polymer or crystal layer and light source, the

https://formative.jmir.org/2021/8/e30862
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thickness and weight of electronic ink displays are markedly
reduced. These features render them convenient to carry,
transport, and install, and they are generally less susceptible to
damage when dropped. Thisalso alows electronicink displays
to be placed in locations where the weight and structural
requirements of LCD panels may have been prohibitive.

Once the electronic ink has been set with the use of charges, it
remainsstatic until arefreshistriggered. Thisenableselectronic
ink displays to minimize power consumption, compared with
other screen types [10]. Displays can, therefore, be powered
over long periods of time using minima power, even with
conventional direct current batteries rather than requiring
aternating-current wall plugs. Given the minima power
required to refresh a screen or display new information,
electronic ink displays can be powered using power over
ethernet. This allows for data to flow to the electronic ink
display from a central controller while eliminating the need to
use additional power infrastructuresin existing hospital spaces.
The end result for hospital groups is that, depending on the
application, electronic ink displays may require less
infrastructure support (eg, power over ethernet instead of
requiring new electrical outlets), consumeless energy, and emit
little to no heat. These advantages may result in significant cost
savings over the course of the device's lifetime. Finally, each
electronicink display can beloaded with an integrated operating
system. This provides flexibility to the platform and can
eliminate the need to mirror the display of atethered computer.
By operating as standal one devices, electronic ink screens can
beinstalled in avariety of locations and operational settings.

Disadvantages of Electronic Ink Displays

There are several important limitations of electronic ink screens
to consider before implementation in a clinical setting. First,
due to alower screen refresh rate compared with LED or LCD
screens, electronic ink displays are not ideal for displaying
video, animations, or rapidly changing information. Because
of a set number of ink pigments suspended in electronic ink,
colorsarealso limited, compared with the wide pal ette of colors
availablein LCD and LED displays. However, recent advances
in microencapsulation have enabled combinations of colors
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with white pigment to enable color electronic ink displays. With
continued devel opment, future iterations of these systems may
produce different colorsthat advance the available color pal ette
for electronic ink displays, such as the four-pigment system,
Advanced Color ePaper, that isin development at E Ink [13].

Jambaulikar et al

Methods

Potential Applicationsin Hospital Operations

Numerous potential applicationsfor electronicink displaysexist
in ahospital setting. We classify applicationsinto 2 categories:
public-facing displays and clinical display systems (Table 1).

Table 1. Potential applications of electronic ink displays to improve hospital operations.

Criteria Type of display
Public-facing displays Clinical displays
Potential applications « Notices and bulletins for employees, patients, and « Door signsand bedside cards

caregivers

Way-finders and maps

L ocation tags and placards
Guidelines and regulations

Digital communication boardsin patient rooms
«  Tablet devices with accessto medical records

Public education and awareness messages

Public-Facing Applications

Signage can be used to provide wayfinding and information to
visitors in the hospital setting. Hospital settings are often
complex and growing and can encompass several buildings
built in different eras, creating wayfinding challenges.
Easy-to-follow signage and legibledirectionsare key to reducing
stress and improving satisfaction for patients when navigating
these campuses. Shared clinical spaces, offices, and conference
rooms may be used for different purposes at different timesand
require frequent updates to avoid confusion. Electronic ink
displays offer the opportunity to replace some of these screens,
providing easily understandable signage that can be updated
from a central location on demand.

Portable, lightweight electronic ink displays can also be used
instead of noticeboards. Often pinboards and television screens
are used to display bulletinsand general informationto visitors.
If linked to acentralized |l ocation on thelocal network, updating
electronic ink displays require less manual work than these
traditional signage methods. They are potentially lower in total
ownership cost and more energy efficient than LED and LCD
screens for this purpose, and installation may be easier,
especialy, for locationsthat do not require intensive refreshing
of screens. Since they are able to be attached to mobile carts,
they are more portable, making it less challenging to transport
them across different indoor or outdoor locations around the
hospital. During the COVID-19 pandemic, signage has been
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used to provide reminders to hospital staff and visitors of
important public health measures such as social distancing, hand
hygiene, and mask wearing. Therapid pace at which guidelines
continue to change around public health measures, testing
requirements, and other COVID-19—related interventions
suggests that the use of electronic ink displays could be an
effective, low-energy method to provide up-to-dateinformation
to hospital visitors.

Patient-Facing Applications

Electronic ink also has utility for clinical displays. In their
simplest form, electronic ink displays can be used asadoor sign
or bedside card, availablein several sizesand resolutions (Figure
2). They are easily installed with standard wall anchors, or they
can be hung on a hospital bed; they are powered for several
months with AA, AAA, or rechargeable batteries. These small
electronic ink displays can contain information about patients,
including their location or next stepsin their plan (eg, travel to
radiology department for an x-ray or acardiac stresstest). When
integrated with radiofrequency identification or low-energy
Bluetooth beacons, electronic ink displays can also function as
a wayfinding application. These applications may improve
efficiency, help provide on-demand data about a patient’s
itinerary, and relocate on-demand changes in scheduling or
clinical information to the bedside. Digital door signs and
bedside cards can be programmed to display aslittle or asmuch
information as desired and can also be used to display patient
safety elements such as precautions, alergies, and alerts.
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Figure 2. Diverse applications using electronic ink displays in the health care setting. (A) Door sign. (B) Bedside card. (C) Patient room information
board. (D) Visitor signage. Images provided by E Ink.
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Dry-erase boards have been used in the hospital to orient patients
to the date, provide information regarding their care team
members, and even communicate pain scores [14-16]. In
addition, paper and laminated signs have been used outside of
patient rooms to convey information regarding isolation status,
fall risk, and need for persona protective equipment [4]. In
some instances, hospitals display daily plans to inpatients and
their families, and, for acutely ill patients in the emergency
department, whiteboards can be used by theteamsto coordinate
care. A significant drawback to the use of paper or traditional
whiteboards is the need to manually and consistently update
them at set intervals. In busy hospital settings, this can result
in outdated or inaccurate information, creating new safety risks
that the tool was originaly intended to mitigate. As an
alternative to either a whiteboard or a backlit screen such asa
television screen, electronic ink screens can be used to display
patient information (Figure 3). Since electronic ink screens do
not emit light, they arelessdistracting to patientswho aretrying
to sleep or rest during their stay. This may be instrumental in
preventing delirium caused by persistent light stimuli from LCD
screens. By providing anindirect stimulus concerning the course
of their clinical care, it is possible that electronic ink displays
can help provide orientation to patients with prolonged staysin
the hospital, thereby addressing disorientation and delirium
[17,18]. Patients are becoming increasingly more comfortable
with the use of technology to enhance their care. In a 2012
survey study of an urban emergency department, approximately
90% of patients preferred technology-based behavioral
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RenderX

interventions [19]. Communication boards can be configured
to display data customized for each uniqueclinical environment.
Basic functionsinclude displaying information to orient patients,
such as date, time, and names and roles of the current clinical
team. Information on diagnostic tests and imaging, as well as
final disposition, may help guide patients and their familiesto
understand their clinical course and anticipate potential events
that may happen in the hospital. For patient-facing screens,
additional functionality may include displaying local weather,
transit schedules, cafeteria menus, and important hospital
notices, thereby providing on-demand information to patients
and their families. Strong communication and efficient
information delivery have been associated with improved patient
satisfaction, which may, ultimately, influence hospital choice
and improve quality of care[20,21].

The success of electronic ink displaysin hospitalsis contingent
on ther integration with existing information systems.
Legidative and regulatory changes have promoted significant
advances in interoperability. These advances have created
standard methods for connecting applications to exposed
application programing interfaces (APIS) in EHRs, alowing
for seamless data exchange. Using this exchange, electronic ink
devices may be configured to display real-time information
directly from EHRs. Additional discussion on protocols to
directly exchange information can be found under the
subheading “ Technological Considerations” in the Discussion
section of this paper.
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Figure 3. Electronic ink communication board. NPO: nothing by mouth.
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Results

We are planning several pilot studies to evaluate the use of
electronic ink screens in various hospital settings. We hope to
use these pilot studies to help delineate the best practices and
use casesfor electronic ink screensin clinical care and hospital
operations. These pilot studies will aso help develop the
information security infrastructure and support needed to
manage multiple electronic ink screens at the same time. This
programming architecture also permits custom displays of
different data on various screens. At this time, eectronic ink
displays are deployed in our emergency department to display
information about a patient’s emergency stay, and we are
investigating their effect on patient satisfaction. Other use cases
will include wayfinding through smaller display screens affixed
to hospita beds, two-way asynchronous communication between
patients and clinicians through the electronic ink screens, and
patient identification in the operating room.

Discussion

Technological Considerations

Connectivity

Ensuring secure and reliable network connectivity is an
important consideration in electronic ink display deployments.
Electronic ink displays can be deployed in severa different
manners. The simplest manner is with limited network
connectivity, requiring manual entry of information to be

https://formative.jmir.org/2021/8/e30862
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displayed. One way to deploy this is to create a virtua
environment—a server-based command control for network
displays—on the hospital network, which isdirectly connected
tothe display. Eventually, the most sustainable and future-proof
method will be to connect these displays to data sources that
are configured to update specified information such as EHRs
automatically and as close to real time as possible. Thiswould
add the most value to the efficiency and accuracy of clinical
displays inside and outside patient rooms.

Deploying alarge number of electronicink displaysin ahospital
environment has different considerations compared with the
implementation of LCD display screens. Unlike LCD screens
that require a persistent internet connection to display
information, electronic ink screens only require data connection
to change the information displays. Depending on the intended
information, electronic ink screens may, therefore, require less
internet bandwidth compared with LCD screens. The nature of
the intermittent data of electronic ink displays may also pose
less of a network security risk, as there is no maintained
continuousinternet connection; instead, the central architecture
pings each electronic ink display only when new data are
displayed. Until network infrastructure can handle the traffic,
the use of dedicated networks in the form of virtual machines
may help ensure efficient display performance and also
minimize the chance of unintended disruptions to the primary
hospital network.
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Privacy and Security

When considering the use of electronic ink displays, hospital
systems should understand the potential privacy and security
risks. Privacy breaches can occur when unencrypted data that
contain protected health information (PHI) are intercepted or
when the incorrect data are transmitted to an electronic ink
display. For example, manual updates of el ectronicink displays
in patient rooms could inadvertently expose other individuals
in the room to PHI, or, if a patient’s information is displayed
to the incorrect screen, this could result in a privacy violation.
Patient privacy is a prime concern when PHI is transmitted to
displays from EHRs. To protect against breaches in patient
privacy, data transmission should avoid use of PHI or use the
minimum PHI necessary for caredelivery. PHI or other sensitive
information that needs to be transmitted should use modern
encryption protocols. Given that electronic ink displays are
visible to anyone in the physical room, masking PHI on the

Table 2. Privacy and security considerations for electronic ink displays.

Jambaulikar et al

screen could also be considered, such as displaying patient
initials instead of full names.

Despite best practices, there remains the possibility that
manually entered data in an electronic ink display could
inadvertently be erroneous or expose PHI to another patient if
an incorrect display is loaded by mistake. These errors are
significantly mitigated through the use of automated checksand
integrated rulesin the electronic medical record that may prevent
the display of datain inappropriate locations. Notwithstanding
these technical mitigation strategies, we recommend additional
physical mitigation, including aphysical shut-off button to wipe
the screen in case individuals find unauthorized information
displayed on the screen.

Network security can be compromised when smart displaysare
used as an entry point to hospital networks or used as a
distributed denial of service attack. Understanding these risks
and creating strategies to effectively mitigate them are central
to safely deploying these technologies in hospitals (Table 2).

Potential concern Potential solutions

Privacy and data breaches .

Communicate deidentified data where possible

«  Suspend continuous network connection and data transfer when not required
«  Enable electronic ink displays to communicate viaindependent networks to minimize integration with
hospital networks unless necessary

Distributed denial of service attacks

Limit network access by only delegating accounts that need access and following institutional password
requirements

Establish alog system to audit and document evidence of undesired activity

Develop arisk-mitigation plan and an incident-response policy that may be implemented in case of emer-

gency

Establish alog system to audit and document evidence of undesired activity
Displays placed on separate networks with intermittent limited access to hospital servers only as required

Failure .

Ensure server updates and vulnerabilities are addressed

Staggered adoption with careful testing of failure rates

« Initial usein conjunction with existing standard practices
« Develop arisk-mitigation plan and an incident-response policy that may be implemented in case of emer-

gency

Openfirewall ports, used to deliver datato screens, may provide
aporta to enter a hospital network and interdict critical health
information or conduct malicious attacks against hospital
infrastructure [22]. To aleviate these risks, smart display
systems can be programmed to only connect to a hospital
network for abrief period, during which refreshes are performed
and data are transmitted. As is best practice, smart devices
should be isolated from main hospital networks.

In order to transmit sensitive notifications containing protected
health information, electronic ink displays should securely
connect to encrypted wireless networks using Wi-Fi Protected
Access 2 connection. Wi-Fi Protected Access-enterprise
encryption systems, which require a user to enter a unique
username and password to log into the network, provide an even
higher layer of security necessary for networks that transmit
confidential information. This way, even if a hacker learns the
password of one device, they cannot compromise the entire
system. Another option is to use two-factor authentication to
validate the administrator who is accessing the configuration

https://formative.jmir.org/2021/8/e30862

of the electronic ink screen. This additional layer of security
may help mitigate bot-based hacking attempts.

Malicious users with control over smart devices could also
conduct distributed denial of service attacks by sending rapid
triggers from the devices, in an attempt to overwhelm the
hospital network [23,24]. As noted previously, limiting
continuity of network transmission should address this issue.
Finaly, good stewardship of smart devices is paramount to
protecting security, such aslimiting accessonly to highly trained
staff and continually encouraging good practices.

Systems | ntegration

The success of electronic ink devices in the hospital relies
heavily on the ability to effectively update the information
displayed from a central location. For public-facing signage,
thislikely requiresthe establishment of acentralized dashboard
for content management. Patient-facing displays, on the other
hand, likely requireintegration of EHR for maximum efficiency.
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Improvements in interoperability and a nationwide focus on
providing patients access to their entire medical records have
made it feasible to propose patient-facing applications that
integrate EHRs directly. As a part of the Meaningful Use Act
[25], hospitals were incentivized to provide access to health
care information to patients. The more recent
information-blocking provision of the 21st Century Cures Act
[26] removed nearly all barriers to patients' ability to access
their hospital records. Electronic ink displays may act as a
vehicle to provide on-demand access to pertinent patient
information that could reduce barriers to accessing health
records as well as assisting hospitals in satisfying the
requirements of the Meaningful Use Act [27]. For example,
emergency department patients can obtain their personal
laboratory results or understand a status update from a consultant
who has been asked to evaluate them.

Exchange of clinical information between electronicink devices
and EHRs should be built around widely accepted standards.
Fast Healthcare Interoperability Resources [28] provides an
open-source and widely accepted means for packaging and
delivering clinical data. Although some form of health
information exchange is required as a part of the Meaningful
Use Act, each ingtitution's APl may differ. The ideal systems
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integration uses the APIs health level 7 or Fast Healthcare
Interoperability Resources, enabling and automating information
exchange on electronic ink screens[29].

A Framework for Electronic Ink Display Deployment

For health care organizations that seek to deploy electronic ink
displays, we recommend steps grounded in the plan-do-study-act
(PDSA) method (Figure 4) [30]. The PDSA method is often
used to accelerate quality improvement initiatives by rapidly
testing changes through structured planning, implementation,
observation, and iterative improvements based on pilot studies
[30]. For successful deployment of a novel technology, it may
be hepful to form a centralized committee of network
specidists, hospital administration, and clinical experts who
understand outcomes surrounding the use of electronic ink
displaysand information security, to ensure that all stakeholders
required to successfully deploy an electronic ink display can
assemble and map key tasks prior to implementation.
Establishing a central data server that can query and modify
displays in a secure manner will be critical to the success of
pilot studies, particularly, for electronic ink displays, and should
be devel oped prior to deployment of electronic ink displaysin
the clinical setting.

Figure 4. A proposed framework to deploy and evaluate the impact of electronic ink displaysin a hospital setting.

- Select limited but important use cases for pilot project(s)
- Define goals, metrics, and benchmarks
- Involve key resources and experts

- Plan for the infrastructure components
Perform information security risk assessment
Determine how to securely connect to networks
- Engage key stakeholders
- Define data elements to be displayed

- Evaluate feasibility and user experience using
System Usabhility Scale (SUS) or NetPromoter

- Evaluate Return of Investment (ROI)

- Monitor hardware stability, data security, and
network load

- Review lessons learned from the pilot
- Tweak future projects based on lessons learned for
larger, institution-wide rollout

As part of the “plan” phase, the first step in an electronic ink
display implementation is to plan for the infrastructure
components. Since the displays will require network
connectivity, hospital information security officers should be
engaged to perform a risk assessment of the technology and
mitigate any high-priority risks identified. It is also important
to limit the initial scope of work for any display during the
process of deployment. This permits a gradual rollout of
electronic ink displays and allows adequate space for
implementation issues to be resolved by the study team. Several
key stakeholders, including clinical and nonclinical steff,
patients, and patient advocates, should discuss and finalize the
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dataelementsthat make the most sensein agiven scenario. Key
discussion points should center around important identifying
information that may be displayed on the screen.

As part of the “do” phase, the team should select limited, yet
important, use cases that would benefit from a brief pilot run.
Benchmarks for success of the pilot study and the duration of
the study should be established in advance, to provide clear
parameters and expectations around deployment. Despite
selecting individual pilot studies, a central resource of
information technol ogy and device and programming expertise
should help govern and manage electronic ink displays. This
will ensurethat thereis continuity around different projectsand
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that data from projects remain unified in a central location.
Additionally, this mechanism will alow for seamless transfer
of operating systems and platformsto additional investigations
planned by the study team.

Aspart of the“ study” phase, the pilot study should be evaluated
to assess feasihility, return on investment, and user experience
of the electronic ink displays. Investigators may consider the
use of validated measures such as the System Usability Scale
or Net Promoter score to understand usability, acceptability,
and satisfaction associated with implementation of the system
[31-34]. In addition, hardware stability, power consumption
and cost, data security and quality, and network load should be
monitored during the pilot study.

Aspart of the“act” phase, lessons learned from the pilot study,
including technical, workflow, and other components of the
socio-technical model for health information technol ogy, should
be carefully reviewed [35]. Based on the pil ot studies completed,
ause case for widespread implementation should be devel oped.
Messaging with and training of the staff who will operate and
interact with electronic ink displays should occur prior to the
date when the displays become activated. To prepare for larger
rollouts, processes and protocols should be adjusted based on
these lessons learned. A dedicated governance process team,
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including the project team, information technology staff, and
ingtitutional leaders, is essentia for identifying the
appropriateness of employing smart displays for any use case.
It isalsoimportant to understand the reliability of the technology
and the impact it has on technical infrastructures, so it can be
safely used for its desired tasks.

Conclusions

Electronic ink displays may be avaluabletool to help optimize
hospital operations and communications. They have a variety
of use cases for both patients and staff. Key technical
considerations for a successful deployment include an
appropriate network connectivity, arobust content management
process, and acareful configuration that minimizes privacy and
security risks. The PDSA framework may guide hospitals,
starting with a small pilot study and iteratively refining the
process until eventually scaling to the entire organization.
Electronic ink displays present a tremendous opportunity to
future-proof existing anal og processes while overcoming some
of the disadvantages of commonly used digital modalities. The
promise might outweigh the minor limitations, but thereis still
a need for testing in real-world health care environments to
rigorously evaluate and determine the impacts of electronicink

displays.
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Abstract

Background: Smoking prevalence during and after pregnancy remains high among socioeconomically disadvantaged women.
Mobile health (mHealth) apps with game and social support elements seem promising to support smoking cessation.

Objective: This study aimsto describe the user-centered design and usability evaluation of Kindle, an mHealth app with game
and socia support elements, to support disadvantaged young women during and after pregnancy through thefirst stages of smoking
cessation.

Methods: Disadvantaged women (n=9), members of their social networks (n=4), and nurses supporting these women (n=51)
were informants throughout the iterative prototype development of Kindle according to the International Organization for
Standardization 9241-11:2018. Specific phasesincluded understanding the context of usethrough secondary analysis of qualitative
interview data (phase 1), establishing the user and organizational requirements (phase 2), production of design solutions (phase
3), and usability inspection of the prototype through a heuristic evaluation (3 experts) along with user testing by a think aloud
method (5 disadvantaged women and 5 nurses; phase 4). Usability problems were categorized according to the principles of the
Healthcare Information and Management Systems Society.

Results: Phase 1 resulted in an understanding of the VoorZorg program and the needs of VoorZorg nurses and clients (eg, focus
on early stages of change and building new supportive networks to aid clients in smoking cessation). In phase 2, we established
requirements (n=22; eg, mHealth app, secure communication between nurses and clients, easy-to-use interfaces, inclusion of
gameelements, and tailoring at early stages of change in smoking cessation). Phase 3 resulted in a prototype of Kindle, combining
the interface for nurses and clients, including the following functionalities: personal goal setting with earning points; secured
chat function between nurses and other clients; and tips, diary, and profile creation. The heuristic evaluation and thinking aoud
method in phase 4 revealed 78 usability problems in the interfaces. Most usability problems concerned simplicity (eg, unclear
clickable button) and naturalness (eg, unclear icon).

Conclusions: The user-centered design and usability testing of the mHealth app Kindle yielded useful insights. Theinvolvement
of end users, specifically socioeconomically disadvantaged women during and after their pregnancy, resulted in a prototype that
met their needs and requirements (eg, mHealth app, secure communication between nurses and clients, easy-to-use interfaces,
inclusion of game elements, and tailoring to the early stages of change in smoking cessation) to achieve readiness for smoking
cessation. Moreover, the usability evaluation by end users and experts revealed unique usability problems for this population.
Theseinsights allow for further optimization of Kindle and encourage future studies to engage disadvantaged populationsin all
phases of mHealth intervention design and usability testing.
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Introduction

Background

Tobacco smoking among pregnant women accounts for a
substantial proportion of preventable morbidity and mortality
[1]. Smoking cessation among pregnant women not only benefits
their own health but also reduces the risks of miscarriage,
preterm birth, and low birth weight [2]. Moreover, cessation of
smoking after pregnancy prevents their offspring from
secondhand smoke exposure and, consequently, from diseases
linked to secondhand smoke exposure, such as sudden infant
death syndrome and respiratory diseases[2]. Strong predictors
of smoking prevalence among women in Europe and the United
States are low levels of educational attainment, health literacy,
and socioeconomic status [3-5].

Mobile health (mHealth) apps appear to have positive effects
on smoking cessation [6,7], and theinclusion of multiple game
elements seemsparticularly promising [8]. In general, pregnant
women have been found to frequently use eHealth and mHealth
[9] and consider mHealth as a useful and playful tool [10]. In
particular, the functionalities to interact with other mothers are
useful, yet the quality of these web-based communities has been
criticized by women. Moreover, women have indicated that
interactive functionalities could be enriched by a direct chat
with their health care professionals in addition to face-to-face
care[10] and that they prefer easy-to-useinterfaces[10]. Women
have also signaled that they are more likely to be influenced by
pregnancy-related information retrieved from an mHealth
pregnancy app than widespread internet use [9]. However,
women lack mHealth apps that allow personalization and have
concerns about data security [10].

Although smoking during pregnancy is a problem among
disadvantaged women (ie, those with alower educational level,
unplanned pregnancies, and additional risk factors [3]), the
positive effects of mHealth interventions on smoking cessation
are not evident in disadvantaged populations, as these
interventions show only few improvementsin health outcomes
in disadvantaged populations [11]. Another review of
disadvantaged patients with diabetes showed that mHealth
interventions should be improved in terms of access, design,
and usability [12]. As mHedlth interventions are typically
designed with minimal involvement of end users [13], the
effectiveness of mHealth interventions among disadvantaged
populations might be improved by a user-centered design
approach. In a user-centered design approach, users influence
how a design takes shape by providing input at subsegquent
design phases, typicaly during requirement gathering and
usability testing. The added value of a user-centered approach
has been demonstrated by a meta-analysis of randomized
controlled trials on serious gamesfor health lifestyle promotion.
The effectiveness of participatory design depends on roles (eg,
informantsand co-design) and game design elements (eg, game
levels or chalenges) [14]. However, to the best of our
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knowledge, few studies have followed a user-centered design
approach in the design of mHealth apps for disadvantaged
populations [15,16].

In the Netherlands, the most disadvantaged pregnant women
are offered a preventive care program called VoorZorg, which
is supplementary to standard maternal care in the Netherlands
[17]. The program resembles the nurse-family partnership
developed in the United States [18] and the family-nurse
partnership implemented in the United Kingdom [19]. These
women are supported on multiple domains (eg, persona
development and health promotion) [20] by certified, specialized
nurses during home visits lasting 2.5 years.

On enrollment in VoorZorg (at 16-28 weeks of gestation), 43%
of the women smoked. This reduced to 33% at 32 weeks of
gestation and to 48% at 8 weeks after delivery [20]. VoorZorg
nursesfind it hard to support these women in smoking cessation
due in large part to the use of support methods that do not fit
the needs of women. Moreover, women are poorly motivated
to stop smoking because of multiple stressors and other
challenges they face [21]. Disadvantaged women appear to be
in the early stages of change for smoking cessation, and their
social networks mainly play a negative role in their smoking
cessation efforts [22]. These insights reveal a misalignment
between these women'’s contexts and traditional action-oriented
interventions for smoking cessation. Without planned
interventions, these women will remain stuck in the early stages
[23]. VoorZorg nurses and their clients are thus in need of an
innovative intervention to move women through early stages
of change with supportive social networksto stimulate them to
quit smoking. As such an intervention is still nonexistent and
recognizing the use of mHealth apps seems promising, we
developed and evaluated a smartphone prototype with game
elements to support disadvantaged young women during and
after pregnancy with smoking cessation named Kindle.

Objectives

This paper aimsto report the user-centered design process and
usability evaluation of Kindle by disadvantaged women and
health care professionals and provides insights and
recommendations regarding the design of mHealth apps for
disadvantaged user populations.

Methods

Design

In this user-centered design study, we included women from
the VoorZorg program, members of their social networks, and
VoorZorg nurses as informants in the design of Kindle. The
study was conducted from June 2017 to May 2018 in the
Netherlands. The design team memberswere designers affiliated
with Waag (an organization developing innovative, inclusive
technology for society), researchers (MD, PhD student Public
Health; MF, PhD Public Health; SS, Master of Science student
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Medical Informatics; and MJ, professor Medical Informatics
and human factors engineering expert), and aVoorZorg program
representative of the Netherlands Centre for Preventive Youth
Health. Kindle was inspected for usability by 3 human factors
engineering experts under the supervision of MJ and tested by
representative end usersin June 2018.

Informed consent was obtained from all participants in this
study. The Medical Ethics Review Committee of Amsterdam
University Medical Centers confirmed that the Medical Research
Involving Human Subjects Act does not apply to this study, and
therefore, no official approval of the committee was required.
We used the Statement on Reporting of Evaluation Studiesin
the Health Informatics framework to report our study [24].

In the iterative user-centered design process of Kindle, we
followed the standards of the International Organization for
Standardization 9241-11:2018, which supportstheidentification
and planning of effective human-centered design activities.
These design activities entail four phases: (1) understanding
and specifying the context of use, (2) specifying the user and
organizational requirements, (3) production of design solutions,
and (4) evaluating design solutions [25].

The usability of the Kindle was assessed as part of the fourth
phase. Usability is generally defined as “the extent to which a
system, product, or service can be used by specified users to
achieve specified goals with effectiveness, efficiency, and
satisfaction in a specified context of use” [25]. As no usability
method is effective in all circumstances, a combination of
usability methods that complement each other is generally
preferred [26]. One expert-based usability inspection method
is heuristic evaluation. During heuristic evaluation, a small
number of human factors engineering experts evaluate a user
interface according to a set of heuristics, which likely results
in high-quality results over short periods[26,27]. The Healthcare
Information and Management Systems Society (HIMSS)
principlesare commonly used to categorize usability problems.
These principles include simplicity, naturalness, consistency,
minimizing cognitive load, efficient interactions, forgiveness
and feedback, effective use of language, effective information
presentation, and preservation of context [28]. The think aloud
method is alow-threshold, user-based usability testing method
[29]. Think aloud entails end users performing tasks with the
user interface while verbalizing what they are doing and
provides insight into the causes of usability problems
encountered by end users, thereby providing suggestions for
redesign [26].

Phase 1: Under stand and Specify the User Context

We performed a secondary analysis on unpublished, empirical
datafrom our earlier qualitative studiesamong VoorZorg nurses
[21], clients, and the social networks of clients [22]. MD
inductively coded text fragments describing the user context,
which were then discussed with MF and MJ.
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Phase 2: Specify User and Organizational
Requirements

Overview

For the specification of user and organizational requirements,
we used the same secondary analysis of our qualitative
interviews in phase 1. Moreover, we held two intervention
design inquiry sessions, one among VoorZorg nurses and one
among clients and members of their social networks.

Participant Recruitment

Women who participated in VoorZorg, members of their social
networks, and VoorZorg nurses were involved as informants
in the user-centered design process of Kindle (ie, phases 2, 3,
and 4). Participant recruitment started by informing managers
of Youth Health Care Organizations executing the VoorZorg
program and asking their permission to contact their nurses.
The nurses were then informed about the study during a
conference. Subsequently, nurseswere asked viaemail whether
they werewilling to participate and willing to invitetheir clients
for this study. In general, the target population of VoorZorg
consists of women who at enrollment are (1) up to 28 weeks of
gestation of their first (live born) child, (2) aged <26 years, (3)
lower educated, (4) proficient in Dutch, and (5) have minimally
one additional risk factor (eg, alcohol or drug use, financial
difficulties, domestic violence, and psychosocial symptoms).
Less than 1% of the births per Dutch municipality qualify to
enroll in VoorZorg [17]. Most of these women (98%) had four
or more risk factors [30]. Next, al participating clients were
asked, by theresearcher (MD), to invite members of their social
networks to design sessions.

Inclusion was based on consecutive sampling. Women (ie,
clients) were included when they were registered in the
VoorZorg program and were in any of the stages of change in
smoking cessation [23]. Members of the social networks of
these clients were included when they were related to clients
meeting the inclusion criteria. For nurses to be included, they
must have worked as a VoorZorg nurse in the Netherlands for
aminimum of 6 months.

Response and Characteristics

Themean age of the clients (n=9) was 24 years (SD 4.29). Most
clients had a child aged <1 year (n=6) or had a child aged >1
year (n=3) and were in the early stages of change in smoking
cessation [23], smoking 2.5-20 cigarettes per day. Most
pregnancies were unplanned, with one client being pregnant
during the study. Clients either had alow educational level (ie,
primary education, prevocational secondary education, years
1-3 of higher secondary education, and vocational secondary
education level 1) or intermediate level of education (ie, years
4-6 of higher secondary education and no higher vocational or
university education) [31]. Participating members of the social
networks were partners (n=1), family members or household
members (n=1), and friends (n=2). They aso had low or
intermediate educational levels and were al current smokers,
smoking 5-27.5 cigarettes per day. Nurseswere all women and,
on average, 53 years of age (SD 10.55) with 9 years (SD 2.61)
of experience as a VoorZorg nurse, and 37 out of 97 (38%) of
their clients were current smokers (Table 1).
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Table 1. Sample characteristics of end users.
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End users Age (years), Stageof changequit-  Number of cigarettes Planned pregnancy Ageof child  Educational level
mean (SD) ting smoking smoked per day, mean (SD) (years)
Clients 24 (4.29) 7.33(6.29)
Client 1 _a — — <1 —
Client 2 Contemplation 20 No <1 Low
Client3 Action — Yes >1 Low
Client 4 Contemplation 5 No <1 Intermediate
Client 5 Precontempl ation — No <1 Low
Client 6 Contemplation 25 No <1 Intermediate
Client 7 Precontempl ation 35 Yes >1 Intermediate
Client 8 Preparation 6.5 No <1 Intermediate
Client 9 Preparation 10 Yes >1; pregnant  Intermediate
Social network 31 (12.42) 19.17 (12.33)
Member 1 Contemplation 25 N/AP N/A Low
Member 2 — — N/A N/A —
Member 3 Precontemplation 275 N/A N/A Low
Member 4 Preparation 5 N/A N/A Intermediate
Nurses 53 (10.55) N/A N/A N/A N/A N/A
3Mlissing data.

BN/A: not applicable.

We intended to recruit 8 clients and members of their social
networks in design rounds 2, 4, and 5. Approximately half of
the recruited participants (n=9) did not show up at these design
rounds (phases 2 and 3). On the basis of the standards in the
field of usability end user testing [32,33], we intended and
recruited 5 end users to evaluate the usability of each interface
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of Kindle (participation rate 100%; phase 4). Owing to the
geographical disparity of end users, some design rounds entailed
multiple sessions at different locations. Approximately half of
the participants took part in multiple phases, of which 2 nurses
participated in two rounds of phase 3 (Table 2).
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Table 2. Sample participation of end users per design phase and round.
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Phase 2
Round 1

End users

Round 2

Phase 3
Round 3

Phase 4

Round 4 Round 5 Usability

Clients
Client 1
Client 2
Client3
Client4

O O o o o

Client5
Client 6
Client 7
Client 8
Client9
Social network
Member 1 O
Member 2
Member 3 O
Member 4
Nurses
Nurse 1
Nurse 2
Nurse 3

Nurse 4

O oo o o
O oo o o

Nurse 5
Nurse 6
Nurse 7

Nurse 8

O o o o

Procedure Design Sessions

All design sessions of Kindle (ie, phases 2, 3, and 4) with end
users took place at easily accessible locations (ie, at Waag, at
Youth Health Care Organizations, and at the clients home).
Each session was prepared and guided by 1 or 2 designers,
whereas 1 or 2 researchers observed sessions but did not actively
participate in it. After each round, designers, researchers, and
the VoorZorg program representative discussed the output of
the sessionsin a project group. Researchers advised on how to
proceed to the next sessions, assimilating the output of the
sessions with evidence-based behavior change techniques. The
VoorZorg program representative advised on, in conformance
with output of the sessions, VoorZorg organizationa
requirements and opportunities. Thereafter, the designers
prepared the next session with end users.

Clientsand membersof their social environment received a€10
(US $11.8) gift card for their participation in each session;
clientsreceived an extra€5 (US $5.9) for every member of their
socia environment they brought to the session. Organizations
were compensated for their nurses' time participating in the
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design sessions (€25 [US $29.6] per participating nurse per
session). Except for the first design session, this session was
part of the nurses’ biennial training.

Specification of User Requirements

User requirements were specified in the first two rounds of
design inquiry sessions (next to the secondary analysis of our
qualitative interviews; phase 1). The first round consisted of
nurses (n=51) divided into five user groups. In these sessions,
nurse's perspectives on the requirements of the intervention to
be developed were gathered. The session started with
brainstorming why their clients quit smoking and relapse. Next,
nurses were introduced to game elements and were encouraged
to think of game elementsthat might aid their clients’ smoking
cessation or prevent relapse. Finally, nurses were asked to give
their perspectives on user requirements other than theinclusion
of specific game elements of the intervention to be devel oped.

The second round was held with clients (n=5) and members of
their social networks (n=3). Participants shared their reasons
for smoking and alternative activities they could undertake and
were encouraged to translate these activities into an app.
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Phase 3: Produce Design Solutionsto Meet User
Requirements

Preliminary design solutions were created and assessed by end
users, starting with an exploration by nurses (n=5; round 3).
Next, clients (n=5) and members of their social networks (n=2)
assessed the paper mock-up of Kindle (round 4). Finaly, an
improved paper mock-up was assessed by both nurses (n=3)
and clients (n=3; round 5).

Phase 4: Evaluate Against Requirements

Heuristic Evaluation

A total of 3 human factors engineering experts received a
guideline containing background information about VVoorZorg,
why Kindle was developed, its end users, and aims. Moreover,
the guideline explained how to install and open the app on
smartphones and entailed instructions on performing the
usability inspection. No training was given to the experts on
how to use the Kindle before the heuristic evaluation. We
instructed the experts to systematically evaluate both the nurse
and client interfaces of Kindle by freely exploring the
functionalities. Experts were asked to describe usability flaws
in detail and classify them according to the HIMSS principles
[28]. Expertswereinstructed to rate the severity of the problems
they encountered according to the Nielsen five-point Likert
severity rating (O indicating no usability problemto 4 indicating
ausabhility catastrophe) [34]. Experts were encouraged to write
comments to further explain the rationale for their ratings.

The results of the usability inspections by all 3 experts were
merged according to functionality and HIMSS principles[28].

Textbox 1. Think aloud usability tasks.

Derksen et d

The average severity score was cal culated when multiple experts
identified the same usability problem.

Think Aloud Method

All end users (ie, nurses and clients) had prior experience with
smartphone apps and were informants during the design phase
of Kindle. However, none of the participants had prior
experience with the prototype. Data collection lasted 20-50
minutes and took place at clients homes and at the nurses
workplace at Youth Health Care Organizations. Participants
used the smartphones of the evaluators to perform the usability
test of Kindle, which was video recorded via a third-party
smartphone app (ie, AZ Screen Recorder [by Hecorat Global
Technology], downloaded from the Google Play Store that
recorded the smartphone screen, audio, and user inputs). We
explained to participants that they would use the app by
performing specific tasks provided by an evaluator (MD or SS).
Participants were instructed to verbalize their thoughts while
performing the tasks. Beforethe actual usability test, participants
were given a warm-up task to practice thinking aloud. The
warm-up task was to add a specific contact and contact details
to the contactslist while thinking aloud. None of the participants
had difficulty verbalizing their thoughts during the warm-up
task.

The tasks of the usability test were based on real-life scenarios
inwhich testing of al the main functions of the app was covered.
The series of taskswere always conducted in afixed order across
participants (Textbox 1). The evaluator reminded participants
to continue thinking aloud when they stopped doing so. If a
participant was not able to complete atask after three attempts,
the evaluator provided a clue.

Nurse Interface

« Createprofile

o  Creategroup

« Managegroup

«  Manage persona goals of clients
o Usechat functiondlities

« Read and add tips (ie, advice)

Client Interface

o  Createprofile

«  Create persona goals

o Usechat functionalities

« Read and add tips (ie, advice)

o  Usepersonal diary

Toreveal and describe usability issuesin detail, one of thethink
aoud evaluators (SS) analyzed the videos by coding
participants’ utterancesand user input per task (ie, functionality).
A usability issue was reported when a participant was not able
to completetheinstructed task in her first attempt. Thereported
usability problems were then categorized according to the

https://formative.jmir.org/2021/8/€24112

HIMSS usability principlesby athink aloud evaluator (SS) [28].
Next, the think aloud protocols were merged by the end user
group to provide an overview of usability problems per
functionality. These were then merged with the findings from
the heuristic evaluation, after which all usability problemsfrom
the heuristic eval uation and think a oud method were discussed,
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and recommendations were made to resolve each usability
problem (SS, MD, and MJ).

Results

Outcomes Phase 1: Under standing and Specification
of the User Context

A secondary analysis of qualitativeinterview datarevealed that
clients generally indicated good relationships with their
VoorZorg nurse. During home visits, clients and nurses kept in
touch via WhatsApp, with varied intensity (eg, some clients
and nurses only communicated concerning appointments and
others would regularly ask personal and medical questions via
WhatsApp). Most clients interviewed did not have a job nor

Textbox 2. User and organizational requirements.

Derksen et d

were they currently enrolled in education. A number of clients
did not live on their own but, for example, lived with their
parentsor in assisted living facilities. Clients had limited social
networksand were normally not in contact with other VoorZorg
clients. All interviewed clients had a smartphone and accessto
the internet. Only afew clients had a tablet, laptop, computer,
or game console.

Outcomes Phase 2: Specification of User and
Organizational Requirements

The user and organizational requirements that we identified
during the first two rounds of Kindle's design sessions with
nurses, clients, and clients’ socia networks were divided into
design requirements and functionality requirements (Textbox
2).

Design
«  Mobile health app

. Easytouse, simple use of language, little use of texts, and visualizing content due to lower health literacy of clients

«  Socid media-ike design

«  Not necessarily be presented as smoking cessation intervention

«  Harmonizing VoorZorg values (ie, no advising, judging, patronizing, pedantic tone, and yet following and endorsing clients)

«  App with multiple functionalities to digitalize aspects of the VVoorZorg program

«  Usablefor both nurses and clients
«  Nonaddictive or time consuming
« Nocostsfor clients

«  Not childish

. Positivefocus

Functionalities

«  Enabling secured communication between nurses and clients (ie, social support)
«  Enabling anonymous communication between clients (ie, peer contact)

« Tailored at early stages of changein smoking cessation (ie, precontemplation, contemplation, and preparation [23])

«  Focuson gaining control over life
«  Providing away of dealing with stressors and boredom

« Arousing intrinsic motivation for smoking cessation

«  Providing clients with self-understanding and building self-efficacy in clients (ie, social support)

« Rewarding and acknowledging clients' efforts (ie, social support and game element)

«  Chalenging (game element)

«  Earning points or compliments efforts (ie, social support and game element)

«  Providing information

Outcomes Phase 3: Production of Design Solutionsto
Meet User and Organizational Requirements

The design sessions resulted in apreliminary prototype, named
Kindle (Textbox 3; Figures 1-6), meeting all user and
organizational requirements.
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Textbox 3. Intervention characteristics of Kindle.

Name

Type of Intervention

Aim

Targeted Deter minants

Setting

Nurse I nterface Functionalities

Client Interface Functionalities

Game Elements[35]

Kindle

Mobile health app

To support women through the first stages of smoking cessation

Increasing clients' readiness for smoking cessation
Creating a supportive socia network for clients

Increasing clients' self-efficacy in obtaining personal goals
Increasing clients’ knowledge and self-efficacy (eg, tips)
Improving communication with nurse (eg, secured chatting)

Processing difficultiesin life (eg, diary)

Developed for use in a care setting and at clients home

Set up aprofile by entering their name and choosing an avatar representing themselves and choosing from taking a picture with their smartphone
cameraor an image from their smartphone gallery (Figure 1).

Manage clientsfrom the admin panel. Nurses can add and del ete clients to and from Kindle. Moreover, nurses can block clientsfrom participating
in the group chat (Figure 2).

Endorse and reward clients for their progress in obtaining their goals by assigning hearts (ie, heart-shaped points).

Communicate with clients via secured private chat and group chat (Figure 3; ie, secured server). All messagesin the chat functionality could be
loved by tapping a heart-shaped button (ie, similar to the “like” functionality on social media), by which clients were empowered in their
contributions to the chat.

Create tips or moderate tips shared by clients (Figure 4).

Set up aprofile by entering their name and choosing an avatar representing themselves and choosing from taking a picture with their smartphone
cameraor an image from their smartphone gallery (Figure 1).

Formulate personal goals (ie, “heart desires’), by which they could work on resolving barriers for smoking cessation and build self-efficacy in
obtaining personal goals. Women can select a category (ie, being amother, healthy lifestyle, my child, work and leisure, safety, finances, talking
and listening, family and friends, and help) and then enter their personal goal (Figure 5). Clients could enter three active personal goals to work
on at the same time.

View their personal goa attainment progress (ie, 50 hearts represent an obtained goal).

Communicate with nurse via secured private chat and group chat. All messages in the chat functionality could be “loved.”
Read and create tips by and for other clients.

Write private postsin their digital diary; clients could also add images to their posts (Figure 6).

Avatar creation (ie, setting up profile)

Player management features (ie, personal goals and progress)
Intermittent rewards (ie, earning hearts with progress in personal goals)
Social utility (ie, tips)

Support network (ie, chat)

User input (ie, tips and diary)
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Development Stage
.  Early—the prototype had limited functionality, being a series of screenshots that were linked together via clickable buttons

Figure 1. Example screenshot of the profile creation section where the user can choose an avatar (identical in both interfaces).
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Figure 2. Example screenshot of the admin panel in the nurse interface of Kindle.

Q Search contacts

Group name: Leah's group

Figure 3. Example screenshot of the group chat functionality in the nurse interface of Kindle.

:.‘ Leah's group
()

Samantha
Hi Ava, Great tip you shared
on changing a diaper! v
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Figure 4. Example screenshot of the tip functionality of the nurse interface of Kindle.
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Figure 6. Example screenshot of the diary functionality of the client interface of Kindle.

)

01-06-2018

d’

Today I exercized for the first
time. It was hard but fun to do!

O

Outcomes Phase 4: Evaluation Against Requirements

Usability ProblemsWithin the Nurse | nterface of Kindle

We found 37 usability problems within the nurse interface of
Kindle (Figure 7). We identified the general problems and
problems related to functionalities. Most usability problems
(n=12) were found in the admin functionality (eg, issues of
consistency—using the same icon or button with different
meanings), followed by the chat function (n=9; eg, issues for
efficient interactions—it is unclear when messages are sent).
Most usahbility issues revealed by both evaluation methods
concerned violation of the simplicity of the HIMSS principles
(eg, the private chat function is hidden in the admin menu) and

&

Q

naturalness (eg, unclear icons). Intotal, 24 of 37 (65%) potential
usability problems were detected in the heuristic evaluation, 7
of 37 (19%) usability problemswere detected in thethink aloud
method, and 6 of 37 (16%) usability problems were detected
by both heuristic evaluation and think aloud. The mean severity
of usability problems detected through heuristic eval uation was
rated rated as 1.8 (SD 1.00), reflecting that the usability
problemsfound by expertswere, on average, minor. We provide
a complete overview of the usability problems of the nurse
interface of Kindle, per the HIMSS principle found through
heuristic evaluation and think aoud and provide a
recommendation to solve the issue (Multimedia Appendix 1,
Table S1).

Figure 7. The number of usability problems within the nurse interface per functionality and principle.
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Usability ProblemsWithin the Client | nterface of Kindle

In total, 41 usability problems within the client interface of
Kindle were discovered (Figure 8). We identified general
problems and problems based on their functionality. Most
usability problems (n=11) were found in the chat functionality
(eg, issue of consistency—the group chat does not have the
heart icon next to the input field, unlike the private chat),
followed by the personal goals function (n=9; eg, issue of
simplicity—the numbers above the golden heart icons are
unclear). Most usability issues by both evaluation methods
concerned violation of the HIMSS principles simplicity (eg, it
isnot clear that the heart isaclickable button to give alike) and

Derksen et d

naturalness (eg, it isnot clear that thelock icon in the navigation
bar represents a diary). In total, 31 of 41 (76%) potential
usability problems were detected in the heuristic evaluation, 4
of 41 (10%) usability problemswere detected in thethink aloud
method, and 6 of 41 (15%) usability problems were detected
by both heuristic evaluation and think aloud. The mean severity
of usability problems detected through heuristic eval uation was
rated as 1.8 (SD 0.81), reflecting that the usability problems
found by experts were minor. A complete overview of the
usability problems of the client interface of Kindle, per the
HIMSS principle found through heuristic evaluation and
thinking aloud, and arecommendation to solve theissue can be
found in Multimedia Appendix 1, Table S2.

Figure 8. The number of usability problems within the client interface per functionality and principle.
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Recommendations to | mprove the Usability of Kindle

For each usability problem, researchers SSand MD and human
factors engineering expert MJ made recommendations to
improve the usability of the nurses and client interface of the
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Kindle prototype (Multimedia Appendix 1, Tables S1 and S2).
A final iteration round following the recommendations resulted
inafinal version of Kindle (Textbox 4; Figures 9-11). Thisfinal
version was evaluated in a pilot study.
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Textbox 4. Final version of intervention characteristics.

Name

« Kindle

I ntervention Type

.  Mobile health app

Aim

«  To support women through the first stages of smoking cessation
Targeted Deter minants

« Increasing clients readiness for smoking cessation

«  Creating a supportive social network for clients

« Increasing clients' self-efficacy in obtaining personal goals

o Improving communication with nurse (eg, secured chatting)

Setting
Developed for use in a care setting and at clients' home
Nurse Interface Functionalities

o Manageclientsfrom the admin panel. Nurses can add and del ete clients to and from Kindle. Moreover, nurses can block clientsfrom participating
in the group.

«  Endorse and reward clients for their progress in obtaining their goals by assigning hearts (ie, heart-shaped points).

«  Communicate with their clients via a secured private chat and group chat (ie, secured server). All messages in the chat functionality could be
“loved” by tapping a heart-shaped button (ie, similar to the “like” functionality on social media), by which clients were empowered in their
contributions to the chat.

Client Interface Functionalities

«  Formulate personal goals (ie, “heart desires’), by which they could work on resolving barriers for smoking cessation and build self-efficacy in
obtaining personal goals. Women can select a category (ie, being amother, healthy lifestyle, my child, work and leisure, safety, finances, talking
and listening, family and friends, and help) and then enter their personal goal.

« View their goal attainment progress (ie, 50 hearts represent an obtained goal).

«  Communicate with their nurses viaa secured private chat and in agroup chat with peers (ie, other clients). All messagesin the chat functionality
could be “loved.”

Game Elements[35]

«  Player management features (ie, personal goals)

. Intermittent rewards (ie, earning hearts with progressin personal goals)

o Support network (ie, chat)

Development Stage

o Advanced: fully functional for pilot implementation and eval uation.
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Figure 9. Example screenshot of the goal setting functionality in the client interface of Kindle.
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Figure 10. Example screenshot of the goal setting functionality in the nurse interface of Kindle.
allBenNL & 11:19 51% @)

{ Clients

Current goals

@ - Quitting smoking in the next month

5/50

£ - More me-time
20/50

£ - Play with my son every day
0/50

4| |

Achieved goals

) - Chat with other girls in the
Kindle app every week

50/ 50

v &

Personal Goals Chat
Figure 11. Example screenshot of the group chat functionality in the client interface of Kindle.
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Discussion

Principal Findings

In this paper, we describe the user-centered design and usability
evaluation of an mHeath app (Kindle) that supports
disadvantaged young women during and after pregnancy by
moving through the first stages of smoking cessation.
Disadvantaged women, members of their social networks, and
nurses were informants throughout the phases of the iterative
prototype design. In the first phase of the intervention design,
secondary analysis of qualitative interview data revealed that
nursesand clientskeep in touch through WhatsA pp during home
visits and that all interviewed clients had smartphones and
internet access but usually possessed no other devices. The
clients were not in contact with other clients. In phase 2, we
established user and organizational requirements from the
secondary interview data and design sessions with end users.
The main requirement was that the intervention should be an
mHealth app, offering secure communication between nurses
and clients. Moreover, the intervention should betailored to the
early stages of change in smoking cessation, include game and
social support elements, and have easy-to-use interfaces. In
phase 3, the Kindle prototype with game elements was
developed technically. Kindle combines a nurse and client
interface and includes the following functionalities: personal
goal setting with earning points, chat function with anurse and
other clients, tips, and admin function or diary and profile
creation. Prototype usability (phase 4) was evaluated by a
combination of heuristic evaluation among experts and think
aloud sessions among end users (ie, nurses and disadvantaged
women). We found 78 usability problems for both interfaces.
Most usability problems concerned violation of the principles
of simplicity and naturalness and were found in the chat (both
interfaces), admin (nurse interface), and goal setting (client
interface) functionalities. Following the recommendationsfrom
the usability evaluation, afinal iteration round resulted in afinal
version of Kindle.

Comparison With Prior Work

The first phase of our user-centered design was devoted to
understanding and specifying the user context, resulting in a
specific focus on the early stages of smoking behavior change
[23]. This is in contrast to action stage-oriented smoking
cessation apps, which are widely available or being devel oped
[7,36,37]. The use of thetranstheoretical model in interventions
is associated with positive effects on health behavior [38].
According to an inventory by Paige et al [37], processes of
change that aid people in moving through stages of behavioral
change are widely applied in mHealth apps for smoking
cessation, including Kindle. Moreover, in accordance with other
research [8,39-42], the first phase highlighted the importance
of supportive social networks for smoking cessation.

By involving both end user groups (clients and nurses), we were
able to identify key user and organizational requirements (ie,
phase 2) and to incorporate them into Kindle's design solution
(ie, phase 3). This coherence of the mHealth app with user
objectives or requirements has been identified as one of the
critical factors for smoking cessation mHealth apps [43].

https://formative.jmir.org/2021/8/€24112
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Moreover, we involved end users as informants in our design
process, which has been found to be more effectivein changing
behavioral determinants [14]. The involvement of
socioeconomically disadvantaged populations thus appears to
be afeasible and effective strategy in mHealth design.

One of the user requirements of Kindle that we identified was
the use of game elements and socia interactions. Previous
research has also suggested the potential of social featuresin
serious games for smoking cessation [8]. Moreover, pregnant
women in other studies also highlighted the usefulness and
playfulness of social interaction functionalitieswithin mHealth
[10]. Yet, among smoking cessation mHealth apps, few have a
gameor social naturesimilar to that of Kindle[37,44,45]. Kindle
further comprises aunique, secured chat functionality, whereas
only 16% of mHeath smoking cessation apps integrated
web-based communication exclusive to the app [37]. This is
striking  because  peer-to-peer  communication  and
communication with an advisor (eg, health care professional)
is associated with more effective eHealth interventions [ 38,46]
and is generally highly preferred among pregnant women in
web-based apps [10].

Goal setting and rewards were included as game elements in
Kindle. Thesefunctionalitiesare a so regularly found in smoking
cessation mHealth apps[44,47] and appear to have asignificant
positive impact on health behavior [38]. However, only 15%
of mHealth appsfor smoking cessation have aprogresstracking
feature similar to that of Kindle [44]. As we did not find
evidence on the effectiveness of functionalities or game elements
concerning sharing or creating tips and keeping a digital diary,
these elements were not incorporated in the final version of
Kindle.

Aligning interventionsto thelow health literacy levels of clients
was another user and organization requirement. Similar to
Kindle, most mHealth appsfor smoking cessation incorporated
plain usage of language as part of health literacy considerations

[37].

Finally, it was also a user and organizational requirement that
the app be free of charge for end users. Kindle will be freely
available, similar to many other smoking cessation mHealth
apps [37,44,45,47].

In our usability evaluation, human factors engineering experts
inspected and end userstested for each interface (ig, clientsand
nurses) of Kindle through heuristic evaluation and think aloud,
respectively, which has now become a general practice in
usability evaluations [48]. The types of problems detected in
our study differed according to each evaluation method. The
think aloud method with end users disclosed more critical
usability problems, concerning being able to actually use the
app asintended, whereas the heuristic eval uation among experts
mainly resulted in the disclosure of less severe, noncritical
problems, concerning the ease of use of the app or aless optimal
user experience. These findings are in accordance with earlier
research [49,50] and demonstrate that the combination of expert
and user usability methodswastruly complementary, and result
in surplus value in the design of a usable app [26,49].
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Most usability problems were found in the chat functionality
of both interfaces, the admin function in the nurse interface,
and goal setting in the client interface and concerned simplicity
and naturalness issues. We formulated recommendations to
resolve these issues, so that Kindle, similar to other smoking
cessation mHealth apps, obtains good scores on functionality
and esthetics [45]. According to participantsin co-designing a
self-management mHealth intervention, an app’s usability and
intuitiveness might be negatively affected by the inclusion of
numerous functionalities [51]. Consequently, in the final
iteration round, Kindle is expected to benefit from fewer
functionalities, whereasthe remaining ones (ie, goal setting and
chat) should follow usability standards.

Usability evaluations among disadvantaged populations are
scarce [12]. However, disadvantaged populations may reveal
unique usability problems in terms of the content and
functionalities of interventions [52]. This was also reflected in
our study, where disadvantaged women reveal ed approximately
10% (4/41) of the usability problems with the client interface.
Nurses detected more usability problems (approximately 7/37,
19%), yet these were mainly found in the admin function, which
was not a functionality of the client interface. This relatively
low number of problems might be a positive side effect of our
user-centered approach to the design of Kindle, which is
expected to resolve potential usability issues in early stage
versions of the intervention.

Strengths and Limitations

A strength of our study was the involvement of end users
throughout all phases of the user-centered design and usability
evaluation of Kindle. The involvement and input of
disadvantaged women in the design sessions were highly
valuable. In this way, we were able to meet their (and
organizational) requirements. This will likely result in higher
acceptance of the implementation of Kindle as an intervention
and, consequently, is expected to support its effectiveness.
Another strength of our study was the triangulation of methods
in the fourth phase of Kindle's design. We used two types of
usability evaluation methodsto detect usability problemsin our
prototype, which provided us with a more compl ete overview
of usability problems, as only approximately 15% (6/37 and
6/41) of the usability problems found by think aloud and
heuristic evaluation overlapped.

Our study also had limitations. First, the design sessions were
attended by fewer clientsthan intended and recruited. Theclients
often did not show up to asession they had confirmed to attend.
Involving disadvantaged populationsin research is challenging
[5,53]. Moreover, with less than 1% of the births per Dutch
municipality qualifying to enroll in VoorZorg, our target
populationisvery small. Nonethel ess, we succeeded in fulfilling
multiple rounds of design with mixed compositions of
participants. In qualitative health research and usability end
user tests, smaller sample sizes are acceptable, as they provide
higher information power [32,33,54].

Another limitation was the involvement of alimited number of
members of women's socia networks in most rounds of
intervention design. Identical to clients' no shows, we were not
ableto recruit asmany members of social networks asintended.
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However, during Kindl€' sdesign process, we found that existing
socia networks mainly had a negative rolein clients' smoking
cessation efforts [22], and clients wanted support from peers.

Moreover, we eval uated the usability of aprototypewith limited
functionality. The think aloud method was based on certain
real-lifetasksthat covered all the functionalities. Thismay have
highlighted other usability problems that would have occurred
during free use of the app. The limited functionality of the
prototype may also have resulted in an incomplete insight into
usability problems. However, conducting a usability evaluation
using heuristic evaluation and think aloud is common in early
system design phases, as insights can be used to redesign the
system [26].

Practical and Research Implications

Our study adds to the limited existing research following and
reporting on all phases of user-centered design of mHealth
interventions aimed at disadvantaged populations and a small
fraction of studies that report the results of their usability
evaluation [48]. Our study indicates that disadvantaged women
are capable of participating in all phases of the intervention
design. Their input has been valuable in detecting their needs
and important usability problems while performing tasks to
evaluate Kindle's usability. However, the attendance of
disadvantaged women in the design sessions was less than
intended and recruited. Thisimpliesthat moreresearchisneeded
to gain insight into how disadvantaged populations can be
involved in all user-centered design processes and usability
eva uations of mHealth interventionsaimed at these popul ations.
This may help achieve improved intervention reach, adoption,
and implementation among disadvantaged populations.

Another research implication stems from the attendance of
multiple clients in the design sessions. This showed the added
value of connecting clients with other clients (ie, peers), rather
than involving existing social networks of women in the
intervention design. The social interactions were positive,
supported clients, and inspired both end users and designersto
incorporate aspects of theseinteractionsin the design solutions.
More research is needed on the effectiveness of such social
components of digital interventions on health behavior change.

Practically, we will use the results of this study to pilot test
Kindle in the VoorZorg context. Finally, we aim to implement
Kindle in the nationwide VoorZorg program and other Dutch
care settings that encompass intensive support from health care
professional s with disadvantaged clients.

Conclusions

The user-centered design and usability evaluation of Kindle
provided valuable insights for improving its first design. By
involving health care professionals and socioeconomically
disadvantaged, young women during and after their pregnancy
(ie, end users), we were able to gain insight into their context,
needs, and requirements. Consequently, together with the end
users, we were able to meet their requirements to achieve
readiness for smoking cessation in our first design solution. We
evaluated the usability of the prototype through expertsand end
users, which revealed unique usability problems for this
population. These insights allow for further optimization of
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Kindle, and we encourage future studies to engage usability testing.
disadvantaged populationsin mHealth intervention design and
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Abstract

Background: Maintaining a healthy lifestyle is important for wheelchair users' well-being, as it can have a major impact on
their daily functioning. Mobile health (mHealth) apps can support a healthy lifestyle; however, these apps are not necessarily
suitable for wheelchair users with spinal cord injury or lower limb amputation. Therefore, a new mHealth app (WHEELS) was
developed to promote a healthy lifestyle for this population.

Objective: The objectives of this study were to develop the WHEEL S mHealth app, and explore its usability, feasibility, and
effectiveness.

Methods: The WHEELS app was developed using the intervention mapping framework. Intervention goals were determined
based on a needs assessment, after which behavior change strategies were selected to achieve these goals. These were applied in
an app that was pretested on ease of use and satisfaction, followed by minor adjustments. Subsequently, a 12-week pre-post pilot
study was performed to explore usahility, feasibility, and effectiveness of the app. Participants received either a remote-guided
or stand-alone intervention. Responses to semistructured interviews were analyzed using content analysis, and questionnaires
(System Usahility Score [SUS], and Usefulness, Satisfaction, and Ease) were administered to investigate usability and feasibility.
Effectiveness was determined by measuring outcomes on physical activity, nutrition, sleep quality (Pittsburgh Sleep Quality
Index), body composition, and other secondary outcomes pre and post intervention, and by calculating effect sizes (Hedges g).

Results. Sixteen behavior change strategies were built into an app to change the physical activity, dietary, sleep, and relaxation
behaviors of wheelchair users. Of the 21 participantsincluded in the pilot study, 14 participants completed the study. Theinterviews
and questionnaires showed a varied user experience. Participants scored a mean of 58.6 (SD 25.2) on the SUS questionnaire, 5.4
(SD 3.1) on easeof use, 5.2 (SD 3.1) on satisfaction, and 5.9 (3.7) on ease of learning. Positive developmentsin body composition
werefound on waist circumference (P=.02, g=0.76), fat mass percentage (P=.004, g=0.97), and fat-free mass percentage (P=.004,
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0=0.97). Positive trends were found in body mass (P=.09, g=0.49), BMI (P=.07, g=0.53), daily grams of fat consumed (P=.07,

0=0.56), and sleep quality score (P=.06, g=0.57).

Conclusions: The WHEELS mHealth app was successfully developed. The interview outcomes and usability scores are
reasonable. Although thereis room for improvement, the current app showed promising results and seems feasible to deploy on

alarger scale.

(IMIR Form Res 2021;5(8):€24909) doi:10.2196/24909

KEYWORDS

mHealth; mobile app; lifestyle; usability; feasibility; wheelchair users; spinal cord injury; lower limb amputation

Introduction

A hedlthy lifestyle is known to be beneficial for a person’s
well-being and happiness in many ways [1]. Healthy lifestyle
behavior is especially important for wheelchair users owing to
its major impact on their daily level of functioning [2].
Nevertheless, physical inactivity, obesity, and low vitality are
common among wheel chair userswith spinal cord injury (SCI)
or lower limb amputation (LLA), which increase the risk of
secondary health problems such as cardiovascular disease and
can cause a reduced quality of life [3-9]. Therefore, it is
important for wheelchair usersto be encouraged to achieve and
maintain a heathy lifestyle during and after inpatient
rehabilitation [10-13].

Despite encouragement during inpatient rehabilitation, it appears
to be difficult for wheelchair users with SCI or LLA to adopt
or maintain the recommended physical activity levels and
healthy diet after discharge [12,14-16]. Environmental factors
such asfitness centers not having accessibletoilets and personal
factors such as lack of knowledge and motivation can play a
role in this lack of physica activity. One of the barriers for
maintaining a healthy lifestyle is the lack of professional
guidance after discharge. Wheelchair users with SCI or LLA
clearly express their need for such support [17,18], and guided
interventions have shown positive effectsfor behavioral change
and maintenance[19-21]. To save costs and time, mobile health
(mHealth) tools could be used to support the professional in
providing this additional guidance, which has been shown to
be an effective method for changing behavior [22]. mHealth
tools focus mainly on persona determinants of behavior.
Although they cannot remove existing barriers in the physical
or societal environment, they can increase the knowledge and
skills to cope with these barriers.

mHealth provides the opportunity to stimulate, support, and
monitor a healthy lifestyle at the individual and group levels
[11]. Given that smartphones have become an integral part of
our lives, mHealth seems to be a promising tool supporting
healthy changes in physical activity, sedentary behavior, diet,
relaxation, and deep. A hedthy lifestyle refers to the
combination of healthy physical activity with appropriate
dietary, relaxation, and deep behaviors. Successful
self-management apps have been developed for people with
chronic conditions[23,24]. People tend to value mHealth apps
that support goal-setting, and provide information and advice,
feedback, self-monitoring tools, social support, and
reinforcement [25]. The use of an appropriate combination of
techniques to change lifestyle-related determinants mediates

https://formative.jmir.org/2021/8/e24909

the potential effectiveness of an mHealth app [26,27]. However,
determinants of physical activity, nutrition, and sleep can vary
among populations and are different in individuals with a
disability [28]. To date, there is no mHealth app designed
specifically for wheelchair users with SCI or LLA to target all
of these behaviors simultaneously. Therefore, in the Wheel chair
ExercisE and Lifestyle Study (WHEELS) project, an existing
lifestyle app for healthy able-bodied people was adapted for
wheelchair users with SCI and LLA based on the intervention
mapping protocol [29].

Targeting behavior change specificaly for wheelchair users
includes overcoming additional social barriers, which wastaken
into account during devel opment of the WHEEL Sapp [30]. An
intervention targeting the combination of physical activity and
dietary behavior seemsto be superior to anintervention targeting
physical activity or diet alone in weight management and
improving health [31,32]. Because poor sleep quality and lack
of sleep have a negative association with weight regulation, it
seems to be of added value to also target resting and sleep
behavior [33-35]. Given the positive rel ations between physical
activity, diet, and sleep behavior, aswell ascombining multiple
healthy lifestylefeatures, alifestyle app was designed in which
physical activity, dietary, sleep, and resting behaviors were
targeted simultaneously [35-37].

To evaluate this combined lifestyle app, a usability and
effectiveness study was performed in wheel chair userswith SCI
or LLA. A multicomponent intervention, which isacombination
of different intervention components such as an app combined
with counseling, seemsto be more effective than a stand-alone
app intervention [25]. This raised the question as to whether
thiswould also be the case among wheelchair users. Therefore,
both a stand-alone and a remote-guided version of the mHealth
intervention were applied during the intervention period. In the
remote-guided version, personal guidance from alifestyle coach
was offered throughout the intervention period. The aims of
this study wereto: (1) describe the devel opment of the WHEEL S
mHealth app; and (2) explore its usability, feasibility, and
effectiveness.

Methods

Development of the mHealth Intervention Using
Intervention M apping

The WHEELS lifestyle app was developed using the
intervention mapping framework for planning theory- and
evidence-based health promotion programs[38]. Thisframework
consists of six steps: (1) perform a needs assessment and state
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intervention goals; (2) construct matrices of change objectives,
(3) choosetheory- and evidence-based behavior change methods
and practical applications to deliver them; (4) pretest, refine,
and produce the program; (5) develop an implementation plan;
and (6) create an evaluation plan. These six intervention
mapping steps to plan a mobile lifestyle intervention for
wheelchair users with SCI or LLA, focusing particularly on
steps 1 to 4, are presented in detail in Multimedia Appendix 1.

App Description and Content

The WHEELS app is targeted toward wheelchair users with
SCI or LLA to help them comply with the scientific exercise
guidelines for adults with SCI [7], achieve a healthy energy
balance, and achieve a healthy balance between exercise and
sleep/relaxation. In the app, wheel chair users are guided to these
intervention goals by providing them knowledge and a format
for setting personally meaningful subgoals and the
functionalities described below. To work with the app, the user
creates an account that they can personalize. Personal
characteristics are used to provide feedback within the app (eg,
height, body mass, and activity level are used to estimate resting
energy expenditure). When logging in, users can navigate
through the app from the home screen as shown in screenshot

https://formative.jmir.org/2021/8/e24909
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1in Figure 1. From the home screen, users can navigate to the
“Individual exercises’ and “Exercise program” tiles where
exercises can be performed and scheduled in their personal
agenda (Figure 1, screenshots 3and 4). Inthe“ Food” part, users
receive an overview of their energy balance based on their
nutrition intake and energy expenditure (Figure 1, screenshot
5). Nutrition plans and goals can be created (eg, losing weight)
in which the app would guide the user through some steps
toward areasonabl e nutrition plan, resulting in asuggested daily
energy intake. In the “Sleep & Relaxation” environment,
exercises and knowledge are offered on balancing physical and
mental load and relaxation. Behind the “Progress’ tile, users
areableto obtain insight and track changesin predefined health
and fitness parameters such asweight and BMI. In addition, the
“Community” section includes start instructions and four groups
(exercise, nutrition, sleep and relaxation, lifestyle change tool)
in which information and tips are posted over time (Figure 1,
screenshot 2). A fifth group allows usersto ask questions, share
experiences and tips, and interact with other users. Finally, users
are able join various challenges in which they can compare
performanceswith each other (eg, aweekly 90-minute handcycle
challenge) (Figure 1, screenshot 7).
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Figure 1. Structure overview of the WHEEL S app.
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Usability and Feasibility Study
Participants

To evaluate the usability and feasibility of the app, potential
end users were invited to participate in the study. Recruitment
took place by advertisement at patient associations gatherings,
on social media, and within the rehabilitation centers Reade
(Amsterdam, the Netherlands) and Heliomare (Wijk aan Zee,
the Netherlands). Potential participants wereincluded when all
of thefollowing criteriawere met: chronic SCI (including spina
bifida) or LLA (>1year), wheel chair-dependent for longer (>500
m) distances, 18 years or older, sufficient knowledge of the
Dutch language, and access to asmartphone or tablet connected
to the internet. Potential participants were excluded when one
of the following criteriawas met: insufficient understanding of
technology to benefit from the app; limited functioning in the

https:/formative.jmir.org/2021/8/€24909
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RenderX

arm/hand to operate a smartphone or tablet; presence of
progressive disordersthat can influence the outcomes; presence
of psychiatric disorders; and negative outcome to unsupervised
exercise based on a medical screening, including a graded
exercisetest. Thetarget wasto include 15 individual swith SCI
and 15 individuals with LLA resulting in a sufficient sample
size with a possible 10% dropout rate, based on the literature
[39]. All participants provided written informed consent and
ethical approval was granted by the local Medical Ethical
Committee of Slotervaart Ziekenhuis-Reade (METC nr. P1761).

Study Design and Protocol

Participants were asked to participate in a 12-week pre-post
pilot study focusing on the usability and feasibility of the app.
Block randomization stratified by disorder with a block size of
onewas used to equally allocate the participantsto a stand-alone
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or remote-guided intervention group. The remote-guided group
received guidance from a lifestyle coach during the 12-week
intervention (Figure 2). At the start of the study, the stand-alone
group received an individual explanation and demonstration of
the app from the researcher. During the study, this group was
allowed to consult the researcher with any questions or
difficulties regarding use of the app. The remote-guided group
also received support at the start of the study, but additionally
received remote guidance, consisting of an additional

Hoevenaars et al

face-to-face consultation (30 minutes) at the start of the
intervention and 10-15 minute contact moments after 3, 6, 9,
and 12 weeks by phone, app, or email. The purpose of these
contact momentswas to discuss progress and to adjust the goals
or the program if necessary. Thetwo lifestyle coaches providing
the supervision were 4th year students in Functional Exercise
Therapy who weretrained in motivational interviewing, assisted
by an experienced rehabilitation professional from Reade or
Heliomare who they could consult with any questions.

Figure 2. Schematic overview of measurements. BIA: bioimpedance analysis; CIS20R: Checklist Individual Strength; ESES: Exercise Self-Efficacy
Scale for spinal cord injury; GSES: Genera Self-Efficacy Scale; PASIPD: Physical Activity Scale for Individuals with Physical Disabilities; PSQI:
Pittsburgh Sleep Quality Index; RG: remote guidance; SF-36E: Short-Form 36 health survey; WC: waist circumference.

Visit rehabilitation center for
screening, instruction and

baseline measurement
[y

Start app use

Visit rehabilitation center for
postmeasurement and
interview

End appuse

| | | | | Time
13 weeks

Body composition and diet record:

Diet record (3 consecutive days), BIA, WC,
height and weight.

Secondary:

PASIPD, CIS20R, GSES, ESES, PSQI, SF-36E

Owing to the design and nature of the study, it was not possible
to blind participants or researchers. The participants kept a3-day
diet record during the same weeks as the scheduled pre and post
measurements, which took place at a rehabilitation center. In
addition, body composition was measured before and after the
intervention, and participants were invited through email to
complete an online questionnaire in Qualtrics to measure
lifestyle and health-related quality of life. During the last visit,
a semistructured interview was conducted and recorded.

Qualitative Evaluation: Usability and Feasibility

Topics evaluated to assess usability were: (1) usefulness, (2)
ease of use, (3) satisfaction, (4) ease of learning, (5) motivation,
(6) adherence, and (7) goals. In addition, semistructured
interviews and questionnaires (System Usability Scale [SUS]
[40], and Usefulness, Satisfaction, and Ease of Use[USE] [41])
were used to gain insight into usability and feasibility.

The interviews were conducted by the same two researchers
and lecturersin Sports Studies (LtL and JK) who instructed the
participants on how to use the app at the start of the study. The
interviews took place following the postintervention
measurements in the rehabilitation center in a private room,
lasting on average 30 minutes and were audio-recorded with
consent of the participants. An interview guide, developed by
the research team and partially based on the SUS and USE
guestionnaires and broader literature on behavior change
[41-43], was used to structure the interview. After starting with

https://formative.jmir.org/2021/8/e24909
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the question “How experienced are you with using smartphone
apps?’ the following topics were discussed: goals, adherence,
motivation, ease of use, satisfaction, and usability. The complete
interview guide is provided in Multimedia Appendix 2.

The SUS questionnaire is a 10-item Likert scale providing an
overall subjective assessment on usability of a product. An
11-point Likert scale was used with a score ranging from 0
(“strongly disagree”) to 10 (“strongly agree”). A total scorewas
calculated by rescaling the score to atotal of 100, with ahigher
score indicating higher perceived usability [40]. A SUS score
of 70 is considered to be average based on a wide range of
interfaces [44].

Additiondly, three out of four dimensions of the USE
guestionnaire were used to gain insight in the dimensions “ ease
of use,” “ease of learning,” and “ satisfaction.” Each dimension
iscomposed of 11, 4, and 7 items, respectively. The dimension
“usefulness’ was|eft out asit overlapped strongly with the SUS
guestionnaire. An 11-point Likert scale was used with a score
ranging from O (“strongly disagree”) to 10 (“strongly agree”)
and averaged for each dimension [41].

Quantitative Evaluation

Nutritional Habits

The diet record took place on 3 consecutive days with one
weekend day, which is considered one of the most reliable
methods of dietary assessment [45]. Uncertainties about
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registered diet records (ie, unclear handwriting, unclear food
proportions) were solved by contacting the participant. Diet
records were analyzed based on the nutrition values of the
recorded products as shown in the Dutch nutrient database
Nederlands Voedingsstoffenbestand version 2019/6.0 [46] and
averaged over at least 2 available days.

Body Composition

Body mass was determined to the nearest 0.1 kilogram by
deducting the mass of thewheelchair from the total mass of the
participant and wheelchair combined, measured with a
wheelchair weighing scale (RS1010, Allscales Europe used at
Reade; Detecto 6550 used at Heliomare). Height and waist
circumference (WC) were measured with atape measure to the
nearest 0.5 centimeters with the participantsin supine position
on atreatment table. WC was determined by taking the average

of three measurements. BM1 (body mass/height?) was cal cul ated
with the proposed equation of Himes [47] in the case of LLA,
based on the relative body segmental mass determined by
Osterkamp [48] to adjust for lost body mass. Fat mass and
fat-free mass were measured with a Bodystat 1500MDD (used
at Reade) bioelectrical impedance analysis (BIA) device or with
aBodystat 500 Touch (used at Heliomare) BIA devicein supine
position. The BIA electrodes were placed at the right side of
the body after the participant was in supine position. In case of
unilateral LLA on the right side, the left side was measured.
Electrodes were attached on the hands and feet according to the
user manual. The BIA formula of Kyle et a [49] was used to
calculate the fat-free mass and fat mass percentages based on
the measured reactance and resistance.

Physical Activity

Physical activity was measured by the Dutch Physical Activity
Scale for Individuals with Physical Disabilities (PASIPD), a
12-item 7-day recall self-reported questionnaire evaluating
physical activity level in individuals with a physical disability.
The PASIPD outcome is the metabolic equivalents of task
(MET) hours spent per day and was cal culated according to the
method of Washburn et a [50]. The scorein MET (hourg/day)
can range from 0 to 182.3 and can differentiate significantly
among various physical activity levels.

Self-Efficacy

The General Self-Efficacy Scale and Exercise Self-efficacy
scale, which are valid and reliable 10-item questionnaires
(4-point Likert scale, total scores range from 10 to 40, where a
higher score represents a higher self-efficacy), were used to
assess the general self-efficacy and coping ability in daily life
and exercise self-efficacy [51-56].

Fatigue

The Checklist Individua Strength (CIS20R), a reliable
self-reported questionnaire (20 questions answered on a 7-point
Likert scale, total scores range from 20 to 140 where a higher
score represents more severe fatigue), was used to measure
multiple aspects of fatigue [56,57].

Sleep Quality
The Pittsburgh Sleep Quality Index (PSQI) is a valid
self-reported questionnaire to evaluate overall sleep quality
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[58]. The questionnaire consists of 19 questions resulting in a
global score between 0 and 21, which consists of seven
component scores (ie, sleep quality, sleep onset latency, sleep
duration, sleep efficiency, sleep disturbances, use of seeping
medication, and daytime dysfunction). A higher global score
represents worse sleep quality. The PSQI is considered as a
reliable and valid method to evaluate sleep quality [59].
Quality of Life

The short-form health survey enabled (SF-36E) questionnaire
was constructed to measure health-related quality of life on
eight different dimensions of health for individuas with a
mobility impairment [60]. The eight dimensions are physical
functioning, social functioning, physical role emationa role,
mental health, vitality, bodily pain, general health, and health
transition. Dimension scores areresca ed to a0-100 score where
a higher score represents a higher quality of life. The Dutch
version of the SF-36E is considered as areliable and valid tool
for individuals with chronic disabilities [61].

Data Analysis

Quialitative Evaluation

The audio recordings were transcribed verbatim and analyzed
using acontent analysis approach [62]. After familiarizing with
thedataby listening to theinterviews and reading the transcripts,
initial codes were identified by labeling text segments (open
coding). The open codes were a mix of inductive codes that
arose from reading the transcripts and deductive codesthat arose
from the study aims and interview guide. The open codes were
then organized in a thematic map by comparing them and
categorizing them into codes and subcodes. Finally, the codes
and subcodes were integrated into core categories or main
themes, derived from the topics of the interview guide based
on the SUS and USE questionnaires, and the broader literature
on behavior change [40,41,43]. The coding was carried out by
one researcher (JH), who discussed and agreed on the themes
and codes with a second researcher (LtL). They discussed their
findings with the research team to ensure reliability of coding
and data interpretation. The transcripts were analyzed with
MAXQDA version 11 (VERBI GmbH).

Quantitative Evaluation

All quantitative data were analyzed with IBM SPSS software
(Version 26). Pre and postintervention changes were compared
using a paired-sample t test. Normality assumptions were
checked with the Kolmogorov-Smirnov test. If normality was
violated, a Wilcoxon signed-rank test was performed.
Significance was accepted at P<.05. Effect sizes were
determined by Hedges g, except when assumptionswereviolated
and the effect size was determined by z/(Vn) [63]. Effect sizes
can be interpreted based on the following: g<0.2 indicates a
very small effect size, g=0.2-0.5 indicates a small effect size,
0=0.5-0.8 indicates a medium effect size, and g>0.8 indicates
alarge effect size.

JMIR Form Res 2021 | vol. 5 | iss. 8 |€24909 | p.66
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Results

Participants

Twenty-one participants wereincluded in the process and effect
evaluation study, 11 of whom completed al pre- and
postmeasurements during the intervention period, as shown in
Figure 3. One participant completed only the interview at the
postmeasurement, and two participants did not complete the

Hoevenaars et al

nutritional diaries and questionnaires at the postmeasurement.
Demographic information of the participants who completed
the intervention period are summarized in Table 1. No
significant differences in demographic characteristics were
found between the remote-guided and stand-alone groups.
Because of the small group sizes, the results of the total
population are presented. The results of statistical comparisons
within the remote-guided and stand-al one groups are presented
in Multimedia Appendix 3.

Figure 3. Flow chart of participant inclusion. LLA: lower limb amputation; SB: spina bifida; SCI: spinal cord injury.

32 individuals with interest to participate

L

L 2

4 individuals withdrawn based on:
- Hedlth reasons (n=3)
- Lack of time due to work (n=1)

21 participants (SCI=13; SB=1; LLA=T)

Included in the study and underwent pre

measurements

- 12 participants (SCI=7; LLA=5) were
allocated to the remote-guided group

- 9 participants were allocated to the
stand-alone group (SCI=6; SB=1;
LLA=2)

7 individuals excluded based on:

- Not wheelchair dependent (n=2)

- Pre-exercise medical screening (n=2)

- NoSClor LLA (n=1)

- Inpatient rehabilitation <1 vear ago (n=2)

L 4

14 participants (SCI=10; SB=1, LLA=3)

completed the study and underwent post

measurements

- 1 participant completed only the
interview

- 2 participants did not complete the
questionnaires and nutritional diaries
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Remote-guided group:

3 participants (SCI=1; LLA=2) discontinued
the intervention:

- Health reasons (n=1)

- Personal circumstances (n=1)

- Noncompliance (n=1)

3 participants (SCI=2I; LLA=1) were lost to
follow-up

Stand-alone group:
1 participant with LLA discontinued the
intervention due to personal circumstances

(n=1})
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Table 1. Demographic characteristics of the participants.

Hoevenaars et al

Characteristics Baseline (N=21)  Participants that completed the postintervention interview
Remote-guided (n=6) Stand-alone (n=8) Total group (n=14)
Gender (female/male), n 14/7 42 5/3 9/5
Spinal cord injury, n
Total 14 4 7 11
Tetraplegic 1 0 1 1
Paraplegic 13 4 6 10
L ower limb amputation, n
Total 7 2 1 3
Unilateral 4 2 0 2
Bilateral 3 0 1 1
Age (years), mean (SD) 51.6 (11.9) 55.5 (11.7) 54.1 (11.8) 54.7 (11.3)
Height (m), mean (SD) 1.68 (0.20) 1.74 (0.12) 1.64 (0.24) 1.69 (0.20)
Body mass (kg), mean (SD) 87.6 (21.5) 88.7 (19.8) 80.1 (19.4) 83.8(19.3)
BMI (kg/m?), mean (SD) 33.7(13.1) 30.0(5.9) 316 (11.5) 309(9.2)
Time since injury (years), mean (SD) 15.5(15.8) 10.7 (6.3) 22.1(22.5) 17.2 (17.8)

Qualitative Evaluation

Prior Experience

Most participants (n=11) indicated they were reasonably to very
experienced smartphone app users. Three participants did not
consider themselves experienced with smartphones, including
one participant who indicated that they mainly use a tablet,
which was also used to run the WHEEL S app. Six participants
had no experience, two had minimal experience, and six had
more extensive experience with lifestyle apps prior to
participation in this study.

Themes

Overview

The codes and subcodes that emerged from the content analysis
could be clearly classified under the dimensions of usability
and feasihility of interest for this study. Therefore, the topics
of theinterview guidelargely corresponded to the main themes
used to categorize the results: (1) motivation and lifestyle goals,
(2) app use and adherence, (3) satisfaction, (4) usefulness, (5)
ease of learning, (6) ease of use, and (7) needs and suggestions
for improvement. The themes were gathered and presented
together for the app in general, and for the specific physical
activity and exercise, food, sleep and relaxation, and community
sections of the app.

Motivation and Lifestyle Goals

Motivations mentioned to participate in the pilot study were
incentive to work on a hedthy lifestyle, gaining insight
into/becoming aware of physical activity and nutritional
behavior, discovering new exercises, critically testing the app,
and making suggestions for improvement. Participants
mentioned at least one goal they hoped to achieve with support
of the app. Ten of the 14 participants indicated weight loss as
a lifestyle goal, 8 participants had goals related to increasing
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physical activity/exercise, 4 indicated healthy energy and/or
food intake as lifestyle, 3 mentioned more overarching goals
such as staying or becoming healthy and fit, and one participant
indicated that he had agoal related to rest and relaxation, which
wasto fall asleep better.

WEll, what | said: on the one hand to maintain fitness
and also to maintain weight, because with age, weight
goes on rather than it goes off. Especially when you
sit all day, it is more difficult than when you walk, |
think. So | would rather keep that stable and yes, in
the positive case, | could also lose some weight.
[Participant 5, female, 59 years old, LLA]

Ten participantsreported having partially achieved one or more
lifestyle goals, five of whom indicated that they had lost weight.
“And yes the food, | was very busy with losing weight. |
succeeded, so it works well in that respect.” [Participant 9,
female, 42 yearsold, SCI]

Different reasons were mentioned for why lifestyle goals were
not (or only partially) achieved, such as bad weather (cold and
wet); hay fever; persona circumstances, including the death of
a loved one; laxity; stubbornness; shoulder injury; or having
set too ambitious goals. Additionally, the goal of improving
faling asleep was difficult to target specificaly. “ | wanted to
lose 5 kilos and in the period | was working on this | already
realized that thiswas a bridge too far.” [Participant 4, male, 67
yearsold, SCI]

Partially achieving the lifestyle goals was not always entirely
attributed to use of the app. Some participants indicated that
participating in the pilot study, and therefore consciously
working on a healthy lifestyle, already provided sufficient
incentive to pursue existing lifestyle goals. Nevertheless, the
majority indicated that the app had influenced their physical
activity and dietary behavior, particularly contributing to raising
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awareness of, and providing insight into, daily energy and
nutrient intake.

Because normally, when there are some things on the
table you really have no idea how many calories are
in it. And if you look a little further in the app, you
can also see how many carbohydrates and other
macronutrients are in it. So it was firstly to build up
abit of discipline: what will | shovein during the day.
And secondary, a piece of awareness was built up.
Then you have eaten a nice pizza, and suddenly get
1200 calories on your plate, and then you are not
allowed to eat anything for the rest of the day.
[Participant 1, male, 64 years old, SCI]

In addition, the participants explained that the app provided
incentive discipline to exercise regularly and to eat healthy,
with pop-up reminders to exercise contributing to this.

| thought | should honestly fill inwhat | eat and drink
and then you see your own overview... Then [when
the overview shows a surplusin calories] you think:
ancther day tomorrow, | have to fix this right away.
[Participant 17, female, 57 years old, SCI]

| definitely do less now without the app. Because the
app sort of said: now it's time for your weekly gym
exercise. [Participant 19, male, 39 years old, SCI]

Finaly, it was mentioned that the app provided direction and
toolsto adopt a healthy lifestyle, such as by offering exercises.

Look, | sit in a wheelchair and | don't do anything
else. But now you see oh, | can do that and | can do
that and | can do that... And now | have come this
far, also together with my physiotherapist, that | get
out of that wheelchair. That | look at what kind of
standing exercises and suchlike | could do, and that
motivates me enormously. [Participant 16, female, 70
yearsold, LLA]

App Use and Adherence

Six participants reported having used the app daily, two had
used the app extensively during the 12-week intervention period,
but not daily, whereas five had used the app only in the
beginning (2-5 weeks), and one had used the app irregularly.
Three reasons were given by several participants for having
used (certain parts of) the app less or not at all. The first reason
was dissatisfaction with the functioning or ease of use of the
app: “If at some point you feel that it is not working in the way
you would like, yes, then you think forget it.” [Participant 1]

The second reason was personal circumstancessuch asaninjury,
illness, and psychological stress: “1 have also seen the cardio
program. There was something about building up biking, but
just because | was not in good shape, | didn't start doing that.”
[Participant 2, female, 64 years old, SCI]

The third reason given was laziness:

| did not use that [food part]
Interviewer: Okay and what was the reason for that?
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Yes, laxity, ease. Maybe also the stubbornness that
you think: yes, | know how to lose weight. [Participant
11, male, 61 yearsold, SCI]

Thefood diary was used most intensively, which was completed
almost daily by six participants. Four others also used the food
part but less intensively or quit after a few weeks. Another
participant only tested the food part for usability.

Four participants used the exercise database and preprogrammed
exercise routines daily or frequently during the 12 weeks. One
participant also used these parts of the app regularly, although
less frequently. Four participants used the physical activity and
exercise part in the beginning but stopped after afew weeks. In
addition, one participant had only explored the exercise database
and training programs and another participant only tested the
physical activity and exercise part for usability. Competitive
activities were mentioned as one of the reasons for no or little
use of the exercise part: “In the beginning | also used the app,
but because | went to the gym twice a week, | stopped using
it [Participant 2]

A second reason given to stop using the exercise part was that
the app was no longer needed because the exerciseswere known
and could be performed without the app.

Yes, those were just example exercises and then |
thought: oh yes, that is a fun one, oh | am going to
dothat, and: oh, that isalso afun onethat | amgoing
to do and then you have four or five [exercises]. Yes,
then | really don't need that app anymore. Because
then | already know what to do. Then | no longer have
to look at that app every day. [Participant 5]

Three participants had used the sleep and relaxation part. The
first participant performed the relaxation exercises severa times,
the second had read the information about sleep and relaxation,
and thethird explained that he still used thetipsto relax because
he slept rather poorly and the tips hel ped him to relax. A fourth
participant only tested the sleep and relaxation part for usability.
A frequently mentioned reason for why the sleep and rel axation
part had not been used was that it was not needed because
participants did not experience stress or sleeping problems:
“Not looked at [sleep and relaxation part] because | am
sufficiently balanced and relaxed.” [Participant 11]

Three participants used the informative community groups.
They were aerted by email to new messagesin which lifestyle
information and tipswere shared and read them. Theinteractive
part of the community in which participants could ask each
other questions, and share experiences and tipswas hardly used.
One participant expressed that it was unfortunate that hardly
any interaction had started. Reasons given for not being active
in the community were unwillingness to brag and
incomparability.

It ismore becauseit is so incomparableto each other.
Look, someonewho just got out of rehabilitation may
be very proud to have handcycled 10 kilometers.
While | think, yes, when | say | have done 20
kilometers... | think that...] don't feel the need to
proclaim it or anything. | think, yes, you are not
comparable. [Participant 5]
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Finally, the calendar was used by several participants to plan
their exercises. Two participants reported having used the
progress registration part by regularly registering their weight
and WC. A few participants started the handcycling challenge;
however, no participant completed this challenge becauseit was
unclear how the time that was handcycled for this challenge
could be recorded.

Satisfaction

Overdll, participants were satisfied with the WHEELS app.
Several participantsindicated that they wanted to continue using
the app. It wasfurther noted they were happy that thereisfinally
alifestyle app suitable for wheel chair users, that the combination
of attention to healthy nutrition and physical activity/exercise
isnice, and that the app has something in it for everyone.

| think that because you have a lot of different things
init, you have a very large target group. Somethings
may not be helpful to me, but that's not to say it's not
useful for the app. [Participant 9]

When asked if they would recommend the app to others, 12
participants answered yes, one participant would only
recommend thefood part, and one person would not recommend
the app at all: “Maybe, | haven't thought about it. But there is,
yeah, it's agood way to start up. Until you get into a routine”
[Participant 19]

With regard to the exercise database and preprogrammed
exercise routines, the participantsindicated that there was great
variation in exercises and that the animation provided a clear
example of the desired implementation: “I have to tell you, |
think it looks super cool. Also the exercises that are offered, |
think the variation in exercisesis very good.” [Participant 11]

Some participants were less satisfied with the exercise database
because they had difficulty finding the right exercises: “And
then you see so many exercisesin that list that you actually do
not know which oneto choose. And that wasaproblem for me”
[Participant 7, male, 54 years old, SCI]

Regarding the food part, the participants indicated that they
liked that that the app provided insight into their daily energy
and nutrient intake. Furthermore, they explained that the food
product list was very extensive, as amost every food could be
found in the list and then easily added to the food diary.

| found the food diary very useful, you can see exactly
what you eat in calories and protein. [Participant 8,
female, 34 yearsold, SCI]

The nice thing about the food app is that no matter

what you eat or drink, you can always find it

somewhere and it has a calorie number. [Participant

1]
The relaxation part was rarely used, making it difficult to
indicate whether the partici pants were satisfied with the content.
Two participants indicated that the exercises were perhaps a bit
too spiritual: “Well it often comes across as very spiritual, so
to speak, while, yes, while that might raise an aversion.”
[Participant 9]

With regard to the community aspect, afew participants stated
that it was motivating that lifestyle tips were regularly posted.

https://formative.jmir.org/2021/8/e24909

Hoevenaars et al

Opinions were divided about the community group in which
experiences and questions could be shared: some considered
this to be of added value, whereas others did not feel the need
for it.

Usefulness

The participantsindicated that the app is particularly useful for
(recent) wheelchair users who have little physical activity and
exercise experience, providing tools and inspiration to start
exercising and develop a healthy lifestyle.

Because | see a lot of wheelchair users around me
who are simply aimless. Who can have a huge hold
onthat [the app] . Especially if you are not physically
active or are starting to be physically active.
[Participant 11]
More experienced wheelchair users with a more physicaly
active lifestyle had less need for the complete app, but found
some parts useful, in most cases concerning the food part to
gain insight into dietary intake, as described in the previous
section on satisfaction.

Ease of Learning

Opinions differed on how easy it was to learn how to use the
app. Some participants quickly became skillful, others needed
a few weeks, and still others gave up using the exercise part
because they could not learn to work with it quickly. Most
interviews showed that |earning to work with the app takes some
time, and not all participants had the patience and will to spend
time on this.

Thefirst period is quite a lot of investing and maybe

| could have got a bit more out of it. But then you

expect all users to use it, invest and maybe benefit

fromit afterward, and | think that is too much to ask.

[Participant 17]
Some participants indicated they could not repeat actions they
had previoudly performed with the app, such as scheduling an
exercise in the calendar. This indicates it was not easy for all
participantsto remember how to usethe app. Some participants
also indicated they had asked family members to help them
learn to work with the app. This also reveals that learning to
work with the app was not experienced as easy by all
participants.

Actually during thefirst 2 or 3 weeks of use, you don't
know all the tips at once, because that is too much,
but then the advantage is that my daughter is very
handy and serious with that [app use]. So then | got
another tip and | could do a bit more. Yes, perfect
that app” [Participant 12, female, 61 yearsold, LLA]

The part that participants most often reported as unsuccessful
or difficult to master was putting together a training schedule
themselves.

Well, what | said earlier about making such a
[exercise] program of your own and then...Yes that.
| could not completely figure that out, and | must
honestly say that at some point | also think: well,
never mind. [Participant 5]
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Finally, the participants hardly reported any problems with
learning to work with the food part. This part seemed to work
quite intuitively.

Ease of Use

The participants generally found the food part easier to usethan
the exercise part. The vast majority |abeled the food part as easy
to use, whereas the exercise part was described as easy to use
by about half of the participants.

Three factors emerged that negatively affected the ease of use
of the exercise part. Not all participants were well awvare of the
distinction and coherence between the exercise database with
which persona training routines could be compiled, the
preprogrammed exercise routines, and the calendar.

Well with those exercise programs | found it a bit
vague at first because you also have two boxes [tiles
at the start screen that direct to the different parts of
the app] with exercise or something. [Participant 8]

Second, the participants indicated they had difficulty finding
suitable exercises in the exercise database. Several participants
were unaware of the possibility or did not know how to use the
search box to find specific exercises.

For example, if | had done something new at the
physio, it was sometimes a bit of a search in that
whole list of: What suits this best? And then indeed
there were sometimes whole laundry lists with
exercisesinit...l think that at some point it just missed
itstarget...[ Participant 4]

Third, it was not clear to al participants how activities could
beregistered to end upinthe activity diary or the activity stream.

And for example | had put an exercisein the calendar
and then | thought oh then it will automatically
register that | did that, but that is not the case. Then
you had to click that again. [Participant 8]

The participants generally found the food part clear to use.
Several participants indicated that they liked the fact that the
food product list was so extensive that it was easy to log
consumed products in the food diary: “Yes, | actualy did not
come across aproduct that | could not find [in the food product
list].” [Participant 14]

The participantsfound the timeit took to keep afood diary less
user-friendly. Several participants were not aware of the
possibility to save frequently eaten meals such as a fixed
breakfast. Thismeansthat theindividual productsthat make up
the meal only need to be entered once. The next time, the entire
meal can be added to the food diary with one click. Partly
because participants were not aware of this possibility, they
indicated that they were tired of having to import the same
products every time.

At some point you are a bit done with reentering those
foods every time. | always eat a bowl of curd with
muesli in the morning. Yes, the next day | had to scan
it again or had to go back and find out where that
cud is. And | thought that was a hit of a
disadvantage. [Participant 7]
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Needs and Suggestions for | mprovement

The participants expressed several needs and suggestions for
improvement that were largely related to the difficulties they
experienced during app use. The most frequently mentioned
needs and suggestions related to personalization, user instruction
or remote guidance, and improving insight into energy
expenditure by connecting awrist-worn activity monitor to the
app. No difference in suggestions was found between the
remote-guided and stand-al one groups.

In the exercise part, better personalization could make it easier
tofind and select suitable exercises. In addition, it was suggested
that the preprogrammed exercise routines could be better tailored
to the individual needs and functional capabilities: “However,
| would appreciate the programs to be alittle bit more distinct
to your abilities. That would have been perfect.” [Participant
19]

With regard to the food part, the participants expressed their
need for personalized daily energy intake advice: “If you want
to useit for people with aspinal cord injury, you really have to
adjust the calorie advice, because we are actually alowed to
consume fewer calories.” [Participant 7]

The user instruction was not found and used by all participants.
Some participants indicated they needed a help desk for
guestions and problems with using the app.

That | couldn't find back what | had done before was

the most frustrating...That | didn't know how | had

done it before and why | couldn't find it

again...Someone who offered me guidance, by phone

or every 2 weeks face-to-face, could have definitely

helped me. [Participant 17]
In addition, several participants would have liked to have had
a coach to help them on their way, have questions answered,
and discuss suitable activities and progress on their goals. One
of the participants who had received remote guidance explained
that it had been of little added value to her because the coach
barely reflected on what she had done. She would have liked
the coach to monitor her and to discuss progress on her goals
with her: “Yes someone who says: you went over your [calori€]
goal all week. Do you have an idea how you will solve thisin
the coming week?’ [Participant 14, female, 42 years old, SCI]

Finally, it was revealed that, in combination with lifestyle
guidance by a coach, the app would probably have been used
moreintensively: “1 think | would have used it under supervision
more, the WHEEL S app.” [Participant 17]

As a third and last suggestion, severa participants explained
that they would like to have better insight into their rate of
exertion and energy expenditure during activities. Connecting
an activity monitor for wheelchair users to the app has been
suggested as an opportunity to meet this need.

Yes, a pedometer too, for a wheelchair user. Itisnice
to know what your muscles have done, what your
heart rate has been and how many caloriesor energy
you have consumed...| would rather put on a
wristband for that and will also enter some extra
information. [Participant 17]
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Quantitative Evaluation

Usability and Feasibility
The average SUS score for all participants was 58.6, which is
below the general average interface SUS score of 70 [44].

Table 2. Descriptive statistics of usability and feasibility questionnaires.
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Participants showed little difference in scores between the
remote-guided and stand-alone groups in SUS score and USE
dimension scores. All SUS scores and USE dimensions scores
can be found in Table 2 for each group and all participants.

Questionnaire Remote-guided (n=4) Stand-alone (n=7) All (N=11)

Mean (SD) Range® Mean (SD) Range Mean (SD) Range
System Usability Scale 56.0 (5.8) 14.0 60.1(32.2) 84.0 58,6 (25.2) 84.0
Ease of use 50(17) 43 5.6 (3.8) 9.7 5.4(3.1) 9.7
Satisfaction 5.1(2.2) 48 5.2 (3.7) 9.7 5.2 (3.1) 9.7
Ease of learning 55(3.2) 7.0 6.1(4.2) 95 59(3.7) 9.5

8Represents the spread; the difference between the maximum and minimum values.

Nutritional | ntake

Nutritional intake changes of 10 participants over the 12-week
intervention period are shown in Table 3. The quality of the
diet records of two participants was not adequate (ie, portion
size or ingredients used were not described in sufficient detail
to obtain macronutrients correctly) to analyze at least 2 recorded
days at pre and postmeasurement, and these records were

therefore excluded. No significant differences were found over
time within the whole group, or within the remote-guided or
stand-alone groups separately, in total calorie count or
macronutrients. However, there was a positive trend (with
medium effect sizes) toward a reduction in fat consumed and
relative alcohol intake. Other outcomes showed either small or
very small effect sizes. Full results of the separate groups are
presented in Table S1 in Multimedia Appendix 3.

Table 3. Nutritional intake pre and post the 12-week intervention based on diet records (n=10).

Daily average consumed Pre, mean (SD) Post, mean (SD) P value Effect size
Kilocalories 1920 (531) 1637 (377) 142 0.46
Protein (g) 79.8 (21.8) 74.1 (13.5) 37 0.28
Fat (g) 82.9(31.4) 69.6 (22.9) 072 0.56
Carbohydrates (g) 179.8 (61.3) 154.7 (63.3) 242 0.37
Alcohol (g) 12.7 (13.3) 7.9(10.7) 162 0.44
Protein (%) 16.9 (3.7) 18.6 (3.6) 142 0.47
Fat (%) 38.4(8.5) 38.2(8.6) .88 0.05
Carbohydrates (%) 37.7(8.2) 37.3(10.3) 882 0.05
Alcohol (%) 45 (4.7) 3.4(5.0) 09% 0.53

@Nonparametric test used due to violation of normality with corresponding effect size.

Body Composition

For the whole group, all body composition outcomes showed
favorable changes over the intervention period, which was
significant for WC, fat mass percent, fat-free mass, and fat-free
mass percent, and a trend toward significance for body mass

https://formative.jmir.org/2021/8/e24909

and BMI (Table 4). Large effect sizes were found for fat mass
percent and fat-free mass percent, whereas all other outcomes
showed medium effect sizes except for body mass. Results for
each group separately are shown in Table S2 in Multimedia
Appendix 3, demonstrating slightly better resultsin favor of the
remote-guided group compared to the stand-alone group.
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Table 4. Body composition changes pre and post the 12-week intervention (n=13).

Body composition Pre, mean (SD) Post, mean (SD) P value? Effect size
Body mass (kg) 83.0 (20.0) 81.6 (20.6) 09 0.49
BMI (kg/m?) 29.7 (7.8) 29.1(7.8) 07 053
wcP (cm) 103.9 (13.5) 101.4 (13.8) 02 0.76
FM® (kg) 32.1(10.1) 26.7(9.2) .004 0.96
FM (%) 39.2 (9.5) 33.4(10.5) 004 0.97
FEMY (kg) 50.9 (15.4) 54.9 (17.7) .02 0.70
FEM (%) 60.8 (9.5) 66.6 (10.5) .004 0.97

%Paired-sample t test.
BWC: waist circumference.
°FM: fat mass.

9FFM: fat-free mass.

ot ire Out size was found in sleep quality. Small effect sizes were found
Questionnaire Outcomes on the CIS20R and four subcategories of the SF-36E. No clear

No significant changes in questionnaire outcomes were found  differences were found between groups, as shown in Table S3
over time (Table 5), athough the PSQI results showed a in Multimedia Appendix 3.

favorable trend toward better sleep quality. A medium effect

Table 5. Results from questionnaires pre and post the 12-week intervention (n=12).

Questionnaire Pre, mean (SD) Post, mean (SD) P value Effect size
PASIPD? (MET h/day) 23.8(15.1) 22.4(12.2) 64 0.14
GSES 34.1(4.3) 336 (4.2) 69 0.11
ESES® 33.0(3.8) 32.4(4.4) 500 0.07
CIS20RE 72.3(11.6) 69.6 (7.7) 1gd 0.39
Psalf 8.0(2.7) 6.7 (2.2) .06 0.57
SF-36E¢Y
Physical functioning 52.1 (18.6) 49.2 (18.2) 58 0.16
Social functioning 72.9(17.5) 79.2 (20.9) 36¢ 0.27
Role limitation physical 57.8 (26.1) 59.4 (18.0) .84 0.06
Role limitation emotional 79.2 (23.7) 74.3 (24.7) 53d 0.18
Mental health 81.7 (12.6) 74.6 (15.1) 13 0.46
Energy/vitality 62.5 (14.6) 62.5(12.2) >.99 1.00
Pain 50.0 (17.6) 49.1 (21.5) 11 0.48
General health perceptions 63.8 (18.1) 60.0 (21.3) 37d 0.26

3PASIPD: Physical Activity Scale for individuals with Physical Disability.
BPGSES: Genera Self-Efficacy Scale.

CESES: Exercise Self-Efficacy Score.

dNonparametric test used due to violation of normality.

€CIS20R: Checklist Individual Strength.

fPSQI: Pittsburgh Sleep Quality Index.

9SF-36E: Short-Form Health Survey 36 Enabled.
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Discussion

Principal Findings

This paper describesthe devel opment of the WHEEL S mHealth
app for wheelchair users with SCI or LLA. Additionaly, the
first insight on usability, feasibility, and effectiveness of the
app is provided. The perceived usability and feasibility varied
among participants and showed room for improvement.
Participants did show a positive development in body
composition such as a significant decrease in fat mass, which
was often mentioned as a personal lifestyle goal. Combined
with a positive trend for sleep quality, and reduced fat and
alcohol intake, the app seems promising to improve lifestyle
behavior in wheelchair users, with the caveat that no changein
physical activity levels were detected. Environmental barriers
might have contributed to this, which cannot be influenced by
mHealth.

The SUS score and usability scores for ease of use, ease of
learning, and satisfaction ranged between the minimal (0) and
maximal (10) scores, indicating a varied user experience. The
guestionnaire outcomes were in line with the interviews, in
which some participants were merely positive and experienced
no struggl e using the app, whereas others mentioned difficulties
using the exercise and planning part, for example. These
differencesin perceived usability could berelated to differences
in motivation and time spent within the app, and likely
influenced the extent to which the app has led to the desired
lifestyle behaviors. Thisisbest explained by the Fogg behavior
model, which describes that behavior change isrelated to three
elements, motivation, ability, and trigger, where motivation and
ability show an inverse relationship [64]. If a certain level of
effort and time (motivation) was not put into understanding the
app (ability), an individua would not meet the minimal
requirements to benefit from the app. Participants who were
willing to put more time and effort in becoming familiar with
the app, and thus showed more motivation, were more positive
about the product and expressed fewer difficultiesworking with
the exercise and planning part. This is in line with earlier
research, which showsthat ahigher level of app engagement is
associated with increased intervention effectiveness [65-67].
However, this could also be a flaw of the app, as the required
ability might betoo high to fully benefit from the app. Therefore,
by reducing the ability needed to understand the app, less
motivation is needed to continue using the app. Clearer and
easier instructions that require little time and effort could
possibly reduce the required motivation to meet the ability
needed to benefit working with the app.

Another solution for overcoming difficultieswith using the app
could be found in a remote-guided intervention approach, in
which the app is combined with guidance by alifestyle coach.
A remote-guided approach seems to be more promising in
achieving improvement in behavioral and health outcomes[25].
Unfortunately, from this study, no conclusions can be drawn
regarding differences between those who used the app as a
stand-aoneintervention and those who used the app with remote
guidance. The remote-guided group did show more significant
changes than the stand-al one group; however, owing to alarger
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dropout than expected, the group sizes were small and thus
results should be interpreted with caution. Half of the
participants were allocated to a remote-guidance group where
they received regular phone consultations by students in
Functional Exercise Therapy. However, based on interview
reports, the effect of the provided phone consultations was
limited, possibly dueto the lack of experience the students had
in motivational interviewing. Previous research suggests more
advanced and prolonged training in motivational interviewing
is needed to allow embedding of these skills [68]. Another
explanation for the limited effect is that nonverbal
communication was hardly possi ble because most consultations
took place by phone, which could have reduced the consultation
effects due to loss of possible valuable cues and information
[69]. Moreover, multiple participants from the stand-alone group
indicated that aconsultant would have benefitted them in either
solving difficulties in working with the app or as an additional
motivator and guide in behavior change. The addition of peer
health coaches could be of added value, as research shows that
individuals with SCI can benefit from thistype of support [70].
Therefore, it would be interesting to investigate the effect of
using the app in combination with face-to-face guidance of
trained peer health coaches (blended).

When taking a closer ook at the effect evaluation, significant
and favorable changes were seen in measures of body
composition. This seemsto be in line with other findings such
as reduced body mass, reduced fat intake, and reduced relative
alcohol intake, although these reductions were not statistically
significant. Registered body composition changes were most
likely partly caused by nutritional changes. Thefeatureto track
nutrition intake raised the participants awareness of their
nutritional intake and triggered them to change dietary habits,
which was also mentioned during the interviews. The diet
records showed a trend toward a positive change in nutrition
behavior. These changes were not statistically significant,
possibly due to the small sample size. No changes in physical
activity levels were found, which could be caused by factors at
theinterpersonal, institutional, community, and policy influence
levels that were not targeted in the app but are associated with
physical activity among wheelchair users [71]. However, the
significant increase in fat-free mass would suggest an increase
in muscle mass caused by physical activity. Moreover, physical
activity was measured with a self-reported questionnaire, which
correlates poorly with objective physical activity outcomesin
participants who were already relatively active at the start of
the study [72]. Therefore, there may have been an increase in
physical training that was not reflected in the total PASIPD
score.

Limitations and Strengths

The targeted groups, wheelchair users with SCI and LLA, may
experience different barriers and facilitators for developing a
healthy lifestyle, and when devel oping the app we expected that
the app had to be tailored accordingly. However, the needs
assessment showed many similarities, resulting in the use of
similar behavior change techniques for both groups. The
intention wasto use the 16 change strategiesin theintervention
to influence the main behaviora determinants identified in the
development phase. However, it is uncertain whether all 16
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strategies were applied as intended during the study. For
example, tailoring options were limited due to software
limitations, and several participants had not used all parts of
the app with the result that they were not exposed to all behavior
change strategies. Thiscould have possibly affected the usability
and effectiveness outcomes.

Theinterview yielded suggestions for improvement that could
in turn improve the usability, feasibility, and effectiveness of
the app. However, owing to high dropout, relevant feedback
may have been missed from users who were less satisfied with
theintervention or had more difficulty changing their behavior.
Unfortunately, in most cases, we were unable to determine the
reason for dropout, as this could have provided valuable
information. Therelative high dropout rateled to alower sample
size than intended and a possible biased user experience.
Additionaly, thisresulted in only oneindividua with tetraplegia
completing the study, making these results less generalizable
to the whole SCI community. Nevertheless, despite the low
inclusion rate, significant positive changesin body composition
were found, which is very promising. However, these results
should be interpreted with caution, as a higher possibility of
typell errorsis present dueto the small sample size and multiple
performed tests.

Several body composition outcomeswere measured with aBIA
device. Thetransformation formulaused to cal cul ate measured
resistance to body composition outcomeswas based on empirical
data from the general population. Thus, the validity of the BIA
measurements on this specific population could be argued.
However, systematic deviation does not haveto affect test-retest
reliability, which would therefore make the BIA till able to
detect changesover time. Additionally, the BIA outcomes seem
to be in line with interview outcomes and nutrition diaries.
Physical activity levels did not show any changes, which was
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subjectively measured with the PASIPD questionnaire and, as
mentioned above, correlates poorly with objective physical
activity outcomes that represent physical activity more
accurately [72].

Future Studies

These first results on effectiveness of the WHEELS app seem
to be promising for body composition changes, nutritional
habits, and sleep quality. Improvementsin manual instructions
and support regarding use of the app are suggested. A study
with a larger sample size and stronger research design, for
example arepeated-measures mixed model design, iswarranted,
which would allow further investigation on the effectiveness
of the different parts of the app for improving body composition,
dietary behavior, physical activity, and hedth, and the
interaction between stand-alone and remote-guided use of the
intervention. In thislarger study, it isrecommended to measure
physical activity objectively (eg, with accelerometry) to be able
to conclude whether the app does or does not influence physical
activity behavior. Preferably, such astudy should be performed
in participants who are less active at inclusion compared to the
participants of this study. Accelerometry, including heart rate,
would be recommended, asit could differentiate among intensity
levels and thus provide a more valid physical activity outcome.

Conclusion

This paper describes the devel opment, usability, and feasibility
of the WHEEL S mHealth app for wheelchair userswith SCI or
LLA, and provides the first insight into its effectiveness.
Although usability could beimproved, the app scored reasonably
well and seems to be feasible to implement on a larger scale.
First results on lifestyle changes seem promising, and
effectiveness could possibly increase if the mentioned
suggestions for improvement by participants are processed into

the app.
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Abstract

Background: Despite the benefit maternal education has for women, it needs new tools to increase its effectiveness and scope,
in tune with the needs of current users.

Objective: We attempted to develop a multifunctional personalized eHealth platform aimed at the self-management of health
in relation to maternity, which can be considered a flexible and adaptable maternal education tool.

Methods: The International Patient Decision Aid Standards (IPDAS) were applied. A website prototype was developed for
implementation in the public health system using a collaborative action research process, in which experts and patients participate,
with qualitative research techniques, as well as focus groups, prioritization, and consensus techniques.

Results: We have proposed awebsite that includes (1) systematically updated information related to clinical practice guidelines,
(2) interaction between peers and users/professionals, (3) instruments for self-assessment of health needs as a basis for working
on counseling, agreement on actions, help in the search for resources, support in decision-making, and monitoring and evaluation
of results, and (4) access for women to their clinical data and the option of sharing the data with other health agents. These
components, with different access requirements, would be reviewed through iterative cycles depending on the frequency and
effectiveness resulting from their use and would be accessible from any digital device.

Conclusions: A website that supports maternal education should contain not only information, but also resources for individual
attention and social support. Its usefulness for the health and satisfaction of women should be evaluated in various different
environments.

(IMIR Form Res 2021;5(8):e28855) doi:10.2196/28855
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prenatal education; women; patient decision aid; decision-making; clinical decision support systems; action research and pregnancy;
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Introduction

Background

Permanent and sometimes abrupt changes in our societies are
undeniablefacts, and changesin health, society, and technology
often come quickly and simultaneously. Health care tries to
respond to increased demand and the current needs of users
with the new resources available. In recent years, the examples
of servicesthat use new technologiesin the care of patientswith
chronic pathology or multimorbidity have multiplied, and
telemedicine has awidely understood potential for training and
support in shared decision-making [1,2], using toolsincluding
video consultation, mobile messaging, and expert systems that
issue responses from clinical practice guides or available
resources. Sometimes they are accessible from platforms that
are outside the health system but very widespread among the
population, such as Facebook [3].

Pregnant and postpartum women represent a demographic that
is especialy in need of support. The transition to motherhood
involves a change of identity, social role, and activity from the
known to a new reality [4,5]. In this process, they fedl great
pressureto do well, which can ultimately reduce their well-being
[6]. Stress during pregnancy or in the postpartum period
generates physical and psychological responses, which can
ultimately lead to disorders such as depression, anxiety, and
emotional distress [7]. The effort of professionals to generate
preparation tools for childbirth and the promotion of physical
and psychologica health are common [8,9]. However, thereis
also agreement on the need to update these tools [7,10]. The
use of e-technologies offers advantages, such as accessibility
at any time and place, and for a very large population,
information can be gathered in a personalized way and the user
can review the resource as much as desired.

Women of reproductive age, and more specifically, thosein the
stage of maternity, represent a population group that isespecialy
likely to benefit from the use of these new technologies. They
systematically use the internet as a source of information,
including information about their health [11], and frequently
base their decisions on the information obtained [12,13].

Previous experiences with the use of telemedicine during
pregnancy have given positive results in the prevention of
pre-eclampsia[14] and in the management of diabetes[15]. In
the postpartum period, online communication between peers
has been associated with lower levels of anxiety and feelings
of loneliness [16] and attention through a website [17] or a
mobile app [18], with a higher perception of self-efficacy,
psychologica well-being, and satisfaction with the care received.
The availability of computer-based educational programs has
also been shown to be associated with greater self-efficacy and
a more positive attitude toward breastfeeding [19]. However,
the determinants of its effectiveness remain to be explored, since
the results vary depending on the behavior studied [20], the
time of measurement [21], or the population studied [22].

It seems necessary, and indeed urgent, to have a web tool to
support decision-making for the maternity stage, which is
reliable [23], personalized [24], and based on the women
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themselves and theinitiatives of professionals[25]. TheMedica
Research Council provides a theoretical framework for the
devel opment of thiscomplex intervention [26] and recommends
actions that facilitate implementation in the real world.
Therefore, it was decided that the website should include people
who teach and receive maternal education from the beginning,
and a Participatory Action Research study, based on theories
of behavioral change, was used. Theintegrated model proposed
by Fishbein et a [27] was considered to be the most appropriate
since it takes into account the influence of attitudes,
self-confidence, sociodemographic variables, and social norms
on the intention to act and ultimately on the achievement of
healthy habits. The influence of these variables, in addition,
would be modified by barriers and facilitators in the
environment. This theoretical model has been successfully
applied in the study of sexual behavior [28] and has been used
in similar studies to prevent excessive weight gain during
pregnancy [29].

The development of this tool must follow a strategy that takes
into account the resources, needs, and characteristics of the
target population, and for this development, a collaborative
environment should be created, involving the popul ation, putting
it into practice, implementing it, and evaluating the process
through iterative cycles of continuous improvement [30].

Objective

We attempted to develop a multifunctional and personalized
eHealth platform, bringing together patients and professionals,
which allowsthem to attend and monitor their health needs and
take informed decisions during pregnancy, childbirth, and
parenting. Subsequently, its clinical effectiveness and its
implementation in routine conditionswill be eval uated (usability
and acceptability by users and professionals, and impact on the
health system). This article focuses on describing the design
and development of the toal.

Methods

Procedure for the Development of the EM AeHealth
Tool

For the development of the “EMAeHedth” tool, the
International Patient Decision Aid Standards (IPDAS) were
followed (Figure 1) [31]. The shared decision-making (SDM)
model is defined as an approach in which health care
professionals and patients make decisions together using the
best available evidence. The SDM model emphasizes respect
for the patient’s autonomy and promotes training so that the
patient is involved in the decision-making process.

The study was conducted in Basgue Country, a region in the
north of Spain with apopulation of 1.2 million. Thisregion has
apublic health service, which isfree at the point of use, and is
universally and readily accessible, with local centersthat provide
care for people living in the surrounding geographical area.
During pregnancy, women are monitored via alternating
appointmentswith their primary care midwife and gynecologist,
and in the last trimester, they are invited to attend antenatal
education sessions run by one of the midwives at the health
center.
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Figure 1. Development process of adecision aid tool. Adapted from the report by Perestelo-Pérez L et al [31].
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Scope

We propose a flexible maternal education tool that will be
adapted and adaptable to each population group, offered
universaly by the public health system, and that supports
women continuously throughout the maternity process.

Advisory Group

A multidisciplinary research team was formed of hospital and
primary care midwives, pediatricians, psychol ogists, and experts
in methodology. The process of pregnancy and parenting is so
common that the team could hardly distance itself from their
own experiences asmothers, which provided a“ patient” vision.

Design 1

A qualitative study (focus groups) was carried out following
the guidelines of Krueger and Casey [32]. Women who went
to see their midwife were recruited consecutively. Two groups
were formed (pregnant women and postpartum women), and
they were given a questionnaire that allowed each of the two
groups to be divided according to income level and education.
Finaly, 31 women participated in four groups that were
homogeneousin terms of parity and socioeconomic status. Each
study participant was given the study fact sheet along with an
informed consent form, and all of them agreed to audio
recordings of the meetings. For the collection of information,
three expertsin qualitative methods designed a script related to
thetopicsto be discussed (perceived needs regarding pregnancy
care and maternal education), using thethematic content analysis
method. Three researchers independently read the transcripts
of the sessions and arranged the information into the topics to
be discussed. They assigned codes to the text segments and
regrouped them into categories using ATLASLti software
(Scientific Software Development GmbH). With these categories
and subcategories, and the relationships between them, a

https://formative.jmir.org/2021/8/e28855

conceptual structure was constructed by each of the analysts. It
was later triangul ated and compared again with the text to give
the final results[33].

Design 2

The advisory group wasjoined by other professionals, including
a gynecologist, two pediatric nurses, experts in breastfeeding
and hedth education, epidemiologists, psychologists,
sociologists, and experts in qualitative research. The selection
of these people was based on the opinion of the research team
and on their work experience and previous interest and
participation in research work. Finally, agroup of nine women
and two men was formed (age between 30 and 57 years), with
health care experience ranging from 5 to 30 years.

Nominal group techniques were used in the sessions. After a
study and individual analysis work, each team member had 5
minutes to explain the main health needs of women during
pregnancy and the first year postpartum. After the round of
presentations, time was devoted to identifying common ideas.
In those in which there was a discrepancy, explanation and
defense was allowed, and they were finally ranked by voting
[34].

Design 3

In order to encourage participation and implementation of the
tool, a meeting was scheduled, to which al active midwivesin
the health centers of Bizkaiaand in the hospitals of Crucesand
Basurto wereinvited. This meeting was attended by 25% of the
total 20 midwives. They were shown the results obtained in the
previous steps and asked to choose the actions they considered
most feasible and relevant from al the proposals for a new
framework of continuous personalized maternal education [34].
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Design 4

A descriptive study was carried out. Using the most widely used
internet search enginesin our region (Google, Yahoo, and Bing),
thefirst 25 web pages that appeared when entering words, such
as pregnancy, childbirth, postpartum, and breastfeeding, in
Spanish and English were selected.

Each of these websites was evaluated by the midwives
participating in the study using the LIDA questionnaire, version
1.2 [35] asameasure of reliability, accessibility, and usability,
since it is a validated questionnaire that considers the
characteristics of the author’s reliability, conflicts of interest,
references, and relevance common in other studies [36]. Each
of the websites received a score on this questionnaire.

Throughout the process, care was taken to ensure the
trustworthiness of the data. Several facts give credibility and
reliability to the data obtained, including its origin in a team
made up of health care professionals with high involvement in
their fields and observations over the years, the high degree of
agreement between professionals from different fields
(pediatrics, gynecology, nursing, and hospital and primary care
midwifery), and the transferability that has been sought through
representativeness in both women in the focus groups and the
midwiveswho were asked to sel ect the most feasible and priority
interventions. Wethink that the duration, the coherence between
the different groups and stages, the congruence with the
bibliography, and the inclusion of different types of
professionals and women allowed us to reasonably assume the
credibility, transferability, dependability, and confirmability of
our data.

Both the design of the website and its subsequent evaluation
have received afavorable report from the Ethics Committee for
Clinical Research of the Basque Country (P12012072 and
P120200044).

Results

Design 1

It was seen that the focus of women's worries were different
based on the stages of pregnancy/postpartum. In early
pregnancy, women's main concern was for “everything to go
well” As the pregnancy progressed, they needed emotional
support and wanted to feel confident and be self-reliant to face
their fears of the birth and care of their children. The needs
expressed by women were asfollows: accurate information that
was accessi ble and suited to their specific life moments; flexible
maternal education programsin terms of schedule and content;
and greater participation of partners. All of them had a positive
opinion of our health system and the role of midwives, although
they would like more support after giving birth. Puerpera
women reported “excessive pressure” in favor of breastfeeding
despiteits difficulty [33].

A website allows permanent accessibility and continuity from
the beginning of pregnancy to 1 year after delivery, so it would
respond to several of the needs expressed. This website would
require rigorous stable information based on clinical practice
guidelines. It should also alow interaction, in order to address
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the specific doubts of each moment of the motherhood process
(for the woman or her partner).

Design 2

After seven sessions, the group of experts proposed three
moments in which important changes in women’s health needs
can be seen as follows: at the beginning of pregnancy, at the
onset of childbirth, andin thefirst monthsafter childbirth. Three
interactive exploratory tools were proposed for identifying
potential difficulties, establishing peer-to-peer and health care
communication, and negotiating possible solutions to specific
needs. Personalized intervention is key, because a woman's
interest and resources vary depending on personal characteristics
such as age, race, parity, and pregnancy evolution.

The care should support theidentification of specific needs, and
guide the advice and support for the achievement of personal
goas in areas such as choice of the type of delivery,
breastfeeding, or parenting [36].

The proposed website should, therefore, include sel f-assessment
tools, preferably appropriate to the three key moments, and
would provide possible answers for the need felt, allowing the
woman's agreement to be checked and the case to be followed
up. For example, answers could be given to doubts about a
healthy diet and proper weight gain, or providing resources for
the proper management of childbirth anxiety.

Design 3

Casting a vote, all the participant midwives considered that a
web format that would allow communication with the women
would be the most useful, would offer the most possibilities of
meeting the needs expressed by the women regarding continued
and accessible care, and would facilitate the solution of
occasional problems. They also considered it very necessary to
have achannel of communication between the women who live
in the same area and share a health system or similar pregnancy
protocols, to facilitate the formation of social networks and the
solution of frequently asked questions. They believe that this
forum could be moderated by a professional.

Design 4

The quality of information available on the internet regarding
pregnancy, childbirth, and the postpartum period in general was
moderate, poor, or very poor, with rare references to the source
of information. Reliability was higher on websites belonging
to public bodies, universities, or health companies than on
websites belonging to commercial companies, and was higher
among al of them than on websites of individuals or small
private groups.

It was found that the higher quality websites were up-to-date,
with information based on scientific evidence, frequently
including videosand personal experiences of other women, and
the possibility of interacting with peersand health professionals
[36].

“EMAeHealth” Prototype

Asaresult of the previous analysis and reflections, a prototype
named the“ EM AeHealth” web portal (Figure 2) was devel oped.
The name standsfor “maternal education” in Spanish (educacion
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maternal). It includes the following functionalities: (1) help
women to self-evaluate and prioritize their health needs rel ated
to pregnancy, childbirth, puerperium, lactation, and child care,
identifying people and populations at risk of physical, mental,
or social complications; (2) promote training and
self-management, establish decision-making support systems,
and serve as aguide in identifying available resources; and (3)
allow access to content from multiple devices and operating
systems, and store the data safely.

Expertsin software engineering propose a structure (Figure 3)
inwhich, starting from a home page with the general menu, the
different contents are distributed in a modular structure related
to the different needs and offers, and with different degrees of
accessibility based on the identity of the user (patient,
professional, and health system). Aninitial module would give
access to publicly available information and to various
self-assessment tools, which would not offer any further
resources (EMAportal). A second module would allow access
to both peer communication forums and resources available in
response to self-assessment, for which the woman would have
toidentify herself asamember of the group (EMAcommunity).
A third module, which is more complex, would allow accessto

Artieta-Pinedo et d

health data and the monitoring of care, for which alogin would
be needed to guarantee confidentiality (EMAhealthcare). The
structure would allow professionals and administrators to get
statistics on its use and health outcomes, enabling the
modification, elimination, or enhancement of different areas.

Functionalities and applications would be added to thisinitial
structure based on the feedback received (Figure 4).

The platform contains afile or data repository for monitoring
information, with a sufficient guarantee of storage security
(EMAcore), which allowsthe transmission of thisdatabetween
servers of different information systems and their connection
between several systems (the Basque Health System Osakidetza
and other health and social systems) (EMAApi). The complete
development of this website would involve the participation of
the organization where the woman is registered for the
pregnancy, and therefore, the most personal dataand interactions
should be stored along with the rest of the medical history, thus
ensuring confidentiality.

Regarding the content, the EMAeHealth portal contemplates
interaction with the woman and her partner at various levels as
presented bel ow.

Figure 2. Diagram of the EMAeHeath tool prototype for supporting women during pregnancy, chidbirth, postpartum, and breastfeeding/parenting.
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Figure 3. Architecture and information flow of the EMAeHealth website.
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Information Area

This is an area open to the public that will offer information
based on evidence and be constantly updated by health service
professionals (Figure 5). The website will inform users about
the maternity process, including the desire for pregnancy; first,
second, and third trimesters; labor and delivery; immediate and
late postpartum; and breastfeeding. It would also include care
of the newborn, paying specia attention to the vaccination
calendar during the baby’sfirst year of life by sending reminders
about the dates and following up on the correct vaccination. In
each section, the physiology of the process, healthy lifestyle,
possible health problems, common remedies, and available
resources will be described.

Artieta-Pinedo et d

Current news will also be posted such as changesin legisation
related to the process and the effects of the Zika virus and
COVID-19. Applications, such as calculators, estimates of
appropriate weight, an exercise calendar, and healthy dietswill
be offered.

It will be presented in multiple formats and support blogs,
videos, interviews, articles, and data suitable for different types
of population. The portal will have a data monitoring and
management system that will allow the research team to collect
browsing statistics on the different sections and adjust the
content if necessary.

Figure5. Contentsin the EMAeHealth information area. Information based on available clinical evidence, selected and reviewed by professionals.
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Communication Area

Thisis an area that will require user login and will alow the
female user to contact other women from a close environment
and in a situation similar to her situation, through forums or
conversations, or consult with her health care professional. Peer
interaction is one of the most highly valued functions among
users of digital tools[37,38], and it has been shown to increase
postpartum mental well-being [18]. The regular use of social
networksto not only receive but also contribute knowledge can
favor agreater connection to thetool and therefore greater access
to information based on evidence and greater possibility of
interaction with the health care professional [38]. A professional
will moderate thetool on arotating basis and answer questions.
There will be an administrator who can block anyone who
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RenderX

distorts the content or altersrelationships. In aproject like this,
part of the work of midwives would be focused on
non-face-to-face interventions, so work plans should aso be
adapted to this. Primary care midwives currently provide much
of the service through prearranged appointments, and thistime
could be split between face-to-face consultations and online
interaction.

On the other hand, the areas that need identification will only
be available to the woman during pregnancy and the first year
postpartum, or until the end of the pregnancy in the case of
abortion. In this way, the women included share close
experiences in time and space, which would predictably make
the contact more useful. Access would be reactivated for each
pregnancy for asimilar period.
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Health Self-Management Area

This area has valid and reliable self-assessment instruments to
check or reflect on one's own health needs (Figure 6). It consists
of scalesand questionnairesthat cover preferences, personality
traits, culture, or beliefs that can determine a decision and the
satisfaction obtained with it. As suggested by the group of
experts, these self-assessment tools could be presented at |east
at three key moments as follows: start of pregnancy, onset of
birth, and postpartum period. In this space, we would work
directly with individual health needs, applying the following
five As. assess (self-assessment and prioritization), advise
(training/support), agree (planning actions), assist (guides to
available resources), and arrange (carrying out monitoring and
evaluating the results). Following this procedure, the woman
responds to a validated questionnaire on her needs and
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preferences related to childbirth, and depending on the results,
the most suitable alternatives and their availability are offered.
Once the woman selects her favorite, the information on how
to accessit isprovided, and follow-up and feedback on the result
achieved are agreed. This process will often be mixed,
combining the responses from the digital tool and the midwife
who attends to the woman.

The same strategy will be followed with all those topics that,
based on the information collected on the web, demonstrate
their relevance and interest for the user population (eg, food,
newborn care, and pelvic floor rehabilitation). The validation
process of the self-assessment toolsinitialy included is currently
being carried out with the support of the Basque Government
(Basgque Government Health Department; grant number:
2018111087).

Figure 6. Contents in the EMAeHealth self-assessment instruments area. The algorithm is currently under development and validation, and thus, it

may be subject to change.
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Clinical Data Area Discussion

This area will require user login, and the woman will be able
to see her clinical data, add the most recent items, and share
them with other professionals if she wishes.

The safe storage of the data and feedback will alow the
information presented to be analyzed and adjusted. Thewebsite
will provide the team with the necessary interface to be able to
include, validate, and evaluate new elements in each area
(EMAAnalysis). Finaly, the website should be accessible from
any digital device (eg, phone, tablet, computer, and smart TV)
and for any company or organization (eg, health and social) that
the woman wishes to use and allow access, naturally with a
strict guarantee of data protection.
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Principal Findings

Despite the benefit that current maternal education can bring to
women, new tools are needed to increase its effectiveness and
reach. Proposalsfor renewal arise and are permanently evaluated
[39-41]. Digital tools have proven to be useful, and at timeslike
the present, they have been revealed as essential, which is why
it is necessary for health care workers to explore new areas of
care and support for women [38].

The creation of a collaborative environment, the involvement
of the affected population, and the application of international
standards to aid patient decision-making have resulted in a
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proposal for adigital tool that not only reports back, asis usual
with these tools, but also interacts with the woman, allowing
her to self-assess her health needs in order to take decisions,
self-manage, and respond to these needs.

The resources included in our prototype are, in addition to
exhaustive information, communication systems between peers
and with professionals, validated self-assessment instruments,
follow-up plans based on clinical practice guidelines, and
connection with health and social resources in the community.
The website will allow women to accesstheir clinical data, and
its use will be enhanced by making it accessible from any type
of device, whether tablet, mobile, or computer, safely.

Thisis aprototype and a proposed tool. The next step isto run
apilot test in order to find out itsclinical effectiveness, usability,
and acceptability by users and professionals, and to see its
impact on the health system.

Comparison With Prior Work

Interventions are usually designed, and then, their degree of
implementationin clinical practice, their acceptability, and their
usefulness are evaluated. A study related to the acceptance of
telemedicine [42] concluded that it is essential to take into
account the individual characteristics of the end user in the
design of the tools and their usefulness as perceived by
professionals when handling them in clinical practice. These
conclusions are in line with our tool design methodology and
with models such as the CFIR (Consolidated Framework for
Implementation Research) [43] or the TDF (Theoretical
Domains Framework) [44], and the IPDAS methodology [31],
which have guided our work. In addition, the internal and
external contexts where it will be implemented and the
implementation processitself has al so been taken into account.
We have not found any studies on websites aimed at pregnant
or postpartum women that describe, step by step, how the web
design was carried out to facilitate subsequent implementation.

Regarding content, in general, websites dedicated to pregnancy
offer information on the process and resources available for
care, focusing on specific aspects, such as suitable weight gain,
giving up toxins, and increasing vaccination rates [45]. In the
postpartum period, they also address specific problems, such
as the possihility of screening for anxiety and depression [46],
whichisthen followed up with psychoeducationa interventions,
peer support, and psychological therapy. Very few tools offer
comprehensive care for women during preghancy and in the
postpartum period, with the exception of the NHS website.

Limitations

The fact that we looked at the specific needs of pregnant and
postpartum women in Basque Country plays in favor of the
adaptability of thetool to our context; however, it might not be
generalizableto other populationswith different characteristics,
thus requiring adaptation when extrapolating it to other contexts.

The maintenance of this type of tool requires the involvement
of professionals and the organization in which they work, that
is, theinvolvement of health service managers. Thejob stability
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of professionalsin the public health system favors the continuity
of thetool, aswell astheir participation in its design. However,
pressure on health care resulting from COVID-19 may congtitute
a barrier to its implementation and maintenance. The
involvement of the organization might also be diminished by
other priorities at this difficult moment.

Conclusions

Although it is true that some health websites are not widely
used or are declining in use [41], the “EMAeHealth” platform
we propose has shown, sinceitsinception, some characteristics
that would facilitate both its adoption and maintenance, aswell
asitseffectivenessinincreasing the quality of the care provided
[31].

First, its design and development are based on needs expressed
by usersand health professionals, which will probably improve
itsimplementation [47]. Itsflexibility and adaptability will also
facilitate its use.

Second, it is proposed as a resource that would be part of the
public system. Websites from official organizations have proven
to be more rigorous and reliable [36]. Additionally, they can
eliminate any hint of conflict of interest that could occur on
privately financed websites and favor more universal use,
eliminating possible differences based on the socioeconomic
level [48,49]. This tool makes it possible to link support for
shared decision-making with the use of clinical practice
guidelines as a source of evidence and as a basis for
recommendations on care or self-care, which would boost
acceptance and adoption of the latter by professionals.

Third, it is a customized tool. Among all patients generaly, in
addition to their physical and mental well-being, health care
has to attend to patients’ values, beliefs, or capacities [50], but
thisis a particularly substantial part of attention in maternity.
Pregnancy is aphysiological stagein principle, but also atime
when self-perception, parenting styles, and other elements are
the most relevant variables, and in which other actors, such as
partners and family members, with their own customs,
convictions, or even ideologies (cultural and social baggage),
aredirectly involved.

Naturally, the website described here should not be seen as a
substitute for personal attention [2,31]. Research showsthat, in
addition to regularly consulting the internet, women go to
midwives and consider them their best source of information
[12,13,51]. Although useful, these web tools are not sufficient
to meet al the needs of women at this stage [52]. Their full
potential would be achieved as support options, serving women
who wish to take amore active role in managing their health.

In conclusion, health professionals must participate in the
adaptation of new technologies in daily practice [53], which
attend to the needs of the population. Involving the public in
the design phase will facilitate the implementation of
EMAeHealth and similar resources as generators of a higher
quality of life for women, without increasing costs in health
systems.
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Abstract

Background: Artificial intelligence—based chatbots are emerging as instruments of psychological intervention; however, no
relevant studies have been reported in Latin America.

Objective: The objective of the present study was to evaluate the viability, acceptability, and potential impact of using Tess, a
chatbot, for examining symptoms of depression and anxiety in university students.

Methods: This was a pilot randomized controlled trial. The experimental condition used Tess for 8 weeks, and the control
condition was assigned to a psychoeducation book on depression. Comparisons were conducted using Mann-Whitney U and
Wilcoxon tests for depressive symptoms, and independent and paired sample t tests to analyze anxiety symptoms.

Results. Theinitial sample consisted of 181 Argentinian college students (158, 87.2% female) aged 18 to 33. Data at week 8
were provided by 39 out of the 99 (39%) participants in the experimental condition and 34 out of the 82 (41%) in the control
group. On an average, 472 (SD 249.52) messages were exchanged, with 116 (SD 73.87) of the messages sent from the usersin
response to Tess. A higher number of messages exchanged with Tess was associated with positive feedback (F, 35=4.37; P=.02).
No significant differences between the experimental and control groups were found from the baseline to week 8 for depressive
and anxiety symptoms. However, significant intragroup differences demonstrated that the experimental group showed a significant
decrease in anxiety symptoms; no such differences were observed for the control group. Further, no significant intragroup
differences were found for depressive symptoms.

Conclusions: The students spent a considerable amount of time exchanging messages with Tess and positive feedback was
associated with a higher number of messages exchanged. The initial results show promising evidence for the usability and
acceptability of Tessin the Argentinian population. Research on chatbotsis till initsinitial stagesand further research is needed.

(JMIR Form Res 2021;5(8):€20678) doi:10.2196/20678

KEYWORDS
artificial intelligence; chatbots; conversational agents; mental health; anxiety; depression; college students

these conditions is 20 years [1]. The Pan American Health
Organization (PAHO) and the Argentinian Ministry of Health

The most prevalent disordersin Argentinaare anxiety (16.4%) Nave highlighted the importance of optimizing health care
and mood (12.3%) disorders. The average age for the onset of ~ SErViCes for individuals who are not receiving any form of
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psychological care [2]. Furthermore, the epidemiological data
collected in Argentina emphasizes the need for strategies that
prevent delaysto treatment access [1]. Behavioral intervention
technologies (BITs) are a novel and effective delivery format
that can expand the mental health services offered and facilitate
early accesstothosein need [3]. Chatbots are examplesof BITs
that represent an opportunity for addressing delays associated
with access to treatment for depression and anxiety [4].
However, no studies on the use of chatbots for analyzing
depression and anxiety have been conducted in Argentina.

Chatbots developed using artificial intelligence (Al) are
emerging in the field of psychology [5]. Currently, there are
two chatbots that have addressed anxiety and depressive
symptoms, Woebot [6] and Tess [7]. Woebot is a chatbot based
on the cognitive behavioral approach with evidence for the
reduction of anxiety and depressive symptomsin students during
afollow-up after 2 weeks. Fulmer et al [7] reported areduction
in depressive and anxiety symptoms in college students using
Tess, a chatbot that provides support and psychoeducation
through an integrative approach. Although the research
completed by Fulmer et al [7] and Fitzpatrick et a [6] reported
decreased depressive and anxiety symptomsin college students,
these studies were performed in the United States. To the best
of our knowledge, there are no studies on chatbots used for
addressing mental health disorders in Spanish-speaking
populations. Other examples of chatbotswith empirical support
areManage Your Life Online (MY LO) that focuses on problem
solving [8]; Shim, for well-being based on the cognitive
behavioral approach and elements of positive psychology [9];
Tess for pediatric obesity and prediabetes treatment [10]; and
Wysa, a chatbot that uses cognitive behaviora therapy,
behavioral reinforcement, and mindful nesstechniquesto support
patients with depression [11]. Research studies on chatbots for
mental health have several limitations such as small sample
sizes and short-term follow-ups [6,7]. Additionally, current
chatbots for mental health promotion present several problems,
such as the lack of recognition of the emotional tone of users,
crisis identification and management, as well as the need for
strategies to reduce the frustration arising from feelings of
incomprehension by users when the chatbot does not respond
accurately.

The present study aims to assess the viability and acceptability
of psychological interventions delivered through Tessto college
students in Argentina. The objectives of this study were as
follows: (1) identify participant flow from recruitment to
follow-up; (2) understand aspects related to the usage patterns
of Tess, such as the number of messages sent and exchanged;
(3) examine the rel ationship between the feedback provided by
the participants and the number of messages exchanged with
Tess; and (4) compare the outcomes on depression and anxiety
between and within groups among the college students who
completed the study. Although the focus of this research was
not the effectiveness of the chatbot, comparisons were made
between the experimental and control groups to obtain
preliminary data for future randomized controlled trials given
the importance of obtaining preliminary information about the
viability and acceptability of Tess asameans of psychological
intervention for college studentsin Argentina.

https://formative.jmir.org/2021/8/e20678
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Methods

Trial Design
Thiswasapilot randomized controlled parallel-group tria. The

experimental group had access to Tess for 8 weeks and the
control group to a psychoeducation el ectronic book.

Participants

The participantswere college studentsin Entre Rios, Argentina.
The inclusion criteria were as follows. being a resident of
Argentina, 18 years or older, and a college student, as well as
providing informed consent. Recruitment was conducted through
presentations in different university courses. Participants who
provided consent were assigned to the experimental or control
group by simple randomization conducted through a Python
algorithm.

Intervention

Experimental Group

The experimental group utilized Tess, an Al-based chatbot that
delivers brief text conversations as comprehensive support for
mental health. Tess sends reminders, psychoeducational content,
and emotional support responses based on what the users
express. Tess combines words and emojis in the messages for
providing a more user-friendly experience. Tess responds with
prescribed statements to replicate empathetic answers that are
appropriate for the emotion or concern expressed by the
participants. For example, a participant expressing anxious
feelings would be offered a relaxation strategy. The
conversations offered by Tess were based on the cognitive
behaviora model [12], emotion-focused therapy [13],
solution-focused brief therapy [14], and motivational
interviewing [15]. Such conversations were devel oped by mental
health experts. After each conversation, Tess asked, “Was our
conversation helpful 7’ If auser responded positively (eg, “yes,
thank you™) to an intervention based on cognitive behavioral
therapy (CBT) and negatively (eg, “no, not really”) to
emotion-focused therapy, Tess would then offer more
CBT-based interventions. For userswho answered in anegative
or neutral manner, Tess would offer alternative interventions.

In the present study, customized conversations for university
studentsin Argentinawere el aborated, revised, and tested within
the framework of a previous study developed in the United
States [7]. During the 8-week intervention for this test, Tess
initiated contact asking about the emotions and moods of the
participants once aday during theinitial weeks and every other
day in the following weeks. All the conversations with Tess
occurred through Facebook messenger.

Control Group

An electronic psychoeducation book focusing on affective
symptoms was provided to the participantsin the control group
[16]. The provided evidence-based information and resources
helped students identify and seek treatment for depressive
symptoms.
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Engagement and Feedback

Engagement was measured using the number of messages
exchanged with Tess. In addition, the dropout rates in the
experimental and control groups were analyzed. The perceived
feedback of the participants was collected after each
conversation with Tess through the following question: “Was
our conversation helpful?” The answers from the users were
coded as positive, negative, or ambivalent and assigned values
of 1, 2, and 3, respectively. For instance, if a user responded
saying “yes, thank you,” then that response was coded as
positive.

M easures

The Patient Health Questionnaire-9 (PHQ-9) [17] is a
self-reporting questionnaire comprising 9 items that evaluate
the frequency and severity of depressive symptoms during the
last 2 weeks. Each of the 9 items is based on the Diagnostic
and Satistical Manual of Mental Disorders-IV (DSM-IV)
criteria, which are scored from 0 (not at all) to 3 (nearly every
day). The PHQ-9 is one of the most used measures to assess
depressive symptoms and has been validated in Argentinawith
adequate psychometric properties (Cronbach a=.87) [18]. The
first 2 items are considered screening criteria (PHQ-2); if these
are scored with O or 1, then an absence of symptomsisassumed.
Scores ranging from 5 to 9 are interpreted as mild, from 10 to
14 as moderate, from 15 to 20 as moderately severe, and over
20 as severe.

The Generalized Anxiety Disorder Scale (GAD-7) [19] is a
7-item self-reporting scale that evaluates the frequency and
severity of anxious thoughts and behaviors during the last 2
weeks. Items are based on the diagnostic criteriaof the DSM-1V
and scored from O (not at all) to 3 (nearly every day). Rodriguez
de Behrends and Brenlla [20] reported an adequate reliability
level (Cronbach a=.74) for the Argentinian population.

Ethical Aspects

The study was approved by the Research Ethics Committee of
the Faculty of Health Sciences (FCS) of the Universidad
Adventista del Plata (UAP), National Registry of Health
Research (RENIS, reference number: CE000237), and
Ministerial Resolution of the Ministry of Health of the Province
of Entre Rios (reference number: 3999). This resolution is
recorded in ACT 1-2019 of the registration of this committee.
Participants expressed their consent in aform according to the
personal data protection law (Argentine National Law 25.326)
through checkbox selection (electronic signature) on a closed
form.

Data were collected through Tess. All personaly identifiable
information was eliminated in the transcriptions downloaded
from Tess. The downloaded data were processed and stored
using secure servers and were compliant with the Health
I nsurance Portability and Accountability Act. Upon completion
of the study, the control group obtained access to Tess for 8
weeks and both groups were granted free access to Tess for a
year. |f a participant expressed suicidal ideations, Tess was
programmed to provide the National Line of Suicide Prevention
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numbers, the crisis text line, and 911, and encourage seeking
professional help.

Data Analysis

The data collected was entered and analyzed using the Statistical
Package for the Social Sciences (Version 20.0; IBM
Corporation) [21]. The number of messages exchanged was
considered to assess the feasibility and acceptability of Tess.
Additionally, the participants qualitative feedback was analyzed
by two researchers (CK and ME) and coded into three
categories: positive, negative, and ambivalent. A data analysis
protocol was carried out. Thetreatment of missing datathrough
multiple imputation or plausibility analysis techniques was not
possible owing to the high percentage of participants who
dropped out of the intervention [22].

A one-factor analysis of variance (ANOVA) was applied to
determine if feedback (positive, negative, or ambivalent)
impacted the number of interactions that users had with Tess.
To examine the baseline characteristics between samples, a t
test was performed for independent samplesto compare anxiety
levels. The Mann-Whitney U statistic (respecting the ordinal
nature of the variables; namely, if the first 2 items were scored
0 or 1, the system did not ask the subsequent items) was used
to compare depressive symptoms.

To evaluate the effects between conditions, a t test was
performed for the independent samples to assess the anxiety
symptoms and the Mann-Whitney U statistic was used to
compare the mean ranges of depression. To assess the
longitudinal effects from the baseline to week 8 within
conditions, at test was performed for related samples assess
the anxiety symptoms and the Wilcoxon test was performed to
compare the mean ranges of depression. To complement the
significancetest, the effect sizesin theintragroup and intergroup
tests were calculated. For the t tests, the effect size was
calculated using Cohen d; measures between 0.2 and 0.3 were
labeled “small effect,” around 0.5 as “moderate effect,” and
above 0.8 as “large effect” [23]. For the Mann-Whitney U and
Wilcoxon tests, the r formula was calculated based on the z
scores. The measures between 0.1 and 0.3 were [abeled “ small
effect,” between 0.3 and 0.5 as “moderate effect,” and above
0.5 aslarge effect” [23,24].

Results

Initial Observations

The initial sample consisted of 181 college students in
Argentina, aged 18 to 33, with 158 (87.2%) identifying as
female. Among the 181 students, 99 (55%) were randomized
to the experimental condition and 82 (45%) to the control
condition. Data at week 8 were provided by 39 out of the 99
(39%) participants in the experimental condition and 34 out of
the 82 (41%) in the control group. Regarding data on the
depressive symptoms, 33 (33%) participantsin the experimental
condition and 30 (37%) in the control condition provided data
at week 8. Regarding data on anxiety symptoms, 27 (27%)
participants in the experimental condition and 23 (28%) in the
control condition provided data at week 8 (see Figure 1).
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Figurel. CONSORT flow diagram. GAD-7: Generalized Anxiety Disorder Scale-7, PHQ-9: Patient Health Questionnaire-9.
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questionnaires (n=39)

PHQ-9 completers:; 33

GAD-7 completers: 27

M essages Exchanged

Regarding the participants engagement with Tess (39/99), after
8 weeks, there was an average of 472 exchanged messages (SD
249.52), where the minimum interaction level involved 162
messages and the maximum involved 1290. More specifically,
an average of 116 (SD 73.87) of the exchanged messages were
sent from the user to Tess.

Feedback

Feedback from most participants (25/39) at week 8 was coded
as positive (ie, Yes, you really understand me, Tess. Thanks for
talking to me. My anxiety has decreased and | can confidently
go outside again.). A minor number of participants (7/39)
provided ambivalent (ie, Not much, but it's ok, | am capable)

Table 1. Number of interactions per user feedback.

l

Control group (n=82)
Access to psychoeducation book.

Abandoned (n=60)

Mo questionnaires
were answered at
the end of the
intervention.

¥

Completed preintervention and postintervention
questionnaires (n=34)

PHQ-9 completers:; 30

GAD-7 completers: 23

or negative (ie, Sometimes | ask you something and you don’t
specifically respond to what | asked.). A one-factor ANOVA
was applied to determine if feedback (positive, negative, or
ambivalent) impacted the number of interactionsthat users had
with Tess. Results showed that feedback from users was
associated with the number of messages exchanged with Tess
(F236=4.37, P=.02). Post hoc contrasts resulting from the
Scheffé test showed statistically significant differences between
those participants providing positive feedback and those
providing negative feedback (P=.04); nevertheless, a higher
number of messages exchanged with Tess was associated with
positive feedback. No differences were observed between the
participants providing ambivalent and positive feedback or
ambivalent and negative feedback (See Table 1).

Variable Positive, mean (SD) Ambivalent, mean (SD) Negative, mean (SD) Statistical values
F P value
Interactions 551.24 (52.54) 374.43 (73.11) 287.43 (23.35) 4.37 .02
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Potential Impact of Tesson Indicators of Depression
and Anxiety

Baseline Characteristics
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Therewere no statistically significant differences at the baseline
intheanxiety (t,5=.16; P=.9) and depression scores (U=451.50;
P=.5) between the experimenta and the control groups (See
Table 2).

Table 2. Comparison of the average values and ranges for the anxiety and depression variables at the baseline and week 8 between the experimental

and control groups.

Variable Experimental group (n=39) Control group (n=34) Statistics P vaue
Anxiety at baseline, mean (SD) 15.59 (5.30)2 15.35 (5.75)b t=0.16 .90
Anxiety at week 8, mean (SD) 13.04 (7.12)2 16.26 (5.79)b t=1.74 .09
Depression at baseline, middle range 33.32¢ 30,554 U=451.50 .50
Depression at week 8, middle range 30.58° 33574 U=448.00 48

n=27.

Pn=23,

n=33.

4n=30.

Between-Group Differences

No statistically significant differences were observed between
the experimental and the control groups in the average scores
for anxiety (t,g= 1.74; P=.09) or in the average ranges for
depression (U=448.00; P=.48) at week 8 (See Table 2).
Regarding the effect sizes, the mean scores for anxiety in the
experimental group were lower than for the control group after
8 weeks and the effect size of the intervention was moderate
(d=.5; 95% CI [-6.96 t0.51]). For depressive symptoms, the
experimental group reported alower mean score than the control

group and the effect size of the intervention was nonexistent
(r=.09).

Within-Group Differences

Within the experimental condition, a statistically significant
decrease in the symptoms was observed from the baseline to
week 8 for the anxiety scores (t,s=2.15; P=.04); the control
condition did not demonstrate any significant changes (t,,=1.00;
P=.33). Regarding depressive symptoms, no significant
differences were found either in the experimental condition
(Z=1.76; P=.08) or in the control condition (Z=.00; P>.99) (See
Table 3).

Table 3. Comparison of the average values and ranges within groups for anxiety and depression variables from the baseline to week 8.

Variable and condition Baseline Week 8 Statistics P value
Anxiety, mean (SD)

Experimental 15.59 (5.30) 13.04 (7.12) t=2.15 .04

Control 15.35 (5.75) 16.26 (5.79) t=1.00 33
Depression, middle range

Experimental 8.83 7.14 Z=1.76 .08

Control 6.50 6.50 7=0.00 .99

Discussion and (4) compare the preliminary measures of depression and

Important Findings

Theuse of chatbots (ie, conversational agents) to address mental
health conditions may contribute to the treatment of large
populations and attend to the needs of those who do not have
access to treatment. To the best of our knowledge, there are no
studies on the use of chatbots for mental health in Latin
America. Thistrial wasintended to evaluate an Al-based chatbot
(Tess) in a sample comprising Argentinian college students.
The specific objectives were as follows. (1) understand the
participant flow from recruitment to follow-up; (2) report aspects
related to the usage patterns of Tess, such as the number of
messages sent and exchanged; (3) examine participant feedback;

https://formative.jmir.org/2021/8/e20678
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anxiety.

Regarding the usage patterns of Tess, there are three findings
that support a satisfactory level of engagement. First, a
considerable number of participantsin the experimental (39/99,
39%) and control (34/82, 41%) conditions remained in the study
throughout the 8-week study period. The completion ratesfound
inthe current study are better than that observed in most unpaid
and unsupported Internet-based interventions for depression
and anxiety, where 90% of the users withdraw after the first
two sessions [25]. Furthermore, in studies using mobile apps,
the follow-up completion rates were comparable (53%); the
mean percentage of complete” adherers’ was 36% for depression
and 41% for anxiety [26]. When compared to a chatbot study
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for US college students, alower attrition rate was reported (31%
and 9% in the control and experimental conditions, respectively);
however, this study compensated participants and the follow-up
was at 2 weeks, making it difficult to compare the outcomes

6].

Second, participants in the experimental condition had
exchanged a considerable number of messages with Tess (M
472; SD 249.52), and the mean number of messages sent from
the user to Tess was 116 (SD 73.87). A previous study on the
usage patterns of the depression modules of Tess showed a
much lower average number (17.57) of messages sent to Tess
by adult users [27]. It is possible that college, younger, and
Latinx students are more willing to engage in conversations
with chatbots than older populations in the United States. Two
previous studiesinvolving college studentsin the United States
did not report the number of messages sent by the user to Tess
[6,7]. Regarding the messages exchanged, Fulmer et al [7]
reported a comparable number of total messages exchanged
during a period of 4 weeks (M 286; SD 104.6), whereas the
total number of messages exchanged in the current study was
during aperiod of 8 weeks.

Third, feedback provided by those in the experimental condition
was mostly positive (eg, Yes, you really understand me, Tess.
Thanks for talking to me.). Among the participants offering
negative feedback, there was a predominant dissatisfaction
regarding the accuracy of some interventions ( eg, Sometimes
| ask you something and you don’t specifically respond to what
| asked.). Feedback is a key component for Al-based chatbots
as it alows systems to tailor the dialogues to the user.
Interestingly, the positive and negative feedbacks were
associated with the number of messages exchanged. Userswho
reported higher satisfaction had the highest number of
exchanged messages; it is possible that providing positive
feedback could lead to better customization the intervention
messages. This finding is relevant as it supports the need to
collect user feedback for achieving optima levels of
customization and increasing engagement that could lead to
higher intervention doses.

Regarding the impact of Tess on anxiety and depressive
symptoms, no statistically significant differences were found
between groups. Interestingly, when comparing within-group
scores, the experimental group showed a significant decrease
in anxiety symptoms after 8 weeks of intervention and a
near-significant trend (P=0.07) for depressive symptoms.
Analyzing the effect sizes showed that Tess had a moderate
effect on anxiety and no effect on depression in the experimental
group. These outcomes were unexpected given that previous
studies using Tess [7] and another conversational agent called
Woebot [6] reported significant reductions in anxiety and
depressive symptoms; both studies used asimilar control group
(a psychoeducation book). Moreover, in the current study,
depression was measured using PHQ-9 as a categorical and
ordinal variable, whereas Fulmmer et al [7] and Fitzpatrick et
al [6] used it as a continuous measure.

The lack of between-group differences could be explained by
several factors. First, the current study was underpowered.
Second, although the findings of the current study were not

https://formative.jmir.org/2021/8/e20678
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statistically significant, the direction of the change observed for
anxiety and depression was as expected; therefore, it ispossible
that low-intensity interventions delivered via chatbots may
require a higher dose to yield a between-group effect when
delivered to Argentinian students. Third, Tess provides many
conversations based on different theoretical approaches, and
this may have resulted in less therapeutic power. However,
Fulmer et a [7] observed significant effect using similar
conversations. Fourth, it is possible that during adaptation of
the dialogues from English to Spanish, the quality of the
intervention may have been reduced.

Limitations and Future Directions

Thispilot study has severa limitations. First, the current analysis
was conducted with intervention completers; therefore, future
studies with larger samples (including completer and
intent-to-treat analyses) are needed. Second, only college
students from a specific region in Argentina were included in
this study, and the socioeconomic aspects of the sample were
not assessed; thus, the inclusion of a more diversified sample
is suggested. Third, there was a high dropout rate throughout
the 8-week period. Thisis congruent with the findings reported
by most studies that use technology-based intervention (see
“The Law of Attrition”) [28]. A high dropout rate may be due
to the limited capacity of most digital interventions to capture
the attention and motivation of users. Additionally, high dropout
ratesin studieswith digital interventionswere linked to the fact
that as accessis easy, alower level of commitment is required
from the user to enroll in the study compared to traditional
face-to-face interventions. Fourth, as most participants who
remained until completion of the study were female, male
participation was scarce. Fifth, the control group had accessto
a psychoeducation book, and there was no information on
whether they read it. As chatbot researchisinitsinitial stages,
further studies could benefit from offering waitlists rather than
self-help books. Although offering a waitlist could present an
ethical dilemma, thiswould mitigate the potential effects of not
having an intervention if short-term studies are conducted.

Future chatbot studies may benefit from designing chatbotswith
more conversations based on a specific therapeutic approach
rather than using afew conversations from several approaches.
Additionally, analyzing the impact of chatbots as adjuncts to
face-to-face psychotherapy and comparing these interventions
with face-to-face psychotherapy alone would yield important
insights regarding the advancement of research on chatbots for
mental health. Finally, simple randomization was used in this
study; future studies may consider using unegual randomization
(2:1) so that more participants enter the experimental group or
a stratified randomization procedure so that participants with
similar characteristics can be assigned equaly to the
experimental and control groups.

Conclusions

Students spent a considerable amount of time exchanging
messages with Tess and positive feedback was associated with
higher numbers of messages exchanges. The initial results
showed preliminary evidence regarding the effectiveness of
Tess in addressing anxiety symptoms, but there was no
significant effect on depressive symptomsin Argentinian college
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students. Given the high prevalence of anxiety and depression
in Argentinian college students [1] and the need to expand
mental health care access, devel oping affordabl e strategies such
as chatbots may become effective tools to address these needs.
Al-based chatbots have the ability to reach higher levels of
customization and may thus be of service to educationa and
mental health care centers aiming to deliver interventions to

Kloset a

targeted users that are accessible at any time without
geographical restrictions. Additionally, chatbots may be used
as standalone resources for those who have no access to
treatment or asacomplement to traditional treatments. Although
the initial evidence on the efficacy of chatbots is promising,
research on chatbots is still in its initial stages and presents
several limitations. Thus, more robust evidence is needed.
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Abstract

Background: Exposure to occupational stressors and potentially psychologically traumatic events experienced by public safety
personnel (eg, paramedics, police, fire, and correctional officers), military members, and veterans can lead to the development
of posttraumatic stressinjuries and other mental health disorders. Providing emergency servicesduring COVID-19 hasintensified
the challenges. Owing to COVID-19 restrictions, mental health service providers offering support to these populations have had
to rapidly pivot to use digital versusin-person methods of service delivery.

Objective: Thispaper aimsto explore the experience of mental health service providersregarding digital health service delivery,
including the current state of digital mental health service delivery, barriers to and facilitators of the use of digital health for
mental health service delivery experienced during the pandemic, and recommendations for implementing and integrating digital
health into regular mental health service delivery.

Methods: This embedded mixed-methods study included questionnaires and focus groups with key stakeholders (N=31) with
knowledge and experience in providing mental health services. Data analysis included descriptive, quantitative, and qualitative
thematic analyses.

Results: The following three themes emerged: being forced into change, daring to deliver mental health services using digital
health, and future possibilities offered by digital health. In each theme, participants’ responses reflected their perceptions of
service providers, organizations, and clients. Thefindings offer considerations regarding for whom and at what point in treatment
digital health delivery is appropriate; recommendations for training, support, resources, and guidelines for digitally delivering
trauma therapy; and a better understanding of factors influencing mental health service providers’ perceptions and acceptance of
digital health for mental health service delivery.
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Conclusions: The results indicate the implementation of digital health for mental health service delivery to military members,
public safety personnel, and veterans. Asthe COV1D-19 pandemic continues, remote service delivery methods for traumatherapy
are urgently needed to support the well-being of those who have served and continue to serve.

(IMIR Form Res 2021;5(8):€26369) doi:10.2196/26369

KEYWORDS

trauma; mental health; telemedicine; therapy; rehabilitation; digital health; psychotherapy; military; veteran; first responder;
public safety personnel; teletherapy; psychotherapy; telepsychiatry; mobile phone

Introduction

Background

The COVID-19 pandemic necessitated a sudden shift in the
provision of mental health services from in-person to digital
health delivery to comply with physical distancing restrictions
[1]. Thisshift required adaptations at the organizational, service
provider, and client levels. It was also experienced differently
by the general population than by military members (MMs),
veterans, and public safety personnel (PSP; eg, paramedics,
police, fire, and correctional officers) dealing with symptoms
and other effects of operationa stress injuries (OSls). As a
result, continuing access to mental health supports for
trauma-affected populations, including MMs, veterans, and
PSP, was pivoted to digitally delivered trauma therapy.

In addition, MMs and PSP are critical to the COVID-19
pandemic response and management asthey respond to medical
emergencies, enforce public health orders, and support infection
control and prevention initiatives [2]. Although accustomed to
performing in complex, ambiguous, high stake, and rapidly
changing environments, the context of the COV1D-19 pandemic
has amplified these factors and led to operational environments
that are highly stressful and uncertain[3]. Therefore, supporting
MMs and PSP in a timely and responsive manner is critical,
particularly asincreased occupational and operational stressors
are likely to continue during and beyond the COVID-19
pandemic and can lead to OSls.

Digital Health for MM s, Veterans, and PSP

Creative approaches to mental health service delivery that
maximize access to services while minimizing physical contact
and proximity are required as aresult of the pandemic. Digital
health isan umbrellaterm that encompasses a variety of health
technol ogies such astel etherapy, telemedicine, eHealth, mobile
health, and health information technology delivered through
various modes such as videoconferencing or telephone and has
offered a means by which to address immediate mental health
needs. For MMs, veterans, and PSP living in rura or remote
areas, digital health can facilitate access to mental health
treatment by removing barriers to access associated with
transportation or service availability [4]. The ability to access
mental health treatment from the comfort and safety of a home
environment has been identified as a facilitator for individuals
experiencing social anxiety or with concerns regarding privacy
and stigma[5-7].

Before the COVID-19 pandemic, the adoption and
implementation of telehealth asameans of mental health service
provision was slow and difficult to sustain [8], and the response

https://formative.jmir.org/2021/8/e26369

of mental health clinicians to the shift to or adoption of digital
health to provide care for MMs, veterans, and PSP was mixed
[9]. Barriersto widespread and sustained digital health use were
associated with concerns regarding the equivalency of
telehealth-delivered services to face-to-face treatment,
establishment of a therapeutic aliance, client and service
provider acceptance of digital health, technical connectivity
challenges, patient privacy and confidentiality, software and
equipment availability, usability and reliability, associated costs,
and regulatory concerns[1,9-12]. Recommendations associ ated
with digital delivery, in general, emphasize clinician training
and supervision around the use of technologies and mental
health interventions[13]; development of guidelinesand policies
for software, web-based platforms; and patient consent [14].

Regulatory collegesfor health care professionals have provided
some practice standards and guidelines for the use of digital
health many of which have been developed specifically in
responseto COVID-19. Regulatory colleges have offered initial
standards and guidance regarding privacy and confidentiality,
consent, risk management and safety, technical issues and
security of data, ongoing training regarding both professional
and technical competency, and possibleinsuranceor jurisdiction
issues[15-18]. However, given the rapidly changing landscape,
little research has been conducted exploring how these standards
have been taken up by frontline service providers and factors
that facilitate their implementation. In particular, issuesrelating
to privacy are especially salient given not only the widespread
stigma associated with mental health concerns in the military
or PSP organizations but al so the sensitivity of disclosures that
may occur when working with MMs or PSP who have high
security clearance.

Despite these barriers, encouraging evidence supporting the use
of digital health was identified through a systematic scoping
review conducted by members of thisresearch team in advance
of thisstudy regarding digital health delivery of traumatherapies
for MMs, veterans, and PSP [19]. This review illustrated that
the delivery of cognitive processing therapy (CPT), prolonged
exposure therapy, and behaviora activation therapy using
videoconferencing demonstrated comparable effectiveness to
in-person treatment in reducing posttraumatic stress disorder
symptoms in MMs and veterans [19]. This scoping review
identified significant knowledge gaps. Specifically, the majority
of available evidence comes from studies conducted in the
United Stateswith active-duty MM s and veteranswhere service
providers predominately used CPT. Far less research has been
conducted on other treatment modalities or on the treatment of
PSP; practically no research on digital healthfor MM, veterans,
and PSP has been undertaken in the Canadian context. It is
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imperative that these knowledge gaps be addressed to promote
continued, effective, and ethical use of digital health
technologies during and beyond the pandemic.

Purpose

The purpose of thisstudy isto explore the perspectives of mental
health service providersregarding the shift to using digital health
to facilitate mental health service provision for MMs, veterans,
and PSP as aresult of the COVID-19 pandemic. Specific study
objectives include the determination of the following:

« The current state of digital health use in mental health
service delivery for the target populations.

« Barriers and facilitators experienced by menta health
service providersin thetransition to the use of digital health.

«  Recommendations for the implementation and integration
of digital health into regular mental health service delivery
by mental health service providers.

Methods

Overview

This study used an embedded mixed-methods design [20] in a
community-engaged research setting [21]. The primary method
was qualitative and involved focus groups with key stakeholders
who had direct knowledge and experience, as well as the most
useful and timely information sensitive to the context of the
research population and question [22]. Engagement with key
stakehol ders aimed to explore the history of events, the shift to
digital health use, what occurred with the shift to the use of

Textbox 1. Inclusion and exclusion criteria of the participants.

Smith-MacDonald et al

digital health (eg, changesin service delivery, access, practice,
policy, and technology use), what needs, problems, and solutions
have arisen (eg, digita health approaches), and important
considerations going forward [23-25]. Quantitative descriptive
data were also collected and nested within the thematically
analyzed qualitative data. Ethical approval was obtained from
the research ethics board of the University of Alberta before
study initiation.

Participants

Study participants included representatives from the following
groups: (1) MMs, PSP, and veterans working in peer-support,
health or wellness, or mental health service positions; (2)
multidisciplinary mental health service providers;, (3)
organizational leaders and policy and decision-makers from
local, provincial, and federa PSP, military, and veteran
organizations; and (4) subject matter experts and researchers
(eg, in digital heath, menta health, technology, privacy,
security, and implementation). Although attempts were made
to recruit MMs, PSP, and veterans who could primarily be
categorized as having lived through the experience of a
posttraumatic stress injury or OSls and who were directly
receiving digital health trauma therapy, no participants agreed
to take part in the study. For MMs and PSP, this was likely
because of deployments and frontline service provision during
COVID-19.

Inclusion and Exclusion Criteria

Participants were included and excluded based on the criteria
described in Textbox 1.

Inclusion Criteria

« If they were English speaking

« If they were able to provide informed written consent

Exclusion Criteria

« If they were non—English speaking

« If they were unable to provide informed consent

« If they had population-, service provision—, subject-, or organization-specific expertise

. If they were able to offer insights into real-world service delivery, practice, policy, or technology; privacy and security issues in the Canadian
context; practical considerations and experiences associated with the use of digital health for mental health service delivery; or realistic solutions
associated with digital health service delivery to military members, public safety personnel, and veterans in Canada

« If they were unfamiliar with the population or use of digital health to deliver mental health services
« If they were unable to contribute meaningfully to an exploration of the use of digital health

Recruitment

Study participants were recruited through word of mouth and
convenience, snowball, and purposeful sampling. Key
individuals in military, veteran, and PSP organizations were
contacted by phone, and emails were disseminated through
relevant networks and organizations with local, provincial, and
national reach. Key stakeholders (or their designates) were asked
to contact the research team directly and were screened for
inclusion. Anonymity and confidentiality were reviewed, and

https://formative.jmir.org/2021/8/e26369

consent was obtained before the commencement of study
participation.

Data Collection

Data were collected between August and October 2020.
Quantitative data were collected using questionnaires that
captured demographic information (eg, age, gender, profession,
organizational affiliation, years of service, and province of
residence), participants comfort level with particular digital
health platforms and technology, and their perceptions of
facilitators of and barriers to digital health service delivery.
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Questionnaires were administered on the web via REDCap
(Research Electronic Data Capture)—a secure, web-based
software platform hosted at the University of Alberta and
designed to support data capture for research studies [25].
Qualitative data were then collected through 90-minute focus
groups (n=5; 3-6 participants per focus group) and interviews
(n=1) conducted and recorded over the phone or encrypted
Zoom (Zoom Video Communication Inc) software [26].
Examples of focus groups and interview questions are given in
Multimedia Appendix 1. Each focus group was purposely
heterogeneous, with respect to professional representation and
experiencewith digital health, to allow for broad cross-talk and
pollination of complementary and alternative ideas, experiences,
and conversation, resulting in rich comprehensive data. The
focus groups and interviews were guided and facilitated by
senior members of the research team. Key topics of discussion
included the previous and current state of using digital health
for mental health service delivery in the midst of COVID-19
pandemic; barriersto, facilitators of, and recommendations for
the use of digital health technologies to deliver mental health
servicesto MMs, veterans, and PSP; digital health technological
issues, acceptance, and methods of delivery; clinical
effectiveness;, and needs, including infrastructure and
implementation.

Data Analysis

Qualitative and quantitative data were analyzed using standard
analytical procedures. Quantitative data were analyzed
descriptively and statistically using SPSS (IBM Corp). Audio-
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Smith-MacDonald et al

or video-recorded focus groups and interviews were transcribed
and thematically anayzed [27], both deductively and
inductively, following an iterative process. Deductively, initial
codes were developed based on focus group topics and study
objectives. Inductive coding involved identifying themes that
emerged from the data [28]. In total, 3 junior researchers
independently conducted open coding for each focus group,
after which a senior researcher reviewed and refined the codes.
These were then combined and tabulated into preliminary
themes. The analysis of the preliminary themes by the collective
research team followed, with differences resolved through
discussion. A proposed thematic theory underwent collective
analysis; the preliminary themes were modified; key quotes
were isolated to illustrate the selected themes; and the final
thematic narrative was prepared.

Results

Questionnaire Results

The overal focus of thisanaysiswasto explorethe experience
of mental health service providersworking with MMs, veterans,
and PSP during the transition from in-person to digital health
service delivery of mental health interventions. Demographic
details of the study participantswho completed the digital health
guestionnaires (N=31) are shown in Tables 1 and 2. Study
participants had diverse professiona backgrounds, resided in
variousregions of Canada, and had varying levels of experience
within their respective professions and with digital health.
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Table 1. Occupational and geographical characteristics of the study participants (N=31).

Characteristics Values, n (%)

Organizational affiliation (n=31)

Alberta Health Services 4 (16)
Canadian Armed Forces or Department of National Defense 5(20)
Postsecondary institution 4(16)
Municipal Police Service 2(8)
Operational Stress Injury Clinic 2(8)
Canadian Coast Guard 3(12)
Private Mental Health Clinic 3(12)
The Roya Canadian Legion 4(16)
Other 4 (16)
Profession (n=27)
Paramedic 4 (16)
Psychiatrist 3(12)
Police officer 2(8)
Administrator 4 (16)
Psychologist 4 (16)
Physician 2(8)
Chaplain 2(8)
Researcher 3(12)
Safety advisor 1(4)
Other dlied health professional 2(8)
Province (n=24)

British Columbia 3(12)
Alberta 15 (62)
Ontario 3(12)
Quebec 1(4
Nova Scotia 14
Saskatchewan 1(4)

Years of service (n=28)

1-4 1(4)
59 4(16)
10-14 3(12)
15-19 8(29)
20-24 8(24)
25-29 2(8)
30-34 1(4)
>35 14
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Table 2. Age and gender of the study participants.

Smith-MacDonald et al

Characteristics

Values, n (%)

Age (years; n=23)
18-34
35-49
50-64
265

Gender (n=24)
Male

Female

0(0)

14 (60.9)
9(39.1)
0(0)

13 (54.2)
11 (45.8)

A variety of means of communication used to facilitate mental
health service ddlivery wereidentified by participants, including
videoconferencing platforms, email, telephone, and text. Table
3 shows the digita heath methods that participants felt
comfortable using.

I ntention to use remote delivery, perceptions of the effectiveness
of digital health for mental health service delivery, and concerns
about privacy and security were rated using a 7-point Likert
scale (Figure 1). The vast majority of participants somewhat
agreed, agreed, or strongly agreed that they were likely to use
digital health delivery of mental health services if in-person
therapy was not available. Most respondents al so perceived that
mental health services delivered remotely were effective. Over
half of the respondents expressed at least some concern

regarding the maintenance of security and privacy when
delivering mental health servicesthrough digital health means.
Multiple facilitators of and barriersto digital health delivery of
mental health services were also identified by participants in
the pre—focus group questionnaires (Tables 4 and 5). Common
barriersincluded lack of stable, interruption-freeinternet access,
lack of personal presence, and challenges in developing a
therapeutic relationship, whereasidentified facilitatorsincluded
decreased perception of stigma as well as greater convenience
and access to mental health services. Consideration of the
abovementioned factors associated with the delivery of
trauma-focused therapies to MMs, veterans, and PSP before
engagement in focus groups and interviews set the context for
interprofessional discussions around using digital health for
mental health service delivery.

Table 3. Technology and platforms participants have used and feel comfortable using for digital health (N=31).

Technology and platforms

Values, n (%)

Email—personal
Email—work
Phone—personal
Phone—work
Text—personal

Text—work

Teleconference without video
Google Meets

GoTo Meeting

Cisco Webex

Lifesize

Zoom Business or Enterprise
Zoom Health Care

Zoom

Other?

12 (11)
11 (10)
15 (13)
11 (10)
9(8)
4(49
10(9)
5(5)
0(0)
5(5)
0(0)
4(49
10(9)
12 (11)
4(4)

80ther platforms reported included Skype for Business (n=1), Microsoft Teams (n=2), and FaceTime (n=1).
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Figure 1. Participants’ perceptions of intention to use digital health, effectiveness, and privacy and security risk (N=24).

Number of responses

Strongly agree Agree Somehwatagree

LJJJJ

Neither agree nordisagree

Somewhatdisagree Disagree Strongly disagree

Responses

B | amlikelyto use remote delivery for mental health therapyifin-person therapy was not possible [l Remote delivery of mental health therapyis effective
I am concerned about security and privacy maintenance with remote delivery of mental health support

Table4. Facilitators of digital health delivery (N=24).

What do you think some of the benefits of remote delivery of mental health support are?

Values, n (%)

Not having to travel

Greater convenience

Greater availability of services (ie, more therapists available)
Increased privacy

Reduced mental health stigma from others

Other

22 (23)
21(22)
19 (20)
14 (15)
17 (18)
3(3)

Table5. Barriersto digital health delivery (N=24).

What do you think some of the challenges to remote delivery would be?

Values, n (%)

Lack of appropriate internet access

Reduced privacy

Reduced security

Interruption to communications

Lack of personal presence

Difficulties developing a therapeutic relationship
Challenges delivering or receiving therapeutic modality

Issues of safety in case of negative response

22 (21)
11 (10)
8(8)

19 (18)
17 (16)
14 (13)
14 (13)
11

Qualitative Results

Thematic analysis of the qualitative data isolated three main
themes: (1) being forced into change, (2) daring to deliver
mental health services using digital heath, and (3) future
possibilities offered by digital health. In each theme,
participants’ responses encompassed considerationsfor service
providers, organizations, and clients. What followed was an
elaboration of these themes, together with tables of subthemes
and supporting quotes.

https://formative.jmir.org/2021/8/e26369
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Theme 1: Forced I nto Change

Service Providers

Providers' willingness to use digital health was integral to
delivering trauma therapy to MMs, veterans, and PSP amid
physical distancing restrictions (Textbox 2). Persona
experience, skill level, and readiness to adopt technology were
reasons for both mental health service provider excitement
around and reluctance to accept the use of digital health to
deliver traumatherapy.
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Textbox 2. Forced into change—service provider subthemes.

Addressing Personal Attitudesand Mindset

. | thinkwe'rethe bigger problemthen patients are in some cases. | think we're the larger barrier to being able to shift to a digital-based solution.
Because | was concerned about it, | was anxious. [Focus group 3; P18]

. Butit was provider willingness, | think some of it was technol ogy-based, some of it was just the unwillingness of certain providers and | don't
know why - was it you' re missing something? was it them - how am | licensed to do this? Some college issues? Personal professional issues? Or
maybe it’s just fear of the unknown - ‘well | don’t understand this technology so I’'mjust going to stick with pen and paper. [Interview, P1]

Managing I ncreased Wor kflow Demands

. It definitely was a transition for us on a clinician level. There is more to manage, there's more things to review. So | think for some people it
kind of slowed down the process because we needed to [ ...] talk about what it meant to do these virtual sessions, [...] what it meantto[...] find
a place in your home where you can do this trauma work that's going to be sensitive, that's going to be appropriate, [...] the logistics. [Focus
group 3; P14]

Accessing Client Information

« [F]or somebody with a head injury, [ ...] they can't get a neuro psych assessment; that's just been put on hold indefinitely. Again, you know, not
being able to get this kind of multidisciplinary information to inform the supports that 1'm giving or the treatment direction that I’ m giving you
know what part is post-concussion syndrome and what part is mental health and how am | going to tease that out? Well, | don't have the
information. So we are kind of making do. [Focus group 5; P33]

Exchanging Therapeutic Material With Clients

« [H]ow do we get the worksheets to the person? How do we get the person the materials that are part of the treatment? How do we have a
conversation where | can't see the worksheets? For example, sending emails - so | have to remember | got to make sure that | send the email for
thisweek’s homework or | gotta remember on my end to make sure that | send out the workbook for the person to do cognitive processing therapy,
and then it might take a week or two for it to actually get to them, given how the mail systemis right now. [Focus group 3; P14]

Making Reliable Clinical Observations: The Body Tellsthe Story

« W have been trained our whole careers|...] to vet all emotion out of everything we write, every report has to be completely neutral. [...] [I]f
we don’t have the body to tell us the story, if we don’t have that ability to observe, we're really limited [ ...]. Tone of voice and all those things
arereally helpful, but more seasoned Cops can become really good at [ ...] hiding all real emotion. [Focus group 2; P9]

Facilitating the Therapeutic Alliance

« [T]he physical connection and the closeness of actually being with someone is a huge part to allowing them to trust you, to feel your empathy,
to allow you into what they’re going through, and doing it screen to screen, especially when there are glitches and stuff that happens, just is not
as effective and | have noticed that our members are not on board with it. [Focus group 2; P13]

. Frommy point of view why it doesn’'t work again, isjust that there's something real with the energy you share with someone when you're with
them. And this takes that away. So from my point of view it takes so much longer to build trust, to get people to open up. So | think from my point
of view that's what | saw, they were just not as willing to be open and honest of what they're going through... they're just not as comfortable
having that conversation online versus face to face. And | understand that, because | really feel like that connection is not there... members do
not want to have these meetings online, they just don’t. [Focus group 2; P13]

Conducting Risk Assessments and Safety Planning

« | would find it very difficult to do [...] areal thorough assessment if someone was actively suicidal in a virtual setting. [...] | would find it very
difficult to see how that can be conducted wholesomely, also without seeing — because agitation can be seen in the feet. There's so much that |
would take under consideration when | assess a patient who is suicidal. [Focus group 1; P3]

o Whereisyour client geographically? If you lose contact with them and they're in crisis how are you going to get them help? So really thinking
through, what are the clinician guidelines about knowing where people are? [Focus group 5; P33]

Workload responsibilities reportedly increased with the shift to
remote delivery of mental health service provision. The
proficient use of technologies was challenging for some and
resulted in increased work time and administrative duties.
Providing clients with therapy resources or exchanging
confidential materials required creative problem-solving. One
participant described needing to be aclinical servicetechnology
wizard since the start of the COV1D-19 pandemic. Participants
also noted that the additional time and effort required to
implement practice change was often underestimated or ignored
by employers.

https://formative.jmir.org/2021/8/e26369

Communication with colleagues around client care wasimpacted
by a shift to digital health. Participants described having fewer
opportunities to confer and collaborate with their colleagues.
They aso indicated that client information was not as readily
accessible, thereby making assessments and case historiesmore
difficult to complete. Furthermore, securely and remotely
accessing and transferring client files required additional
consideration.

Thedédlivery of traumatherapy also requires careful adjustment
and adaptation. Participants noted that the sense of engagement
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and energy were notably different between in-person and digital
health sessions. They also noted that assessing and monitoring
nonverbal cues in a virtua setting is challenging. As MMs,
veterans, and PSP typically suppress emotions, Mental health
service providersrely on nonverbal facial expressionsand body
language to determine what a client may be feeling. One
participant noted that “the body is what tells usthe story.” The
inability to “see below aclient’shead and neck” can impede an
SP's ability to pick up on mental health indicators (eg, overall
appearance, hygiene, and psychomotor agitation). Participants
also felt that digital health negatively impacted the therapeutic
alliance and, at times, resulted in the clinician feeling distant
or cut off from their client.

Assessing risk over digital health wasalso consistently identified
as atopic requiring consideration. Participants questioned how
to best manage client disclosures of suicidal ideation, intent of
harm to self or others, or domestic violence. Dealing with such
situations was identified asthe primary reason that using digital
health was uncomfortable and anxiety provoking.

Organizations

Although organizations and service providerswanted to provide
the best mental health services possible to MMs, veterans, and

Textbox 3. Forced into change—organization subthemes.

Smith-MacDonald et al

PSP with OSlIs during the COVID-19 pandemic, they
encountered numerous barriers to service provision (Textbox
3).

Organizations and regulatory bodies for regulated health
professionalswere unprepared for asudden shift to digital health
service delivery. For example, some participants noted that
adopting digital health was prohibited by organizational
mandatesjust days beforethe COVID-19 lockdown. Asaresult,
policies, practices, systems, and resourceswere viewed asbeing
limited or inappropriate. Mental health service providers
indicated that these realities impeded their use of digital health
when responding to client needs.

Security and privacy concerns were strongly highlighted.
Parti cipants noted that access to organization-specific computer
hardware, software, and systems was lacking, making it
necessary for them to use personal devices in both work and
home environments. Given this reality, organizational security
and privacy policies were often either overly restrictive or not
restrictive enough to address the unique factors associated with
offering trauma therapy from home.

Changing Organizational Practices

«  Some agencies are so stuck in the way they’ ve always doneit. (...)[ § o thisis a whole new chapter, truly. [Focus group 2; P9]

Exploring Digital Health Platformsto Meet Client Needs

Managing Security Concerns

We don't have the latitude in the military on our defense wide network of deviating fromthe rules, because everything is sort of being scrutinized,
and so we' ve got clinicians who want to be able to communicate because the patients are asking to communicate on email. [...] [T]rying to find
away to do it within the bounds of the rules has been a challenge for us. [Focus group 3; P21]

[W]hile everyone is keen to use Zoom, [...] we're not able to use it on our network because of the concerns over security. So it raises issues for
us in terms of what platforms we can actually use on our network; [...] the military but also to our federal partners|...] are bound by the same
security parameters so that’s a real impediment for us. [Focus group 3; P21]

[T]he policies that have been in place and the privacy concerns that have existed since we started have been really huge barriersto our delivery
of care. Our population usually has cognitive deficits, has difficulty with technology and just problem solving at its most basic. For us, one of
the policies for example is to encrypt all emails. People could not figure out how to unencrypt them and access our Zoom groups or our Zoom
meetings if we encrypted them. [Focus group 1; P5]

| agree that to just start up with any platform and start talking to patients without any real understanding of the privacy implicationsis a real
risk. [Focus group 1; P3]

Videotaping that has always been something that is part of our sessionsfor therapy purposes. That has been turned off by [ agency] asa status-quo
for all our sessions on Zoom, so even when we went to leadership to turn that off so we could Zoom videotape, and the patient gave consent, we

couldn’t do that because the legal team wouldn't allow us. [Focus group 1; P5]

Clients

The service provider participantsthoughtfully considered ways
to enable clientsto access mental health services and overcome
barriers to digital health use (Textbox 4). These participants
spoke of the importance of ensuring that clients have the
appropriate technology to support digital health delivery,
understand how to use the technology and appreciate the risks
and benefits of using digital health, and provide consent before

https://formative.jmir.org/2021/8/e26369

engaging in traumatherapy. Participants highlighted that digital
health also presumesacertain level of socioeconomic prosperity
(ie, access to a computer, high-speed internet, and a private or
secure location), which may not be attainable for al clients. As
some clients may be uncomfortable with the possibility of a
session being monitored by an employer or third party, study
participants emphasized the importance of reassuring clients of
the confidential nature of therapy sessions.
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Textbox 4. Forced into change—client subthemes.

Managing Inequalities

. If I'mout of work and or don't have[...] high speed internet, and | only have a phoneor [...] atablet that’s maybe outdated, [...] my experience
engaging with you as a provider is going to be very different [...] interrupted or lower quality or I’'m going to be so preoccupied. [...] [T]hat's
really a socioeconomic issue. [Interview; P1]

« Immediately there were some challenges with some of our clients, knowing how to use technology being able to navigate the digital world,
particularly for older clients and then the technology itself whether that was the specific one that we were using or other ones. [...] Other issues
were related to people not having appropriate technologies. [Focus group 5; P29]

Addressing Confidentiality and Privacy Concerns

« [Y]ou actually have to tell clients that they shouldn't take the call sitting against an airplane hangar while there's people passing in front of it.
That they actually need some privacy and security in a place where they won't be interrupted in order to do this work. So because we're not
containing the space, we need to educate our clients about how to create that space for themselves. [Focus group 5; P33]

. [llntermsof privacy, if you're now consulting by video call [ ...], you could potentially see their background and you could sort of see into their
homes, [...] peoplewalking by or dogs or cats or children. [Focus group 1; P4]

« | have most of my conversations as conversations because they don’t want anything in writing ever. [...] [A]nything that's important they want
to know it’s staying between you and them. [Focus group 2; P11]

Building Digital Relationships

«  For me, my experience is when I'm working with folks like that, if | have a relationship with them already talking on the phone is, is really
effective. We don't do video conferencing. But if | don't have a relationship with them and then | want to phone and talk to them about an issue,
it's not as effective. [Focus group 4; P23]

«  [T]hey have so many trust issues, and they have anxiety about going in to see a clinician in the first place that, now you throw the computer in
there, they're unsure of what's being recorded, [ ...] who hasaccesstoit[...]. I think it just increases their anxiety about opening up and sharing.
[Focus group 2; P13]

Facilitating Coregulation

. It'sthat self-soothing piece because you're not gonna be in the room to be able to support me. [...] [I]t's really giving people the tools [ ...].
They're being activated in a way that you can’'t necessarily see, but also could stay activated afterwards [ ...]. [ T]hey might process that more
quickly if they' re in the room with you. [Focus group 4; P23]

« [Clopsare reluctant to talk about emotions at all; [...] they don’t want to take their cork out of the bottle if there's not somebody to catch them.
[Focus group 2; P11]
Accommodating for Cognitive and Trauma Challenges

«  [W]ith members who have been dealing with PTSD [ posttraumatic stress disorder], just practically, sitting and staring at a screen for an hour,
would be very difficult [ ...]. Bright lights. Some guys can’t even watch TV, so | think even practically that would be a big thing. [Focus group 2;
P13]

« There are absolutely people who have a huge adversity to technology, and it's now linked to their trauma, [...] [T]hey're hearing it and are
helpless to fix the situation. [Focus group 2; P9]

« [Somemembers, [...] although they feel it's not going to be as productive as face to face, would still do it; [other] memberswould just be like,
“no thanks, | would rather just deal with it [...] [I]t would be case to case. [Focus group 2; P13]

Conducting trauma therapy using digital health, although
workable for many clients, was not viewed by the participants
asappropriatefor all MMs, veterans, and PSP. Some participants
felt it may be more challenging to build therapeutic alliances
virtually rather than in person with certain clients. Participants
emphasized that care must be taken in selecting the best format
of service delivery for each individual client, especially MMs,
veterans, and PSP, who may experience issues of trust and
attachment.

Participants expressed that clients with cognitive dysfunction,
who have experienced a brain injury, and who are highly
emotionally dysregulated and in frequent need of active
coregulation may not be suitable for digital health delivery of
traumatherapy. Furthermore, those clientsfor whom technology
isatrigger (eg, police officers who may be required to watch

https://formative.jmir.org/2021/8/e26369

graphic web-based content) may also not benefit from digital
health-delivered trauma therapies.

Theme 2: Daring to Deliver

Service Providers

The use of digital health afforded service providers unexpected
benefits (Textbox 5). Most participants noted that digital health
service delivery saved time because of alack of commuting and
fewer workday interruptions, which enabled them to respond
to more clients. Participants noted that the efficiency
experienced was also impacted by changes in their attitudes
toward digital health and by gaining familiarity with the
technology and software platforms.
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Digital health offered new intervention possibilities and options
for providing outcome-oriented services. Some mental health
service providers reported adapting psychoeducational
approaches, devel oping new ways of conducting exposure-based
interventions, and facilitating client connections to support
groups. Participants noted the importance of alowing service
providers to develop creative solutions, with 1 participant

Smith-MacDonald et al

stating, “Stay nimble...keep looking at how to make things
better...|leverage this” Furthermore, as service providers
acclimated to digital health service delivery, they were better
able to accommodate for the lack of access to nonverbal cues.
Provision of therapy to a client in their home environment
afforded service providers a glimpse into the client’s living
situation, offering valuable therapeutic information.

Textbox 5. Daring to deliver—service providers.

Increasing Efficiency Through the Use of Digital Health

«  Pre-COVID there werelots of barriersto virtual careand [...] working from home, but we have proven during this crisisthat it can be done and
we can be as efficient or almost as efficient working from home and taking care of our patient than we would be sitting in our offices with them
in front of us. [Focus group 3; P17]

« [I]t became, | guess, time management wise, actually a lot easier. She could sit at our console, get a video screen, [ ...] and do a team's call with
the one, the two or even a group session. [Focus group 4; P25]

.  Thefact that | don’'t have walk-ins has allowed me to do a lot more with more patients. That I’m not interrupted by people knocking on my door,
| can finish on time, | can focus better in my sessions, it'seasier, and | can still have patients communicate with me through my secretary so that
| can get back to them when | have time. Putting that barrier actually helped me focus more on my work. [Focus group 1; P5]

Accepting and Gaining Familiarity of Digital Health

«  There'sbeen thisreal kind of shift in my thinking from ‘this is second rate. Thisis not as good as the in person’ to really try to dig in and find
what's the unique benefit of a video platformin terms of if we're going to be doing this for a while, how do we lean into the technol ogy and what
it givesin terms of immediacy, of consolidation and implementation? [Focus group 5; P33]

« I'll FaceTime somebody now instead of phoning them because we' ve gotten used to looking at people on screensand so | feel that that's actually
been a third benefit for us hereisthe use of FaceTime, as opposed to just a phone call. So you can actually read some body language and although
it's through a camera, look at people in the eye. [Focus group 4; P22]

Creatively Delivering Interventions

« Sofor me | was still in the office, facilitating exposures, where | could. For some folks, though, that | was working with that were
immuno-compromised. Well, we couldn't do face to face live exposures and so we took it online. And so what that looked like was we started
with the members sending me a list of videos that she needed me to record on my phone[...] and | walked around headquarters with my phone
trying to be as steady as | could and recorded them, [...] So those were really, really successful and she was really happy with them and there
was really good feedback. [Focus group 4; P22]

Enhancing Insight Into a Client’s Life Circumstances

« [Digital health provides] a glimpse into their world. You see what their environments look like; [...] whether they're in a state of chaos, just
based on their room or the noise in the background. So some of those little things give you a bit of a sense of where they're at and what's going
on for them. So | think that is[...] beneficial. [Focus group 5; P29]

made more possible as a result of digital health. The shift to

Organizations digital health al so enabled organizationsto expand their service

Adaptations at the organizational level were made to enhance
digital health service delivery (Textbox 6). Participants reported
that organizations that seemed to be able to adapt to digital
health most effectively embraced new opportunitiesfor resource

offerings, build greater capacity, and facilitate more equitable
mental health service provision, particularly with geographic
limitations being removed by digital health. This moveto more
equitable mental health service provision was deemed to be

sharing and interagency collaboration. For example, connections

! . ! ! extremely beneficial and relevant to MMs and PSP who are
with colleagues and national and international expertswere also

often required to work in remote and isolated locations.

Textbox 6. Daring to deliver—organizations.

Sharing Agency Resources

. [Digital health has been] positive in terms of helping other agencies create care options, [...] start reintegration programs. Zoom has been
tremendous at connecting agencies. [ ...] | have done a lot of teaching over Zoom since all of this has started. So, that in terms of teaching [...]
or connecting agencies|...] that has been awesome! [...] [1]t's one level removed fromthe care to the individual, but | think it's still so relevant.
[Focus group 2; P9]

Providing More Equitable Services

« The reality of that lived experience is the occupational injury clinics and the therapeutic resources are concentrated in the metropolitan
environments. So, prior to COVID, we took a stance that the support we were able to provide was equitable but not equal. [...] [A]n unintended
benefit is that the playing field is now level in that everybody has the exact same type of interaction. [Focus group 1; P2]
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Clients
The effectiveness of digital health for use with MMs, veterans,

Smith-MacDonald et al

for client sessions were unchanged in the shift to digital health
and that missed appointments decreased. The strength of the

therapeutic relationship impacted the ease with which service
providerswere ableto transition from in-person to digital health
delivery, with transitions being easier when a therapeutic
relationship had been established through in-person sessions.
Participants perceived that clients demonstrated a forbearance
flexibility with the shift to digital health and an appreciation for
the stepstaken to maintain their safety and mental health during
the pandemic.

and PSP was associated with several factors (Textbox 7).
Participants identified the benefit of proactively reaching out
to clientsto provide regular support and information regarding
how and when they might be able to access digital health

therapy.

Overall, the participants perceived that the use of digital health
reduced barriers to access and enhanced client comfort during
appointments. The participants reported that the no-show rates

Textbox 7. Daring to deliver—clients.

Continuing Accessto Appointments
« | think for trauma-focused treatments my no-shows have gone down. [Focus group 3; P14]

«  \ery often now people are in their own space, they're comfortable, there's actually more intimacy and there can be more safety. [Focus group
5; P33]

« [W]e have not seen fewer clients or had fewer sessions. They're very comparable. And we have not seen any change in our no-show rate for
appointments, [...] So clientsare attending, [...] [and] getting just as many sessions. [Focus group 3; P15]

Creating Connections

« My colleague and | ended up doing some groups, partly so people felt connected, and yet we were teaching skills and mindfulness|...]. So | think
that there’s a real benefit to that, even just to increase access. [Focus group 3; P16]

« [We're] really staying in close contact. Right fromthat first week, clinicians|[...] phoned every client to say ‘we know thisisa difficult time, [ ...],
here are the options available to you. So that proactive outreach, | think, was a really important piece of keeping our clients engaged. [Focus
group 3; P15]

« Westarted a sentinel programin the unit so we had people responsible to check in on their people routinely. [Focus group 1; P6]

Adapting to Use of Digital Health for Mental Health Service Delivery

o [Whereasit took longer to establish a therapeutic relationship at the beginning of COVID, I'm finding that [...] it's pretty seamless now. So
people are adapting. I'm adapting. People are adapting. [Focus group 5; P33]

«  Thefeedback I'm getting from the shipsis that yeah, this is different, but what we're providing is good and sufficient. | mean they understand
the constraints, they very much appreciate that we're not putting them at physical risk by insisting that we send a team in. And so there’s that
patience, forbearance flexibility that’s required on the other end to make this work. But our observations is that the folks are A: professional
enough to deal with that, but B: they realize the need for the support. So they take the compromised approach rather than just say, don't bother.

So there's an adaptation that's occurred on everybody's part right now, and it's not just technology. [Focus group 4; P25]

Theme 3: Looking Forward

Service Providers

Viewing current circumstances as a catalyst for change,
participants made recommendations to enhance mental health
service delivery based on their experience of digital health use
(Textbox 8). Suitability of clients for trauma therapy using
digital health was discussed, with safety concerns and risk
factors being primary considerations. Participants noted that
using digital health to deliver mental health services could work
very well for clients experiencing anxiety, depression, or fear
of stigma or finding it difficult to get to mental health
appointments. However, they also noted that not all of their
clients fared well using digital health, and they often had to
meet with clients in person, despite COVID-19 restrictions, as
the client had deteriorated.

To address this concern, service providers identified that a
continuum of mental health service delivery, from in person
through the web, may be more effective in these populations as
clients could choose to receive treatment in person, digitally,

https://formative.jmir.org/2021/8/e26369

or a combination of both. Participants further discussed the
possibility that a hybrid model could be used as away to build
rapport between service providers and clients before progressing
to a web-based format. Considerations associated specifically
with providing trauma therapy using digital health with MMs,
veterans, and PSP were also noted.

Managing screen fatigue—the sense of fatigue caused by staring
at a computer screen—was also considered critical to the
ongoing delivery of mental health servicesusing digital health.
Service providers emphasized the importance of self-care, socia
support, and adequate breaksto do so. It is possible that service
providers may need to see fewer clients per day as a result of
decreasing billable hours. Fatigue may also be prevalent among
clients, necessitating that agencies refrain from overwhelming
clients with too much information or on-screen sessions.

The importance of training service providersin the delivery of
trauma therapy in a virtual context was emphasized by
participants. This may include the use of virtua platforms to
deliver therapy and adaptations of therapiesto avirtual format,
including CPT and eye movement desensitization and
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reprocessing. Practical issuesregardingtrainingwerealsoraised, provided.

such as when, where, and how this type of training might be

Textbox 8. Looking forward—service providers.

Catalyzing Change

o [T]hegreatest travesty that could come out of this[...] whole pandemic isto have us revert back to old ways without being able to solidify some
of the real values that have come out of it. [Focus group 3; P21]

«  We have some opportunity right now in this environment to [...] highlight some of these important issues on how we can move them forward.
[Focus group 1; P6]

Determining Client Suitability for Digital Health

« | had to see half of my people in person, because they were|...] deteriorating at home. And so that was sort of an adjustment that | had to make
following some of our Provincial recommendations and guidelines from our college. [Focus group 5; P30]

«  Therearelotsof treatment programs. [ ...] [Howdo] you know which oneto use? How do you know if it' sactually being effectivein your situation?
[Focus group 4; P24]

Managing Screen Fatigue

« Onareally busy clinical day and an exceptional day, | could see eight people in a day and | sort of rolled into the telehealth system with that
schedule in place. I'd be wiped out for a couple of days after that. And so I’ ve found the busiest day that | can really put in now is about five.
And so there isthis kind of screen fatigue that happens. [Focus group 5; P33]

Providing Continuing Education

« Not to say that digital health can’t be used, but as you said, | think it's a whole other way of being [...] [I]t's almost as if we're going to have to
retrain all of our clinicians[...] to make sure that people have those skills and those competencies is huge because for me there’s a level of fear
and uncomfortableness. [Focus group 1; P35]

« | had novirtual caretraining [...] Sothat’s a big, big training piece that clinicians should undertake. Now how does that get instituted? How
doesthat get overseen? Who pays for that? Thisisall time consuming, and clinicians are all so busy to take that on. | think a lot of them are just
learning as they go. [Focus group 1; P3]

noted the intentionality required to deliver quality mental health

Organizations sessions using digital health and strongly suggested eliminating

Many organizations and regulatory bodies for regulated health
professionals have rapidly developed or enhanced existing
policies and practices to support the use of digital health
(Textbox 9). Participants noted, however, that policies still

distractions during digital health appointments such as phone
cals, emails, and personal interruptions, which were found to
be more difficult in a virtual setting than in person.
Administrative support and resources were also cited as being

require adaptations as the provision of digital health continues
to evolve, especially for organizationsthat had previously been
uncomfortable or avoided using digital health. Participantsalso

essential elements for both clients and service providers in
problem-solving technological challenges associated with digital
health.

Textbox 9. Looking forward—organizations.

Aligning Practice and Policy

« | know in our group there's been such an impetus to move forward that we're just trying to catch up with policy implementation. We just don't
have the time to get it all done and written and out there. Policy needs to catch up with the process, and that’s a challenge. [Focus group 1; P3]

«  For organizations, do they now have a policy that supports this sort of virtual online world? And then it’'s about ensuring that is the appropriate
equipment in place? The technological support if somebody is having a challenge accessing remotely that there’'s someone they can call that
will help walk them through because there’s nothing more frustrating than a technical problem, when maybe you're trying to reach out or get
support or something like that, right? You just sort of say, well | just give up on that, right. [Focus group 2; P10]

Reducing Work Space Distractions

«  Number one, eliminating distractions. Like, even as|’ msitting here, I’ mlooking out the window. I’ ve been checking my phone. I’ ve been plugging
away at a draft email. And so it's harder to eliminate the distractions when we have a venue like this, as opposed to being in the room. So we
need to make sure that we're very clear with folks that we might be doing this for whatever reason, that you need to work extra hard to eliminate
the distractions in the room. [Focus group 4; P22]

Providing Administrative Supports and Resources

«  But theidea of having dedicated administrative support to send out the emails, to help clients troubleshoot and feel more comfortable, to walk
to a clinician’s office and help them troubleshoot and feel more comfortable. The sooner we can work through some of those barriers, the more
comfortable, people will feel because if they continue to struggle, it's easier just to give up and go back to what you know. [Focus group 3; P15]
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Clients

Service providers perceived that the use of digita health
enhanced service options and reduced barriers for clients
accessing mental health services (Textbox 10). They indicated
that this was particularly beneficial for clientsresiding in rural
areas where mental health services may be sparse. They aso

Textbox 10. Looking forward—clients.

Smith-MacDonald et al

felt that the flexibility of service delivery contributed to a
person-centered approach, where aclient who may not be ready
to accessin-person support isstill provided service. In addition,
in their experiences delivering mental health care using digital
health, participants emphasized the need to match generational
norms with digital health, with younger generations tending to
be more comfortable with digital health delivery.

Enhancing Service Options

what they need. [Focus group 2; P9]

Reducing Barriers

Responding to Generational Differences

«  Rural communities or officersthat arein two person detachments not having any accessto care- like there is no psychologist in a 400 kilometer
radius[...] | evenlook at post-shooting, how many times havewe had [ ...] two officers|...] inasmall community and they have nothing, and the
communities kind of turn on them. [...] [W]hen we're looking at smaller communities, thisis a game changer for actually having people access

« [F]or some patients with social anxiety, for example, internet-based sessions are more accessible[...] [1]f they feel demotivated, [...] it'seasier
to log in through the internet then it is to come to the clinic. [Focus group 1; P5]

o Our goal isalwaysto try to remove all of those barriers. [...] [ S ome people may feel more comfortable starting with text messaging or in person
and other people might say the last thing | want to do is actually go in person and talk to somebody, I’ m not ready for that yet, but being able to
work up. [...] [Should we returnto a[...] normal world, how do we take the best of what we're learning and give more options to the people
we'reworking with? [ ...] Sothis pandemic hasreally forced organizationsto pivot really quickly. [ ...] [and] take alot more risks than they would
have before because they haven't had any other choices. [Focus group 2; P10]

« I've had two members with teenagers that needed to see a clinician, and both member’s kids chose to do it online when they had the option to
go in and see the psychologist face to face. [...] [T]hey just felt more comfortable that way. [...] [O]nline's fine. [Focus group 2; P13]

Discussion

Principal Findings

This study aimed to explore the perspectives of MMs, PSP, and
veteran organizational leaders and policymakers and
decision-makers; subject matter experts and researchers; and
mental health service providers supporting MMs, veterans, and
PSP experiencing OSIs amid the transition to digital health
because of the COVID-19 pandemic. In light of the impact of
the pandemic on health care services and as mental health
service provider comfort with and acceptance of technology is
a critical component of successful implementation of new
initiatives and treatment modalities [29], such an exploration
istimely. This study is especially important in that it begins to
address the knowledge gap regarding the experiences of those
who work within the Canadian context.

Similar themes and a general consensus emerged across focus
groups regarding the use of digital health for mental health
service delivery to MMs, veterans, and PSP. Almost al
participants reported using digital health for mental health
service delivery amid the COVID-19 pandemic and suggested
that digital health could be adopted as a standard delivery mode
for traumatherapy [30]. Similar to research on the use of digital
health in the civilian population, some participants identified
opportunities and benefits from the widespread adoption of
digital health, including more equitable accessto mental health
services, especially in geographically remotelocations; reduction
in mental health barriers and stigma; and the ability to develop
novel and creative mental health solutionsto ongoing challenges
[31]. Specifically, asMMsand PSP often work in rural settings
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and geographically isolated locations, the ability to offer
evidence-based mental health treatment to these workers who
would otherwise have no access to these supports should
command significant attention. Many participants felt that
returning to in-person delivery would be a step back and that
such areturn would fail to capitalize on the lessons|earned and
the work accomplished during the COVID-19 pandemic.

Although digital health providesanumber of significant benefits
and has proven to be feasible, attention needs to be given to
certain issues before its widespread adoption. For instance,
systemic changes are needed to effectively facilitate the
transition from in-person to digital health service delivery. Of
primary concern are the changes needed to update policies and
procedures concerning privacy and security. Critical attention
needs to be given to platform selection based not only on
bottom-line cost but also on functionality and evidence of overall
user experience and satisfaction. Such procurement
considerations may be at oddswith the current legislated policy
[32]. Infrastructure, hardware, software, and connectivity at the
organizational, clinical, and client levelsall need to be explicitly
supported. In addition, the workflow, appointments, electronic
medical records, liability, and billing codes in place
pre—-COVID-19 are all based on in-person service delivery and
are not always easy to adapt to digital health trauma therapy.
Regulatory and reimbursement hurdles faced by individuas
and institutions implementing tel ehealth have been previously
published [33,34].

Active support for service providers throughout the transition
to the use of digital health for mental health service provision
is critical. At the time the focus groups for this study were
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conducted, participants expressed adegree of opennessto digital
health delivery. Some mental health service providers
participants remained highly skeptical of digital health; however,
they further highlighted the critical need for digital health
specific training for service providers working with MMs,
veterans, and PSP. With the abrupt shift to digital health, mental
health service providersfound themselves outstripping policies
and hastily putting into place ad hoc procedures. They
sometimes experienced uncertainty and perceived changes as
potentially conflicting with best practices and client interests.
Research beforethe COVID-19 pandemic illustrated that mental
health service providers who experienced technological
challenges reported feeling more fatigued and experiencing
professional self-doubt and a loss of confidence [8,35].
Generational differences may also be an important factor to
consider.

Popul ation-specific training would better prepare mental health
service providersto deliver quality mental health careto MM,
veterans, and PSP experiencing OSls. Training is needed to
effectively engage with clients when one cannot rely as much
on nonverbal cues, as is the case with digital health. The
perceived reduction in observed interpersonal cues was
frequently identified as a chalenge by mental health service
providersin Britain using digital health during COVID-19[31].
As nonverbal cues are akey component of trauma therapy, the
reduction or removal of cues represents a potential loss of
valuable information in the treatment process [31]. This is
particularly significant when delivering traumatherapy to clients
with complex mental health needs and at an increased risk of
harm to self or others. Such concerns become even more salient
when clients are highly trained professionals who have
knowledge of weaponry and lethal force, which can put them
at greater risk for completed suicide.

Mental health service providers were acutely aware of the need
to be attentive to subtle verbal and nonverbal cues to establish
the therapeutic relationship, deliver traumatherapies, and assess
both treatment effectiveness and risk of self-harm. Geller [33]
had argued that when mental health service providersare“fully
in the moment” and attuned with their clients, this sense of
mutual safety and strong alliance invites clients to engage in
the necessary therapeutic work by increasing their ability to
emotionally regulate. Although not fully known at this time,
this attunement and subsequent emotional regulation may be
lessened in the context of digital health [36]. Research into
Zoomfatigue indicatesthat videoconferencing ismore mentally
taxing, the level of communication is not completely
synchronous, and greater cognitive energy is required [35,37].
Cognitive demand may be intensified by the lack of nonverbal
cues, which would typically assist communication during
in-person encounters [37]. Within the context of intensive
trauma therapy, the cognitive endurance required may be even
greater than what would be required for an in-person therapeutic
encounter.

The appropriateness of digital health for clientsisal so dependent
on cognitive functioning, the source and type of trauma, and
technical literacy. Given that cognitive impairment (including
memory, attention, concentration, and executive processes) is
fairly common in traumarinduced mental health disorders, it is
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unclear whether some elements of digital health could be
specifically problematic or challenging to certain MMs, veterans,
and PSP [38,39]. Jones et al [19] determined that the use of
digital health for trauma therapy in these populations showed
comparable results to that of in-person therapy. Similar results
have been found regarding the feasibility of telehealth for serious
mental illnesses (ie, schizophrenia, schizoaffective disorder,
and bipolar disorder) [37,38]. Such evidence suggeststhat digital
health, or at least the use of a hybrid approach (blend of digital
health and in-person services), could be effective for MMs,
veterans, and PSP. It is possible that some clients may benefit
from in-person delivery as rapport is developed, with the
delivery of therapy shifting to digital health platforms once the
therapeutic alliance is well established. There may also be
certain aspects of rehabilitation and recovery that may be more
or lesssuited to digital health. For example, clientswho require
acute stabilization may be better suited for in-person service
delivery and monitoring compared to those with more stable
symptoms. A continuum of service offerings and flexible and
adaptable delivery mechanisms on the part of mental health
service providers may best meet the needs of MMs, veterans,
and PSP experiencing OSls and seeking mental health treatment.
Delivering safe, effective, and timely trauma therapy to MMs,
veterans, and PSP by mental health service providers who are
comfortablewith both in-person and digital health environments
would significantly broaden service delivery optionsand likely
result in increased access to mental health care.

Recommendations and Future Research

As digital health is a novel method for delivering trauma
therapy, it requires further systematic research and should not
currently be considered synonymous with in-person therapy.
The aforementioned considerations should be explored, and
modifications should be made to ensure safe and effective
mental health care to widely implement digital health delivery
of mental health services. Research into digital health is
imperative to define the best approaches for effective digital
health-delivered care and treatment of these and other patient
populations. Specia consideration should be given to the fit of
technology within the organization, environment, culture, and
other relevant contexts [39].

Key recommendations from this study:

« Specific infrastructure, technologies, policies, and
procedures are needed if digital health isto be permanently
integrated as a predominant mode of mental health service
delivery.

« Menta hedth service providers need access to
administrative, technological, colleague support, and
recognition and mitigation of new job demandsin adigital
health environment.

« Training isrequired if mental health service providers are
to effectively, comfortably, and competently deliver trauma
therapies to MMs, veterans, and PSP in a digital health
environment.

« A hybrid model may bridge services from in-person to
digital health service provision and alow for the delivery
of flexible, personalized care.

«  Proactive outreach is needed to support clients with OSls.
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+ Clients aso need to be educated about protocols,
procedures, potential benefits, and challenges associated
with digital health service delivery.

In addition, if digital health isto be broadly used as a medium
for mental health delivery for MMs, veterans, and PSP, further
research isneeded in anumber of areas. First, further exploration
regarding which traumatherapies are most conducive to digital
health environments is required. To date, most of the research
onthedelivery of digital health traumainterventions hasfocused
on CPT and prolonged exposure, with limited studies on eye
movement desensitization and reprocessing [19]. Research is
also needed to determine the indications and contraindications
to the use of digital health. Significant research is needed
regarding the management and mitigation of risk when
delivering digital health traumatherapy. Finally, research should
explorethe potential of digital health to be used to deliver novel
and creative trauma therapy. In this study, some participants
highlighted the possibility of delivering therapy when a client
was walking, whereas others noted that trauma therapy could
be provided via smartphones.

Limitations

This study had some limitations. First, this study used a small
convenience sample, which drew on pre-existing relationships
with national, provincial, and municipal military, veteran, and
PSP partners. Second, the ability to recruit was affected by the
COVID-19 pandemic as two of the populations of this study
(ie, active-duty MMs and PSP) were frontline SPs during the
pandemic and significant work demands limited their ability to
engage in the study. Third, there were limited frontline
participants (potentially because of the impact of the pandemic
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on their work), resulting in more perspectives being gathered
from policy makers and SPs than from persons with lived
experience. Conseguently, the views of client experiences
described in this study are mostly from the perspective of
clinicians or mental health service providers. Finally, data may
have been biased by focus group participants being potentially
swayed by the views of others or participants not feeling
comfortable disclosing their personal views in a group.

Conclusions

This study explored the use of digital health for the provision
of mental health services during the COVID-19 pandemic from
the perspective of stakeholders, including mental health service
providers and policy makers, providing traumatherapy to MMs,
veterans, and PSP. The findings suggest that digital healthisa
viable component of a model of care for MMs, veterans, and
PSP, which is inclusive of in-person and virtual modes of
trauma-focused service delivery. The findings offer
considerations for whom and at what point in treatment digital
health isappropriate; clarification of training, support, resources,
and guidelines necessary for service providers to be successful
in the digital delivery of trauma therapy; and a better
understanding of the factors influencing service provider
perceptions and acceptance of digital health. These results can
inform the implementation and uptake of mental health
interventionsviadigital health for MM, veterans, and PSP and
may equally apply to other trauma-affected populations. Asthe
COVID-19 pandemic continues, remote service delivery
methods for trauma therapy will be increasingly needed to
support the mental health and well-being of MMs, veterans,
and PSP who continue to serve and respond to the needs of
communities.
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Abstract

Background: Oncology has been facing increasing outpatient activity associated with higher cancer incidence, better survival
rates, and more treatment options. Innovative technological solutions could help deal with thisincreasing demand. Using digital
patient-reported outcome measures (PROMS) to identify patients who need a face-to-face (FTF) appointment is a potential
approach.

Objective: This study aimsto assess the feasibility of digital PROM questionnaires to enable remote symptom monitoring for
patients undergoing cancer treatment and their ability to highlight the requirement for an FTF appointment.

Methods: This study was performed at a tertiary oncology center between December 2018 and February 2019. The Common
Terminology Criteria for Adverse Events were adapted into patient-friendly language to form the basis of treatment-specific
digital questionnaires covering specific cancer drugs and radiotherapy treatments. These treatment-specific digital PROM
guestionnaires were scored by both patients and their clinicians during FTF appointments. Patientsand clinicians did not see each
other’'s scored PROMs. Agreement between patients and clinicians was assessed using descriptive statistics. Patient and staff
feedback was also obtained.

Results: Intotal, 90 patients participated in the study across 10 different treatment pathways. By comparing paired patient and
clinician responses, the sensitivity of the patient-completed questionnairesin correctly highlighting the need for FTF review was
94% (44/47), and all patients with severe or grade 3+ symptoms were identified (6/6, 100%). Patient-completed PROMs
appropriately revealed that 29% (26/90) of the participating patients did not need FTF review based on their symptoms alone.
Certain oncological treatment pathways, such asimmunotherapy, were found to have alarger proportion of patientswith minimal
symptoms than others, such as conventional chemotherapy. Patient and staff feedback showed high approval of digital PROMs
and their potential for use in remote monitoring.

Conclusions. Digital PROM questionnaires can feasibly highlight the need for FTF review in oncology clinics for treatment.
Their use with specific treatments could safely reduce the requirement for FTF care, and future work should evaluate their
application in the remote monitoring of patients.

(IMIR Form Res 2021;5(8):€18502) doi:10.2196/18502

KEYWORDS

patient-reported outcome measures; patient-reported outcomes; remote monitoring; toxicity; outpatients; digital technology;
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Introduction

Background

Oncology is a predominantly outpatient specialty; hence, the
increasesin outpatient activity are of particular relevance. There
has been an increase in National Health Service (NHS)
outpatient appointments in England from 63.2 millionto 118.6
million in the 10-year period ending between 2016 and 2017
[1] and projected significant increases in the demand for
oncology servicesin both the United States[2] and Europe[3].
Growing service pressures on oncol ogy outpatient activitiesare
specifically driven by increased cancer incidence [4], improved
survival rates [5], and an expanded treatment repertoire [6].
Current pressures on outpatient services have been stated to
negatively affect patient and clinician experience [7].
Furthermore, global workforce shortagesareincreasing and are
predicted to increase further [2,3,8]. Therefore, the outpatient
system will struggle to continue to offer the capacity to deal
with the increasing demand in its current traditional form.

Consequently, improving the efficiency of oncology care is
paramount [2]; for example, the UK NHS' Long Term Plan
advocates a fundamental remodeling of outpatients working
with technology to help drive areduction in face-to-face (FTF)
outpatient appointments of up to athird in the coming 5 years
[9]. This is particularly relevant given the impact of the
COVID-19 pandemic. An application of technology that will
help achieve this ambitious target is to alow aternative
consultation methods outside a traditional FTF encounter to
review patients. An example is remote monitoring, where
technology can alow patients' health to be checked at adistance
by clinical staff, such as through the completion of
symptom-related questionnairesincorporating patient-reported
outcome measures (PROMs) [7,10].

The clinical benefits of PROMs being used as a part of the care
of patients with cancer have been shown to include increased
awareness of symptoms by patientsand clinicians, streamlining
of consultations, improved interprofessional communication
[11], and improved health care outcomesfor patients, including
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quality of life and survival [12]. Furthermore, their use is
associated with patient-centered care and improved patient
self-efficacy [13]. The use of PROMs and digital technology
has been advocated in cancer strategy reports by the NHS [14]
and the Independent Cancer Taskforce [15].

The strategy of using PROMs in monitoring patients remotely
has been applied successfully in gastroenterology in patients
with inflammatory bowel disease on immunosuppressive
treatment [16]. A similar strategy would be equally attractive
in oncology, where a large proportion of follow-up activities
involve regular attendance to monitor patients on treatments
[17], including both radiotherapy (RT) and systemic treatments.
In the research setting, the use of electronic PROMSs to allow
regular reporting of chemotherapy side effects by patients on
cancer treatment has been evaluated in the context of
randomized controlled trials. These studies have indicated
several improved patient outcomes, such as improved quality
of life and reduced hospitalization rates through improved
symptom management [12,18-20]. However, the data for
actually replacing routine FTF outpatient follow-up of patients
on oncological treatment with remote monitoring with PROMs
in the standard setting are sparse [21].

For patients on cancer treatments, the National Cancer Institute
Common Terminology Criteria for Adverse Events (CTCAE)
[22] isthe standard tool used by clinicians to grade and record
treatment-related adverse events (Textbox 1), and this is
typically donein on treatment outpatient clinics. Many adverse
events are based on a patient’s subjective experience, and this
has led to individual groups rephrasing CTCAE, which are
designed for clinicians, into a patient-understandable language
to generateaPROM that directly capturesthe patient perspective
and maintains the clinical usefulness of CTCAE [23-25]. The
National Cancer Institute has developed its own PROM based
on CTCAE (patient-reported outcomes Common Terminology
Criteriafor Adverse Events[PRO-CTCAE]) for usein patients
in cancer clinical trials[26]; however, it does not currently map
onto the severity grades of CTCAE that are used for clinical
decision-making.

Textbox 1. Common Terminology Criteriafor Adverse Events grading for adverse events.

(Version 5.0) [22]

«  Grade0: no symptom

«  Grade 1: mild symptom not needing intervention

«  Grade 2: moderate symptom where intervention is indicated

«  Grade 3: severe symptom that requires hospitalization

Common Terminology Criteriafor AdverseEvents(CTCAE) Gradeand Description Adapted From National Cancer Institute (2017): CTCAE

Additional benefits of using a PROM in gauging oncological
treatment—related adverse events are that evidence suggeststhat
clinicians can underreport their severity [27] and that the
recording of toxicity by clinicians in routine practice can be
suboptimal [28]. Trials that have evaluated the utility of
patient-modified CTCAE as a PROM have examined itsusein
addition to existing FTF hospital appointments[12,25,29], and

https://formative.jmir.org/2021/8/€18502

it has not been assessed as atool to help determine whether an
FTF appointment is actually needed.

Our oncology department represents the largest oncological
facility in the East Midlands [30] in one of the largest hospital
trusts in England [31]. Locally, the department’s outpatient
activity has consistently increased on an annual basis, with a
growth of approximately 2500 appointments per year on average
over thelast 6 years. A major driver for thisincrease wasfound
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to be on treatment appointments. Therefore, strategiesto reduce
footfall within the oncology outpatient department would be
beneficial.

Objective

In this context, it was hypothesized that remotely completed
guestionnaires based on patient-modified CTCAE could serve
as a triage tool to ascertain the need for a patient to attend an
FTF appointment. It was believed that PRO-CTCAE would not
be appropriatein this setting asit does not map onto the CTCAE
severity gradesthat areclinically relevant to help determinethe
need for an FTF appointment; moreover, PRO-CTCAE is
advocated to be used only for symptoms that occurred in the
previous 7 days [26]. We, therefore, performed a feasibility
study at our center to assess if digital PROM questionnaires
based on patient-modified CTCAE could be used for symptom
monitoring in oncology on treatment clinics and compared
paired patient and clinician questionnaires to identify whether
these questionnaires could accurately highlight the requirement
for an FTF appointment.

Methods

Overview

A cross-sectional study was undertaken at Nottingham
University Hospitals NHS Trust (United Kingdom) to evaluate
the use of digital PROM questionnaires between December
2018 and February 2019. A multi-professiona team led this
project, and input was sought from clinicians, information
technology staff, quality improvement specialists, and patient
representatives. The technology partner for this project was
DrDoctor (London), who provided an el ectronic portal to allow
the completion of questionnaires.

Patient Groups

Specific oncological treatment pathways for this feasibility
study were chosen to cover the breadth of both radical RT and
systemic drug pathways. For the systemic drug pathways, the
study included several patient groupswho were considered less
likely to have significant side effects on treatment, such as
single-agent immunotherapy patients and patients on oral
targeted drugs. A similar theme was chosen for the RT group;
therefore, patients with adjuvant breast and radical prostate RT
weretargeted. Nevertheless, it was also decided to test in some
groups, such as metastatic prostate cancer patients on
chemotherapy and patients with radical RT for head and neck
cancer, wherethe opportunitiesfor FTF reduction in care might
be less obvious.

PROM Development

It was decided that treatment-specific PROMs would be
designed to assess treatment-related symptoms and side effects.
The symptoms that needed assessment, and therefore, inclusion
in each treatment-specific questionnaire, were decided by a

https://formative.jmir.org/2021/8/€18502
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project-team clinician through review of the appropriate
treatment-specific literature (eg, summary of product
characteristics) and trusted UK cancer information websites
[32]. Subsequently, appropriate questions were developed by
adapting relevant items of the CTCAE [22] and World Health
Organization Performance Status (PS) for relevant
guestionnaires pertaining to systemic treatment, into a
patient-friendly language in a similar approach to previous
groups [25,27,29]. Responses to CTCAE items were based on
grades on an ordina scale of 0 (not present), 1 (mild), 2
(moderate), and 3 (severe) and PS on a scale from 0 to 4.

It was recognized that certain symptoms, such as fever or
palpitations, were more appropriate for a binary question
(yes-no) alone rather than an ordinal-scale question, and this
approach was used where required. It was also deemed that the
guestionnaires should determine the presence of emotional
concernsin patients. There was no appropriate CTCAE itemto
capture this; therefore, a binary question about emotional
concerns was created by clinicians and added to all
guestionnaires. A collaborative approach with site-specific
oncological teams was implemented with a review of relevant
treatment questionnaires before use. They made commentsand
suggested amendments that were enacted before the
guestionnaires were used by patientsin this study.

Digital Interface Development

The questionnaires were converted into a digital format by a
member of the information technology team using the
internet-based Formstack system (Formstack LLC) and
subsequently uploaded to the DrDoctor portal, which is a
cloud-based platform. The design of the electronic
guestionnaires was based on the work of previous research
groups whose €l ectronic questionnaire design was found to be
acceptable to patients [18,29]. Apart from the PS question,
symptom occurrence had to beindicated by answering ayes-no
question, and if yes was selected, the corresponding graded
responses would appear for a patient to mark as appropriate.
The authorsfelt thiswould minimize the amount of reading for
patients and thus the burden on their time. Each question had
to be answered before moving to the next to ensure that all
guestions were compl eted. Questionnaires were designed to be
simple to reduce break-off rates [33], and a progress bar was
placed at the bottom of each page to increase the likelihood of
completing the survey [34]. An example of a question from a
digital PROM questionnaire is shown in Figure 1.

The DrDoctor portal is password-protected, and a member of
the study team allocated the appropriate treatment-specific
guestionnaires for patients and clinicians to complete during
the study. Completed questionnaires contained no
patient-identifiable data and were assigned a letter to allow
corresponding patient and clinician questionnairesto be analyzed
for concordance.
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Figurel. Anexample of aquestion from adigital patient-reported outcome measure questionnaire.

Please report the worst your symptoms have been since your

last review.

Headache

Have you had a headache?*

() No
Q Yes

Please select the most applicable response for you from one of the below*

() | have had a mild headache

() I have had a moderate headache OR | had difficulty to do some of the things | normally due to a

headache (e.g. shopping, doing housework)

() | have had a severe headache OR | have been unable to care for myself due to a headache (e.g.

dressing, bathing, getting out of bed)

Frogress

Nottingham

Study Design

Patients eligible for this study were recommended by their
clinical teams; they had to be aged at least 18 years, able to
understand written English, and have specific cancer diagnoses
currently receiving specific treatments (Table 1). Patients had
to provide verba informed consent, and patients unable to
complete the questionnaires were excluded from the study.
Eligible patients were approached by a member of the study
team to complete a treatment-specific digita PROM
guestionnaire in the oncology outpatient department and RT
review clinics at Nottingham University Hospitals NHS Trust.
Patients completed the digital PROM questionnaire before their
FTF appointment unless the time pressures of their FTF
appointment required completion after their FTF appointment.

https://formative.jmir.org/2021/8/€18502

RenderX

Iniversity Hospitals

Next

D 20719

This was deemed acceptable, as a previous study showed no
significant differenceif patients completed their questionnaires
before or after seeing their clinician [27]. The patients completed
the questionnaire electronically on atablet device in a private
room in the outpatient department with a member of the study
team. Clinicianswere asked to complete acorresponding digital
PROM questionnaire following a participating patient's FTF
appointment. CTCAE was common knowledgeto al clinicians
before this study, but comprehensive knowledge of the precise
CTCAE symptom grades was not required as questionnaire
responses were designed to equate to the appropriate CTCAE
grading. The process of asking both patients and clinicians to
score symptoms blind of each other was a new process needed
for this study.
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Table 1. Patient characteristics (N=90).
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Treatment pathway Tumor site Treatment intent Patients, n (%)
Capecitabine chemotherapy with or without oxaliplatin Colorectal Adjuvant 11 (12)
chemotherapy

Abiraterone and enzalutamide Prostate Pdlliative 10 (1)
Breast radiotherapy Breast Adjuvant 10 (11)
Head and neck radiotherapy Head and neck Radical 10 (1)
Single-agent immunotherapy (nivolumab or pembrolizumab) Melanoma Palliative and adjuvant 10 (11)
Prostate radiotherapy Prostate Radical 10 (1)
Pazopanib Renal Palliative 10(11)
Imatinib Gastrointestinal stromal tumor Pdliativeand adjuvant ~ 8(9)
Stereotactic ablative radiotherapy Lung Radical 6(7)
Docetaxel chemotherapy Prostate Pdlliative 5(6)

The rationale for clinicians completing a corresponding
electronic questionnaire was to enabl e the comparison of paired
responses between patients and clinicians. The current standard
outpatient pathway for the assessment of treatment-related side
effectsis dependent on aclinician’sinterpretation of apatient’s
symptoms; therefore, comparison of paired patient and clinician
guestionnaires would enable assessment of the feasibility and
accuracy of a patient-completed PROM onitsown to triage the
need for further assessment. Patients and clinicians did not see
each other’'s PROM results, and the results were not used for
clinical decision-making. This was done so that the suitability
of our designed questionnaires could be assessed before
consideration for routine clinical use. The current standard of
care for FTF appointments was maintained for all patients to
ensure patient safety. Our method is similar to that of other
groups who have performed similar interventions [25,27].

Participants were asked to compl ete a feedback form enquiring
about the usability of the digital questionnaire, thoroughness of
the questionnaire, and acceptance of future use on a 10-point
Likert scale. Participating study clinicians were asked to
complete a similar feedback form after the completion of the
study. The authorswanted to assess not only the user experience
with the digital interface but also the content of the
guestionnaires. Hence, the authors designed a bespoke feedback
form to assess both because it was not possible to use a

pre-existing tool, such as the System Usability Scale, which is
solely focused on usability. It was decided that the feedback
form would comprise 3 questions to maximize response rates.
A 10-point Likert scale was chosen to enable sufficient
distinction between positive and negative responses and generate
guantitative data for analysis [35]. Examples of feedback form
guestions can be found in Multimedia Appendices 1 and 2.

This study was deemed to not present arisk to patient safety or
patient data protection by the trust’s chief clinical information
officer. Asthisstudy formed part of alocal serviceimprovement
project, no further formal ethics review was deemed necessary
in keeping with appropriate guidelines [36].

Data Analysis

The criteriain a completed questionnaire that were deemed to
indicatethe need for an FTF review were defined asthe presence
of any of the following: any grade 2 or higher response to a
CTCAE-based question, having any symptom assessed with a
binary question, or aPSintherange of 3-4. Using these criteria,
the concordance between paired patient and clinician
questionnaires for containing an FTF indicator was analyzed;
the specific FTF indicator did not need to match in the paired
guestionnaires. Concordance was assessed by cross-tabulating
the presence of an FTF indicator in paired patient- and
clinician-completed questionnaires (Table 2).

Table 2. Cross tabulation of patient- and clinician-completed patient-reported outcome measure questionnaires by the presence of a face-to-face

indicator.

Presence of an FTF?indicator in patient-completed PROMP

Presence of an FTF indicator in clinician-completed PROM

Yes No
Yes True positive False positive
No False negative True negative

3FTF: face-to-face.
bPROM: patient-reported outcome measure.

Asthe current standard of care comprisesclinician interpretation
of patient symptoms, the clinician-completed PROM represented
the standard, and the patient-completed PROM represented the
test variable. Sensitivity was calculated as true positive/(true

https://formative.jmir.org/2021/8/€18502

positive+false negative) and specificity as true negative/(true
negative+false positive). A similar method of cross-tabulation
was performed to assess the presence of any severe binary
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symptoms or CTCAE grade 3 or higher symptoms in paired
patient and clinician questionnaires.

The concordance of grading of common individual symptoms
between paired patient and clinician questionnaires was
assessed. Concordance was analyzed using descriptive statistics
without the use of the Cohen k statistic, asit was deemed to be
the most accurate technique considering the predicted
asymmetrical scoring differencesinthe ordina datainlinewith
recommendations from similarly conducted studies [25,27].

Sivanandan €t d

The Likert scale data from patient and staff feedback surveys
were analyzed using descriptive statistics.

Results

In total, 90 patients participated in the study across 10 different
oncology treatment pathways, as shown in Table 1. The
concordance between paired patient and clinician questionnaires
for the presence of an indicator for FTF review is shown in
Table 3.

Table 3. Concordance between paired patient-reported outcome measure questionnaires in highlighting the need for face-to-face review (N=90).

Presence of an FTF indicator in patient-completed PROMP (n)

Presence of an FTF indicator in clinician-completed PROM (n)

Yes (n=47) No (n=43)
Yes (61) 44 17
No (29) 3 26

8 TF: face-to-face.
bPROM: patient-reported outcome measure.

Thus, the sensitivity of the patient-completed questionnairesin
correctly highlighting the need for FTF review was 94% (44/47)
and specificity was 60% (26/43). Fase-negative
patient-completed PROMs (ie, a patient questionnaire not
indicating the need for FTF review but the clinician
guestionnaire indicating so) was 3% (3/90) of thetotal. Further
analysis showed that these were al for symptoms that the
clinician determined were of moderate severity (grade 2).
Therefore, acknowledging these false negatives, 97% (87/90)
of patient questionnaires flagged in a clinicaly appropriate
manner.

All questionnaires were completed by participants in their
entirety except for PS data being unavailable for 5 patients; 4
out of 5 of these patients had patient-completed questionnaires
that already contained indicators for FTF review, with the

remaining patient having corresponding patient- and
clinician-completed questionnaires displaying no significant
symptoms. Hence, the missing PS data were not considered
likely to affect the above analysis.

Furthermore, 29% (26/90) of the paired questionnaires were
concordant for the absence of any FTF indicators. This figure
equates to the percentage of patients who were correctly
identified by questionnaires not to need an FTF review and,
therefore, the potential for FTF appointment reduction.
Stratification by treatment pathway demonstrated that this
percentage of potential FTF reduction by questionnaire varied
considerably across the pathways from 0% (0/10) in patients
receiving head and neck radical RT and 0% (0/5) in those
receiving prostate chemotherapy to up to 70% (7/10) in those
receiving single-agent immunotherapy, as shown in Table 4.

Table 4. Concordant questionnaires that contained no indicators for face-to-face review stratified by treatment pathway (N=90).

Treatment pathway (number of patients)

Concordant questionnaires per pathway without indicators for FTF? review, n (%)

Immunotherapy (n=10) 7 (70)
Lung SABRP (n=6) 3(50)
Abiraterone and enzalutamide (n=10) 4 (40)
Pazopanib (n=10) 4(40)
Imatinib (n=8) 3(398)
Breast RT® (n=10) 3(30)
Prostate RT (n=10) 1(10)
Colorectal chemotherapy (n=11) 1(9)

Head and neck RT (n=10) 0(0)

Prostate chemotherapy (n=5) 0(0)

8 TF: face-to-face.
bSABR: stereotactic ablative radi otherapy.
CRT: radiotherapy.

Regarding concordance between paired patient and clinician
guestionnairesfor the presence of asevere or grade 3+ symptom

https://formative.jmir.org/2021/8/€18502

or higher (Table5), the sensitivity of patient questionnaireswas
100% (6/6) and specificity was 87% (73/84).
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For frequently appearing symptoms in the different
treatment-specific questionnaires (fatigue, vomiting, nausea,
anorexia, diarrhea, constipation, shortness of breath, cough, and
RT skin reaction), the exact agreement between patients and
clinicians ranged from 69% (62/90) agreement for fatigue to

Sivanandan €t d

95% (74/78) for vomiting (Figure 2 and Multimedia Appendix
3). When therewereindividual symptom discrepancies between
patientsand clinicians, they were mostly within 1 grading point,
and patients were more likely to assign greater severity to
symptoms.

Table 5. The concordance between paired questionnaires for the presence of a severe symptom (N=90).

Presence of a severe or grade 3+ symptom in patient-completed PROM?

Presence of a severe or grade 3+ symptom in clinician-completed PROM

(n) Q)

Yes (n=6) No (n=84)
Yes (17) 6 1
No (73) 0 73

3PROM : patient-reported outcome measure.

Figure 2. Agreement of common individual symptoms between patients and clinicians. RT: radiotherapy.

Individual symptom agreement

m Patient scored 3 grade higher

Patient scored 1 grade higher

Clinician scored 1 grade higher

Patient scored 2 grade higher

No difference

m Clinician scored 2 grade higher

RT skin reaction

{n=36) 3% 14%
286 2%

Cough (n=42) I 17%

Shortness of

breath (n=60) 8% 8%

Conslipalion

(n=56) 5% 9%
1%

Diarrhoea

(r=71) 15%

Anorexia

(n=70) 4% 10%

Nausea (n=86) 3% 12%

vomiting
(n=78)

1%

Fatigue (n-90) 16%

75% 8%
76% 2%
80% 8%
84% 4%
79% 4%
B0% 4% Il'}é
79% 5% Il%

95% 3%

69%

14%

Of the 90 patients, 77 (86%) completed the feedback form. On
a 10-point Likert scale, the mean patient approval score was
9.3 for usability, 9.1 for questionnaire thoroughness, and 8.8
for acceptance of questionnaires to supplement outpatient care.
There were missing data for 3 patients who did not provide an
answer for the latter question.

In addition, 48% (10/21) of clinicians completed a feedback
form. On a 10-paint Likert scale, the mean clinician approval

https://formative.jmir.org/2021/8/€18502
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score was 9.4 for usability, 9.8 for questionnaire thoroughness,
and 9.6 for future use of the questionnaires to supplement
outpatient care.

Discussion

Principal Findings
By comparing patient and clinician questionnaires, this study
has shown that acute toxicity questionnaires based on
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patient-modified CTCAE can act as a triage tool to help
highlight the need for FTF review in oncol ogy treatment clinics.
Patient questionnaires successfully detected all patients with
severe symptoms. Our results indicate that the use of patient
guestionnairesto enable remote monitoring in certain treatment
pathways could significantly reduce the need for FTF outpatient
reviews. Patients and staff provided positive feedback on
guestionnaire usability and content and accepted itsuseto assist
symptom monitoring. Our study thus contributesto the existing
literature regarding the use of PROMs in routine outpatient
settings [37-39)], particularly the way that PROM s can usefully
aid clinical decision-making and guidethe need for FTF review
in on treatment oncology clinics.

For common individual graded symptoms, the agreement
between patients and clinicians was good; when there were
differences, they were usually small, with patients more likely
to indicate greater severity than clinicians, comparable with
previous studies [25,27]. These individual differences rarely
affected those patientswho needed FTF review, with our results
showing high sensitivity of our questionnaires, incorporating
the presence of our predefined FTF indicators, to detect patients
who needed FTF review and patients with potentially severe
symptoms. This suggests there would be alow risk that patients
who would potentially need clinical intervention would be
missed. The tendency for some patients to rate symptoms more
severely than clinicians explains the lower specificity of the
guestionnaires to determine the need for FTF review.

This study confirms the potential benefit of PROM
guestionnaires in acting as a triage tool for determining FTF
review. Our results indicate that a significant proportion of
participating patients (26/90, 29%) were correctly determined
not to need an FTF appointment from their questionnaire results
alone. There was a further proportion of patients, comprising
19% (17/90) of the cohort, in which the patient-completed
guestionnaires indicated a need for FTF review, but the
corresponding clinician questionnaires suggested that this was
not needed. This suggests that subsequent review of patients
through a telephone or video consultation could be beneficial
asamethod to increase the specificity of patient questionnaires.

The study has also highlighted that the use of PROM
guestionnaires for the purpose of FTF reduction could be
especidly advantageous in certain follow-up treatment
pathways. Of note, alarge proportion of the pathwaysthat seem
particularly suitablefor remote monitoring based on our results
are the newer oncologica systemic treatments, such as
immunotherapy and tyrosine kinaseinhibitor treatments. Patients
can be on these treatments for many months and potentially
years unlike traditional chemotherapy drugs where the course
of treatment isusually afew months. Therefore, the benefits of
appropriate FTF reduction to various stakeholders would be
particularly discerniblefor patients with reduced hospital visits,
leading to decreased burden on their time and finances, for
clinicians with more productive use of their time, and for
managerswith more effective clinic use[9]. Moreover, PROMs
have been shown to have broader clinical benefits for patients
and clinicians [11], suggesting that more widespread use of
digital PROMs would have additional health care benefits
outside the primary scope of our study.

https://formative.jmir.org/2021/8/€18502
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Technological solutions are being espoused to help with
outpatient working [7,9], and our study demonstrates both
patient and staff acceptance of our particular digital strategy.
This helps justify that such an approach would work if it were
to be implemented into routine oncological practice with both
strong patient and staff willingness to drive its success. Digital
PROMs are only one of the many technological tools that can
hel p make oncology work more efficiently. Video consultations
to enable remote review of patients have been shown to be safe
and effective when used appropriately [40], and their use has
expanded rapidly in response to the COVID-19 pandemic [41].
Other technological solutionsthat seek toimprovethe efficiency
of a number of aspects of oncology work include artificial
intelligence applied to radiomics, such as breast screening
interpretation [42], and streamlining RT workflows, such as
through auto-contouring during RT outlining and voxel-based
dose prediction approaches to refine the treatment planning
process [43]. Thus, digital technology, including electronic
PROMs, looks set to have a significant impact on oncology
practice.

Limitations

Thequestionnairesin thisstudy werelargely based on CTCAE,
which has the limitation of not being formally validated [27].
However, they form the standard for adverse event reporting in
oncology [22], and in line with previous studies [27,29],
modification of terminology into patient-understandable
language enables patient reporting of symptom severity while
mapping onto an established grading system that iswell known
and widely used by clinicians. Furthermore, the UK Oncology
Nursing Society triage tool was used for the emergency
assessment of chemotherapy toxicity in our study center [44]
and the UK Oncology Nursing Society tool isbased on CTCAE
criteria; thus, thiswasfelt to additionally aid acceptance of the
digital PROMSs used by clinicians in this study. Currently, the
National Cancer Ingtitute's patient-reported outcome tool
PRO-CTCAE does not map exactly onto therecognized CTCAE
grading system; therefore, it would be difficult to use it as a
remote monitoring tool to determine the need for FTF
assessment. Furthermore, CTCAE has been applied to other
specialties outside of oncology, such as in trials pertaining to
hypertension and HIV [45], making it generalizable to other
medical specialties.

In this study, clinicians were asked to complete the PROM
guestionnaires based on information gathered from routine FTF
appointments. The questions asked in these FTF consultations
were up to the clinician’s discretion as per their routine practice.
Therefore, there is the possibility that clinicians may have
completed PROM questionnaireswith insufficient information.
This limitation reflects the standard clinical practice for on
treatment reviews, which would have aless systematic approach
than a PROM questionnaire.

Potential FTF reduction using digital questionnaires was
estimated through the absence of predefined indicatorsfor FTF
review. The authors recognize that patients may want to see
their medical team in an FTF appointment for reasons other
than these indicators. Actual FTF reduction will, therefore,
likely be lower in practice, but these figures demonstrate the
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large opportunity for follow-up reduction if an appointment is
deemed unnecessary from both the patient and clinician
perspectives. If such questionnaires are to be applied to routine
care, questionnaires should be designed to allow patients to
explicitly state their request for an FTF review to enable a
patient-centered approach to care.

It can be stated that our study islimited by the fact that statistical
analyses, such as Cohen Kk statistics, were not used to formally
assess agreement between patients and clinicians. However,
previous studies have criticized Cohenk statisticsin this setting
because of the asymmetry across the scoring differences and
have advocated descriptive statistics, as used in this study, as
being sufficient for determining interrater concordance in this
particular situation.

Although the patient feedback form response rate was high at
86% (77/90), it was recognized that the staff feedback form
response rate was significantly lower at 48% (10/21). Thisis
partly explained as patients were asked to complete thisdirectly
after their FTF appointment following an in-person request from
a member of the project team, whereas clinicians were asked
to do this via email after the study was completed. Hence,
nonresponse bias may affect the strength of the conclusionsthat
can be drawn from the staff feedback data.
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Future Work

Moving forward, we have organized patient focus groups to
provide detailed qualitative feedback about patient
understanding and acceptance of the designed questionnaires.
These will occur before a planned pilot study to use remotely
completed digital PROMs in selected oncology treatment
pathwaysto assesstheir ability to reducethe need for FTF care.
We are also considering remote monitoring for patients who
have completed their cancer treatment via PROMs as part of
their long-term follow-up. These PROM questionnaires would
target symptoms suggestive of recurrence as well as the
consequences of their cancer treatment.

Conclusions

This study demonstrates the potential efficacy and utility of
PROM questionnairesto facilitate remote monitoring of patients
undergoing oncology treatments to reduce the need for FTF
care. They have a high approval rating from both patients and
clinicians. Significantly, they appeared to correctly identify
patients with severe adverse treatment effects. From our data,
atreatment strategy using digital PROMsin our oncology center
alone, which has approximately 30,000 follow-up attendances
per year, could safely reduce the need for thousands of FTF
appointments. The use of remote monitoring via PROMs could
lead to a more patient-centered model of care with a reduced
need for hospital visits with resultant benefits to patients,
clinicians, and the wider health system.
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Abstract

Background: Approximately 6.1 million adults in the United States serve as care partners for cancer survivors. Studies have
demonstrated that engaging cancer survivors and their care partners through technol ogy-enabled structured symptom collection
has several benefits. Given the high utilization of mobile technol ogies, even among underserved populations and in low resource
areas, mobile apps may provide a meaningful access point for all stakeholders for symptom management.

Objective: We aimed to develop amobile app incorporating user preferencesto enable cancer survivors' care partnersto monitor
the survivors' health and to provide care partner resources.

Methods: An iterative information gathering process was conducted that included (1) discussions with 138 stakeholders to
identify challenges and gaps in survivor home care; (2) semistructured interviews with clinicians (n=3), cancer survivors (n=3),
and care partners (n=3) to identify specific needs; and (3) a 28-day feasibility field test with seven care partners.

Results: Health professionals noted the importance of identifying early symptoms of adverse events. Survivors requested
modules on medication, diet, self-care, reminders, and a version in Spanish. Care partners preferred to focus primarily on the
patient’s health and not their own. The app was developed incorporating quality-of-life surveys and symptom reporting, as well
as resources on home survivor care. Early user testing demonstrated ease of use and app feasibility.

Conclusions: TOGETHERCare, anovel mobile app, was developed with user input to track the care partner’s health and report
on survivor symptoms during home care. The following two clinical benefits emerged: (1) reduced anxiety among care partners
who use the app and (2) the potential for identifying survivor symptoms noted by the care partner, which might prevent adverse
events.

Trial Registration: Clinical Trials.gov NCT04018677; https://clinicaltrials.gov/ct2/show/NCT04018677

(IMIR Form Res 2021;5(8):€22608) doi:10.2196/22608

KEYWORDS
cancer; oncology; mHealth; caregiver; cancer survivor; mobile app; smartphone; feasibility; caregiver burden; symptom reporting

defined as unpaid spouses, relatives, and friends of the survivor,
are essential partners with oncology teams in the delivery of
complex cancer care services at home [2]. Care partners assist
with activities of daily living, medication administration, wound
care, transportation, meals, finances, advocacy, and emotional

Introduction

Approximately 6.1 million adults in the United States serve as
care partners for cancer survivors [1]. Informal care partners,
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support. Care partners frequently attend medical visitswith the
survivor, often keeping track of physician instructions and
medication changes [3]. Based on data collected through the
2015-2017 Behavioral Risk Factor Surveillance System
(BRFSS) run by the Centersfor Disease Control and Prevention
(CDC), 24% of adults aged 45 years or older were care partners
for relatives or friends[4]. Approximately 25% of those caring
for cancer survivors spend more than 40 hours aweek providing
these servicesto their family or friends [5].

Studies have demonstrated that engaging cancer survivors and
their care partners through technology-enabled structured
symptom collection has several benefits [6-9]. For example, in
a randomized trial, Basch et a found an increase in
health-related quality of life and a decrease in emergency room
visitsand hospitalizationsfor survivorswho were provided with
atablet computer—based symptom reporting system [10]. Studies
have aso found that survivor symptom self-reporting
(patient-reported outcomes [PROS]) resulted in an increase in
survival compared with usual care [8,11-13].

Complementary to patient reports, care partners bring adifferent
and important perspective (observer-reported outcomes
[ObsROs]) when reporting on survivor symptoms and may
notice symptoms the survivor does not. Further, data
demonstrate that these perspectives are feasible to collect. One
study demonstrated that a series of systematic questions
presented to care partners of children in palliative care were
easy to complete and identified symptoms underdiagnosed by
medical teams. Reporting by children aged 7 years or over and
their care partners were consistent for common symptoms, but
care partners reported irritability and nervousness more
frequently than children [14]. In adult prostate cancer survivors,
survivors who had a care partner were more likely to discuss
pain at doctor visitsthan those without a care partner. This study
concluded that tools encouraging early symptom reporting could
lead to enhanced symptom and disease management [15]. Care
partners assessments of symptoms in survivors were similar
with survivor self-reports, indicating that the care partner could
serve as aproxy [16,17]. There is also evidence that using an
electronic symptom reporting system decreases the emotional
distress of care partners[18,19].

Given the high utilization of mobile technologies, even among
underserved populations and in low resource areas [20-24],
mobile apps may provide a meaningful access point for all
stakeholders for symptom management [25-27]. A Deloitte
survey of US health care consumers found the following three

Table 1. Main questions and methods for addressing the questions.

Oakley-Girvan et a

key areas of consumer engagement: (1) consumers want to
partner with clinical teamson their health care and management;
(2) consumers are increasingly trusting and using online
information; and (3) consumers, particularly those with chronic
conditions, are increasingly utilizing health technologies [28],
providing additional reasons to consider this avenue of
engagement. Mobile health technologies show promise as
solutionsfor health care needs across the cancer continuum [29]
and have the potential to improve health care outcomes by
providing consumers with a platform that can address all three
of these key areas.

The development of most mHealth apps does not involve user
input [30], despite evidence that incorporating feedback from
appropriate stakeholders, including care partners, into
smartphone app development can result in a more successful
mobile tool [31,32]. The purpose of this study was to design
and develop amobile app in collaboration with users and other
stakeholders for informal care partners to remotely monitor
cancer survivors' health and for providing care partner resources.
While additional work is required to confirm the clinica
effectiveness for specific outcomes, this paper documents the
development process of this app (TOGETHERCare) and the
preliminary results of early user testing.

Methods

Overview

This study was conducted in three sequentia phases guided by
the Technology Acceptance Model and user-centered design
principles. The objective of phase 1 was to understand current
care gaps and needs in cancer care through interviews with
health care providers, survivors, and care partners. In phase 2,
we gathered design and content specifications for the planned
app through semistructured interviews with care partners,
survivors, and clinicians. Finally, in phase 3, we created the
first version of the TOGETHERCare mobile app for informal
care partners to remotely monitor cancer survivors' health and
their own health and for providing care partner resources. We
collected feedback from a small beta testing group of care
partners who used the app for 28 days in two geographically
different academic cancer centers (Duke and Stanford). This
study has been registered on clinicaltrials.gov (NCT04018677).
This iterative information gathering process was conducted to
address three main questions. Table 1 lists the questions and
our methods for addressing the questions.

Main questions

Methods to address the questions

Phase 1. What are the needs and gaps for cancer care partners?

Phase 2. What features would users like to see in such an app?

Phase 3. Is an mHealth® app for cancer care partners feasible for them to
use?

Discussions with 138 stakeholders including 32 care partners

Semistructured interviews with three physicians, three cancer survivors,
and three care partners

28-day betaiOS (Apple) user testing with feasibility and acceptability
feedback from seven care partnersin two geographically diverse academic
cancer centers (Duke University and Stanford University)

3mHealth: mobile health.
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Phase 1. Stakeholder Discussions

We talked to stakeholders who would have insights into the
needs of cancer patients, including providers, pharmaceutical
company scientists, advocates, socia workers, medical directors,
researchers, and care partners. Stakeholderswereidentified first
through Project Team Advisory Group (PTAG) members(N=14)
and Patient Advocacy Council (PAC) members (N=4). PTAG
members included survivor advocates, clinicians, and
researchers with direct experience working with cancer
survivors. PAC members included cancer survivors and care
partners. A snowball technique was used to identify additional
stakeholders, so that each informant identified additional people
to interview until saturation of concepts was achieved.

The purpose of theinterviewswasto identify gapsin or barriers
to cancer care, care partners, workflows, and the potential value
of possible app components to organizations and individuals.
These interviews were open-ended and did not use interview
guides. Responses to the interviews were categorized by the
research team [33].

Phase 2. Semistructured I nterviews

From a convenience sample from the Stanford Cancer Institute
and Monterey-Salinas California health care systems, two
interviewers conducted nine interviews using Institutional
Review Board (IRB)-approved semistructured guides. The
interviewswere conducted with three physicianswho work with
cancer survivors, three cancer survivors, and three care partners
currently caring for cancer survivors. Three interviews with
Spanish-speaking survivors and care partners were conducted
with amedical interpreter trandating for the interviewer. Notes
from the interviews were transcribed into a prepared templ ate.
The results were compiled, and response concepts were coded
by two members of the core team.

Phase 3. Beta Test

We conducted a beta test with cancer care partners to assess
feasibility. Informed consent was collected through the app.
The app included the following tabs: “ Profile” for care partner’s
name and demographics; “Activities’ for informed consent,
Health Insurance Portability and Accountability Act
authorization, PRO surveys related to care partners health,
survivor demographics, and surveysrelated to survivors' health,
including atargeted symptom list and a preappoi ntment concerns
survey; and “Resources’ with linksto resources related to care
partners health, caregiving tasks, and local referral information.

The aim of the beta test was to test the consent and enrollment
process and gather feedback from real care partners. Betatesting
was also used to catch software or interoperability bugs before
extensive usability testing. Cancer survivors (n=6) were
recruited by staff at Stanford and Duke Universities and asked
to consent to the project and identify their care partners. After
providing informed consent, the care partners (n=7) (one
survivor named two care partners) were enrolled in the study
and instructed on how to download the app and enter data.
Stanford University recruited survivors from survivor support
groups, and Duke University recruited survivors from the
palliative care clinic.

https://formative.jmir.org/2021/8/e22608
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We conducted semistructured interviews with most beta
participants at day 7 and all participants at day 28 to see what
they liked and did not like about using the app. Interviews were
zoom calls, typically 30 to 45 mininlength, and the same script
was followed in each interview, except for the first question
(“Tell usabout your care partner situation”) that we did not ask
at the day 28 interview. Interviews provided much morein-depth
information about care partners’ experiences using the app than
we would have obtained using generic app satisfaction scales
such asthe System Usability Scale (SUS) [34,35] and mHealth
App Usability Questionnaire (MAUQ) [36]. Interviews were
recorded and transcribed.

Transcripts of the interviews were coded to identify themes.
Thethematic coding was done based on the principles of content
analysis, wheretextua dataareidentified, analyzed, and grouped
to form meaningful categories [37]. The level of analysis was
entire sentences, as the interviews were semistructured and
coding by word would give undue weight to asingle respondent
who had longer responses. Sentences from the interviews were
coded based on the main concept contained in them, and the
most commonly occurring themes across interviews were
compiled.

Statistical methods for analyzing the in-app surveys included
frequency counts and percentages to determine the completion
rate of each survey, the number of surveysthat were completed
during the 4-week beta test, and the time required to complete
each survey.

All procedures and study materialswereindependently approved
by IRBs at Stanford and Duke Universities (clinicaltrials.gov
NCT04018677). Because this was an unrandomized trial, no
CONSORT checklist was filed. All procedures were in
accordance with the ethical standards of theinstitutional and/or
national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical
standards. Informed consent was obtained from all participants
included in the study.

Results

Phase 1. Stakeholder Discussions

The responses from the 138 stakeholders resulted in 262
responses that fell into different categories as follows:
burnout/stress (n=108), cancer types/comorbid conditions
(n=65), revenue/busi ness (n=40), office value (n=22), insurance
(n=12), and media/events attended by respondents (n=15). The
major categories that emerged across al areas included the
following: (1) survivorswho comein for crisisvisits are older,
have comorbidities, have care partners at home who are burned
out, live geographicaly far away, or have difficulty accessing
appropriate resources and services, (2) buyers of new
applications are risk sensitive or want a tool supported by
validation studies proving reduction of clinical burdens and
crisis visits when care partners are supported and less stressed;
and (3) fitting into the electronic health record (EHR) system
isimportant.

Responses by the 108 stakeholders who commented on
burnout/stress are detailed in Table 2. Scheduling, keeping
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upcoming visits organized, or feeling overwhelmed with too
much information related to different doctors, medications, and
appointments were mentioned 27 times by most stakehol ders
across job functions.

The 32 care partners who were interviewed wanted an app to
help them (1) be better organized and feel prepared to take care
of their loved ones, including organizational support for

Table 2. Stakeholder discussion responses related to burnout and stress.

Oakley-Girvan et a

scheduling visits, keeping up on the treatment and following
treatment protocols, or knowing what signs/symptoms to look
out for in order to identify adverse events earlier; (2) be more
knowledgeable about various side effects, insurance options,
treatment options, and other resources available to the survivor
and care partner; and (3) have a sense of support and
understanding of challenges from the clinical team, friends,
family, and coworkers.

Stakeholder

Primary cause of stress/burnout for informants

Confusionnavigat- Schedule/organiza-  Socioeconomic  Distance fromthe  Elderly Emotional  Other
ing the health care  tion/too muchinfo  costs, missing  doctor’s of- survivor  burden/de-
system/insurance  (meds, doctors, and  work ficeftransportation pression
appointments)
Clinician/pharma (n=16) 2 3 3 3 1 3 1
Researcher (n=3) 0 1 0 1 0 0 1
Care partner (n=9) 1 4 2 0 0 1 1
Socid worker/counsglor (n=23) 3 7 3 4 1 3 2
Nurse (n=9) 2 3 2 1 1 0 0
Attorney (n=2) 1 1 0 0 0 0 0
Chief medical officer (n=1) 0 0 0 0 0 1 0
Clinician (n=17) 0 3 4 3 3 4 0
Patient advocate (n=4) 0 0 2 1 1 0 0
Chief executive officer (n=7) 0 2 1 1 1 1 1
Medical doctor (n=17) 2 3 3 2 2 4 1
11 27 20 16 10 17 7

Total (n=108)2

8108 of the 132 stakeholder comments were classified into the burnout/stress category.

Phase 2. Semistructured I nterviews

The demographics for the semistructured interviewees were
quite varied. Physicians (n=3) were between 39 and 66 years
of age and had been providing health care for those aged 14 to
39 years. Thereweretwo medical oncologists and one surgeon.
Survivors (n=3) ranged in agefrom 43 to 74 years and had been
diagnosed between 8 months and 19 years prior. Cancer
diagnoses included breast cancer, melanoma, ovarian cancer,
colon cancer, and thyroid cancer (one survivor had multiple
diagnoses). Care partners (n=3) ranged in age from 22 to 63
years and had been care partnersfor arange of lessthan 1 year
to 6 years. We interviewed two white non-Hispanic females,
one white non-Hispanic male, one Asian male, three Latino
females, and two Latino males.

For many of the coded interview concepts, there was general
agreement across the physicians, cancer survivors, and care
partners. Although all three groups agreed that thereis currently
no systematic way for specialiststo keep in touch with survivors
once they have moved to community care, survivorship care
plans (SCPs) would be useful. The SCP provides treatment
history, management of side effects, and information on who
to contact. However, they currently do not receive or prepare
an SCP. All three groups concurred that the survivor had to
initiate either a visit or call to the specialist. All three groups

https://formative.jmir.org/2021/8/e22608

agreed that they have smartphones and that an app including
the ability to communicate between the different groups, along
with other modules, such as guidance on assisting with daily
medical tasks and activities of daily living, would be useful.

There were aso differences between the three groups of
semistructured interviewees in concepts coded for responsesto
four of theinterview questions. Care partners and survivors had
different kinds of questions they would like to ask physicians,
compared with questions clinical staff felt they heard frequently
from care partners. Cancer survivors indicated no concerns
about the app, and one care partner mentioned a concern about
keeping medical information private, but clinical staff were
concerned about the added workload and whether the app would
prove useful unless all members of the care team participated
in the effort. Clinical staff had specific ideas for smartphone
app modules, including communication tips for survivors and
care partners to make better use of their time with the clinical
team; a dashboard or status bar that would track the survivor
through the care process, from the initial treatment through all
treatments provided by different speciaties, and addition of
PROs or ObsROs. Survivors and care partners were interested
in modules on medication, diet, self-care, reminders, and a
version in Spanish.

JMIR Form Res 2021 | vol. 5 | iss. 8 |€22608 | p.136
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Phase 3. Beta Test Qualitative Analysis

Evidence from the beta test semistructured qualitative surveys
indicated that care partners (n=7) found the app to be useful,
and would continueto useit, aswell asrecommend it to others.
They also suggested that adding featuresto the app, such asthe
ability to search for speciaized information and insert
open-ended notes, would greatly enhance the functionality of
the app. Care partners were focused on survivor health, and

Table 3. Betatest qualitative analysis themes with illustrative comments.

Oakley-Girvan et a

were not too interested in responding to health questions about
themselves; instead, they felt that most of the questions should
focus on the survivor. Moreover, they requested more feedback
from the daily surveys, such as an explanation of what their
survivors health measurements indicated in terms of the
survivors' current health statuses. The four main themes that
emerged from the beta test qualitative interviews are shown in
Table 3.

Theme Concept

Selected comments

The app is useful

raising their level of awareness.

Add functiondity to

the app information and contain an open-ended notes section.
Carepartnersarefo- Care partners remarked that the surveys contained too many
cused on survivor questions pertaining to the care partners rather than focusing on
health Survivors.

Carepartnersneed  Care partners noted that they would have liked feedback about
more feedback their survey responses.

All care partners found the app to be useful in multiple ways,
including reducing their anxiety by focusing on the fixed number
of survey questions, as well as serving as alearning tool and

Care partners suggested that the app should provide specialized

Findsit very helpful. Helps her not to worry and eases her
mind. Helps keep things in perspective - she focuses on set
number of questions, not a huge list.

| thought the measurement of mental health was helpful. It
might help avoid depression. Well, | think it's easy to use
and to understand.

Especially if more types of information could be added to
thisapp that | can use other than general Information about
caregiving.

Would be nice to have a box where you can put notesin -
especially about the survivor.

| want to focus more on the cancer patient because that
person isthe one who needs help, morethan the care partner.

Actually, I would rather focus more on the cancer patient
myself.

It would have helped me to know that someone on the end
ismonitoring my responses or | could receive a response
back when | did things on the app.

It would be better if you could receive some kind of report
back of what the measurement means, especially about pa-
tient’s health and stress level, depression, exercise.

Phase 3. Beta Test Quantitative Data Analysis

Seven care partners participated in the betatest. The completion
rates below refer to the percentage of surveys for which care
partners answered all the questions. During the beta test, care
partners were told that the demographics section was optional,
so that was the least frequently completed survey (Stanford,
25%; Duke, 33%). The Patient Health Questionnaire-4 [38]
survey about the care partner, which measures depression and
anxiety in four items, was completed only 31% of the time by
both groups combined, with the care partners infrequently
answering any of the questions. Demographics about the
survivor were completed 90% of thetime, and “My loved one's
health” (about the survivor) and the preappointment survey were
completed 91% of the time. All other surveys were completed
between 97% and 100% of the time by both groups combined.

Within the 4-week test period, care partners were expected to
answer each survey acertain number of times. Table 4 liststhe

https://formative.jmir.org/2021/8/e22608

survey name, the frequency with which the survey came up on
the app, the number of timesit was available during the 28-day
betatest time frame, and the median and mean numbers of care
partner betatesters (n=7) who started the survey. Care partners
started surveys close to the frequency at which they were
available, but not all the survey questions were completed
(participants could skip any questions they did not wish to
answer). The “number started” refersto the number of surveys
for which at least one question was answered, regardless of
whether al questionsin that survey were completed. One-time
surveys took on average from 32 seconds (care partner
eligibility) to 211 seconds (e-consent document and signature
[consent previously explained and reviewed by the clinical
team]) to complete. Repeated surveys were completed, on
average, in 2 minutesor less. The Patient Health Questionnaire-4
(PHQ-4) had an average compl etion time of 8 seconds, and the
“My loved on€e's health” was completed on average in 129
seconds.
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Table4. Surveysincluded in the care partner app by availability frequency and mean number started by betatesters (n=7) during the beta testing period

(all surveys were completed by the care partner).

Survey name Requested Frequen-  Number of Median number  Mean number
cy timesavailable started started

Care partner consent Once 1 1 1.29
Care partner eligibility Once 1 1 114
Daily (about care partner sleep and mood) Daily 25 9 13.86
Demographics (about care partner) Once 1 1 1.00
EQ5D?[39] (about care partner) Weekly 5 5 4.86
My loved one (survivor demographics) Once 1 1 114
My loved one’s health (about survivor) Weekly 5 5 4.57
PROM ISP [40] (about care partner) Biweekly 4 3 2.86
PHQ-4° [38] (about care partner) Biweekly 4 3 271
Preappointment (care partner concerns re: survivor appointment) Weekly 5 5 471
Weekly (about care partner health) Weekly 5 5 4.86

3EQ5D: EuroQol 5-Dimension.

bPROMIS: Patient-Reported Outcomes M easurement Information System.

®PHQ-4: Patient Health Questionnaire-4.

Discussion

This paper describes the user-involved devel opment process of
TOGETHERCare, a smartphone app for care partners. Thisis
one of few studies regarding app development for cancer care
partnersthat utilized arigorous devel opment approach involving
users[31,41]. Engaging usersin the design of an mHealth app
facilitates app adoption and usage [42].

As the US population ages, more care is being delivered at
home. Limits on rehabilitation and nursing home payments can
result in survivors being discharged before they are ready
[43,44]. Starting in 2015, more money was spent nationally on
home care than care provided in nursing homes [45]. This
increase in caring for survivors at home has raised the burden
oninformal carepartners, such asfamily and friends. Thisheavy
burden can affect mental and physical health, and the care
partner’s health can appreciably impact the survivor [2,46-51].
Clinical benefits have been associated with PROs[10-13]. While
studies on care partner reporting are limited [19], there is
evidencethat care partners canidentify early symptoms[14-16],
and the use of asymptom reporting system may reduce caregiver
distress [18].

TOGETHERCareisamobile app that providesfor care partner
symptom reporting for themselves and the survivors. The
following three phases were completed in the development of
the app: (1) stakeholder discussions, (2) semistructured
interviews, and (3) beta testing of the app. These phases are
essential to ensure that the app is devel oped incorporating user
preferences to increase its value [30].

In our stakeholder discussions, all stakeholders felt that an app
for informal care partners would be beneficial. Stakeholders
frequently mentioned that care partnersfeel overwhelmed with
too much information and financial considerations, and have

https://formative.jmir.org/2021/8/e22608

emotional issuesincluding stress and depression. Clinical staff,
care partners, and survivors included in the semistructured
interviews all agreed that an app designed to help care partners
would be welcome. Results of early user beta testing showed
that TOGETHERCare is feasible to use, with users able to
complete surveys and commenting that the app was useful and
helpful. Our qualitative interviews with testers revealed that
care partners are primarily focused on their survivor's health,
not their own, and the quantitative analysis indicated the need
to reduce the number of surveys about care partner’s health.
Several care partners mentioned that the survivor-focused
surveys helped to reduce their anxiety and bring relief by
reducing the universe of thingsthey had to worry about. Similar
findings were observed by Chih et a, who examined an online
symptom-reporting system for advanced cancer survivors|[18].

Thisstudy has somelimitations. While an open-ended interview
with stakeholders allowed us to receive perspectives that might
otherwise not have been discussed, having a more structured
interview may have allowed us to examine opinions in amore
standardized way. Limitations in this study also include the
small convenience sample of care partners involved in the
semistructured interviews and the beta testing. However, small
sample sizes for exploratory studies are common, and other
published research studies on app devel opment and acceptability
have used between 5 and 11 users for feasibility and usability
testing [52-54]. The beta test version of the app did not include
visualizations that are expected to be developed in future
versions of the app, although mockups of visualizations were
presented during the qualitative interviews, and feedback was
obtained. Survey data completed by care partners were not
presented within the EHR to clinicians because we were not
testing the feedback component at this stage. Future work in a
larger clinical sample will include providing survey data
completed by care partners to clinicians within a work flow
they are aready using. Care partnersin our study wererequired
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to have an iPhone, as the beta test version was developed for
the iOS platform, with a future intention to include Android
phones.

Next steps include testing the app with a larger population,
providing data recorded by care partners about their survivors
symptoms to the clinical team within the EHR, and ultimately
testing the app impact on specific outcomes in a randomized
controlled trial. Further evaluation in arandomized clinical trial
isneeded to provide evidence that the app would result in fewer
hospitalizations and emergency room visits and potentially
extend survival.

Oakley-Girvan et a

TOGETHERCare, anovel mobile app, was devel oped together
with care partners, health care professionals, and survivors to
track the health of care partners and report on atargeted list of
survivor symptoms during home care. Thefollowing two clinical
benefits have emerged: (1) the reduction of anxiety among care
partners who use the app and (2) the potential for the
identification of symptoms exhibited by the survivor and noted
by the care partner, which, if caught early, might prevent
unnecessary emergency room or hospital care.
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Abstract

Background: Incontrast to the current broad dissemination of tel emedicine across medical specialties, previous research focused
on the effectiveness of telemedicinein specia populations and for behavioral health encounters, demonstrating that both physician
and patient factors impact the efficacious use of telemedicine.

Objective: We aim to evaluate physician perceptions of the appropriateness of telemedicine for patients attending the primary
care practices of afederaly qualified health center in New York City.

Methods: We used an anonymous cross-sectional survey including closed- and open-ended questions. We used chi-square to
test whether providers from certain specialties were more likely to state they would use telemedicine in the future. We used t
teststo compare age between those who would versuswoul d not use telemedicine. We then used logistic regression to test whether
age and specialty were both correlated with the desire to use telemedicine in the future. We used thematic content analysis to
describe the reasons providers felt they would not want to use telemedicine in the future and to describe the situations for which
they felt telemedicine would be appropriate.

Results: Of 272 health care providers who were sent the electronic survey, 157 (58%) responded within the 2-week survey time
frame. The mean age of providers was 45 (range 28-75) years. Overall, 80% (126/157) stated they would use telemedicinein the
future. Compared to the family medicine, internal medicine, behavioral health, dental, and obstetrics and gynecology specialties,
providers from pediatrics, med-peds, subspeciaties, and surgery (protelemedicine specialties) were more likely to believe
telemedicine would be useful post pandemic (61/67 [91%] vs 65/90 [72%)]; P<.001). Providers who reported they would use
telemedicine in the future were younger (mean age 44, range 42-46 years vs mean age 50, range 46-55 years; P=.048). In the
regression analysis, both protel emedicine specialties and age were significantly associated with odds of reporting they would use
telemedicine in the future (prospecialties: odds ratio 5.2, 95% CI 1.7-16.2; younger age: odds ratio 1.05, 95% CI 1.01-1.08).
Providerswho did not want to use telemedicine in the future cited concerns about inadequate patient care, lack of physical patient
interaction, technology issues, and lack of necessity. Providerswho felt telemedicine would be useful cited the following situations:
follow-up visits, medication refills, urgent care, patient convenience, and specific conditions such asbehaviora health, dermatology
visits, and chronic care management.

Conclusions: The mgjority of health providers in this resource-limited setting in a federally qualified health center believed
that telemedicine would be useful for providing care after the pandemic is over.

(IMIR Form Res 2021;5(8):626565) doi:10.2196/26565

KEYWORDS

telemedicine; federally qualified health care center; primary care; COVID-19; telehealth; physician; doctor; preference; perspective;
dissemination; appropriate; cross-sectional; survey
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Introduction

Telemedicineinstantly becamethe preferred, and for many only,
mechanism for health care delivery in New York City during
the COVID-19 pandemic [1]. Health care institutions quickly
established a variety of strategies to deliver telemedicine
services using audio-video or audio only platforms compatible
with the Health Insurance Portability and Accountability Act
(HIPAA) to provide patient’s access to their providers[2-4].

In contrast to the current broad dissemination of telemedicine
across medical specialties, prior research focused on the
effectiveness of telemedicine mostly in specific populations
[5,6] and for behaviora health encounters [7-10]. Research
showsthat optimal and efficacious use of telemedicine requires
willingness of both the physician and patient to engage on these
nontraditional platforms [9]. Physician satisfaction and
preference for telemedicine, however, has not been studied as
abundantly, especially after the emergence of COVID-19
[10,11]. Although physician personality (ie, judging vs
perceiving) and preference for telemedicine demonstrate some
correlation, there are few studies on the association between
physician age or specialty with physician preference to use
telemedicine for clinical practice [11].

This study qualitatively and quantitatively evaluates physician
preferences regarding the use of telemedicine for patientsin a
large federally qualified health system in Brooklyn, New York.
We hypothesized that younger physicians and physicians who
provide behavioral health services would be morelikely to cite
telemedicine as an appropriate and preferred modality of care
post pandemic. This hypothesis was formed on the assumption
that younger physicians would be more familiar with
nontraditional technology platforms and the assumption that
behavioral health care service does not require physical
assessments. With our qualitative data, it is also our hope to
explore and to identify any reservations or shortcomings they
may have, in efforts to provide insight into the use of
telemedicine as an efficient means of providing quality carein
the future.

Methods

Design

We devised a unique and anonymous cross-sectional electronic
survey for this project to collect qualitative and quantitative
data. We surveyed health care providers working for a large
federally qualified health care system based in Brooklyn, New
York that is comprised of 8 primary care practices (medicine,
pediatrics, obstetrics and gynecology [OB/GY N], behavioral
health), 6 dental clinics, 9 community medicine sites, and 52
school-based hedlth centers. The study was categorized as
exempt research by the New York University (NYU)
Ingtitutional Review Board.

Beginning in March 2020, providers had the option of using
either Webex, Doximity, or MyChart to deliver telemedicine
visitsto patients. All three of these telemedicine modalities are
compliant with HIPAA [3,4]. Webex appointments were
scheduled by practice registration staff, and patients were sent

https://formative.jmir.org/2021/8/e26565
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emails with instructions on how to log in to the appointment.
To use Doximity, providers individually signed up for the
service and downloaded the app. They could then send a text
message to a patient’s cell phone number asking them to join
a video call, or they could directly call the patient’'s phone
number to conduct an audio-only visit. Anyone enrolled in the
patient portal, Mychart, could access the visit through that
application. All providers were encouraged to conduct
audio-video visits over audio-only visitsif possible.

Survey Procedures

Based on previous studies, we created abrief survey and emailed
asurvey web link to all providersin May 2020, approximately
2 monthsinto the COVID-19 pandemicin Brooklyn, New York.
Providers provided consent and received several reminders to
complete the survey over a 2-week period.

In the survey, physicians were asked which telemedicine
platforms they used since the beginning of the pandemic in
March 2020. They then were asked in the survey to indicate
“yes’ or “no” to whether they would like to use any of the
telemedicine platformsroutinely for patient careif the pandemic
was over. If the physician responded “yes,” they were asked
which of the platforms they would want to use going forward.
If the physician responded “no,” they were prompted to explain
“why not” and if there were exceptionsasto when telemedicine
would be useful in patient care. To assess survey consistency,
Conbrach aphawas cal cul ated with an acceptabl e score of .63.
To further assess and identify common themes of physician
preference, another free writing prompt within the survey asked
the physicians to identify what specific patient care situations
they felt telemedicine would be most helpful to use.

To assess physician age preference and specialty preference,
the survey asked the physician to fill in their age and specialty.
The listed specidties included pediatrics, family medicine,
internal  medicine, med-peds, behaviora health, dental,
OB/GYN, and other. If “other” was selected, the participant
was asked to describe the specialty.

Analyses

We tabulated descriptive statistics for all survey participants.
Missing data for age was imputed at the mean value. We used
chi-square to test whether providers from certain speciaties
were more likely to state they would use telemedicine in the
future. We used t teststo compare age between those who would
and those who would not use telemedicine. We then used logistic
regression to test whether age and specialty were both correl ated
with desire to use telemedicine in the future. For this analysis,
we combined specialties that were more likely to state they
would use telemedicine in the future into one binary variable,
“pro-telemedicine specialties.”

To better understand the reasonswhy providerswould or would
not use telemedicine in the future, we used thematic content
analysisto describe the themes from the open-ended responses.
All open-ended responses were read and coded separately by
two of the authors who then compared notes and, after
discussion with the senior author (1S), came to a consensus of
thematic groupings.
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Results

Of 272 health care providers who were sent the electronic
survey, 157 (58%) responded within the 2-week survey time
frame. Demographics and survey responses are shown in Table
1

There was a statistically significant difference in preference to
use telemedicine in the future by specialty. Compared to the
family medicine, internal medicine, behavioral health, dental,
and OB/GY N specialties, providersfrom pediatrics, med-peds,
medical subspecialties, and surgery (protelemedicine specialties)
were more likely to believe telemedicine would be useful post
pandemic (61/67 [91%] vs65/90 [ 72%]; P<.001). Furthermore,

Table 1. Descriptive statistics for the survey sample.

Nieset d

med-peds, pediatrics, and medical subspecialties had the highest
percentage of “will use telemedicine in the future” with 100%
(2/2), 94% (34/36), and 85% (17/20), respectively. OB/GYN
and internal medicine had the lowest percentage of “will use
telemedicine in the future” with OB/GYN at 50% (4/8) and
internal medicine at 63% (17/27).

Providers who reported they would use telemedicine in the
future were younger (mean age 44, range 42-46 years vs mean
age 50, range 46-55 years; P=.048). In the regression analysis,
both protelemedicine specialties and younger age were
significantly associated with increasing odds of reporting that
they would use telemedicine in the future (protelemedicine
specidlties: oddsratio 5.2, 95% CI 1.7-16.2; younger age: odds
ratio 1.05, 95% CI 1.01-1.08).

Variable

Participants (N=157)

Age (years), mean (SD)

Specialty, n (%)
Pediatrics
Family medicine
Internal medicine
Med-peds
Behavioral health
Dental

OB/GYN?
Surgery
Medical subspecialties

45.7 (11.5)

36 (22.9)
26 (16.5)
27 (17.1)
2(1.3)
9(5.7)
20(12.7)
8(5.0)
9(5.7)
20(12.7)

M odalities deemed effective (multiple responses allowed; n=309), n (%)

Telephone
Doximity audio + video
Doximity audio only
Webex audio + video
Webex audio only
Mychart audio + video
None Effective
Did not use

Would usein the future (multiple response allowed; n=126), n (%)
Telephone
Doximity audio + video
Doximity audio only
Webex audio + video
Webex audio only
Mychart audio + video

Other (Zoom, Facetime, Whatsapp etc.)

70 (22.7)
82 (26.5)
32 (10.4)
59 (19.1)
18 (5.8)
29 (9.4)
1(0.3)
18 (5.8)

36 (28.6)
73(57.9)
13 (10.4)
41 (32.5)
6 (4.8)

50 (39.7)
4(32)

30B/GY N: obstetrics and gynecology
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Therewere 22 open-ended responsesto the question “why not?’
for respondents who said they would not want to use
telemedicine once the pandemic is over, citing concerns about
inadequate patient care, lack of physical patient interaction,
technology issues, and lack of necessity. The responses were
divided into thematic grouping, as seen in Table 2. Concerns

Nieset d

included the inability “to perform physical examination” and
technology issues such asthe “time [required] for the provider
to connect.” Other statements were focused on the necessary
use of telemedicine during apandemic, asone of the participants
said “I will like to have thistechnology as an option for certain
circumstances but not as aroutine way to provide patient care.”

Table 2. Themesfor open-ended responses for why providers would not use telemedicine once the pandemic is over.

Thematic category

Responses (n=22), n

Petient care (diagnosis, vitals, physical exam, labs)
Lack of physical patient interaction
Technology issues

Necessity (use only during a pandemic)

9

6
4
2

There were 151 open-ended responses to the question “For
which situations do you think telemedicine would be useful 7’
The responses were categorized under the following themes:
follow-up visits, medication refills, urgent care, patient
convenience, psychiatric complaints, dermatology complaints,
and chronic care management (Table 3). Some situations were
specialty specific:

MFM [maternal fetal-medicine] consultations, other
consultations that do not require a physical exam.
Follow up prenatal visits that do not require a
physical exam (i.e. 1ab review)

Other suggestionswere patient popul ation specific, for example:

Patientswith mobility issues. Patientswho can’'t come
ineasily for different reasons. Patientswho frequently

No-show. Patientswho can't get transportation easily.
Patients who have caregivers with them who can be
together.

Other suggestions fit more general clinical management such
as.

Follow up [visits] to discuss test results; check in for
medicationsrefill requests; all other “ | want to speak
to my doctor” situations should be routinely “ web”
appointments and should be billable and compensated
asthey all take time and effort

Non-annual visits for routine follow up that do not
require a physical exam. examples- responses to
medication initiation/titration, lab results, medication
refills, Diabetes f/u that are less than 3-4 months.

Table 3. Thematic coding results for situations believed to be useful for telemedicine after the pandemic is over.

Thematic category

Responses (n=151), n (%)

Follow-up/lab result visits

Medication refill visits

Urgent care/acute symptom triage

Patient convenience (eg, no transportation, includes older adults)
Psych complaints

Dermatology complaints

Chronic care management (patient can self-report HgA 12, BF?, lifestyle, symptoms)

47 (31)
26 (17)
24 (16)
17 (11)
14.(9)
13(9)
10(7)

3HgA ¢ glycated hemoglobin.
bBP: blood pressure.

Discussion

Themajority of health providersinthisresource-limited setting
of afederally qualified health center believed that telemedicine
would be useful for providing care after the pandemic is over.

As previous studies have demonstrated [12,13], we also found
that older providers are also less likely to prefer telemedicine.
Our data show that health care providers older than 60 years
were more likely to discontinue use of telemedicine post
COVID-19 compared to those younger than 60 years. The
reasonsfor this preference among physiciansolder than 60 years

https://formative.jmir.org/2021/8/e26565

are unclear and can be an area for further research to identify
specific barriers.

Our findings al so suggest thereisasignificant difference among
specialty providersin relation to telemedicine preference. The
specialty with the highest number of providers willing to
continue telemedicine use post COVID-19 was pediatrics. This
comes as no surprise considering there is a substantial body of
research outlining the benefits and considerations for using
telemedicine in the pediatric setting [14,15]. Responses from
the qualitative data set indicated ease of follow-up as the most
common reason for continued use of virtual visits among
pediatricians. Conversely, internal medicine had the highest
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number of providers unwilling to continue its use in the future
compared to other specialties. This was surprising because of
the focus on history, imaging, and laboratory findings involved
inthe exam and diagnostic process of internal medicine primary
care.

Most past research has focused on patient preference and
outcomes of care [9,12,16-21] rather than provider inclination.
Studies suggest that telemedicine has been accepted more by
patients than by providers [22], with providers citing
technological barriersto care provision[13,23-25]. Interestingly,
the most commonly cited reason for not continuing use among
our cohort, as revealed in the open-ended question responses,
was lack of fundamental patient interaction required for health
care, such as vitals and certain physical exams. In medicine,
providers pride themsel ves on creating therapeutic rel ationships
based on sitting in the same room with aperson. Although there
is an intuitive feeling of what a therapeutic relationship feels
like, few studies have examined whether and how physical
senses (eg, touch or eye gaze) enhance the therapeutic
relationship [25]. Without the ability to interact with a patient
physically and apply their nuanced senses, physicians in our
cohort were less likely to prefer telemedicine as compared to
in-person patient interactions. In addition, athough the
management of several major chronic conditions such as
diabetes, heart disease, and chronic obstructive pulmonary
disease have been shown to be adequately treated via
telemedicine, it would be useful to have follow-up studies that
specifically identify which patient populations and diseases
physicians found thistype of interaction particularly critical for
[18,24].

Nieset d

Although the response rate in this survey was strong for a
2-week timeframe, the study represents asnapshot intimewith
datafrom one system; the preferences of providersin this setting
may not be generalizable to other ingtitutions and settings, and
they may also evolve over time. Our sample size was small
across al specidties and different preferences may be
discovered in alarger population. Our data was also limited to
physicianswithinthe NY U health care system, and results may
reflect the biases of urban communities. Another possibility is
that surveyees had differing interpretations of our question
regarding willingnessto continue telemedicine usein thefuture.
It ispossiblethat opinionswould changeif it was more precisely
worded to be asupplement to a practicerather than an exclusive
option as often required during the COVID-19 pandemic. The
qualitative datain this study can guide researchers and practice
leaders to work with providers to optimize the use of
telemedicine in health care going forward, presenting a small
silver lining to the COVID-19 pandemic.

Telemedicine as a method to provide patient care has a wide
array of implications that can drastically shape the future of
health care. Patients have expressed high satisfaction rateswhen
engaging in technology-based health care interactions [9].
Understanding the reservations of medical professionals, based
on age and specialty, can lead to improvements that address
their concerns and expand the use of telemedicine in practice.
The thematic issues described in survey responses of this study
can be expanded upon for future research to help deliver more
efficient and advantageous telemedicine delivery.
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Abstract

Background: Music therapy is a multifaceted discipline that harnesses the power of music to treat a wide range of patient
populations. A therapist who plays music in a private room for a patient is not subject to copyright restrictions on public
performances. However, in the wake of the COVID-19 pandemic, music therapy is no longer strictly confined to the face-to-face
setting. This study explores music therapists' perceptions of copyright law with respect to their ability to provide mediated services
to their clients.

Objective: The objectives of our study were two-fold. The first was to investigate whether concerns about copyright law are
hampering the diffusion of telehealth innovations, and the second was whether these concerns are causing music therapists to
avoid therapeutically beneficial telehealth interventions.

Methods: Semistructured interviews were conducted with credentialed music therapists (n=18) in the United States between
May 2020 and June 2020. With participants' consent, we used video conference technology to record and transcribe the in-depth
interviews. The medianinterview length was 45 (SD 16.37) minutes. Thistheoretically informed study employed thematic analysis
of theinterview data.

Results: The COVID-19 pandemic accelerated the adoption of telehealth interventions to facilitate therapy outside of private
face-to-face environments. environmentswhere music therapy practices are largely shielded from copyright infringement concerns.
Five main themes emerged, including therapists uncertainty about permissible uses of music and therapists' erring on the side
of caution causing lost opportunities for care. Our interview data suggest music therapists have altered telehealth interventions
in suboptimal ways to avoid copyright liability in a physically distanced environment.

Conclusions: Some music therapists “drag their feet” on offering therapeutically appropriate telehealth services to clients
because of copyright concerns. Our findings suggest innovative mediated therapies were shied away from or abandoned. These
findings offer anovel contribution to the public health literature by highlighting copyright law as an unexpected and unwelcome
barrier to the diffusion of music therapy practices in technology-mediated settings.

(IMIR Form Res 2021;5(8):€28383) doi:10.2196/28383

KEYWORDS
telehealth; music therapy; diffusion of innovations; COVID-19; copyright law; fair use

conditions and a variety of patient populations [1-10]. The
clinical use of musical interventionsto achieve therapeutic goals
Music therapy is an evidence-based discipline that uses music 1S @0 increasingly popular telehealth service [11], and the

to treat a wide range of physiological and psychological practice benefits millions of youth and adults annually [12].
Telehedlth is a vital tool, which is often used to reach
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underserved patientsin rural and urban settings[13]. Preliminary
research suggests music therapy viatelehealth improves access
to care and community music engagement [14,15]. Research
also suggests web-based services are promising avenues to
increase mental health awareness and treatment options[16,17].
For those practicing viamediated technol ogies, there are several
freely available and fee-based platforms to choose from,
including Doxy.me (Doxy.meLLC, Rochester, NY), Microsoft
Teams (Microsoft Corporation, Redmond, WA), Skype for
Business (Microsoft Corporation), WebEx (Webex by Cisco,
Milpitas, CA), and Zoom (Zoom Video Communications Inc,
San Jose, CA). These platforms offer real-time video and audio
communication between patients and providers[18].

Depending on the client’s needs, a music therapist can create a
treatment plan that includes singing, performing, creating, or
listening to music. The varied uses of music can include active
music listening, song lyric analysis, improvised music playing,
and songwriting. It is well established that patient-preferred
music yields superior results across various therapeutic
interventions [19,20]. Many of the different modes of music
therapy intervention involve playing or performing
patient-preferred music — music that is often subject to
copyright protection [21].

For copyrighted music, rightsholders have severa exclusive
rights; an exclusive right meanstheright to exclude othersfrom
specified uses of acopyrighted work [22]. Absent an exemption
or limitation (eg, fair use[22]), arightsholder hasthe exclusive
right to make copies of thework, create derivatives of thework,
perform the work publicly, and distribute copies of the work
publicly. Notably, not all performances of a copyrighted work
are proscribed; purely private performances of copyrighted
music are not within the rightsholder’s exclusiverights [23]. A
legal opinion letter advised the American Music Therapy
Association (AMTA) that the use of copyrighted music in
face-to-face therapy is not infringing: “A hospital room is
private. Hence, one-on-one patient-therapist work within a
hospital roomisnot the kind of setting where performing music
or playing music in the form of a sound recording will result in
copyright infringement” [24]. In other words, playing
copyrighted music is freely permitted when it isnot in apublic
setting. A therapist who plays music in a private room for a
patient does not infringe the rightsholder’s exclusive right to
perform thework publicly. However, music therapy isnolonger
strictly confined to the face-to-face setting.

The COVID-19 pandemic catalyzed the rapid adoption of
telehealth servicesto safely deliver care while limiting the risk
of exposure to contagion inherent in a face-to-face setting. To
facilitate more comprehensive access to physically distanced
health care options, the federal government relaxed Health
Insurance Portability and Accountability Act (HIPAA)
compliance guidelinesfor telehealth [25]. To further encourage
telehealth services, the AMTA issued a statement early in the
pandemic clarifying that it “supports the use of telehedlth asa
means to provide music therapy interventions when beneficial
to clients’ [26]. Despite the advantages of telehealth, music
therapists may beless comfortable using copyrighted music for
fear of infringement when using mediated technologies for
therapy [27]. The lack of clarity on copyright law in the

https://formative.jmir.org/2021/8/e28383
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telehealth space threatens the interventions of those who need
physical and mental health care via music therapy. Copyright
enforcement efforts can come directly from rightsholdersor via
automated toolsthat use algorithmsto identify infringing content
[28]. The public health literature identifies barriersto rea -time
telehealth interventions, including a lack of access to basic
internet services, inadequate internet speed for audio and video
quality, resistance to technology (by patients and providers),
and health insurance reimbursement issues [29,30]. However,
this literature fails to account for another barrier to telehealth:
the threat of copyright enforcement against music therapy
interventions that are conducted by mediated communication
technologies.

While there is scant literature discussing copyright as a barrier
to telehealth, one researcher has captured a snapshot of music
therapists concerns about copyright. To study telehealth music
therapy during the COVID-19 crisis, Carvaja [27] conducted
a content analysis of Facebook posts collected from a music
therapy group, Music Therapists Unite. These posts were
collected between January 2020 and April 2020. Three of the
music therapists posts illustrate uncertainty about the
permissibility of therapeutic uses of music under copyright law.
One therapist queried the group:

Copyright Question: If | made a recording of myself
singing more modern songsand it isa private playlist
that only those with the link can see, would that be
okay?

Another asked:

| did a Facebook live group called household rhythms
where we jammed out using items found around the
roomto popular songs. | got flagged on Facebook as
a copyright [infringer] for one of the songs. It was
my understanding if it was for Educational (sic)
purposes it was okay to provide recorded music. Can
someone offer me someinsight asthey have asked me
todoit again weekly, and | don’t want to get them or
myself in trouble.

And lastly, amusic therapist asked the Facebook group:

If | wanted to use pre-recorded music for an
intervention, can | play that through my
phone/speakers at home without getting a copyright
strike on Youtube (sic)?

These questions reflect the uncertainty and unease that music
therapists have when using copyrighted music to serve clients
invirtual spaces. These questions also reflect therapists' desire
to stay out of trouble — copyright trouble either at the hands
of rightsholders or agorithmic enforcement.

We hypothesize that such copyright worries may cause music
therapists to deviate from preferred treatments. Copyright
concerns may not only affect treatment modes but aso
discouragethe delivery of tel ehealth servicesaltogether. In other
words, there is the potentia for demonstrable “delays,
deformations, and failureto execute mission” [31] intheoffering
of remote music therapy because of copyright uncertainty.
Anxiety and uncertainty about copyright risksfurther exacerbate
existing treatment gaps to those in need [32,33].
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According to Rogers' [34] Diffusion of Innovations theory, an
innovation needs wide adoption to self-sustain. And, individuals
need clear information about the advantages and disadvantages
of adoption. However, the excerptsfrom Carvaja’s[27] content
analysis of the music therapist Facebook group suggest that
copyright concerns may hamper telehealth innovations. The
early adopters of music therapy tel ehealth are entering uncharted
legal territory. It is unclear whether it is permissible to use
copyrighted music in technology-mediated music therapy
sessions. We hypothesize that legal uncertainty — rather than
uncertainty about telehealth’s practical applications— may be
an obstacle to the adoption of this innovation in health care
delivery.

Methods

Design Strategy

Thisresearch adopted a qualitative design using an interpretive
description approach, which is appropriate for the study of
applied health disciplines[35,36]. Ethical review was performed
by the Office of Human Research Ethics at the University of
North Carolina at Chapel Hill, and it was determined to be
exempt from further review (exemption reference ID 261072).
Our interviews were conducted in the United States during the
summer of 2020.

The aim of this study was to interrogate the effects of legal
uncertainty on the adoption and diffusion of telehealth
innovations. Researchers have long recognized that knowledge
is contingent upon human practices and socia context [37,38].
Meaning is constructed as humans engage with and interpret
their sociocultural contexts [39]. The flexibility of interpretive
description design permits identification of commonalities of
experiences, while aso recognizing individual variation [40,41].
The unique experiences of participants are situated within
broader patterns of the phenomenon of study [42].

The epistemol ogical perspective of this project views knowledge
as socially constructed, and this perspective aligned positively
with the phenomena of study. US copyright law is an
instrumental doctrine designed to encourage the production and
dissemination of creative works.

The lead researcher’'s ontological and epistemological
assumptions influenced the research strategies of this project.
Specifically, the philosophical basis of this study was guided
by the lead researcher’slegal training, coupled with her expertise
in US copyright law. Consistent with a constructionist
perspective, when situating oneself within the research process,
it must be acknowledged that a researcher does not approach a
study objectively. This reflexivity acknowledges that the lead
researcher’s expertise introduced the risk of bias.

To enhance trustworthiness and rigor, our findings were
confirmed through 2 methods of triangulation [43,44]. First,
participants with a range of experience contributed to the data
sources of this study. This data triangulation contributed to a
robust and comprehensive understanding of phenomena. Second,
an independent communication researcher collaborated in the
thematic analysis of the data and provided an unbiased
perspective. Both researchers equally contributed to the
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interpretive thematic analysis of the data. This analytical
triangulation contributed independent and credible corroboration
of thethematic findings. M oreover, verbatim quotes areincluded
below to offer a clear audit trail of evidence to support these
thematic findings.

Participants

The inclusion criterion was credentidled music therapists
working in the United States. Participants were identified using
acombination of purposive and snowball sampling approaches.
A purposive sampling approach was used to ensure that those
recruited represented clinical faculty as well as practitioners
and those employed at hospital facilities as well as those
self-employed. Participants were initialy recruited from alist
of music therapists provided to the lead author by a
representative at the AMTA. The lead researcher used referrals
from these initia interviewees' networks and then recruited
more interviewees via snowball sampling. Finaly, some
intervieweeswere recruited using contact information obtained
using internet searchesfor qualified participants. Through these
various recruitment and sampling methods, 18 credentialed
music therapists met the criterion for an interview.

Data Collection

All 18 interviewswere conducted by the lead researcher between
May 19, 2020 and June 19, 2020 and were recorded using Zoom
video conferencing. These in-depth, semistructured interview
sessions produced over 13 hours of interview data, and each
interview averaged 45 minutes in length (SD 16.37 minutes),
ranging from 23 minutes to 97 minutes. At the beginning of
each interview session, an institutional review board consent
script was presented to the participants visually (ie, shared on
the computer screen) and aurally (ie, read aloud). Participation
was completely voluntary, and consent could be withdrawn at
any time. With participants’ consent, the one-on-oneinterviews
weredigitally recorded, and the interviews were transcribed by
the video conference software. At the end of each interview,
participants were offered a US $50 electronic gift card.

Thedigital recordings and transcripts were uploaded to asecure
university-issued computer and then deleted from the video
conference platform. The lead researcher anonymized the
transcripts, and then agraduate assi stant reviewed the transcripts
against the audio-only recordings to ensure accuracy. Any
questions about grammar or spelling were resolved by the lead
researcher. Only the lead author knows the identity of the
participants.

Interview sessions began with a topic guide exploring
participants’ general experiences as music therapists and the
types of therapeutic servicesthey provided. Follow-up questions
asked in what particular waysthey used music with their clients
and why they might use copyrighted music. Participants were
then asked how their practices were affected by the COVID-19
pandemic and whether their comfort with using copyrighted
music was altered in telehealth settings. An interview schedule
initially guided the questioning, and ad hoc follow-up questions
were used to further explore salient points.
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Data Analysis

The anonymized and proofed interview transcripts were
analyzed using the coding approach by MacQueen et a [45].
Focusing on our hypothesis about the effect of legal uncertainty
on telehealth services, we collaborated on codebook
devel opment, and we each independently highlighted significant
quotesfrom theinterview transcripts[46]. In the coding process,
we identified inductive categories through thematic analysis
[47]. Through collaboration and iterative refinement, we
identified coding patterns reflecting the data's main themes
about telehealth services [48]. Verbatim quotes are included
because they richly capture music therapists' attitudes about
copyright. These thick descriptions not only serve to increase
conformability in the data analysis process but also reduce the
researchers’ influence in the data analysis. Moreover, quotes
are attributed to the various participants to illustrate that these

Reid & Kresovich

emergent themes were consistent from more than one
interviewee. With these findings, this study aims to expand the
public health literature by revealing an unexpected barrier to
the diffusion of innovative telehealth practices.

Results

Overview

In total, 18 credentialed music therapists met the criterion for
in-depth, semistructured interviews. These participants averaged
over 18 years of experience in the field. When asked to
self-describetheir level of expertise most (14/18, 78%) identified
as expert; 3 identified as intermediate (17%), and 1 identified
as novice (5%). Most of the participants were female (15/18,
83%). Participants' varied work settings and client population
groups arereflected in Table 1. No other demographic datawere
solicited from participants.

Table 1. Expertise and experience of music therapist (MT) participants (n=18).

MT number  Self-described expertise Years of MT experience

Work settings and client populations

1 Intermediiate 4

2 Expert 20
3 Expert 13
4 Expert 12
5 Expert 10
6 Intermediiate 26
7 Expert 12
8 Intermediate 8

9 Expert 25
10 Expert 38
11 Expert 16
12 Expert 32
13 Expert 23
14 Novice >1
15 Expert 30
16 Expert 20
17 Expert 19
18 Expert 30

Emergency care, intensive care, detox

Children

Hospice care, cancer care

Adolescents from limited-resource communities, mental health
Cancer care, dementia care

Children, adolescents, elder care, mental health
Children, adolescents, elder care

Cancer care, burn care, bereavement

Children, mental health

Mental health

Elder care, hospice care, children, mental health
Mental health, cancer care

Mental health, substance use disorder, dementia care
Children, adolescents, rehab patients

Mental health, elder care, hospice care, children
Dementia care, elder care, hospice care

Children, adol escents, hospice care

Children, adol escents, cancer care

Thematic Analysis

Analyses of the interview data suggest there are physically
distanced clientswho are not getting the tel ehealth servicesthey
need — fueled in part by copyright concerns. Our results suggest
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that risk aversion to copyright liability in technology-mediated
interventions is causing some therapists to ater and avoid
preferred treatments. Concerns about copyright liability even
caused a few therapists to forgo telehealth services altogether
because licensing was impractical, unaffordable, or both. Our
analysis generated 5 main themes. These themes and
representative quotes are listed in Textbox 1.
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Textbox 1. Thematic analysis of copyright’s consequences for music therapy telehealth, including representative interview statements for each of the
5 main themes.

1

Adaptation to COVID-19 pandemic protocols accelerated adoption of technology-mediated interventions:

«  “Some of the conversations that I've been having with colleagues these days is that the clinical need has changed for the people that we
serve, because of the pandemic. If you're not face-to-face with your folks, then the clinical need has changed.” [MT #5]

«  “Teletherapy can asoinvolve downloadablesor thingsthat get put on aplatform, like YouTube or something like that. And so, the relationship
is still happening viaemail or other platforms of conversation, but the work can happen in these sorts of asynchronous models. And that's
where | think potentially copyright getsinvolved...” [MT #4]

«  “We have had to record and do everything like this[Zoom].” [MT #2]

Uncertainty about permissible uses of copyrighted music in technology-mediated interventions:

o “[Musictherapists] could also be videotaping, and all of the sudden you're not just doing live performance, you are talking about potentially
async license, or mechanical license on top of it. And that gets very complicated very quickly.” [MT #10]

«  “Formusictherapists, it'skind of agray area; you're essentially playing other people’'s music and you're getting paid to provide the service.”
[MT #5]

«  “Eeek! It [copyright] makes my hair stand on end. | just can’t feel safe. | can’t ever get astraight answer.” [MT #16]

Concerns about copyright grew as therapists attempted to adopt technology-mediated interventions:

«  “And that was when we realy realized like, oh my goodness, there's a huge gap here, and we don’t know whether we can do this legally
using copyrighted music.” [MT #17]

« “Asmuch as| would love to create music therapy sessions and put them on the internet for other people to use, that's where we run into a
lot of copyright issues.” [MT #3]

.  “So, aswe moved more into creating online content . . . it was so hard to get the answers about what was okay and what was not okay.”
[MT #2]

Aversion to copyright risks prompted erring on the side of caution:

o “I'vejust been really careful to avoid using previously composed music in this [pandemic] moment.” [MT #3]

o “The problem isthere's just like so many gray aress. It's hard to determine sometimes what is okay and what is not. And so, I'm always
just super cautious about it. | just take a step back and say, I’ m not even really going to push that boundary. I’'m not going to go there at all,
and I’'m going to, you know, stay safe over here” [MT #7]

« “I know one of my colleagues just recently was thinking about [copyright] because she wanted to do a country music sing along on our
closed-circuit TV. But shereally wasn't sure if that was appropriate and sort of abandoned theidea.” [MT #8]

« “It'scausing meto not present things that | think could potentially be valuable. So, I might not present the idea of creating alive DJ, or a
live performance, because I’'m worried about something getting taken down [from YouTube].” [MT #4]

Erring on the side of caution triggered lost opportunities of care:

« “That's absolutely happening... There are practice limitations that are happening. Yeah.” [MT #17]

o “Lack of clarity [on thelaw] creates those types of environments where | feel like I'm not sure | can suggest something that feels clinically
vauable” [MT #4]

o “Familiar music helpsto connect people with their past and with the people that areimportant to them. We can’t deliver that to them because
doing arecording of that would be a violation of copyright law. So, our clients are not getting music that they would have before. They're
not able to access that because of the virus combined with copyright.” [MT #11]

Theme 1: Adaptation to COVID-19 Pandemic Protocols
Accelerated Adoption of Technology-Mediated

| do grief counseling with young children, which has
been totally shut down now due to COVID. [MT #8]

. In sum:
I nterventions
The COVID-19 pandemic wrought profound changes to COV'D, makesitinfinitely nm?recompllcated because
therapists conventional delivery of music therapy interventions v#v;]can tdo thework that we' ve been ableto do. [MT
to clients:

The physical distancing protocols prompted by the pandemic
forced many outpatient music therapists to shift to mediated
platforms to continue to provide services to their clients, as

COVID put the brakes on face-to-face therapy in
outpatient settings. [MT #13]

Another therapist said: illustrated by this quote:
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My preference is to do live as much as possible so
that we can interact and | can adapt things in the
moment. But in some [rural] places, broadband
access isn't there. So, the live interaction isn't
possible, just because of internet access. And in
marginalized communities (in placeswhere they don't
have a lot of [broadband] access), recordings are
easier to useto have a smooth musical experience —
without a lot of freezing and hiccups and things like
that. [MT#11]

The COVID-19 pandemic forced many outpatient music
therapists to shift to mediated platforms to continue to provide
services to their clients:

We have had to record and do everything like this
[Zoom]. [MT #2]

Another therapist confirmed the need to shift to mediated
services because:

Now, with COVID, | don't have any face-to-face
clients. [MT #16]

Nearly all therapists were affected by the pandemic:

Some of the conversationsthat I’ ve been having with
colleagues these days is that the clinical need has
changed for the people that we serve, because of the
pandemic. If you're not face-to-face with your folks,
then the clinical need has changed. [MT #5]

Some music therapists reported difficulties as they attempted
to adapt to the requirements of physical distancing. In addition
to video conference platforms, therapists tried to experiment
with alternative methods for delivering therapy, but often with
dissatisfying results:

There are so many music therapists who are trying
to figure it out, but there isn’'t a clear and easy way
todothat. [MT #11]

For some, therapy continued — albeit in different modes:

Teletherapy can also involve downloadables or things
that get put on a platform, like YouTube or something
like that. And so, the relationship is still happening
via email or other platforms of conversation, but the
work can happen in these sorts of asynchronous
models. And that’swhere | think potentially copyright
getsinvolved... [MT #4]

Theme 2: Uncertainty About Permissible Uses of
Copyrighted Music in Technology-Mediated
I nterventions

Copyright restrictions were cited as a reason it was not clear
and easy to use platform-mediated options for telehealth. In
virtual spaces, music therapists might need more than just public
performance licenses:

...they could also be videotaping, and all of the
sudden you're not just doing live performance, you
are talking about potentially a sync license or
mechanical license on top of it. And that gets very
complicated very quickly. [MT #10]

https://formative.jmir.org/2021/8/e28383
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Frustration at the law's complexity and uncertainty was
expressed by several interview participants. Despite attempts
to research copyright law, one therapist perceived fair useto be
“incredibly nebulous’ [MT #2]. Another therapist concluded
that it was ultimately “unknowable” which uses of copyrighted
music were safe and which were not [M T #6]. As one therapist
stated:

For music therapists, it'skind of a gray area; you're
essentially playing other people’s music and you're
getting paid to provide the service. [MT #5]

Another therapist expressed the uncertainty more colorfully:

Eeek! It [copyright] makes my hair stand on end. |
just can't fed safe. | can't ever get a straight
answer... I'm just flummoxed because it's so
confusing. [MT# 16]

In sum, interviewees lacked clarity on which uses of copyrighted
music in a technology-mediated delivery format were
permissible.

Theme 3: Concerns About Copyright Grew as Therapists
Attempted to Adopt Technology-Mediated | nterventions

It wasin the process of exploring technology-mediated therapy
options that music therapists reported encountering copyright
concerns:

And that was when we really realized like, oh my
goodness, there'sa huge gap here, and we don’'t know
whether we can do this legally using copyrighted
music. [MT #17]

In virtual spaces, copyright questions were complex
daunting:

and

WElI, we just haven’t been ableto devote thetimeand
effort and resources to do that. You can talk to some
of these [licensing] companies, but they only deal
with certain kinds of licenses. That's the other
complicating factor. [MT#10]

Another therapist noted:

As much as | would love to create music therapy
sessionsand put them on the inter net for other people
to use, that's where we run into a lot of copyright
issues. [MT #3]

“So, as we moved more into creating online content,” one
therapist bemoaned that “it was so hard to get the answers about
what was okay and what was not okay” [MT #2]. Novel
copyright questions were met with unsatisfyingly vague and
unclear answers.

In the private, face-to-face settings, therapists uniformly reported
feeling comfortable using copyrighted music:

When I’'m face to face with the patient | never have
said, I'mnot going to play that because of copyright.
In my mind, I’'m not getting paid because | play that
music. I’ m getting paid for the clinical service. [MT
#5]

Another therapist emphasized this point:
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When I’'m face to face with people, I’'m not worried

about [copyright] at all... Let me be clear, 99.99%

of thetime | don’t worry about copyright; | thinkit's

covered by fair use. We're not monetizing anything,

and we're not performing anything in public. [MT

#3]
However, when therapy was no longer confined to private
face-to-face settings, therapists reported copyright concerns. In
response to this uncertainty, some interviewees admitted that
they shy away from wusing copyrighted music in
technology-mediated therapy sessions:

I’vejust been really careful to avoid using previously
composed music in this[ pandemic] moment. [MT #3]

When asked if there ever was an instance when a copyrighted
song would have been more therapeutically appropriate, but
because of copyright concerns, it was not used, an interviewee
emphatically answered, “Yes, that has happened” [MT #3].
Therapists reported giving wide berth to avoid potential liability:

The problemis there's just like so many gray areas.
It's hard to determine sometimes what is okay and
what is not. And so, I’'m always just super cautious
about it. | just take a step back and say, I'’m not even
really going to push that boundary. I’ m not going to
gothereat all, and I’'m going to, you know, stay safe
over here. [MT #7]

In the face of copyright uncertainty, another therapist said she
would avoid “anything that could put you at jeopardy,” and
“since you don’'t know the answer black and white, go the
oppositedirection...” [MT #2].

But when therapists entirely avoid copyrighted music, it can be
therapeutically problematic:

If all our research says patient-preferred music[yield
superior results], and then suddenly we can’'t use
patient-preferred music because of copyright, then
that’s a huge problem. [MT #5]

One therapist explained the
patient-preferred music:

importance of using

The problem with [using non-copyrighted music] is
that some people are going to be more engaged if you
can find that music that they're really familiar with
—that they're really comfortable with. And most of
our referrals are children that are not doing great.
It'sthe kids in the hospital that are having a tougher
time. So, you're already talking about a kid that's
scared, that's anxious, that's maybe anticipating a
poke or some kind of difficult procedure. So, using
that familiar music isaway of making that connection
— building that rapport — and then helping themto
start regulating themselves. Honestly, using
copyrighted material for a lot of music therapistsis
really integral to how they practice. [MT #17]

In other words, the inability to use a patient’s favorite song
hampers atherapist’s ability to connect and build rapport with
the patient.
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Theme 4: Aversion to Copyright Risks Prompted Erring
on the Side of Caution

In response to these concerns, some interviewees admitted that
they shied away from using copyrighted music in
technology-mediated therapy sessions. One therapist candidly
acknowledged, “I'm dragging my feet” on therapeutic activities
because of copyright uncertainty [MT #4]. This copyright
uncertainty:

...Creates a situation where | don’t feel comfortable
making therapeutically necessary suggestions that |
would otherwise make. [MT #4]

Another therapist noted:

I know one of my colleaguesjust recently wasthinking
about [ copyright] because shewanted to do a country
music sing along on our closed-circuit TV. But she
really wasn't sureif that was appropriate and sort of
abandoned theidea. [MT #8]

Therapists acknowledged that copyright
exacerbating lost opportunities for care;

concerns are

It's causing meto not present thingsthat | think could
potentially be valuable. So, | might not present the
idea of creating a live DJ or a live performance
because I'm worried about something getting taken
down [from YouTube]. [MT #4]

Automated algorithmic enforcement on platformslike YouTube
and Facebook was identified as a concern. Nevertheless, some
therapists openly doubted whether famous musicians would
directly bring an enforcement action:

| don't think Ozzy Osbourne is going to come knock
on somebody’s door because you use their songin a
heartbeat recording. [MT #5]

Another noted:

| cannot imagine a world where a [grieving] family
in that situation would get in trouble. [MT # 17]

Another therapist said that when she has asked musicians for
permission to use songs “just for the therapy session,” “amost
always they say yes. . . usually they have said, ‘Go for it. No
fees” [MT #13]. In oneinstance, atherapist wroteto amusician
explaining how the song “My Shot” from the play “Hamilton,”
was used in therapy to help “ clientsreflect on what istheir shot,
what steps they are taking not to throw it away, and where in
their lives to they need to rise up” [MT #13]. And shortly
thereafter, the therapist “got a really nice note back from Lin
Manuel [Miranda] or his publicist (whoever writes his things)
that said, ‘ This is awesome. | wish you and your patients the
best’” [MT #13]. Whiletherapistsdid not think most musicians
would object to therapeutic uses of their music, it was better to
be safe than sorry:

| highly doubt that Taylor Swift would come after a
child with cancer. But | supposethat there’sa chance
that that could happen, or that she could come after
the hospital aswell. And | don’t want to get anybody
introuble. | don't want to have a legal battle for one
30-minute session that we're doing. So, I'm going to
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step away from that and not make that a problemin
thefirst place. [MT #7]

Despite perceiving alow likelihood of enforcement actions by
rightsholders, it was seen as safer to err on the side of caution.

Theme 5: Erring on the Side of Caution Fueled Unmet
Needs for Therapy

Some therapists acknowledged a demand for therapy that was
not being satisfied:

I’m going to say, probably at least 60 clients [in
nursing homes] that we would be reaching that we're
not reaching right now because of that [ copyright].
[MT #11]

Thetherapist explained the unmet need of nursing home patients
— patientswho are“basically in solitary confinement” and their
“functioning is declining” without socia interaction and
connection with others [MT #11]. Music therapy could
potentially help these patients because therapistsfind that music
helps with “socialization and engagement and staying in the
here and now” [MT #11]. However, copyright liability was a
reason therapists did not feel comfortable offering recorded
music therapy sessions. As the therapist put it:

Familiar music helps to connect people with their
past and with the people that are important to them.
We can't deliver that to them because doing a
recording of that would be a violation of copyright
law. So, our clients are not getting music that they
would have before. They're not able to access that
because of the virus combined with copyright. [MT
#11]

Thus, to avoid copyright concerns, some therapists avoided
mediated services altogether — because there were no adequate
alternatives to patients' familiar (and copyrighted) music.

Other therapists confirmed that lost opportunities of care were
fueled by copyright concerns:

...lack of clarity [on the law] creates those types of
environments where | feel like I'm not sure | can
suggest something that feelsclinically valuable. [MT
#4]
When asked if patients had therapeutic needs that were unmet,
one interviewee confirmed, “ That's absolutely happening”:

I’ ve been telling my staff that we have to honor these
things[ copyright] . And then they push back. And then
| push back. And they push back. And, you know,
we're like making a diamond. So yeah, absolutely.
There are practice limitations that are happening.
Yeah. [MT #17]

In other words, our interviews revealed that supervisors and
facility administrators are discouraging certain therapeutic
practices because it is unclear whether these practices risk
copyright liability. Thus, concerns about copyright liability are
manifesting as“ practicelimitations.” Therapeutic practicescan
be constrained not only by atherapists’ own concerns but also
by atherapist's supervisor’'s concerns.
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Discussion

Principal Findings

Our primary objective wasto obtain greater insight into whether
copyright concerns affected music therapists delivery of
computer-mediated therapy. While telehealth services are not
new, widespread experimentation with telehealth services was
hastened by COVID-19's physical distancing requirements.
The diffusion of telehealth services offers a range of salutary
benefits [30,49]. Nevertheless, the sudden shift to mediated
interventions caused considerable confusion in the music therapy
community. Research suggests therapists scrambled to answer
novel questions about tel eheal th technol ogy affordances, privacy
regulations, and billing protocols [27]. In addition to these
guestions, our interviewsidentified uncertainty about copyright
law as a contributing factor to music therapists' hesitance to
embrace innovative interventions.

A copyright holder’s exclusive rights to public performances,
reproductions, and derivatives of copyrighted music present a
unique and underexamined barrier for telehealth services. As
our findings suggest, copyright law is not typically a concern
for music therapists providing private, face-to-face treatment.
A copyright holder cannot restrict purely private performances
of copyrighted materials [21,23]. But when therapy transitions
to remote delivery via mediated technologies, copyright law is
not so clear. Exemptions to patent protection have received
notable attention during the pandemic, especialy by US
policymakers [50]. However, new copyright exemptions have
received little attention [51]. These findings can help to start
those important discussions.

The complexity of US copyright law is reputed to rival the
complexity of the UStax code. No court case has evaluated the
permissibility of therapeutic uses of copyrighted music. No
court case has clarified whether therapeutic uses of music are
fair uses of music. Music therapy’s novel uses of copyrighted
works put remote delivery of music therapy within agray zone
of US copyright law.

In this gray area of the law, music therapists reported unease.
Attempts to research copyright law failed to yield clear,
definitive answers, further amplifying music therapists
confusion. Courts decide fair use questions on a case-by-case
basis, and fair use is notoriously difficult to assess in novel
settings. Aslegal scholarsnote, “ Thefair use doctrineisfamous
for its uncertainty” [52].

Not only are questions about fair uses untested in the courts but
rightsholders have also failed to offer an efficient mechanism
for therapists to license their varied therapeutic uses of music
[23]. With neither clear legal precedent on fair use nor an easy
way to license their uses, music therapists may be inclined to
err on the side of caution to avoid liability. Supporting a
risk-averse approach, the AMTA's COVID-19 Task Force
Advisory noted, “A conservative approach simply avoidsmusic
covered under copyright in any setting” [53].

Synthesis of Findings With Prior Work

Emerging research confirms that technology-based music
therapy holds tantalizing promise [54]. In the mental health
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field, the widespread adoption of telehealth has made it the
“new normal” [18]. Technology’s perceived usefulness and ease
of use are important factors in the successful adoption of new
technology [55]. However, thelegal dimension to technology’s
use has been underexplored in the public health literature.

The value of our work lies in providing new perspectives on
barriers to adopting innovative telehealth interventions. The
extensive literature on diffusion of innovation has failed to
incorporate legal uncertainty asabarrier. Our participants' thick
descriptions offer unique insights on the effects of gray areas
of the law.

This study builds on prior inquiry on the effects of copyright
law on music therapists. This study draws from arich corpus
of 13 hours of datato answer new research questions, identify
distinct themes, and incorporate unique verbatim quotes. Prior
research explored how copyright concerns prompt music
therapists to act as gatekeepers who discourage patients from
sharing therapeutic artifacts on social media [21]. This prior
work examined the secondary effects of copyright law, where
copyright uncertainty co-opted music therapiststo act as proxies
for rightsholders. On the other hand, this present work examines
the primary effects of copyright uncertainty on music therapists
who offer services via telehealth. Rather than discouraging
patients activities, this study highlights that copyright
uncertainty discourages music therapists own telehealth
activities. We acknowledge the value in sharing health
information on social media[56]; however, theresultsfrom this
study are arguably more urgent because these findings suggest
there are lost opportunities of care to those in need.

Strengths and Limitations

This exploratory study involved 18 music therapists working
in the United States. A key strength is the depth of experience
of the participants; these participants had over 300 years of
combined experience in the field. This study provides an
important foundation for exploring music therapists' views
about copyright implicationsfor tel ehealth. Our findings do not
claim generalizability; rather, our aim was a more in-depth
understanding of this social phenomenon. To complement the
findings in this study, survey analysis should assess a wider
pool of music therapists. The views expressed by these
participants may not be typical of music therapists. Future
research should extend this study through quantitative
approaches and should assess how pervasive the concerns
identified herein are among awider sample of music therapists.

Future research should a so interrogate whether music therapists
in other countries have had similar experiences. Differencesin
copyright laws in other countries, differences in musical
preferences (eg, patient preferencesfor noncopyrighted or public
domain songs), and differencesin music therapists’ experiences
with telehealth technologies may impair the generalizability of
these findings outside of the United States. Moreover, the

Reid & Kresovich

COVID-19 experience has been unprecedented; it has been
generations since the West has experienced a pandemic. Future
research should assess how music therapists in other countries
adapted during other, recent epidemics, like SARS (severe acute
respiratory syndrome) [57] and MERS (Middle East respiratory
syndrome) [58]. Future research should assesswhether concerns
highlighted herein are isolated to Western societies with
copyright laws similar to the United States.

Other limitations also exist. The ratio of female to male
participants was high, with only 3 of 18 (17%) participants
being male. Novice therapists were underrepresented, with only
1 of 18 (6%) self-describing as novice. Lastly, demographic
characteristics of the interviewees (eg, age, ethnicity, and
religion) were not collected. These limitations in the data are
acknowledged.

It isalso acknowledged that the lead researcher’s prior research
on copyright law had the potential to bias the data analysis. To
mitigate these risks, trustworthiness measures were adopted,
including collaboration with an independent researcher and
inclusion of extensive verbatim quotes. The lead researcher’s
law training, while apotential limitation, positively contributed
to the quality of the interview data; it enabled thoughtful and
appropriate follow-up questionsin the semistructured interviews.
This exploratory project treads novel ground with music
therapistsand how copyright concernsare abarrier to telehealth
innovations. The quality of these data provides valuableinsights
not only about music therapists but al so may offer insights about
other professions that incorporate copyrighted works, like
filmmakers [59] or remixers [60,61].

Conclusions

Thelack of clarity on copyright law in the telehealth space has
undermined the robust diffusion of therapeutic uses of music.
This gray area of the law has prompted some therapists to err
onthe side of caution. Thisavoidanceis suboptimal inthewake
of the shift to technology-mediated interventions and calls for
expanded access to underserved populations. Our in-depth
interviews confirmed that some music therapists were indeed
eschewing their traditional practice modes when using new
telehealth innovations because of copyright restrictions. To
addressthe unmet needsfor therapy, Congress could amend the
copyright statute to include a statutory exemption for therapeutic
uses of music [23].

Our interviews reveal ed that music therapists’ risk aversion has
served as a barrier to the diffusion of much-needed telehealth
services. Thesefindings offer aunique contribution to the public
health literature by (1) highlighting copyright law as an
impediment in atechnol ogy-mediated setting and (2) revealing
there arelost opportunities of care because music therapistsare
concerned about copyright liability. Thus, legal uncertainty is
an underappreciated and unwelcome barrier to the diffusion of
telehealth innovations.
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Abstract

Background: The COVID-19 pandemic has affected education and assessment programs and has resulted in complex planning.
Therefore, we organized the proficiency test for admission to the Family Medicine program as a proctored exam. To prevent
fraud, we developed a web-based supervisor app for tracking and tracing candidates' behaviors.

Objective: We aimed to assess the efficiency and usability of the proctored exam procedure and to analyze the procedure’s
impact on exam scores.

Methods: The application operated on the following threelevelsto register events: the recording of actions, analyses of behavior,
and live supervision. Each suspicious event was given a score. To assess efficiency, we logged the technical issues and the
interventions. To test usability, we counted the number of suspicious students and behaviors. To analyze the impact that the
supervisor app had on students’ exam outcomes, we compared the scores of the proctored group and those of the on-campus
group. Candidates were free to register for off-campus participation or on-campus participation.

Results: Of the 593 candidates who subscribed to the exam, 472 (79.6%) used the supervisor app and 121 (20.4%) were on
campus. The test results of both groups were comparable. We registered 15 technical issues that occurred off campus. Further,
2 candidates experienced a negative impact on their exams due to technical issues. The application detected 22 candidates with
a suspicion rating of >1. Suspicion ratings mainly increased due to background noise. All events occurred without fraudulent
intent.

Conclusions: This pilot observational study demonstrated that a supervisor app that records and registers behavior was able to
detect suspicious events without having an impact on exams. Background noise was the most critical event. There was no fraud
detected. A supervisor app that registers and records behavior to prevent fraud during exams was efficient and did not affect exam
outcomes. In future research, a controlled study design should be used to compare the cost-benefit bal ance between the complex
interventions of the supervisor app and candidates awareness of being monitored via a safe browser plug-in for exams.

(IMIR Form Res 2021;5(8):€23834) doi:10.2196/23834
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Introduction

The COVID-19 pandemic has heavily affected education and
assessment programs. Flemish (Belgian) universities were, as
those in many other countries, not sufficiently prepared to
fluently switch from analogous teaching and testing to digital
teaching and testing. Moreover, the COVID-19 measures have
also necessitated physical distancing before and during exams,
which hasresulted in alower number of candidates participating
in exam sessions. This situation has resulted in complex
planning for managing human resources, locations, and adequate
equipment.

The challenge of reorganization is even more impressive in
interuniversity collaborations for education. The Advanced
Master of Family Medicine program in Flanders, Belgium, is
formally organized and is offered by 4 Flemish universities.
Thiscollaboration comprises acommon administration, common
courses and examinations, common residencies, and separate
registers of residents for the university of their choice. In the
three phases of the advanced master program, we have over 900
residents in training and in education. The planning of
examinationsistherefore acomplex logistic and administrative
matter. To address this logistic challenge, we built (more than
1 decade ago) an intelligent, comprehensive, and interactive
assessment platform. From other authors, we have learned that
(medical) students are in favor of computerized exams, and
these exams may enhance learning experiences and effects
without affecting final test outcomes [1-4]. The platform we
developed provides an interface for summative and formative
knowledge testing (in 6 questions formats) and Objective
Structured Clinical Examination—performance and proficiency
testing.

In general, it is not desirable to postpone or reschedule
high-stakes tests or assessments [5,6]. Such exams are often
organized apart from the regular exam schedule. The exam
regulations and planning process of the proficiency test for
admission to the Advanced Master of Family Medicine program
in Flanders are aso different from those of regular exams.
Further, the same proficiency test is organized for the four
Flemish universities. The test involves a 3-stage procedure that
startswith an administrative stage. Thisisfollowed by the actual
exam, and the test is finalized with ajury exam for candidates
who failed the exam in stage 2. The actua exam is a
machine-assisted test that is conducted on the digital assessment
platform. Thiswhole procedure has been conducted since 2016,
and this format has proven to be reliable, acceptable, and
feasible [7].

The combination of planning an off-schedul e exam and offering
exams on campus (ie, the ruling policy) while adhering to the
original exam format hasforced usto opt for acreative solution.
We decided to prioritize the format of this high-stakes test and
organize—in addition to the origina on-campus exam—a
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proctored off-campus exam. Web-based exams (or remote
exams) for high-stakes assessments are considered user-friendly
and cost-friendly and are flexible in terms of planning, but their
validity is questionable if fraud cannot be ruled out [3,8-10].
The development and administration processes of proctored
examsare still under construction and have been boosted during
the COVID-19 pandemic [5]. The most commonly applied
antifraud measures are direct face visualization and visual
verification through awebcam [11-13]. However, screening all
of the webcam images of large groups of students is time
consuming, and image quality is highly dependent on webcam
technology, a stable internet connection, and background
lighting [11,12].

To minimize the occurrence of fraudulent events during the
exam, we developed a web-based supervisor app for tracking
and tracing candidates behaviors during the exam. The
technology we have built and applied goes beyond that of
traditional proctored exam systemsthat focus on tracing sounds
and images. In addition to real-time supervision (image and
sound), all student behavior isrecorded and logged for posttest
reassessment in case of suspiciousness. In this paper, we report
on the efficiency and usability of our antifraud measures and
the impact that a proctored exam has on exam outcomes.

Methods

Study Design

Through collaboration with the developers of the assessment
platform and through discussions with the coordinators and
exam supervisors (called the expert group) of the Advanced
Master Education program, we determined the criteria and
conditions for designing the supervisor app. The application
operated on the following three levels: the recording of actions,
analyses of behavior, and live supervision. First, during the
exam, the system recorded data from three sources—the
computer screen, the camera, and the microphone. These
recordings wereimmediately encrypted and saved on a secured
server. Second, the supervisor app used a pattern recognition
algorithm for response, clicking behavior, and time stamp
analyses (Textbox 1). The application a so analyzed individual
behavior as well as correlations across (collaborating)
candidates. Each event was given a score. Every suspicious
event increased the final suspicion rating by 0.1. Based on the
consensus of the expert group, a candidate with a suspicion
rating of 0.5 or higher was considered suspicious. The tracking
data were stored in the users’ browsers and sent to the server
after 20 nonsuspicious events occurred or when suspicious
eventsoccurred. If the suspicion rating rose above 0.5, the exam
submission was flagged, and a report on the flagged behavior
was downloaded for assessment. Suspicious events were defined
as switching to another browser, returning to the exam page,
closing the exam page, disconnecting from the internet, and
making sounds and noises.
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Textbox 1. Types of events that were tracked and traced by the supervisor app.

Events

«  Blur page (suspicious)

«  Thismeansthat the user switched to another browser tab or another program.

«  Focus page (suspicious)

«  Thismeansthat the user returned their focus to the page.

«  Focus page events can be used (after blur page events) to determine how long the user had been gone.

«  Close page (suspicious)

«  Thismeansthat the user closed the current tab or opened a different page in the same tab.

o Load page

«  Thisevent occurs when the user loads a page.

« Load page events can be used (after close page events) to determine how long the user had been gone.

«  Keyboard events

« Logged with abasic key logger

«  Connected to the internet

«  Disconnected from the internet (suspicious)

«  The user can stop their internet connection to stop video recordings. This data were sent to the server when the user reconnected to the

internet.

« Mouseclicks

. Includes click location coordinates

«  Sound detected (suspicious)

«  Theapp tracks any noise above certain volume levels with aduration of >1 ms.

o  Administrator started watching

«  Thisismarked in blue on the tracking page.

o  Administrator started talking
«  Thisismarked in blue on the tracking page.

«  Finalization of the test component

«  Thisisneeded because when a user completes the test component, a close page event is triggered.

The third level of supervision allowed for optional human
oversight during the examination. The human monitor could
immediately join the live feed of each candidate to obtain more
information or to send a warning to candidates in private. In
case the supervisor app crashed, the affected candidates were
able to switch to the Safe Exam Browser (Eidgendssische
Technische Hochschule Ziirich), which alows only the exam
interface to remain accessible on a user’s compuiter.

In addition to the technical solutions, we expected the
application to have apreventive effect on candidates’ behaviors.
Candidates were comprehensively briefed in advance on how
to install the application, on how to test it, and on the specific
features of the supervising technology. We used an animation
video and awritten instruction form for the briefing.

https://formative.jmir.org/2021/8/e23834

A voluntary panel that consisted of experienced teachers and
exam supervisorstested the supervisor app in 2 sessions. These
test participants were asked to behave in a suspicious manner
(ie, talking, making noise, turning away from the screen, using
the internet, typing, clicking, and using the mouse). After the
first session, we made the following adjustments to the
application and the procedure: weisolated the suspicious sound
events from the other suspicious events, and we increased the
overall suspicion rating from 0.5to 1.

The comparison group was composed of the on-campus
candidates who were supervised under the usual circumstances
and conditions. To assess efficiency, welogged technical issues
and theinterventionsthat were used during the exam. Technical
issues were defined as those reported by students, and
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interventions referred to the active responses of the team. To
analyze the impact that the supervisor app had on students
exam outcomes, we compared the scores of the proctored group
to those of the on-campus group. To test usability, we counted
the number of suspicious students and behaviors.

All students who applied for admission to the advanced master
program were included in this study. To take the exam,
candidates were free to register for off-campus participation or
on-campus participation. On campus (n=4), ahuman supervisor
was present, and candidates used the campus gear. For
off-campus monitoring, we had an experienced supervising
team of 6 staff members. A team of 2 developerswas aso fully
available during the exam. The off-campus supervisors were
able to send notifications or warnings to candidates who were
behaving suspiciously, and these supervisorsintervened in cases
involving technical issues.

The actual exam and the associated procedures were set up in
the same manner as those that were conducted before the
COVI1D-19 pandemic; all candidates compl eted the same exams,
and candidates who failed the machine-assisted test (the actual

Schoenmakers & Wens

exam) were invited to a jury exam after 1 week. Candidates
who were flagged as those exhibiting suspicious behaviors
during the exam or in postexam analyses were also invited to
the jury exam.

Ethical Approval

Ethical approval was not required for this study. Consent for
the administration of the proctored exam was obtained from the
Permanent Education Commission of the Faculty of Medicine
of KU Leuven.

Data Set

The complete data set is avail able upon simple request and can
be sent asalink to a Google Drive directory.

Results

A total of 593 candidates subscribed to the exam. Of these
candidates, 472 (79.6%) used the supervisor app for off-campus
exams and 121 (20.4%) were present on campus (Table 1). The
test results of both the off-campus and on-campus groups did
not differ significantly (P=.15).

Table 1. Participation and test results of off-campus students and on-campus students.

Characteristics Off-campus students On-campus students P value?
Candidates (N=593), n (%) 472 (79.6) 121 (20.4) N/AD
Candidates at each university, n (%)
Leuven University 227 (84.1) 43 (15.9) N/A
Antwerp University 29 (35.8) 52 (64.2) N/A
Brussels University 13 (50) 13 (50) N/A
Gent University 203 (94) 13(6) N/A
Average test results (out of 100) 72 72.8 A5

#The P value was determined via a one-tailed pooled t test.
BN/A: not applicable.

Overdl, we registered and solved 15 technical issues that
occurred during the off-campus exam (Table 2). Of theseissues,
8 were the result of software problems (in particular, loading a
reading text in a new tab). Further, 2 candidates experienced a
negative impact on their exam performance due to technical

https://formative.jmir.org/2021/8/e23834

issues. The development team made one of these candidates
switch to the Safe Exam Browser to complete the exam. Further,
based on the postexam analyses and after deliberation, the
coordinator exempted the other candidate of the jury exam.
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Table 2. Comparison of exam procedures and outcomes of the off-campus exam and on-campus exam.

Characteristics

Off-campus exam On-campus exam

Technical issues, n
Technical issues with an impact on the exam, n
Type of issuge, n

Internet failure

Hardware issue

Camera crash

Software issue

Average suspicion score

Median suspicion score
Suspicious candidates, n (%)
Detected by the application
Flagged by supervisors
Flagged due to noncritical events (<1 event)
Flagged without events
Flagged due to noise events
Interventions during the exam, n

Technical interventions

Warnings to candidates

15 1

2 0

2 0

4 1

1 0

8 0
0.4 N/AZ
0.3 N/A
22 (4) N/A
2(<1) N/A
455 (96) N/A
15 (3) N/A
472 (100) N/A
8 1

2P 0
1° 0

8N/A: not applicable.
bTechnical interventions were needed for 2 individuals.
“Warnings were given to 1 group due to background noise.

Of the 593 candidates, the application detected 22 (3.7%) with
asuspicion rating of >1. All cases were the result of 1 or more
noise events (background noise). These students received an
immediate but nonoffensive request to stop all background noise
without further consequences or impacts on the progression of
their exams. Additionally, the supervisor sent a request to all
studentsto reduce background noise. All other noncritical events
included leaving the webpage, closing a page, or typing text.
Live monitoring and a postexam review of the recordings
confirmed that all of these events occurred unintentionally and
without fraudulent intent. In the on-campus group, we did not
detect suspicious or fraudulent students.

The monitoring supervisors flagged two candidates who were
typing more than the expected amount (in a multiple-choice
exam). After the review of the recordings, it was found that
these two candidates were using the “ control find” function to
search for words in the reading text. During the exam, the
supervisors intervened 8 times due to technical issues, warned
2 candidates to stop talking to themselves, and sent a group
message to ask candidates to reduce background noise.

Discussion

This pilot observational study demonstrated that a supervisor
app that records and registers behavior was accurate because it
was ableto detect all suspiciouseventswithout having animpact
on exam performance. The efficiency of the proctored supervisor

https://formative.jmir.org/2021/8/e23834

system seemed low, as shown by the availability of a 12-person
bystander team, which monitored and solved a relatively low
number of technical issues.

Students have shown certain preferences for different exam
formats depending on how much confidence they have in their
techniques, the organization, exam procedures, and exam
outcomes and how confident they are with technol ogical aspects
and issues[9,12,14,15]. The unbalanced number of registrations
for off-campus and on-campus exams among the universities
was striking, but this can be explained by the availability of
infrastructure (classes and information technology gear). We
indeed found that the candidates from larger universities were
more likely to register for an off-campus exam. The
psychometrics of the exam were comparable between the
off-campus and on-campus groups. Therefore, we can conclude
that there was probably no biasinduced by the voluntary option
for participating in off-campus exams or on-campus exams.
Other authors have compared the scores of proctored examsto
scores of traditional exams that were conducted in the past
several years and found no meaningful differences[6,8,14].

The major weakness of proctored exam systems lies in the
occurrence of technical or technological failures and in alack
of user experience[2,4,12,16]. The number of technical issues
was |low and was mainly related to software i ssues (technology
issues). The complexity of the application (the registration of
behavior, recording, etc), in combination with amulticomponent
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exam with different questions types, necessitated very
performant technological eguipment. In one case, a technical
issue led to the interruption of the exam of the affected
candidate. The supervisors and the development team solved
all other issues within an acceptabl e time span. However, these
issuesrevealed that the system was vulnerableto thelow quality
of the persona gear of the candidates. Therefore, education
institutes should guarantee a fair and safe exam environment
for every candidate by offering high-quality infrastructure and
logistics [4,12,13].

During the entire exam, a team of 12 persons was constantly
monitoring and maintaining contact with the candidates.
Although wedid not perform a cost-benefit analysis, we assume
that the whole procedure does not save costs, since the
on-campus exam opportunity also remained available [4].

On average, candidates induced 3 events, of which the noise
and sound event was the most prevalent and critical. The
development team increased the threshold sound level during
the exam, since the application immediately (in the first few
minutes) flagged all candidates. Sound is indeed difficult to
avoid and control (we noticed children crying, birds singing,
candidates talking out loud, doors being lammed, street work
being conducted, etc) [11,12].

A very small number of candidates was flagged as suspicious
by the application, but due to the live monitoring of the exam,
they were exempted from suspicion. The supervisors reviewed
the recordings of two candidates who were flagged by the
system and via the live monitoring of the exam. The records
did not reveal any fraudulent behavior. During the exam, the
team was constantly watching the students, and the system
continuously logged behaviors. Additionally, students were
very aware of the presence of the supervisors. They were also
aware of the fact that they were being watched and screened.
Further, the exam was performed within arestricted time span;
therefore, students did not have time to cheat. Consequently,
students were probably very reluctant to cheat, and this might
have increased their stress levels[10,13].

Prior to the exam, we thoroughly instructed the candidates on
the registration of suspicious events. This single intervention
might have been decisive in stopping candidates from
committing fraud during this high-stakes exam [2,4,10]. A
simple recording of sounds and images combined with a safe
web browser that blocked all other webpages might have been
just as efficient as the supervisor app [24]. A less
comprehensive registration and recording process for suspicious
events might have also reduced the number of technical issues
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and allowed the supervisors to focus on the live monitoring of
the exam [8].

During the exams, supervisors limited the number of
interventions and warnings to avoid distracting the candidates.
Technical issues were solved, and supervisors sent a
nonoffensive warning to only two candidates who were talking
to themselves. After the exam, we only received reports of
technical issues; we received no complaints regarding
supervisors interventions or interruptions caused by the
Supervisors.

A weakness of the intervention is that we did not question the
candidates about their experiences. This group of graduation
candidates was, at the time of writing this report, very hard to
reach. However, the staff and the formal faculty administration
did not receive comments or objections from students in the
period following the exam. Other reports have shown arelatively
high satisfaction rate among master program candidates, and
complaints have typically been about technical issues [16]. A
second weakness is the arbitrary, expert-based threshold for
suspicious behavior, which was set to 0.5. However, during the
exam, it appeared that thisthreshold was set too | ow, since most
students immediately obtained high scores mainly due to
background noise.

A major strength of this intervention is the fact that we were
ableto usethe application for alarge group of candidatestaking
a high-stakes exam [2]. Additionally, we compared the exam
outcomes of the intervention group with those of acontrol group,
which was composed of candidates who preferred to take the
exam on campus. We could not completely rule out bias, but
since exam outcomes were comparable between both groups,
we believethat therisk of biaswas|ow. Based on other authors
papers, we also knew that candidates preferences for
computerized exams or paper-based exams do not influence
exam outcomes [15].

Conclusion

A sophisticated supervisor app that registered behaviors and
recorded sounds and images to prevent fraud during exams
proved to be efficient and did not affect exam outcomes.
However, live monitoring and having a team on standby for
solving technical issues resulted in a high amount human
workload. In future research, a controlled study design should
be used to compare the cost-benefit balance between the
complex interventions of the supervisor app and candidates
awareness of being monitored via a safe browser plug-in for
exams.
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Abstract

Background: Psychoeducation for bipolar disorder has a significant impact on symptoms and treatment adherence. In Iran, as
alow-resource setting, infrastructural barriers, such asinadequate mental health professionals, difficulties in transportation, and
costs of care, may hinder optimum delivery of this evidence-based intervention to patients.

Objective: This study sought to explore the acceptability and feasibility of aweb-based intervention for bipolar patientsin Iran.

Methods: A website has been developed as a platform for providing psychoeducational content about bipolar disorder. Patients
were chosen via a convenient sampling method in 2018-2019. The main component of the intervention included streaming 7
weekly video clips after attending a single in-person meeting, as well as a medication self-monitoring application. Information
was collected about the feasibility and acceptability of the intervention.

Results: Weinvited 45 patients from the day center and the outpatient clinic of Roozbeh psychiatric hospital and some private
clinicsin Tehran. Of the 23 patients (51%) who attended the first in-person session and provided informed consent, 14 patients
dropped out during the study. While 9 patients completed the course (attended 4 or more online sessions), only 5 watched al the
video sessions. The rate of adherence to the intervention and frequency of exposure to the website were mu