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Abstract

Background: Colombia has along history of an armed conflict that has severely affected communities with forced internal
displacement and violence. Victims of violence and armed conflicts have higher rates of mental health disorders, and children
and adolescents are particularly affected. However, the mental health needs of this population are often overlooked, especially
in low- and middle-Income countries, where scarcity of resources exacerbates the problem that has been further compounded by
the global COVID-19 pandemic. Thus, special attention should be paid to the development of interventions that target this
population.

Objective: Our research aims to adapt an existing patient-centered digital intervention called DIALOG+ from aclinical setting
to an educational setting using stakeholders' (teachers’ and students') perspectives. We aim to eval uate the feasibility, acceptability,
and estimated effect of implementing this intervention as a tool for the identification and mobilization of personal and social
resources to mitigate the impact of social difficulties and to promote mental well-being.

Methods: We will conduct an exploratory mixed methods study in public schools of postconflict areas in Tolima, Colombia.
The study consists of 3 phases: adaptation, exploration, and consolidation of the DIALOG+ tool. The adaptation phase will
identify possible changes that the intervention requires on the basis of data from focus groups with teachers and students. The
exploration phase will be an exploratory cluster randomized trial with teachers and school counselors to assess the acceptability,
feasibility, and estimated effect of DIALOG+ for adolescentsin school settings. Adolescents' data about mental health symptoms
and wellness will be collected before and after DIALOG+ implementation. During this phase, teachers or counselors who were
part of theintervention group will sharetheir opinionsthrough the think-aloud method. L astly, the consolidation phase will consist
of 2 focus groups with teachers and students to discuss their experiences and to understand acceptability.

Results: Study recruitment was completed in March 2022, and follow-up is anticipated to last through November 2022.
Conclusions: Thisexploratory study will evaluate the acceptability, feasibility, and estimated effect of DIALOG+ for adolescents
in postconflict school settings in Colombia. The use of this technology-supported tool aims to support interactions between

teachers or counselors and students and to provide an effective student-centered communication guide. This is an innovative
approach in both the school and the postconflict contexts that could help improve the mental health and wellness of adolescents
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in vulnerable zonesin Colombia. Subsequent studieswill be needed to evaluate the effectiveness of DIALOG+ in an educational
context as a viable option to reduce the gap and inequities of mental health care access.

Trial Registration: ISRCTN Registry ISRCTN14396374; https.//www.isrctn.com/I SRCTN14396374?709=I SRCTN 14396374
International Registered Report Identifier (IRRID): DERR1-10.2196/40286

(JMIR Res Protoc 2022;11(11):e40286) doi:10.2196/40286

KEYWORDS

mental health; mental disorder; eHealth; digital health; digital intervention; psychosocia intervention; resilience; psychological
support; psychosocia well-being; mental well-being; resource-oriented approach; computer-mediated intervention; armed conflict;
post-conflict; adolescent health; adolescent; adol escence; child; youth; school; teacher; student; acceptability; feasibility; vulnerable

Introduction

Colombia has traditionally been considered a violent country
as a consequence of along internal armed conflict, which has
caused high rates of internal displacement and violence[1]. The
number of individuals affected by this conflict has been
estimated to approach 9.2 million [2], and despite the peace
agreementssigned in 2016, the problem persistsin many regions
of the country [3]. Worryingly, it isestimated that approximately
700,000 people have been affected by internal displacement
ever since these agreements were reached [4].

One of the most affected regionsin Colombiaisthe department
of Tolima. Its central-western location in the country has made
it astrategic corridor for trafficking of narcotics and the armed
conflict [5]. Within Tolima, certain rural municipalities
including Chaparral, Rioblanco, and Planadas have been
particularly affected because of the connection they provide
between the Pacific region of Colombia and the center of the
country [6]. To prioritize these municipalities, which have been
constantly subjected to armed conflict, in 2017, the Colombian
government designated territories including Chaparral and
Rioblanco as part of a Development Program with a Territorial
Approach (PDET). This program ams to accelerate
transformation and access to services for the people living in
these regions [6,7].

The impact of armed conflict on the people inhabiting these
regionsis considerable, and international crises and wars have
unveiled the consequencesthat these conditions have on mental
health. Several studies demonstrate that individuals displaced
by violence are at an increased risk of mental health disorders
[3,8,9]. These include posttraumatic stress disorder (PTSD),
depression, anxiety, and mood and sleep disorders, among others
[10,11]. Even more concerning istheimpact that these conflicts
have on children and adolescents—a population that tends to
have higher susceptihbility to mental health conditions[12]. This
may be due to the key psychological, biological, and social
changes that characterize this period of life [13].

In Colombia, the National Mental Health Survey conducted in
2015, using screening scales, calculated a lifetime prevalence
of any mental health disorder of 4.7% in children aged between
7 and 11 years and of 7.2% in adolescents aged 12 to 17 years
[14]. Additionally, and in accordance with the worldwide trend,
mental health conditions seem to be more prevalent in children
and adolescents who have been subjected to internal
displacement: the prevalence of an anxiety disorder and PTSD

https://www.researchprotocols.org/2022/11/e40286

was higher (6.5% and 13.2%, respectively) in children (aged 7
to 11 years) who had experienced displacement dueto violence,
compared to an estimated prevalence of 1.8% for any anxiety
disorder and 6.6% for PTSD in those who had not gone through
the same experience[15]. Similarly, the 12- to 17-year-old group
who had been displaced had a higher prevalence of any anxiety
and depression disorders. Worryingly, the same significant
difference in prevalence was reported for suicidal thoughts
(19.8%) and suicide attempts (9.1%), which were higher in
those who were displaced than in those who were unaffected
(5.8% and 2.1%, respectively) [16].

Despite this clear problem and multiple issues, both
governmental and individual barriers persist and impede an
adequate response to the mental health needs of thisvulnerable
population [17]. It is estimated that in low- and middle-income
countries, there is a significant shortage of mental health
professionals such as child psychiatrists, accounting for only
0.1 per 100.000 population [18]. In Colombia, there are 1584
psychiatrists, which implies that there are 3 psychiatrists for
every 100,000 inhabitants. However, psychiatrists are
concentrated in the capital cities, which prevents access to
peoplein rural areas owing to travel, time, and costs. Thisisan
especially significant barrier to children and adol escents access
to mental health services [19]. Furthermore, the treatment gap
(the gap between those requiring and receiving adequate
treatment) for mental health disorders in children and
adolescents of Central and South America has been estimated
to be between 64% and 86%, which is an aarmingly high
estimate [17]. According to the Pan American Health
Organization, the treatment gap for any mental health disorder
in Colombiais 86.1% and was the highest of all the countries
in the Americas, followed by Guatemala (84.9%) and México
(81.4%) and including the United States (58.9%) [20].
Moreover, the recent COVID-19 pandemic and its restrictions
have exacerbated mental distress. Many studies have identified
particular stressors that the COVID-19 isolation measures had
on children and adolescents: lack of social contact, lack of
personal space a home, separation from parents or
caregivers, and concerns about academic and social impacts
[21,22], &l of which can lead to the development of anxiety or
depressive disorders [23-25]. As in most countries, lockdown
measures have been eased as of thiswriting, and it isimportant
to keep investigating the impact that these restrictive measures
had on children and to consider that the results obtained have
to be viewed in a postquarantine context.
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The aforementioned barriers, as well as the scarcity of funds
allocated to mental health and the lack of education about and
community knowledge of mental health issues, can perpetuate
the stigma and false beliefs that surround mental health
disorders. The lack of education and community knowledge
highlightsthe essential role that teachers and school counselors
can play in promoting mental health, well-being, and resilience
in children and adolescents [26]. One of the biggest challenges
in Colombia relates to the lack of personnel trained in mental
health in schools in rural areas where there is usualy only 1
counselor per school, who is not always a psychological
professional. Interventions that aim to increase and inculcate
skills concerning mental health in educators (such as courses
or capacity development initiativesthat focus on mental health)
are fundamental [26,27].

Likewise, the school environment allows a constant interaction
among teachers, counselors, and their students, which
encourages the creation of a bond based on trust and provides
the educators a chance to identify potential mental health
disorders [28]. Therefore, an approach to mental health issues
in the school setting can aid in overcoming some of the
previously mentioned barriers [29].

To promote this approach in school s, we propose implementing
an existing patient-centered digital intervention called
DIALOG+, which was developed to facilitate the interaction
between the clinician and patients with mental health issues
[30-33]. This has primarily been implemented in mental health
care settings. However, its adaptation outside of the clinical
context and into the school context is innovative and has not
been attempted before. Through this study, we aim to evaluate
the feasibility of implementing DIALOGH+ in the educational
setting through teachers and counselors as a tool for the
identification and mobilization of personal and social resources
to mitigate the impact of socia difficulties and to enhance
quality of life.

Methods

DIALOG+

This tool is a resource-oriented, evidence-based intervention
devel oped to facilitate the interaction between the clinician and
patients with a mental health condition, alowing patients to
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actively participatein clinical meetings[34]. By structuring the
interaction that takes place during routine clinical meetings, it
encourages self-reflection and expression and empowers patients
to improve their mental and social situation themselves. The
intervention is supported by an app that can be installed on
multiple electronic devices (eg, atablet or cellphone).

During consultation, and with a patient-centered assessment,
DIALOGH+ invites the individual to evaluate their satisfaction
with 8 life domains (mental health, physical health, work,
accommodation, leisure activities, friends, relationship with
family or partners, and personal safety) and 3 treatment domains
(medication, practical help, and professional appointments).
Each item is rated on a scale of 1="totally dissatisfied” to
7="totally satisfied,” and patients are asked if they would like
additional help with that domain.

Scores are summarized and displayed on the app at subsequent
meetings, allowing comparisons with previous scores from
previous meetings. Physicians provide positive feedback on any
domain showing improvement. This is followed by a 4-step,
solution-focused approach to identify psychosocial resources
tointervenein up to 3 domains, which the patient hasidentified
asneeding assistanceto improvetheir quality of life. DIALOG+
is an evidence-based and effective intervention [32] that has
shown to save up to £1345 (US $1510.80) per patient for the
UK health system, mainly owing to fewer days of hospitalization
among individuals receiving the intervention [30,35].

Intervention and Study Design

Overview

This study will adapt the DIALOG+ intervention through a
mixed methods study. The quantitative component comprises
an exploratory cluster randomized controlled trial. Initially, we
will measure variables concerning mental health, resilience,
quality of life, and social, and familiar functionality. These will
be measured once more after the intervention stage. The
qualitative component consists of conducting focus groupswith
teachersand students, and the think-aloud method [36] to obtain
insights into the DIALOG+ adaptation in the school setting.

The study design has 3 phases. adaptation, exploration, and
consolidation (Figure 1).
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Figure 1. Adaptation, exploration, and consolidation phases.
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¢ One for educators
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students.

Adaptation

We will present the existing DIALOG+ tool to teachers and
adol escents between 12 and 18 years of age during focus groups
to obtain end users insights into adaptation strategies of
DIALOG+ for the Colombian educative context. We will
conduct one focus group with adolescents and another onewith
teachers and educators recruited through convenience sampling.
Each focus group will include between 5 and 8 participantswho
will first sign aninformed consent or assent form, and they will
then be audio recorded for transcription and analysis. The
information obtained in this phase will be key for adapting the
intervention and for devel oping the foll owing phase of the studly.

Exploration

This phase consists of an exploratory cluster randomized trial
with 14 teachers and school counselors in Chaparral, Tolima.
This specific phase will assessthe acceptability, feasibility, and
estimated effect of applying the DIALOG+ intervention in
school settings. Teachers and their students (who together form
acluster) will be randomly allocated to either the experimental
(DIALOG+) group or an active control group (counseling as
usua). Teachers will act as the unit of randomization with
clustering by teacher to prevent contamination effects within
the study. Accordingly, we will have 14 clusters comprising 1
teacher and 5 students each. The unit for randomization will be
teachers in aratio of 10:4 to the intervention and the control
groups to maximize our data on feasibility and acceptability of
the intervention, while providing some comparison datain the
control group to estimate effect. Teacherswill berecruitedfirst,
and they will then identify eligible students. Each teacher will
invite 5 adolescents who they consider to be in need of
counseling or additional support for presenting a personal,
family, or social situation that is affecting their performance at
school or their well-being. Students who accept the invitation
will be asked to sign the assent and informed consent of their
parents. Participants will be excluded from the study if they
intend to change towns or school in the near future, or if they
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Each teacher in charge of five

Total of 70 adolescents

assigned to the intervention.
Discussion on their experience
perceptions and possible
modifications of DIALOG+.

cannot participate for the full duration of the study. Theteachers
will determine the students with whom they will participate in
the study. Teachers and their students (who together form a
cluster), will be randomly allocated to either the experimental
(DIALOG+) group or to an active control group (counseling as
usual) by the study coordinator who isblinded to their identities.
Each teacher or counselor will bein charge of 5 studentsduring
theintervention for atotal of 70 students (Figure 2).

Prior to randomization, the selected adolescents will complete
a self-administered baseline questionnaire to collect their
sociodemographic data and measure symptoms of different
mental health disorders.

The following 8 instruments will be used: the Family
adaptability, partnership, growth, affection, and resolve; the
Self-Reporting Questionnaire to assess mental health problems;
the 8-item Patient Health Questionnaire depression scale, to
assess depression symptoms, the Generalized Anxiety Disorder
7-item scale to assess anxiety symptoms, the PTSD Checklist
to measure symptoms; the 25-item Connor Davidson Resilience
Scale to measure resilience; the Rosenberg scale to measure
self-esteem; and the Manchester Short Assessment of Quality
of Lifeto measure quality of life.

These will be administered by research assistants who are
blinded to the arm allocation and will be repeated at the end of
the follow-up.

The experimental intervention will be carried out using
DIALOG+, for which each teacher will be provided a tablet
with the application and will undertake a 90-minute standardized
training session on itsuse. DIALOG+ consists of 2 main parts:
(1) a person-centered assessment, whereby the teachers invite
the studentsto rate their satisfaction with different life domains,
followed by (2) a 4-step approach based on the principles of
solution-focused therapy [34]. Following review of the scores
acrossthe DIALOG scale, which includes comparing the current
ratings with the ratings obtained from any previous session, up
to 3 of the areasthat arelisted on the DIALOG scale are chosen
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to be discussed in more detail. The 4-step solution-focused
approach is used to structure the discussion to identify patients
resources and develop solutions to deal with the adolescents
concerns. At al times, the ratings on the scale are referred to
in order to underpin and contextualize the discussion. Step 1,
Understanding, elicits contextual information about the area
under discussion and establishes what is working in that area.
Step 2, Looking Forward, asks the adolescent to adopt a future
perspective and think about the “ best-case scenario” within that
domain as well as the smallest improvement that can be made
to incrementally move up the rating scale. Step 3, Considering
Options, invites the adolescent to reflect on what he/she and
others can do to improve their quality of life. Finally, step 4,
Agreeing on Actions, summarizes the discussion, and a list of
actionsis generated and input into the application. Ultimately,
the teacher and student together will develop an action plan
comprising individual action items for each of the discussed
areas to be completed before the next session.

Figure 2. Exploratory cluster randomized trial.
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The control arm’s meetings will be conducted in the usua
manner as teachers conduct counseling. Considering that most
teachers have no training in the use of psychological techniques,
it is not expected that they will be used.

During this phase, teachers who were assigned to the
intervention group will record voice notes expressing their
thoughts and opinions about the implementation process using
the think-aloud method.

We will assess process measures to better understand the
feasibility of the intervention for application in schools in
Colombia. We will assess teacher and student recruitment and
retention when reporting reasonsfor refusal and reasonsfor loss
to follow-up, as well as the number and frequency of sessions
conducted in both arms. Feasibility criteria will include
recruitment of at least 85% of anticipated participants and a
retention rate of at least 75%. We will aso have at least
two-thirds of sessions completed as planned (on average at | east
4 sessions) as an additional feasibility criterion.

Municipality of Chaparral, Tolima
2 School settings

v

Teachers/Counselors n=14
Adolescents n=70

A 4

Y

Adapted DIALOG+

Adaptation in school context
Teachers/Counselors n=10
Adolescents n=50
Teachers and adolescents will meet atleastonce a
month during a 5-month intervention phasefora
minimum of 6 meetings.
Adapted DIALOG+is atechnology-mediated
intervention that evaluates the student’s satisfaction
with different life domains.

Controlgroup
Usual counseling sessions

Teachers/Counselors n=4
Adolescents n=20

Students will receive standard schoolcounseling at
least once a month with their assigned educator.

A

h 4

After a 5-6—month follow-up of participating adolescents:

Qualitative interview- adolescents: 4
Qualitative interview- teachers: 4
Focus group- adolescents: 1

Focus group-teachers:1

5-6—monthfollow up for participating
adolescents

Consolidation

Finally, we will conduct 2 focus groups with teachers and
students. Both groups will be asked to discusstheir experience,
perceptions, and possible changes or modifications required to
adapt DIAL OG+ to the school setting. Adolescentswill be asked
if they perceived changes in their mental well-being. The data
obtained will help assess the viability of using DIALOG+ ina
school context in vulnerable populations in postconflict areas
in Colombia.
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Participants

This study will take place in one PDET the Chaparra
municipality of Tolima. The recruitment of school teachers or
counselors and adolescents will take place in 2 public schools
through invitation. Each teacher will invite 5 adolescentswhom
they consider to bein need of counseling or additional support.
Participants will be excluded from the study if they intend to
change towns or schools in the near future or if they cannot
participate for the full duration of the study.
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All adolescents and their parents or guardians and teachers will
be asked to provide assent and informed consent by signing an
assent and informed consent form before any data collection
begins. During the consent process, researcherswill ensure that
participants and parents or guardians are aware of their right to
decline participation at any stage of the study and that
withdrawing participation will not affect their rights or access
to support.

Participants who withdraw from the study will be able to ask
for their data to be removed from analysis. If a participant
wishes to withdraw from the study, researchers will record the
date of withdrawal and reasons for withdrawal (if provided).

Sample Size

Consistent with the exploratory study design, convenience
sampling will be performed. We will conduct the study with 14
teachers and 70 students. The population of adolescents
attending the 2 participating schools is 1494. However, the
number of participating teachersis limited both by the number
of teachers in each school and by the capacity of the teachers
to conduct counseling. In each school, there is only one school
counselor who is apsychology professional. The teachers who
conduct counseling do so because they are interested in the
well-being of their students. This is an exploratory study to
determine whether it is feasible and acceptable to adapt
DIALOG+ in the school setting, with quantitative outcomes to
provide estimates of effectsthat could be used to design alarger
study if our findings are supportive of this. Since this is an
exploratory trial, the power to detect meaningful differences
with statistical significance will be limited. With an intraclass
correlation coefficient of 0.05, which we estimated from other
studies we have conducted, the planned sample size will allow
usto detect an effect size of 0.80 with 78% power and asmaller
effect size of 0.5 with 40% power. Inthe case of the Manchester
Short Assessment of Quality of Life, usualy the primary
outcomein DIALOGH+ studies, an effect size of 0.80, would be
equivalent to a change of approximately 6 pointsin total (eg, 1
point on a 7-point scale each on 6 out of 12 items, or 3 points
each on 2 areas of life), which reflects a meaningful change.

Ethical Considerations

This protocol has been approved by the Pontificia Universidad
Javeriana Faculty of Medicine Institutional Research and Ethics
Committee (CIEI-0239-21) and the Queen Mary University of
London Research Ethics Committee (ref QMERC?20.226). The
study was prospectively registered on the ISRCTN registry
(ISRCTN14396374). Written assent from the adolescents with
consent from the parents or guardians and written consent from
theteacherswill be obtained prior to any study proceduresbeing
conducted.

M easures

Data will be collected using a standardized paper-based case
report form. At baseline and after the intervention phase of
follow-up, we will collect sociodemographic data from both
teachers and students and the previoudy mentioned mental
health measures.
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Data Management and Analysis

This study will use a mixed methods design. Quantitative and
qualitative aspects will betriangulated in the overall evaluation
of theintervention. Both qualitative and quantitative results will
be presented for a global analysis of the intervention. For
variables measured at 2 time points (baseline and 6-month
follow-up), we will report measures of central tendency and
dispersion in accordance with the data distribution, and
significance tests will be performed. The analysis will use
intention-to-treat analysis by including al students in the arm
to which they were randomized, whether or not they received
the intervention, and including all students in the analysis by
using multiple imputation where outcomes are missing. To
generate parameter estimates for any changes in outcomes for
students using DIALOG+, mean differences (with standard
deviations) and effect sizes over 2 time points (baseline and
after the intervention period) will be cal culated.

Qualitative datawill be analyzed using thematic content analysis
techniques [37]. Quadlitative data will be analyzed using a
framework of theoretical domains of behavioral change to
understand the experience and issues concerning behavioral
change that could be related to the acceptability and use of
DIALOG+, as wel as posshilities for improving
implementation. This will serve to develop concrete plans for
the implementation and evaluation of the strategy, such as
clinical trials that evaluate the effectiveness of the tool with a
larger number of participants. All interviewswill be transcribed
and analyzed using NVivo software [38], which creates
graphical displays and facilitates thematic content analysis.
Dissemination

We will disseminate the knowledge generated to academic
audiences through peer-reviewed publications in high-impact
scientific journals in Spanish and English and international
conference presentations. We will circulate the publicationsand
presentations via the extensive networks of the investigators.
Dissemination eventswill be conducted to ensurethat the results
arefed back to the Secretary of Education and to the principals
of participating schools.

Results

Study recruitment was completed in March 2022, and follow-up
is anticipated to last through November 2022. Each phase is
expected to produce data that will facilitate the use of the
DIALOG+ intervention for Colombian adolescents. The
adaptation phase is expected to provide insight into the
modifications that the digital intervention requires in terms of
domainsdiscussed and the interface. The exploration phase (the
longest phase) is expected to provide the most information
regarding the feasibility and acceptability of implementation.
Baseline and follow-up questionnaires will provide evidence
regarding acceptability and parameter estimates for the impact
of the intervention. Lastly, the consolidation phase will report
on the experiences and perceptions of the experience for both
educators and adol escents.
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Discussion

The increasing prevalence of menta health disorders in
adol escents has highlighted the importance of addressing their
mental health needs, particularly in contexts where they have
experienced violence and armed conflict and especially after
the COVID-19 pandemic. To meet these needs, an innovative
approach is required where discussion regarding mental health
cannot be limited only to a clinical and health care setting.
Increasing the role that school settings have in mental health
promotion may improve early identification and intervention
with adolescents who are struggling [39]. This approach can
also provide support to health security systems that face a
challengein bridging the gap and inequitiesin health care access
such as the one in Colombia.

With this study, through different phases, we aim to assess the
feasibility of implementing DIALOGH+ in the school setting of
adolescentsin vulnerable areas in Colombia.

Studies on school-based interventions developed to increase
adolescent well-being suggest that interventions may be
successfully delivered by teachers and can improve outcomes
by reducing symptomatology and encouraging early referral
[39-41]. Studies on such interventions in adolescents exposed
to conflict are scarce. Experiences with Palestinian adolescents
of the Gaza strip revealed that school counseling sessions had
apositiveimpact on PTSD symptomatol ogy; however, no other
mental health disorders were evaluated [42]. To the best of our
knowledge, the adaptation and assessment of DIALOG+ as a
resource-oriented and cost-effective intervention for school
adolescents in postconflict Colombia provides an innovative
approach in both the school and a postconflict context, and this
tool isthe first of itskind.

Studies on implementing DIALOG+ have been conducted in
adults but no efforts have been undertaken to support the mental
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health skill devel opment of teaching and counseling staff within
the education system. The school setting is an area in which
contact with children and adolescents with mental health
problems is frequent and ongoing. Therefore, this is a critical
and new area of research, as support from school staff islikely
to be the only help that those children and adolescents will
receivein thissetting. Building capacitiesin teachers and school
counselors through mental health courses would be
complemented extraordinarily with a study that shows the
effectiveness of DIALOG+ asatool to be used by teachers and
counselors in the school environment. This study proposes to
evaluate feasibility and acceptability asafirst step toward wider
testing and possibleimplementation. It isimportant to highlight
that the content and design of this study were devel oped through
workshops, consultations, and discussions among the
researchers, and considerations from local stakeholders with
regard to the local context, health care priorities, and logistics
of conducting thisintervention were acknowledged.

The study design (an exploratory randomized controlled trial)
may provide limited conclusions on the effectiveness of
DIALOG+ owing to its small sample sizes, which provides
limited statistical power and generaizability, but will still
provide parameter estimates that will be essential for larger
trials should these be indicated. However, we believe it will
provide valuable insight into the feasibility and acceptability
of DIALOG+ in the school environment, which is the primary
aim of the study.

In conclusion, the results obtained in this study will provide
valuable information regarding the feasibility of using adigital
intervention such asDIAL OG+ in the school setting toimprove
the well-being of vulnerable adolescents in Colombia.
Experience obtained will deliver evidence that can be useful in
other conflict-affected areas of theworld and can provideinsight
into the usefulness of school-based interventionsin general.
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Abstract

Background: Palliative care (PC) isanew concept in Irag, and thereis no training for health care specialists or the public. The
lack of education and training programs is the most important barrier for PC. Intermediate training is needed for nurses who
regularly manage patients with life-threatening diseases. The End-of-Life Nursing Education Consortium for pediatric palliative
care (PPC) program isintended for nurseswho areinterested in providing care to children with life-limiting diseases or providing
support in the event of an accident or unexpected death.

Objective: Our trial aims to evaluate the effect of a web-based training course, using the Normalization Process Theory. It
focuses on how complex interventions become routinely embedded in practice and on training of a sample of academic nurses
inthe application of PPCinroutine daily practice. It hypothesizesthat nurseswill be able to provide PC for the pediatric popul ation
after completing the training.

Methods: Thisisamulticenter, parallel, pragmatic trial in 5 health care settings spread across a single city in Babylon Province,
Irag. Participantswill berecruited and stratified into 2 categories (critical care unitsand noncritical care units). In the experimental
condition, 86 nurses will be trained in the application of PPC for 2 weeks through a web-based training course powered by the
Relais Platform. The nurses will be invited to participate via email or instant messaging (WhatsApp, Telegram, or Viber). They
will provide end-of-life care in addition to usual care to children and adolescents with life-limiting conditions. In the control
condition, 86 nurses will continue usual care. The program’s effectiveness will be assessed at the level of nurses only. We will
compare baseline findings (before the intervention) with postintervention findings (after completing the training course). A further
assessment will be performed 3 months after the course. As numerous unidentified factors can influence the effect of the training,
wewill perform aprogressive eval uation to assess sampl e selection, application, and intervention value, aswell asimplementation
difficulties. The nursing staff will not be blinded to the intervention, but will be blinded to the results.

Results: The study trial recruitment opened in July 2020. The first outcomes became available in December 2020.

Conclusions: The trial attempts to clarify the delivery of PC at the end of life through the implementation of a web-based
training course among Iragi nurses in the pediatric field. The study strengths include the usua practice setting, staff training,
readiness of staff to participate in the study, and random alocation to the intervention. However, participants may drop out after
being transferred to another department during the study period.

Trial Registration: Clinical Trials.gov NCT04461561; https://clinicaltrials.gov/ct2/show/NCT04461561

International Registered Report Identifier (IRRID): PRR1-10.2196/23783
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Introduction

Background

Pediatric palliative care (PPC) involves comprehensive active
carefor children and young adults, and isaglobally recognized
priority in caring for those with life-limiting conditions. This
recognition wasjustified by high rates of mortality from cancer
specifically. Therefore, skilled and supportive care, pain
management, and symptom control at the end of life have been
approved in palliative care (PC) [1,2].

Annualy, 7 million families could benefit from PPC, but those
inlow- and middle-income countries seldom have such access,
and there are approximately 1.2 million children globally, with
more males than females. These children desperately need this
type of care, and they eventually die from multiple and varied
problems, such as hirth defects, malnutrition-related diseases,
meningitis, AIDS, and cardiovascular diseases [3].

Overdl, in 2011, morethan 29 million individuals from diverse
age groups died from diseases demanding PC, with the largest
proportion being adults rather than children less than 15 years
old. Globally, each year, only 63 children out of 100,000
children lessthan 15 years old require PC at the end of life [3].

The World Health Organization presents PC as an integrated
approach involving rules, opioid availability, facility
obtainability, and educational platforms, aswell as PC-certified
activities, and it is available in 15 Eastern Mediterranean
countries. Saudi Arabia has the maximum number of PC
agendas, in addition to Iran and Lebanon, who award official
licensing for their physicians, followed by Egypt and Jordan.
Moreover, Oman, Jordan, Egypt, and Qatar have established
other advanced programs for training (eg, master’s degree or
diploma). However, Iraq and occupied Palestinian areas have
not started such care [4].

Some physicians and nurses have attended essentia and
advanced workshops on PC since 2011, but it isstill considered
a new concept in Irag, with no formal policies or guidelines
relating to this field, and the main contributors for introducing
PC are nongovernmental organizations and the Middle East
Cancer Consortium [4,5]. The number of qualified doctors is
very low in Irag, as trained physicians are fleeing the country
owing to political instability. There are no degree programsin
palliative medicine in Irag, and a quarter of nurses are college
graduates, with most lacking primary education [5]. No actual
policy changes have been made in the previous 10 years. In the
last 6 years, new opioids have been introduced, but they are not
permissiblefor outpatientsand not easily available. Only medics
in government hospital s can recommend these opioids, and they
are for oncology and not PC. Individual funders have started
appealing to provide support for oral morphine if permitted by
the Ministry of Hedlth. There is no instant morphine or
continued-rel ease morphine. Injectable morphine, codeine, and

https://www.researchprotocols.org/2022/11/e23783

transdermal fentanyl patches became available in 2013, which
are obtained for free, and upgrading these drugs has been
deliberated [4].

Obstacles to PC can be divided into the following 3 parts: (1)
deficit of health policiesin the sustenance of PC improvement;
(2) nonexistence of significantly trained health care workers;
and (3) reduced accessibility to essential PC drugs [6,7]. All
these obstacles can be overcome by addressing the important
barriersthat are delaying PC development in Irag, namely, lack
of public responsiveness, lack of education, lack of training
programs, inadequate opioid accessibility, and no identification
of PC asafield [3,4].

The political state and uncertainty in the nation have played
main roles in postponing the awareness of the public.
Furthermore, the greatest pediatric care providers consider that
PC is agood means to disclose that more cannot be done [4].

Regarding the present PC condition in many countries in the
Middle East, there is a need for emphasis on the teaching of
professional staff members and the presence of a consistent
renewed expert committee that would be accountable for the
development of the modern PC team [8-10].

PC education needs to be provided in English and is desired at
the following 3 levels: (1) basic PC preparation for al health
professionals; (2) intermediate training for those consistently
working with patients having life-threatening illInesses; and (3)
professional PC training for managing patients with more than
routine symptom management needs [3].

Without appropriate end-of-life education, it is incredibly
difficult for nurses to provide adequate care for related issues.
Moreover, it is vital to balance education with attention to
personal understanding and attitudes toward death and dying
to provide studentswith opportunitiesto become knowledgeable
about death and grief in order to deal with their feelings and to
develop further [11]. From 1997 to 2000, there was a lack of
overall nursing content related to end-of-life care and limited
end-of-life content knowledge among nursing faculty [12,13].
Effortsare needed, including the development and dissemination
of new educational recommendations, training materials, and
educational requirements, at both the medical school and
residency levels, aswell asfor nursing students and other health
professionals, which should address the need for PC education
[14].

To detect and addressthe limited knowledge of end-of-life care,
researchers at the City of Hope National Medical Center in the
United States conducted a 3-year project titled “ Strengthening
Nursing Education to Improve End-of-Life Care,” which was
supported by The Robert Wood Johnson Foundation. The project
brought together professional nursing organizations, expert
clinicians, and educators in palliative/hospice care to improve
the curriculum in order to enhance nursing care at the end of
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life. The project revealed chief insufficiencies in nursing
education and its role in end-of-life care, and identified a lack
of content in nursing text, insignificant content in the nursing
curriculum, insufficient nursing faculty knowledge, and many
other educational barriers that inhibit good nursing practice in
thisarea[15-17].

“The End-of-Life Nursing Education Consortium-PPC
(ELNEC-PPC)” project based on original training wasintended
to study the concern of nurses in providing care for
life-threatening illnesses to children or for accidents or sudden
death [18]. Perinatal and neonatal PC is one module [19]. The
ELNEC-PPC train-the-trainer programisfor 2.5 days, and those
who complete the program will be able to actively share
information and knowledge to other health care workers in
clinical practice or nursing studentsin colleges. Thefirst training
module was started in 2003, and 8 nationwide train-the-trainer
programs have been conducted with more than 700 nurses
attending from varied pediatric locations across the United
States and Canada

Many children dying from life-threatening illnesses, such as
congenital malformations, chromosomal abnormalities,
accidents, low birth weight, and sudden infant death syndrome
(50 out of every 100,000 children), could be provided PC
services, but little consideration is given to reducing the
suffering faced by children and their families[7,18].

Pediatric nurses are considered more occupied than any other
health care professionals, and they have adistinctive opportunity
to assess and address the needs of children who feel pain and
die suddenly or shortly after birth, or die in utero (perinatal
death), as well as the needs of their families. However, these
nurses may have little knowledge about the principles of caring
for terminally ill children with different conditions at different
ages[20,21].

On the other hand, a problem might occur with the introduction
of a new approach to supply and consolidate health care in
practice, which is extensively adopted in health services,
community health practice, and areas of socia policy that have
important health consegquences, such as education, transport,
and housing. The UK Medica Research Council’s framework
for designing and evaluating complex interventions recommends
conducting a process evaluation in order to illuminate
inconsistencies between predictable and detected outcomes to
understand how context impacts outcomes, and to provide
insights to assist implementation [22,23].

Previous reports [24-26] mentioned that a certain problematic
translational gap continues to exist between demonstrating the
positiveimpact of acomplex health careintervention in astudy
environment and utilizing this intervention in routine daily
practice. The Normalization Process Theory (NPT) [27] and its
predecessor, the Normalization Process M odel [28,29], provide
a framework that conceptually helps in understanding and
explaining the dynamic processes that can be encountered
through the utilization of complex interventions and
technological or organizational innovations.

Previous studies [30,31] specified 4 key analytical domains as
nonlinear and mentioned that they cooperate energetically to
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afford broad enlightenment of implementation processes, which
anticipateif participantsdo not understand, sustain, or consider
an intervention valuable or compatible with their current work.
The NPT was designed to be applied flexibly, can be used at
one or more points in a qualitative study, and has been
successfully used. Following the NPT [29,31], the process of
implementing a complex intervention can be described and
explained by employing the following 4 centra theoretical
constructs:

1. Coherence: The process and work of sense-making and
comprehending that individual s and organi zations perform,
which promote or inhibit the embedding of a routine
practice.

2. Cognitive participation: The process and work that
individuals and organizations perform to enroll people to
build relationships in a new practice.

3. Collective action: The work that individuals and
organizations perform to enact a new practice. Collective
actionisprimarily labeled asanormalization process model
and contains 4 subcomponents (“contextual integration,”
“relationa integration,” “interactional workability,” and
“skill set workability”).

4. Reflexive monitoring: Thework inherent to theformal and
informal appraisal of anew practiceto measure the benefits
and drawbacks, which can develop users’ knowledge of the
effects of a practice.

The NPT has become a widely used theory for analyzing the
implementation of complex interventions and has previously
been applied to a wide range of health topics and empirical
settings, including chronic health care, maternity care,
e-learning, and telemedicine. There have been 8 studiesin the
eHealth and telehealth carefieldsand 21 studiesin several other
health care fields, which entirely concluded that the NPT is a
complete and valuable model to drive the process of
implementation in the setting of a health facility [31].

A quantitative design in a PC health context has not yet
confirmed the validity of the NPT model. The NPT tool
Normalization M easure Devel opment (NoMAD) [32] hasnewly
been established for use in quantitative research. Similar to the
Conceptual Model of Implementation Research [33], the
elementsareformulated to feature at application with hindsight.
Besides, the customization of the NOMAD tool across several
contexts is unclear, and this restricts its practical usage in
selected settings. For example, asingle element of theNoMAD
tool tests whether “sufficient resources are obtainable to
maintain theintervention” [32]. Nevertheless, to our knowledge,
no NPT studies have concentrated on evaluating a web-based
training program in PPC at the end of life for nursing
interventions in hospital settings.

Training has been recognized as a key implementation approach
for enlightening provider knowledge and skills, with aninterest
in the use of web-based training methods[34,35]. Theindication
is accumulating that web-based training can be a working
educational instrument aimed at bringing and appraising
curricular content through numerous organizationsand training
levels. With high-speed internet access and the universal
presence of computers in homes and clinics, health care
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professionals can effortlessly access web-based resources
regardless of their settings and can access resources at periods
that do not overlap with their clinical tasks or responsibilities
[36].

The original policy for providing consistent behaviora
interventions in a series of situations involves web-based
interventions, which provide the ability to access behavioral
maintenance at any time, and result in greater confidence and
lower cost compared with clinician-delivered interventions and
ol d-fashioned face-to-face training methods [ 35,37].

Survey and qualitative studies mentioned that end-of-life care
research is feasible and ethical, but funding of end-of-life care
research is poor [38,39]. Thus, randomized trials of end-of-life
care treatments and services are uncommon, and are often
limited by poor enrollment, high attrition, unfairness, confusion,
and small samples [40,41].

Specifically, pragmatic multicenter randomized controlled trials
(RCTs) are recommended for the evaluation of complex health
care interventions to enrich enrollment and broadcasting, and
increase the external validity of trial results [42]. Nevertheless,
pragmatic RCTs are intended to evaluate treatments in
real-world (as opposed to idedlistic) conditions, directly
enlightening decision-making by patients, providers, and health
care policymakers [43].

Comparators

Comparators are often used to decide the work level of an
intervention related to aclinically relevant substitute. The choice
of the comparator (control group) is always a serious decision
in aclinical trial, which has the following major purpose: to
alow the differentiation of patient outcomes (for example,
changes in symptoms, signs, or other morbidities) triggered by
the test treatment from outcomes caused by other factors, such
as the natural advancement of the disease, observer or patient
potentials, or other treatments. The comparator experience helps
identify outcomes when patients do not use the test treatment
or when they use a different treatment [44].

The present knowledge regarding the absolute value of
anticipated experimental and control interventionsisconsidered
as one of the factors that regulate the appropriate choice of a
comparator for atrial [45]. The research question type is the
main ideal comparator determining factor. Significant
comparators are those that involve existing clinical or public
health services or facilities (eg, usua care or standard care),
other implementations (eg, a firm evidence-based practice
intervention by way of a comparator aimed at an intervention
that is up to date), and clinically pertinent variations in trial
implementation (for instance, similar interventions employing
an alternate approach, eg, aface-to-face intervention in studies
assessing atelehealth intervention) [46].

The pragmatic model intended for the selection of comparators
allowsinvestigatorsto choose clinically important comparators
instead of nonnatural comparators that are unlikely to
continually be used in clinical practice. The pragmatic model
provides a way to resolve the numerous incongruities and
influences related to comparators that are used in intervention
trials [46].
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For thistrial, typical careisthe comparator of choice, whichis
considered as a treatment or service that is consistently used,
and it is provided after experimental members have joined. It
often differs acrossindividuals and settings, and in sometrials,
it may be increased or decreased for trial participants [46].
According to a previous report [47], customary care is the
favorite comparator among researchers. It has been substituted
as a comparator or has been a constituent of the comparator in
99 (49.5%) studies, and often appears under numerous
synonymous terms (eg, standard treatment, care, as usual,
standard care, treatment as usual, and standard of care).
However, a previous report [48] stated that it may vary
considerably between centers and countries confounding
comparator choice. Using clinical guidelines to define usual
care can help standardize comparator treatments; conversely,
this may decrease the applicability of the results to actua
Ssettings.

Hereafter, the selection of typical care for this trial follows
Clinical Practice Guideline recommendations, as well as the
organized appraisal of significant literature that appears to be
related to PC services, which are not accessible to pediatric
patientsin Iragq owing to deficiency of knowledge and training
among health care professionalsor limited care supply [4,10,45].
Thetrial aimsto explain the provision of PC at the end of life
through the implementation of the ELNEC course as a
web-based training program, using the NPT. Its emphasisison
the complexity of interventions, which are routinely embedded
in practice. In addition, the trial aims to identify the changes
implemented by participant nursesintheir clinical practice after
participating in the web-based training program to provide PC
alongside usual care (intervention group) versus usual care only
(control group) for children with life-limiting conditions or in
the case of accidents or sudden death at the end of life. Finally,
wewant to provide findingsthat will assist in the interpretation
of thetrial results.

Objectives

Primary Objective

The primary objectives are as follows. (1) to hold a short
ELNEC-PPC web-based training program at selected Hillah
city hospitalsin Irag by July 2020, and (2) to eval uate the impact
and effectiveness of this project through the NPT at the
beginning of the web-based training course, and 2 weeks and
3 months after the end of the web-based training course, define
PC advocacy activities, and implement the principles found in
the ELNEC-PPC web-based training program at selected Hillah
city hospitalsin Irag by August 2020.

Secondary Objective

The secondary objectiveisto monitor participantsfor 3 months
after theweb-based training program in an attempt to raisetheir
PPC knowledge to improve their self-efficacy levels and
attitudestoward PPC at selected Hillah city hospitalsin Irag by
August 2020.
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Methods

Trial Design

This study is designed as a multicenter, investigator-blinded,
paralel, 3-month, pragmatic, 2-arm, superiority (provision of
PPC with usual care is superior to usua care only) RCT, in
which different units from multiple hospitals are stratified and
randomized. Randomization will be performed as block
randomization with 1:1 allocation, and it will be conducted
according to the Consolidated Standards of Reporting Trials
(CONSORT) guidelines. The CONSORT statement is a
guideline designed to improve the transparency and quality of
the reporting of randomized trials [49,50].

Study Setting

Thetria will take placein selected Hillah city hospitals, which
are local government organizations that have various pediatric
and adult sections. In Iraq, there are 273 public hospital s spread
all over the country [51]. Hillah city in Babylon province has
4 hospitals and 1 Babylon Oncology Center. The recruitment
of participants will be conducted at the following 5 locations:
Imam Sadiq Teaching Hospital (general hospital) with 492 beds,
Babylon Maternity and Children Teaching Hospital (obstetric
and pediatrics hospital) with 323 beds, Morgan Teaching
Hospital (specialized center for tertiary health care), Al-Noor
Hospital for Children (pediatrics hospital), and Babylon
Oncology Center [52].

Participants will be recruited and stratified into the following
groups: (1) critical care units (1 artificial kidney unit, 1
resuscitation emergency unit, 1 catheterization unit, 2 children’s
emergency units, 1 emergency department, 1 maternity
emergency unit, 1 morning resuscitation unit, 1 operation room,
and 1 pediatric surgery unit); and (2) noncritical care units (1
blood disease unit, 1 chemo injection unit, 1 health insulation
unit, 1 private suite, and 5 pediatric lobby units). Staff in the
selected hospitals are not employed in 2 areas at the sametime,
and pediatric patientswith several diagnostic classificationsare
managed and provided usual care. Recruitment for this study
started in July 2020. There is a 2-year outline plan for the
research, with likely changes along with primary analysis
outcomes.

Inclusion and Exclusion Criteria

The study will include nurses who (1) have been employed by
Imam Sadiq Teaching Hospital, Babylon Maternity and Children
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Teaching Hospital, Al-Noor Hospital for Children, Morgan
Teaching Hospital, and Babylon Oncology Center; (2) have
completed their bachelor's degree and have a master's or
doctorate degreein nursing sciences; (3) have been working for
at least 3 months and are not expected to be moved to another
internal unit during the research period (including morning and
evening shifts); (4) provide nursing care for both male and
femal e hospitalized patients aged <18 years; (5) use acomputer
(desktop or laptop) with access to the internet at home or work
(phone line or internet access), or use a smartphone (Android
6.0+ or iOS 11.0+) with internet access (Wi-Fi or mobile data)
to join the online training course; and (6) have aworking email
address or a working mobile number, and have access to a
computer or smartphone with internet access to complete
guestionnaires in aweb browser.

The study will exclude nurses who (1) are not interested; (2)
are not employed for at least 3 months; (3) work in units other
than the selected units; and (4) are enrolled in another
experimental trial.

The evaluation of whether the exclusion criteria are met is
performed by the investigator during the recruitment phase or
according to the participant’s responses during the interview.

Screening for Eligibility and Enrollment

The recruitment period is planned to start in July 2020. A total
of 172 participantswill berecruited inthe RCT. Of these, 46.5%
(n=80) will be recruited from Imam Sadiq Teaching Hospital,
26.2% (n=45) will be recruited from Babylon Maternity and
Children Teaching Hospital, 7.6% (n=13) will berecruited from
Morgan Teaching Hospital, 16.3% (n=28) will berecruited from
Al-Noor Hospital for Children, and 3.5% (n=6) will berecruited
from Babylon Oncology Center. Collaborations will be
established with the selected hospitals to facilitate recruitment.
The number of participants needed to ensure a sufficient
recruitment rate has been determined (see the sample size
section).

The recruitment process is outlined in Figure 1. The main
investigator will submit the official approval form for
conducting the research at the selected hospitals (Multimedia
Appendix 1), and the approval form for the training course
(Multimedia Appendix 2 and Multimedia Appendix 3), which
will be hosted by the Continuing Nursing Education Unit
(CNEU) at the Faculty of Nursing.
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Figure 1. Participant flow through the trial. CNEU: Continuing Nursing Education Unit; ELNEC: End-of-Life Nursing Education Consortium; PPC:
pediatric palliative care; RCT: randomized controlled trial.

Recruitment

Identification of participants
[written information for participation) .
All nurses who want to participate
and visit the nursing unit or who
are identified by the nursing unit
» from selected hospitals according
to a description of the study
population provided by the
researchers are invited to
participate in the RCT.

Screening by CNEU

\
Assessed for eligibility

Written information to participate (written consent)
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- Enrolled in another trial
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Baseline questionnaires
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Eligible nurses will be invited to participate in the trial by the participant. The data fields include name, email address,
CNEU team in the selected settings. The unit will refer telephone number (Telegram, Viber, or WhatsApp service),
potentially eligible participants depending on aquick eligibility current duty, type of practice unit inside the selected
explanation that the main investigator submits to the unit. The hospital, date, job description, academic qualification, a
documents are as follows: text box for random numbers in the upper left side of the

form, and participant’s signature. The number of forms
printed is according to the size of the estimated sample for
the research (see the sample size section).

1. Nomination form for the training course (Multimedia
Appendix 4) for recruitment: Each participant will fill out
this form, and the data will be used for contact with each
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2. Tableof the estimated sample: Thistable presentsthedetails
of the estimated sample and the types of practice unitsinside
the selected hospitals (Multimedia Appendix 5). Using this
table, the person in charge of the CNEU in each selected
hospital will select eligible participants.

3. Informed consent form (Multimedia Appendix 6)

Referral to the trial will take place after the CNEU in each
selected hospital has selected participants according to the table
of estimated sample sizethat will be provided to the CNEU and
the current practice unit (usual procedure). Participants will be
recruited through the unit team in the selected hospitals.
Participants are provided with an invitation letter that includes
written information about the project and humbered, opaque,
sealed, and stapled envel opes that contain the nomination form
for thetraining course. The written information provides 2 ways
to contact the researcher, if the participant is interested in the
project: (1) by email and (2) by telephone (call or instant
message by Telegram, Viber, or WhatsApp message). The
nomination formsfor thetraining coursefilled out by candidates
areplaced inlarge (A4) sealed envelopes and sent to the CNEU
at the Faculty of Nursing that will host the web-based training
course.

The start of the study will involve preparation of formal and
essential approvals through the academic professor (HJ)
responsible for the CNEU at the Faculty of Nursing and
coordination with the Babylon Health Department, to obtain
official agreementsfor sample collection according to the study
criteria. The candidate envelopes will be opened and the
candidates will be entered in an Excel spreadsheet. The
information entered in each form will be added in sequence,
and the Excel spreadsheet will be backed up, printed, and kept
in asafe and secure location. A copy of the spreadsheet will be
sent viaemail to the main investigator to contact the participants
viatheir provided email addresses or phone numbers (Telegram,
Viber, or WhatsApp). The enrollment process is outlined in
Figure 1. If candidates are eligible and willing to participate,
the informed consent form will be signed and the main
investigator will contact each participant and send alink to the
web-based baseline questionnaire via email or socid
communication apps (Telegram, Viber, or WhatsApp). Then,
randomization will be performed viaaweb-based randomization
system (see the randomization section).

Participants can return the signed informed consent form in a
prestamped envel ope provided by the unit or can take a picture
of the signed consent form and send it viaatext message to the
main investigator. Subsequently, the main investigator will
contact the participants, inform them about the results of the
random distribution, and provide instructions according to the
group that was randomly chosen (control or intervention group).
All instructions will be completed on the phone or via text
message, and participants will receive alink to awebsite from
the main investigator (Multimedia Appendix 7), which provides
all instructions and details of participation in the training course
(also presented in Arabic).

In the CNEU, randomization will be performed. If randomized
to the ELNEC-PPC web-based training course in addition to
usua care (intervention group), participants will be sent alink
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to the website that has al instructions for enrolling and
registering in the training course and assistance on how to
maintain access via instant messaging or email. Moreover,
participants will be given information about their follow-up
assessments and how to contact the main investigator if needed.
If aparticipant declinesto participate, the main investigator will
ensure that the information from the baseline questionnaire is
deleted. If randomized to usual care, participants will be
instructed on the principles of usual care and will be given the
same information as provided to the intervention group about
their follow-up assessments and how to contact the main
investigator if needed. Theflow of participantsthrough thetrial
isdescribed in Figure 1.

Randomization

Participants will be randomized to either (1) ELNEC-PPC
web-based training aswell as usual care or (2) only usual care.
The randomization involves block randomization plus permuted
blocks of random size known to the researcher and stratified by
the type of unit (ie, critical care unit and noncritical care unit).
Theallocation ratio between the intervention and control groups
is 1:1. Randomization will be performed using the Sealed
Envelope website [53].

Randomization involves generating random numbers using a
computer. The numbers are distributed and written on the
nomination forms for the training course in the text boxes on
the top of the forms. According to the sample size, the first
random number represents the intervention group and will be
written on the form with the code “ T,” and the random number
for the control group will be written with the code “C.” The
forms are placed in sealed envelopes, and these are mixed and
placed in alarge sealed envelope (A3) (Multimedia Appendix
8). These steps represent the randomi zation process performed
by a nurse. A video is made of the process of preparing the
sealed envelopes, with the participant details visible. A second
researcher will later view the video to ensure the accuracy of
the process. Corresponding envelopes will be opened only by
the participants who select them, and they will be allocated
accordingly. Theenrolled participantswill completeall baseline
assessments.

Blinding

This is a single-blinded study, and the participants are not
blinded to group allocation. Examination and interpretation of
the study results will be achieved by investigators blinded to
group alocation. Once the study is completed, a copy of the
data will be extracted in a pseudonymized form for statistical
analyses. The information concerning the group allocation will
be added to the data set with the intervention and control groups
categorized as T and C, respectively. This work is done under
a camera for documentation later (by supervisors), and the
complete data entry is performed with blinding of the main
researchers. The randomization key (ie, document with group
details) will be kept with supervisors. They will provide the
randomization key to the researchers once blinded interpretation
of the resultsisfinalized.
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Interventions

Labeling will be performed according to the SPIRIT (Standard
Protocol Items. Recommendations for Interventional Trials)
recommendations [54] and CONSORT EHEALTH extension
[55].

Usual Care

Participant nurses deliver usual care according to their roles
appropriate for neonates, infants, toddlers, preschoolers,
school-age children, and adolescents in the selected units of
perinatal, neonatal, and pediatric settings. It comprises all
treatment management procedures, diagnostic procedures, and
referral processes, which are considered relevant in terms of
case history, clinical results, and practical everyday practice.
After trial completion, participantsin thisgroup will be allowed
to access a web-based training course similar to that provided
in the intervention group.

PPC With Usual Care

The online ELNEC-PPC course is being developed in
collaboration with Relias Learning Systems [56]. The
ELNEC-PPC course involves complete nationwide work to
advance palliative end-of-life care delivered through health care
experts in perinatal, newborn, and pediatric contexts. The
mission depends on the unique ELNEC care course training,
which involves cooperation between “The City of Hope” and
the American Association of Colleges of Nursing. This design
may include a combination of investigation and knowledge in
PC and ismeant to help with applying evidence-based practice.
The American Association of Schools of Nursing Peaceful
Death: Recommended Competencies and Curricular Guidelines
for End-of-Life PC and the 1997 Drug Report have been
considered. The electronic training course is going to be
included in modules that are for 2.5 days, and those who
complete the ELNEC-PPC course will be able to take the
knowledge to clinical practice [18]. The curriculum involves
the following 9 modules that are specific to the care of children
who have life-limiting ilnesses, and their families[57]: module
1, nursing PPC introduction; module 2, perinatal and neonatal
PC; module 3, PPC communi cation; module 4, PPC ethical/legal
issues; module 5, PPC cultural and spiritual considerations;
module 6, PPC pain management; module 7, management of
symptoms; module 8, PPC loss, grief, and bereavement; and
module 9, PPC at the time of death.

Each modulewill cover about 20 minutes of PowerPoint slides
and data text, and 40 minutes of activity sessions for clinical
application. Theclinical coursewill comprise case management
studies, film vignettesincluding critical thinking questions, and
“stop and think” queriesthat require the user to answer in order
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to continue through the module. On the completion of each
training modul e, the participant will be requested to reply to 10
National Council Licensure Examination—format questions to
complete mastery. This interactive online course is important
for all participants in the selected Hillah city hospitals.

The following 8 main themes are present within each of the
modules; (1) Family as a unit of care; (2) Important role of the
nurse as an advocate; (3) Cultural importance as an influence
in PC; (4) Critical demand for noticeto special populationslike
ethnic subgroups, deprived individuals, and uninsured
individuals, (5) PC influence on care systems according to
context; (6) Critical monetary mattersimpact PC; (7) PC is not
limited to cancer or AIDS, and is vital in serious diseases and
cases that can result in sudden death; and (8) Interdisciplinary
careisvital for end-of-life care [18].

It has been hypothesized that the NPT would be a useful
conceptual tool becauseit provides astrong analytic framework
for understanding the organization and operationalization of
tasks (their implementation), creating them as routine el ements
of lifestyle (their embedding), and sustaining embedded
practicesin social contexts (their integration) [28].

Praocess of Implementation

Ingtitutional review board approval will be obtained from
Babylon University/Nursing Faculty and from the selected
hospitalsin Babil Province Health Department, where the study
will take place. Informed consent will be submitted to the
selected hospitals, and the nurseswill be given 1 week to decide
if they wish to participate. The Arabic NOMAD pretest
electronic questionnaire will be provided to those nurses who
decide to participate.

The intervention group will receive the ELNEC-PPC training
course through the Relais Academy website. The main
investigator will send a link of the e-questionnaire to all
participants via their email addresses or via socia media
(Telegram, Viber, or WhatsApp). It includes questions that
describe the experience and role of each participant in providing
PPC, and within 2 weeks, each participant will return to their
appropriate routine practice. Thetime periodsfrom pretest (the
ELNEC-PPC training intervention) to posttest will be 2 weeks
and 3 months.

The main investigator will send a link of the website that
provides details of participation in the training course and
enralling at Relias Academy (seelink in Textbox 1). Thewebsite
also provides support in Arabic to all participants in the
intervention group. For enrolling at Relias Academy, the
participants need to follow the process presented in Textbox 1.
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Textbox 1. Process for enrolling at Relias Academy.
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Go to www.reliasacademy.com

Select “Sign In” from the top right corner of the screen
Typein your email address and password

Email: Provide the email

Password: Provide the password

N o g M w DN R

Oncelogged in, click on “Manage Account” and select “ Courses’

Confirm that the End-of-Life Nursing Education Consortium-Pediatric Palliative Care course you are looking for is present

Participantswill login to the site from the link sent to them, and
will read the steps necessary to complete the course (our website
will providetheinformation). The sitewas designed for research
purposes by the researchersto deliver the content of the course
that was on the Relais Academy platform and provide the
required survey to the participants to facilitate the process of
implementation. It was created using Google Site, a service
provided by Google to build websites, and the way it worksis
similar to the way awiki works.

Each participant in the intervention group will complete all 9
modules of the ELNEC-PPC training course. Meanwhile, the
main investigator will follow-up with the participants entering
the website link and ask them via an instant message or email
about the completion of steps and upload of a screenshot for
each module to a Google Form URL provide to them.

After 2 weeks, the main investigator will make sure that all
participants in the intervention group have completed the tasks
assigned to them during the course, by asking the participants
viaan instant message or email, and will also send certificates
for each module. Then, the electronic questionnaire (Arabic
NoMAD) will be sent again to be filled out for the second time
by the intervention group, and the main investigator will make
surethat all theforms have been completed within 2 weeks after
thetraining course. After that, the participantswill be monitored
at their workplacesfor 3 monthsin order to measure the impact
of the training course on their work and the changes that affect
their roles, aswell as evaluate their experiences using the NPT
toolkit. Interviewswill be conducted at their workplacesin the
selected hospitals.

After 3 months, the main investigator will measurethe variables
of theinterview using the NPT toolkit to create a viewpoint for
PPC delivery via nurses at the end of life, and assess the
modality of working in the hospital units. Simultaneously, a
NoMAD link will be sent to all participantsfrom the 2 armsfor
the last time to evaluate the long-term impact of the training
course on providing PC.

Outcomes

All outcomes of the study will be assessed at the starting point,
and after 2 weeks and 3 months. Participant characteristics and
demographic variableswill be collected at baseline. Participant
characteristicsinclude age, gender, and relevant comorbidities,
while demographic variables include job category, work
experience, academic qualification, job title, and the number of
local training courses. The outcomes are based on the
recommendations of the NPT and its 4 related constructs [58].

https://www.researchprotocols.org/2022/11/e23783

Primary Outcome

The primary outcome involves the evaluation of the
ELNEC-PPC course aimed at providing PC in arange of health
care contexts through the Arabic NOMAD questionnaire and
observation of routine clinical care.

Secondary Outcome

The secondary outcomesinvolve an interview, operating context
examination, and assessment via the NPT toolkit.

Interview Procedure

Semistructured face-to-face interviews will be conducted with
al nurses on successfully completing the ELNEC-PPC
web-based training course. All participants have direct contact
with patients, and 3 rounds of interviewswill be conducted after
3 months. After consenting, participantswill be interviewed by
the main investigator (MA). All interviews will be audio
recorded and transcribed. If participants do not want to be
recorded, the main investigator will make notes and then
transcribe an in-depth discussion account. Some participants
will beinterviewed in pairsor small groups. They will be asked
about the changes they experienced in terms of care after the
training. Throughout the interview rounds, participants will be
guestioned about the most important developments since the
start of the program. They will be asked to disclose their
opinions around PPC and to clarify the degree to which they
would be implementing the method. Themes are based on the
NPT [59] and will be reviewed to include problems from the
initial meetings. This will assist researchers in exploring
participant views on the simplest models of care.

Consequently, the interactive NPT toolkit will be used. It
contains 16 questions for thinking through an implementation
problem. The embedding will beimproved, and statements and
explanations will be edited for a web-enabled tool.

Sample Size

The study has been designed as asuperiority trial with 2 parallel
groups (ELNEC-PPC web-based training plus usua care and
usual careonly). For calculation of the appropriate sample size,
the main researcher uses the assumption that the 5 selected
settings have 254 nursing staff members on average eligible for
inclusion based on a survey of all included settings before the
study to determine the total number of nurses who work in the
selected settings and are appropriate for inclusion. Based on
thisassumption, aswell asa2-sided P value <.05, a0.90 power,
atraditional predictable correlation between 2 measurements
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of 0.5, and an intraclass correlation coefficient with P<.05, 86
participants were required in theintervention group and 86 were
required in the control group for t tests. To support equal sample
sizes, including for the units of the selected settings, and to
account for intrastratified correlations of units, a multilevel
analysiswill beused. Nursing staff memberswho aretransferred
to a dissimilar organization unit will be exchanged from the
sampleof nursing staff, and changeswill take placein the course
of the study. To catch up with nursing staff members who are
not changed in time, the researchers will insert an additional
organization unit from the critical care unitsfor theintervention
and control groups, which will result in atotal of 172 nursing
staff members. All power analyseswill be performed using the
G*Power software (version 3.1).

Data Collection

NoMAD I nstrument

Participants will complete 2 data collection forms at the
beginning, and forms will aso be completed after the
ELNEC-PPC training. The main data collection instrument is
NoMAD [33]. The origina form of this instrument has been
translated into Arabic and adapted to Arabic conditions to
evaluate the normalization potentiality of PPC training, which
will be provided by a web-based training intervention.

The NoMAD instrument has been trandated into the Fusha
diaect in trand ation steps outlined previoudly [60]. The authors
translated the NoMAD instrument from English to Arabic, and
then, back trandated it to English. The content validity and
translated NOMAD acceptability have been measured in a
reiterative procedure involving several recognized steps,
including trandation forward and translation backward, tests
of the target language instrument content validity, meetings
with specialists, and further revision, aswell asafinal content
validity test of the studied tool. The finalized tool has been
created as an electronic form. The Arabic NOMAD prime
version, following step 2 of the clarification and adaptation
process, has been applied in apilot study. The Arabic NOMAD
instrument is split into the following 3 sections: Section A,
which includes 12 items on the respondents; Section B, which
includes 3 general items on the intervention; and Section C,
which includes 20 identifiable items on the intervention.
Regarding the 4 NPT concepts, “Coherence” has 4 questions,
“Cognitive Participation” has 4 questions, “ Collective Action”
has 7 questions, and “ Reflexive Monitoring” has 5 questions.

TheArabic NOMAD scaleconsistsof 31 Likert-typeitems. The
itemsin section B arerated on a 10-point Likert-type scale from
“not at all” to “completely.” The itemsin section C are rated
on a5-point Likert-type scalefrom “ disagree strongly” to “agree
strongly.” “Neutral” and “not applicable” are also assumed as
choices to explain respondents’ experiences of using the
intervention within the workplace (Multimedia Appendix 9).
A total of 30 participants have completed the Arabic NOoOMAD
survey, with a 100% reply rate. Content validity computed for
the Arabic NOMAD scale (content validity index [CVI]) was
0.91, which is significantly higher than the suggested level of
0.80, and theitem-CVI was 0.71-1.00. Scalereliability wasalso
strong, with a Cronbach a coefficient of .77-.86 in the
postcourse analysis. In arecent study, the NOMAD instrument
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demonstrated an indoor consistency score (o coefficient) of
.76-.83 [61], and therefore, it may be considered asreliable.

The NoMAD questionnaire has been trand ated into 7 languages
[62]. The Arabic NOMAD instrument provides aversatile bank
of items” [63], with afocus on wideitem versions, for instance,
to supply more anticipatory assessments. TheNOMAD designers
propose that the tool must be examined as a “pragmatic
measure” of an intervention [64,65], and it motivates adaptation
for multipurpose functionsin particular application studies and
meets clinical practice requirements.

The Arabic NOMAD instrument has 4 building item groups,
according to reliability and validity data. In addition, there is
no proposal for definite scoring instructions or construct
procedures, which should be used in each study.

Thetimeto completethe basgline questionnaireis approximately
20-25 minutes. The follow-up questionnaires are shorter, and
the time to complete these is approximately 20 minutes.

At the starting point and 2-week and 3-month follow-ups,
participants will be sent an email with alink that directs them
to complete the Arabic NOMAD questionnaire. To ensure as
high aresponserate as possiblein the follow-up questionnaires,
several reminder emails will be sent (every 3 days). If no
response is received, the investigator will attempt to
communicate with the participant via text message or phone
call and inquireif the participant is ready to reply to the survey
over the telephone.

I nterviews

Semistructured face-to-face interviews will be conducted with
all nurse participantsto detect the level of successfully passing
the ELNEC-PPC web-based training course from the selected
settings. All participants have direct contact with patients, and
3 rounds of interviews will be conducted after 3 months. After
consenting, participants will be interviewed by the main
researcher (MA). All interviews will be audio recorded and
transcribed. If participants do not want to be recorded, the
researcher will take notes and subsequently write a detailed
account of the discussion. Some participantswill beinterviewed
in pairs or small groups. They will be asked about the changes
they experienced with regard to training.

The interactive NPT toolkit will be used for assessment. It
contains 16 questions for thinking through an implementation
problem. The embedding will beimproved, and statements and
explanations will be edited for aweb-enabled toal.

Accessto Data

All personally identifiable data collected in thetrial will be kept
for 5 years. These data are kept to be able to track any adverse
eventsreported after completion of thetrial. After these 5 years,
the data set will be fully anonymized. The anonymized full data
set will be kept for up to 30 yearsfor research purposes and will
be used to create a data model that can inform the further
development of potential research of ELNEC-PPC web-based
training. Datawill be stored at the Postgraduate Department of
Nursing College/Babylon University.
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Statistical Analysis

Results will be stated according to the CONSORT declaration
concerning health [49,50]. The analysis of primary data will
follow the intention-to-treat principle and relate the alterations
in the overhead outcome measures between the intervention
and control groups. SPSS Version 26.0 software (IBM Corp)
will be used for the data analysis. Descriptive statistics will be
presented by percentage distributions and indicators describing
thelocation (arithmetic mean=M) and deviation (range; standard
deviation=SD). The analysis of primary data will predict the
mean difference with 95% CI in the NOMAD score at the
3-month follow-up between the intervention and control groups.

The model includes accessible data of nurse participants at all
time points (ie, starting point, and after 2 weeks and 3 months).
Within the regression model, distinct participants will be
considered using a random effect approach, accounting for
inside topi ¢ covariance construction. The group and time effects
will be considered with asset effects using a combined
intervention and time variable. Starting point levels will be
obtained over 2 research collections supposing that starting
point alterationsare coincidental [66]. Thisisaimed at minimal
starting point changes in the outcome variable.

Both groupswill primarily belabeled according to their starting
point features. Theinitial datawill be analyzed to evaluate the
effectiveness of ELNEC-PPC web-based training in the
intervention group when compared with the findings in the
control group, according to the NPT.

Theanalysiswill inspect intervention effects continuously over
time, and will assess the interaction between period and group
allocation. The difference between the groups will be assessed
for the period of the basic model and will be further evaluated
according to the stratification by unit category (critical care unit
and noncritical care unit) [67].

Repeated measures ANOVA will be performed to assess the
multivariate main intervention effects (associated with controls)
considering pre, post, and follow-up time points, aswell astheir
interface effects. A 2-sided P value <.05 will be considered
significant. The standardized effect size (Cohen d) will also be
calculated. Mediator analysis will be controlled to determine
which subgroups would benefit further from the intervention,
with outcome variables regressing on independent variables,
including age group, sex, education, and starting Arabic
NoMAD score.

Secondary outcomeswill be analyzed using an approach similar
to the approach described for the primary outcome with linear
mixed modelsfor repeated measures. The datafrom the 2-week
and 3-month follow-upswill a so be analyzed using the approach
described above for the primary outcome.

Pilot Testing

A pilot study was conducted between March 2020 and July
2020, by using the initial Arabic NOMAD version, following
clarification and adaptation. This pilot study was the initial
implementation of the PPC web-based training intervention.

The web-based training intervention was used for the provision
of PPC in hospitals by staff nurses, and for the application and
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development of further adaptable and improved operating
approaches in health care facilities.

The pilot study was performed to test the instruments, make
revisions where necessary, and again test the instruments. Other
aspects of the research, such as how to gain access to
respondents, were also piloted. Moreover, we tested a process
toimplement the ELNEC-PPC web-based training intervention,
and to gain information about practical procedures regarding
recruitment and screening as described in this protocol.
Accordingly, the pilot study identified challenges in the
recruitment process that could be addressed before the RCT.

The pilot study was conducted with the methods described for
the RCT in this protocol. Recruitment ran until testing from all
described channels. All participantsin the pilot study contributed
to the ELNEC-PPC web-based training and usual care
(intervention). Outcome data were collected at baseline and
after 2 weeks. The outcome data collected will not be included
inthe RCT analysis.

Ethics Approval

Approvalsfor the pilot study, RCT, and process eval uation have
been obtained from the relevant ethics committees in Nursing
College/Babylon University. Approval was sought from the
Committee on Scientific Research Ethics (number 291; January
29, 2020) and Babel Health Director (number 124; January 30,
2020). Correspondingly, approval from institutional review
boards for the protection of data activities has been obtained
within Nursing College. The trial has been registered at
Clinical Trials.gov (NCT04461561).

For thistrial, serious adverse events are not expected, and thus,
no interim analysis or a priori stopping rules are defined or
implemented for this trial. All inquiries from participants
reporting technical or medical problemswill beregistered. The
website for providing the training course contains a link to a
webpage with frequently asked questions that can guide
participants with technical issues. All inquiries will be
documented and conferred in an internal review, and the
research outcomes will be described.

Results

The RCT results will be presented in compliance with the
CONSORT 2010 writing recommendations, in addition to the
2013 modification (CONSORT-EHEALTH) focused on writing
mobile-based and web-based RCTs [50,55]. Data collection is
expected to be completed by March 2021, and the distribution
of trial resultsis planned after analysis.

Discussion

To the best of our knowledge, this RCT will be thefirst tria to
clarify the delivery of PC at the end of life through the
implementation of ELNEC-PPC as aweb-based training course
among Iragi nursesin the pediatric field. In addition, it will be
one of the limited trials to evaluate enhancement in PC as a
result of the ELNEC-PPC web-based training program. It will
also evaluate the impact and effectiveness of this program by
using the NPT, which focuses on how complex interventions
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become routinely embedded in practice. The study design has
several strengths, including random all ocation to dissemination
conditions, theinclusion of dataon reach, implementation under
different conditions, the willingness of staff to participate, and
the highly pragmatic nature of the protocol, with planning via
the Pragmatic Explanatory Continuum Indicator Summary
(PRECIS)-2 quidelines [68] (Figure 2) that show the
characteristics of the ELNEC-PPC web-based intervention. The
mean score among the 9 domains of the PRECISis4.22, which

Al-Shammari et d

indicates a pragmatic protocol, with training of staff members
who work in pediatric units and mixed units under the
experimental condition. An important strength of the
intervention is its modification according to the requirements
and wishes of the health care staff to overcome hindrances,
which will benefit health care administration. To increase
nursing staff motivation, the web-based coursewill be provided
to participantsin the control group on completion of the study.

Figure2. lllustration of the End-of-Life Nursing Education Consortium-pediatric palliative care web-based training intervention trial according to the

Pragmatic Explanatory Continuum Indicator Summary-2 wheel.

Eligibility:
Who is selected to participate
in the trial?

Primary analysis:
To what extent are all data
included?

Primary outcome:
How relevant is it to
participants?

Follow-up:
How closely are participants
followed-up?

Flexibility adherence:
What measures are in place
to make sure participants
adhere to the intervention?

The trial has some limitations that must be mentioned. First,
the participantswill be aware of theintervention being received,
which might cause bias. Second, as self-reported data will
primarily be used, there might be recall bias. Third, a high
dropout rate is likely, even with self-choice and additional
strategiesto reduce it (for instance, email noticesin addition to
further incentives). Fourth, the outcomes will be assessed up to
only 3 months. Findly, the self-administered web-based
intervention might be less efficient.

Up to now, the readiness of nursing staff to join the
ELNEC-PPC web-based training course has been outstanding.
The first training was provided in March 2020 for the pilot
study, and the last training was provided in August 2020. The
results became accessible in December 2020. The study will
involve numerous departments. All units have a bottom-up
approach for offering PC to children with life-limiting illnesses.
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What expertise and
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deliver the intervention?

Flexibility delivery:
How should the intervention
be delivered?

The selected design is appropriate for the study purposes. The
design permits evaluating the training program’s influences on
normalization and adaptation for providing PPC during daily
routine practice promptly. In addition, a brief assessment will
be performed at 3 months.

We hope that the findings of this study show that the web-based
training intervention not only supports nursing staff in providing
PPC in addition to usual care, but also has a positive impact on
high-quality nursing carein pediatric governmental health care
organizations and provides knowledge about recovery in
children with life-limiting illnesses. Health care workers will
be able to provide original information intended for modifying
the intervention according to their patients’ needs. The results
will help health care policy makers decide whether to expand
the ELNEC-PPC program to all nursing staff in the country.
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Abstract

Background: Chronictinnitusis an increasing worldwide health concern, causing a significant burden to the health care system
each year. The COVID-19 pandemic has seen a further increase in reported cases. For people with tinnitus, symptoms are
exacerbated because of socia isolation and the elevated levels of anxiety and depression caused by quarantines and lockdowns.
Although it has been reported that patients with tinnitus can experience changes in cognitive capabilities, changes in adaptive
learning via decision-making tasks for people with tinnitus have not yet been investigated.

Objective: Inthisstudy, weaimto assess state- and trait-related impai rmentsin adaptive learning ability on probabilistic learning
tasks among people with tinnitus. Given that performance in such tasks can be quantified through computational modeling methods
using a small set of neural-informed model parameters, such approaches are promising in terms of the assessment of tinnitus
severity. We will first examine baseline differencesin the characterization of decision-making under uncertainty between healthy
individuals and people with tinnitus in terms of differences in the parameters of computational models in a cross-sectional
experiment. We will also investigate whether these computational markers, which capture characteristics of decision-making,
can be used to understand the cognitive impact of tinnitus symptom fluctuations through a longitudinal experimental design.

Methods: We have devel oped amobile app, AthenaCX, to deliver e-consent and baseline tinnitus and psychological assessments
as well as regular ecological momentary assessments (EMAS) of perceived tinnitus loudness and a web-based aversive version
of a probabilistic decision-making task, which can be triggered based on the participants responses to the EMA surveys.
Computational models will be developed to fit participants choice data in the task, and cognitive parameters will be estimated
to characterize participants’ current ability to adapt learning to the change of the simulated environment at each session when the
task istriggered. Linear regression analysis will be conducted to evaluate the impacts of baseline tinnitus severity on adapting
decision-making performance. Repeated measures linear regression analysis will be used to examine model-derived parameters
of decision-making in measuring real-time perceived tinnitus loudness fluctuations.

Results: Ethicsapproval wasreceived in December 2020 from Dublin City University (DCUREC/2021/070). Theimplementation
of the experiments, including both the surveys and the web-based decision-making task, has been prepared. Recruitment flyers
have been shared with audiologists, and a video instruction has been created to illustrate to the participants how to participate in
the experiment. We expect to finish data collection over 12 months and complete data analysis 6 months after this. The results
are expected to be published in December 2023.

Conclusions: We believe that EMA with context-aware triggering can facilitate a deeper understanding of the effects of tinnitus
symptom severity upon decision-making processes as measured outside of the laboratory.

International Registered Report Identifier (IRRID): PRR1-10.2196/36583
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Introduction

Background

Tinnitus is an increasingly significant health concern
characterized by the perception of sound in the absence of
external stimuli [1]. Tinnitusisnormally described asaringing
in the ears, but it may aso take other forms such as buzzing,
humming, clicking, or hissing. It has been reported by the
American Tinnitus Association that approximately 15% of the
general public, >50 million people in the United States,
experience some forms of tinnitus, with 20 million people
struggling with burdensome chronic tinnitus and >2 million
cases characterized as extreme and debilitating [2]. A recent
large research study conducted by Stohler et al [3] revealed an
increasing incidence rate of tinnitus between 2000 and 2016. It
was reported that the number of people living with chronic
tinnitus is set to increase by more than half a million over the
next decade, emphasizing a potentialy increasing burden on
the health care system. A recent observation is that the
challenges associated with responsesto the COVID-19 pandemic
can increase tinnitus distress in case the people perceive the
situation as generally stressful with increasing grief, frustration,
stress, and nervousness [4]. It has been proved in previous
studies that the presence of stress is highly correlated with
tinnitus either initiating or worsening [5,6]. In fact, the British
Tinnitus Association has reported arapid increasein the number
of people accessing their services, with a 256% increase in the
number of web chats from May 2020 to December 2020
compared with the same period in 2019 [7].

Tinnitus and Cognitive Impairments

Although most patients with tinnitus can cope well with the
condition, managing to minimize its impact on their life,
approximately 20% of the individuals can be characterized as
being severely debilitated by their symptoms [8,9]. Recently,
it has been proposed to differentiate between tinnitusto describe
the auditory phantom percept and tinnitus disorder for the
description of the auditory component plus the associated
experience [10]. Although neuroimaging evidence is emerging
showing that tinnitus is associated with abnormal functioning
of the central auditory system[9,11,12], epidemiological studies
have reveal ed that the perceived sound typically associated with
the condition is not the only symptom. This suggests that other
pathological elements may be associated with the condition;
for example, the experience of tinnitusisrelated to asignificant
decline in cognitive functions such as working memory and
attention [13,14], learning and learning rate [15], and cognitive
speed [16], leading to an obvious decrease in quality of life.
Thisinvolvement of nonauditory impairment isreflected by the
fact that tinnitus is related to abnormal functioning not only in
auditory brain areas but also in nonauditory brain areas,
especialy the prefrontal cortex [17], which playsacrucial role
in executive control and decision-making [18]. Earlier studies
that investigated cognitive impairments caused by tinnituswere

https://www.researchprotocols.org/2022/11/e36583

mainly in the domains of attentional process and memory bias,
and the findings were largely based on patients’ self-report
behavioral and emotional responsesto neuropsychological tests
[15,19]. Andersson et al [20,21] were among the first to adopt
experimental techniques from cognitive psychology, that is, the
Stroop test, to measure selective attention in this context.
Subsequent studies using similar methodologies further
corroborated their findings that tinnitus depletes attention
resources and results in compromised cognitive performance
[16,20,22].

Computational Modeling to Capture Cognitive
Processes in Decision-making

Although behavioral summary statistics used in previous
experimental cognitive studies, for example, accuracy and
reaction time on the Stroop test, are more objective than
self-report measures, they cannot be used to understand the
underlying cognitive mechanismsthat generate individual-level
behaviors[23]. Computational modeling presents an aternative
approach to make better sense of behavioral data and enhance
our understanding of the cognitive processes in people with
tinnitus. The most popular and successful application of
computational modeling is in the field of learning and
decision-making [24], which, surprisingly, has not been explored
to date in the context of tinnitus.

Decision-making is acomplex mental processthat requiresthe
coordination of several simultaneous cognitive processes,
including perception, attention, evidence accumulation, and
motor response networks [25,26]. It now seems that the
cognitive abilitiesinvolved before (eg, perception and attention)
or after (eg, learning) a choice is made can have significant
influence on thefinal step of amotor response[27]; for example,
attention is beneficial for decision-making because relevant
features of the environment can be preferentially processed to
enhance the quality of evidence. Executive functions and
memory are critical to decision-making performance under risk
[28].

Thus, we hypothesize that degradation in the cognitive abilities
of patients with tinnitus may affect their decision-making
characteristics. To gain abetter understanding of the underlying
cognitive processes of people with tinnitus, the method of
computational modeling will be applied on areward-lossversion
of the probabilistic decision-making under volatility task. This
isatask that has been used to examine how humans can track
the statistics of a reward-loss environment and adapt their
learning rates accordingly [29]. Participants in their study had
to choose 1 of 2 shaped Gabor patches, either of which might
result in the delivery of an electrical shock. In each shape, a
digital number is presented indicating the magnitude of the
electrical shock that might be received. In the stable task block,
1 of the 2 shapes is associated with a 75% probability of
receiving an electrical shock, and the other shape generated an
electrical shock on the remaining trials. In the volatile task

JMIR Res Protoc 2022 | vol. 11 | iss. 11 |e36583 | p.34
(page number not for citation purposes)


http://dx.doi.org/10.2196/36583
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

block, the shape most predictive of shock delivery reversed
across several blocks of trials. We developed an equivalent
web-based version of thetask using the leprechaun story, which
will be introduced in the Methods section. The computational
parameters of thistask can be used as a succinct representation
not only for quantifying the effect of tinnitus on decision-making
but aso for investigating individual differences and
within-individual changesin decision-making that are difficult
to establish through superficial summary statistics.

The Relationship Among Tinnitus, Cognition, and
Psychological Disorders

It has been documented that, apart from impairments in
cognition, patients with tinnitus may experience a variety of
psychological disorders such as depression and anxiety. Holgers
et a [22] found that the occurrence of depression and anxiety
among a population consisting of people with severe tinnitus
was significantly higher than that among the general population.
Similar results were obtained in the study by Fetoni et a [30],
where subjective tinnitus severity demonstrated a strong
correlation with psychological distress measured by the Hospital
Anxiety and Depression Scale. Asaresult, the identification of
depression and anxiety disordersis of the highest importance
in the management of patients with tinnitus because these
comorbidities should be specifically treated [31].

It is widely recognized that the relationships between tinnitus
and psychological variables are complex; for example, it is
unknown whether cognitive impairments are caused by severe
tinnitus directly or whether psychological factors are also
involved, given that there is growing evidence for cognitive
dysfunction among peopl e with depression and anxiety [32,33].
In other words, cognitive impairments among people with
tinnitus may not ssimply be the result of tinnitus but the
co-occurrence or mediation of high levels of anxiety and
depression [34]. Alternatively, tinnitus may lead to anxiety and
emotional distress that, in turn, disrupt cognitive processes.
Understanding the origin and underlying mechanisms of tinnitus
and tinnitus-related impairment is therefore a significant
challenge for current basic research. Psychological factors as
well as impairments in cognition have been considered
covariatesto predict self-reported tinnitus severity. Interestingly,
although both wereidentified as significant predictors of tinnitus
severity, the decline in cognition has not been explained so far
by psychological covariates in people with tinnitus [20,22].
However, this is not consistent with the literature in the field
of anxiety and depression where both of these disorders can
lead to cognitive impairments [33,35]. In addition, it was
documented that these 2 psychological disorders can lead to
reduced performance in decision-making tasks [36,37]; for
example, it has been reported in the study by Browning et al
[29] that individuals with high trait anxiety demonstrate less
ability to adjust learning rates between stable and volatile
environments in a laboratory-based reward-loss probabilistic
decision-making task. We developed a web-based version of
this task to examine whether it is tinnitus or a psychological
dteration that is related to impared decision-making
performance in people with tinnitus.

https://www.researchprotocols.org/2022/11/e36583
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Take Tinnitus Severity Fluctuation Into Account

Another challenge encountered in the field of tinnitus research
is that the perception of tinnitus loudness and distress is not
constant in most cases but varies over time [38]. Asaresult, it
isunknown whether the previous between-parti cipantsfindings
capture trait-like features of tinnitus or state-like features
associated with fluctuating tinnitus symptoms. The second
guestion of this study then relates to how moment-to-moment
changesin tinnitus symptom experience affect decision-making
performance under uncertainty. This question will be resolved
by a longitudina within-participants ecologica momentary
assessment (EMA) in which participants’ tinnitus states in the
current moment will be sampled multiple times per day via
self-report questionnaires, and the decision-making task will
be triggered in several sessions based on their tinnitus severity.
In contrast to retrospective self-report measures where patients
are required to recall and summarize their tinnitus experience
in the past 1 or 2 weeks, an EMA focuses on the current
moment, minimizing the potential for recall biasand increasing
ecological validity. The use of EMA in tinnitus studies has
increased with the devel opment of mobile apps and the growing
availability of smartphones [39-41]. We have developed a
mobile app, AthenaCX [42], that can automatically send
notifications to the participants at several time points during
the day requesting that they complete a state questionnaire
asking about their current tinnitus symptom levels.

Furthermore, an intelligent algorithm is embedded in the app
to trigger the decision-making task whenever the participants
perceive relatively lower or higher levels of tinnitus distress
than normal for them. Leveraging these tools, we are able to
examine the dynamic changes of the computational markers
extracted from decision-making behaviors associated with
tinnitus fluctuation, simultaneously accounting for other
time-varying factors—for example, emotions and nonadherence.

Hypothesis

In summary, our first hypothesis is that people with chronic
tinnitus demonstrate inferior learning adaptation in
decision-making, represented by model-derived parameters, in
a simulated uncertain environment compared with healthy
controls, and this association is mediated by psychological
disorders. An initia baseline cross-sectional study will be
conducted to examine this hypothesis. Our second hypothesis
is that the learning adapting ability for healthy controls will
show good test-retest reliability, whereas the impairment-level
of learning adapting of patientswith tinnituswill exhibit higher
variability and is positively correlated with moment-to-moment
tinnitus severity in the longitudinal study.

Methods

Study Design

Once the participant is recruited, we will give them a unique
ID and alink to download the study app AthenaCX from the
Google Play Store or Apple Store. Participants will use the
assigned ID to enter into the study app. After opening the app,
they will be directed to read the plain language statement and
the data privacy statement, which is referred to as participant
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information in the app. Once they agree to the terms, they will
be asked to consent to the study. All communication with
interested participants will be carried out on the web. The
contact information will be hashed and saved on a secure
password-protected Dublin City University Google Drivefol der.
All assessmentswill be completed inside the mobile app, except
for the web-based decision-making task. The collected datawill
be stored in the AthenaCX databases, which reside on the
Amazon Web Service platform at its Western Europe data
center.

The experiment starts when the participant logs in to the app
and consents to participate in the study. The complete study
comprises 2 phases of experiments—the cross-sectional
experiment and the longitudinal experiment—Ilasting up to 1
month depending on the frequency of patient responses. The
cross-sectional experiment takes placeright after the participants
log in to the app and consent to participate. In this experiment,
the participants are required to finish severa baseline
assessments, including the European School for Interdisciplinary
Tinnitus Research Screening Questionnaire [43] (ESI T-SQ; part
A for participants with tinnitus as well as healthy controls and
part B only for participants with tinnitus) for an evaluation of
their tinnitus-related history, the State-Trait Anxiety Inventory
(STAI) [44] and Mgjor Depression Inventory (MDI) [45] for
both groups to score their anxiety and depression levels, and
the Mini Tinnitus Questionnaire (MTQ) [46] specifically for
participantswith chronic tinnitus to assess their baselinetinnitus
severity, followed by an EMA questionnaire asking about their
current tinnitus symptoms and emotional status. In summary,
the healthy controls will finish 3 questionnaires and a state
guestionnaire taking approximately 15 minutes, whereas the
participants with chronic tinnitus will complete the same
guestionnaires as well as the tinnitus-specific questions in the
ESIT-SQ and an extra baseline tinnitus assessment requiring
<10 minutes. After finishing the questionnaires, they will be
directed to the web-based reward-loss version of the
probabilistic decision-making task, which requires 15 minutes
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to finish. The self-report questionnaires and decision-making
task are introduced in detail in the sections that follow.

From the second day of the participants participation, the
longitudinal-phase experiments will be activated. In the first
part of this experiment, we will only observe the fluctuations
of tinnitus perception and emotional status of both groups. This
will be carried out as follows. The AthenaCX mobile app will
automatically present to the participants the same EMA
guestionnaire that they completed in the baseline experiment.
Itis presented from 8 AM to 8 PM up to 4 times per day and is
valid for 90 minutes. Unlike in the baseline experiment, the
participants will not be directed to the decision-making task
after the EMA survey until we obtain >5 responses of self-report
tinnitus symptoms. From the sixth response, which is also the
second part of this experiment, the algorithm we designed to
intelligently trigger the decision-making task based on the
participants’ current tinnitus symptoms will be activated. In
other words, the algorithm will start monitoring the tinnitus
severity reported by the participants with chronic tinnitus; only
when the lower or higher thresholds (which are calculated for
each participant combining all their tinnitus history reports) are
reached will the decision-making task betriggered. Altogether,
we expect the participants with chronic tinnitus to complete the
decision-making task 4 times at 4 different time points: twice
when their moment tinnitus symptom is smaller than the lower
threshold and twice when their moment tinnitus symptom is
larger than the higher threshold. Thus, the experiment will be
terminated whenever the task is completed 4 times. Another
termination condition isatimelimit, that is, the experiment will
cometo an end after 1 month irrespective of the amount of data
collected from the participant. The healthy controls will need
to answer the same EMA questions, except for the
tinnitus-related questions, with the same frequency as the
patients with tinnitus for 2 weeks, during which the task will
betriggered randomly 4 times. Refer to Figure 1 for the pipeline
of the experiments for the participants with tinnitus.

JMIR Res Protoc 2022 | vol. 11 | iss. 11 |e36583 | p.36
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Zhang et a

Figurel. Pipelineof the experimentsfor tinnitus participants. ESIT: European School for Interdisciplinary Tinnitus Research Screening Questionnaire;
MDI: Mgjor Depression Inventory; MTQ: Mini Tinnitus Questionnaire; SQ: Screening Questionnaire; STAI: State-Trait Anxiety Inventory.

Study App (AthenaCX)

The study app AthenaCX is available for both Android and
iPhone users. It isdesigned for therapid creation and distribution
of dynamic research surveys, including integrated consenting
and even wearable data collection [47]. All of the surveysin
this study will be delivered to the participantsin this app. The
demographic survey will be activated at the point of the initial
download, whereas the other surveys will be activated through
episodic triggering afterward; thus, only when the previous
survey is completed will the next one be activated.

The ESIT-SQ Measure

The ESIT-SQ [43] is a self-report tinnitus-relevant history
guestionnaire, which includes 39 multiple-choice questions. It
isstructured in 2 parts. Part A consists of 17 questions that can
be used by both individuals with tinnitus and healthy controls.
Seven questions require the participant to provide details of
demographics, body characteristics, education, and lifestyle.
One question is about family history, and 9 questions ask
medical history and presence of hearing-related and other
symptoms. The last of these questions screens for presence of
tinnitus lasting for >5 minutes over the past year. Participants
who answer yes to this question will be directed to complete
the 22 questions in part B, which includes 8 questions about
tinnitus perceptual characteristics, 1 genera question about the
impact of tinnitus, 6 questions about onset-related
characteristics, 4 questions about tinnitus modulating factors
and associations with coexisting conditions, 1 question on
objective tinnitus, and 2 health care—related questions.

TheMTQ Measure

TheMTQ[46] isthe short version of the Tinnitus Questionnaire
used to examine subjective distressrel ated to tinnitus. It consists
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of 12 questions reflecting the most pertinent aspects of tinnitus
distresswith 3 potential answers: true, partly true, and not true,
each yielding a score from 0 to 2. The MTQ has shown good
test-retest reliability as well as high validity. The MTQ score
will serve asthe primary outcome measure for tinnitus severity
in this study.

The STAI Measure

The STAI [44] is acommonly used measure that includes two
20-item self-report scales for assessing trait and state anxiety.
Sate anxiety refers to the current feeling of the respondent,
whereas trait anxiety refers to the genera feeling of the
respondent. Items on the state scale are rated on a4-point scale
from not at all to very much so; items on the trait scale are also
rated on a4-point scale, but here, the ordinal labels range from
almost never to almost always. The total score of each scale
ranges from 20 to 80, with higher scores indicating greater
anxiety. Scores =30 indicate moderate anxiety, and scores >45
indicate severe anxiety [48]. Internal consistency coefficients
for the scale range from 0.86 to 0.95. Test-retest reliability of
this measure ranged from 0.65 to 0.75 over a 2-month interval
[44].

The MDI Measure

The MDI [45] is a 12-item self-report measure for depression
developed by the World Health Organization’s Collaborating
Center in Mental Health. Items contained in the M DI reflect all
symptoms of depression in the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition, and the International
Classification of Diseases, Tenth Revision. Each item is rated
on a 6-point scale from at no time to all the time to assess the
presence of adepressive disorder and the severity of depressive
symptoms over the past 2 weeks. The reliability of the MDI as
ameasure of depression severity is 0.89 based on theresultsin

JMIR Res Protoc 2022 | vol. 11 | iss. 11 |e36583 | p.37
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

the study by Cuijpers et al [49]. Scores on both the STAI and
the MDI will be used as covariates along with tinnitus severity
to examine the contribution of self-reported anxiety and
depression to the performance on the cognitive decision-making
task.

TheEMA Survey of Tinnitus Symptomsand Emotional
Status

An EMA approach is used to alow in-the-moment responses
from participants. Typically, the EMA survey takes <1 minute
to complete. It consists of 4 questions. The first question asks
the participant to rate their emotional valence on ascaleranging
from 0 to 10, representing Very unhappy to Very happy. The
second question asks how much they were concentrating on the
things that they were doing before the interruption. The

Zhang et a

participants can provide their answers on avisual analog scale
(VAS) by moving a dlider between the end points from Not at
all to Fully concentrated. Technically, the VASisimplemented
as a dlider without a preset initial position to avoid anchoring
affects. The last 2 questions are specifically for patients with
tinnitus and ask about tinnitus loudness and tinnitus
stressfulness. These questions are also answered using a VAS.
The anchor points of the VAS asking about tinnitus loudness
are Not audible at one end and Maximal loudness &t the other.
For the VAS asking about tinnitus stressfulness, the labels are
Not stressful on the left side and Maximally stressful on the
right side. In Figure 2, we have provided the interfaces of the
EMA questions on the smartphone screen as an example to
demonstrate the implementations of the surveys on the
AthenaCX app.

Figure 2. Screenshots of the interfaces of the ecological momentary assessment questions on the smartphone screen.

How happy are you at this moment? How much were you concentrating

on the things that you were doing just
before this interruption?

O _goBoEngE

The Triggering Algorithm

The decision-making tasks are triggered by the triggering
algorithm devel oped in the study by Monacelli et a [50]. In our
context, we aim to balance the burden placed on the
participants—do not trigger the task too often—and data
quality—collect enough data for the analysis (refer to the
Statistical Analysis section). Monacelli et a [50] have shown
that their algorithm performs better than both arandom schedule
and a rule-based approach with prefixed thresholds, which are
the current state-of-the-art approaches, in achieving this goal.
The agorithm adapts to the individual participants based on
their reported history of tinnitus severity and adherence. It relies
on 2 datistical models: tinnitus severity is modeled as an
independent and identically distributed sample from a beta
distribution and adherence as an independent and identically
distributed sample from a Bernoulli distribution. At each
interaction of the participants with the app, the algorithm
estimates both the parameters of the beta distribution and the
adherence rate. By using the estimates of the beta distribution
and a control chart approach, the algorithm defines adaptive
Cls for the tinnitus severity, which are used as adaptive
thresholds for triggering the decision-making task. The
significancelevel of these Clsis chosen by analytically solving
a design optimization problem. This problem, in particular,
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How stressful is the tinnitus right
now?

How loud is the tinnitus right now?

formalizes the intent of the authors to trigger on average a
prefixed number of additional tasks per participant, thus
balancing the burden placed on the participants and data quality.
The result is a closed-form solution for the significance level
that depends only on the length of the experiment and the first
time point after which the decision-making tasks can be
triggered. Finally, by considering the estimated adherence rate,
the algorithm updates the optimal significancelevel by replacing
thelength of the experiment with an estimate of thefinal number
of samples collected for the individual participant. Thisresults
in an algorithm that is more careful in submitting the task to
adherent participants but triesto collect dataas soon as possible
for those who are less adherent. This process is repeated for
each interaction of the participant with the app, resulting in a
web-based adaptive algorithm. A representation of the algorithm
ispresented in Figure 1.

Assuggested in the study by Monacelli et a [50], this procedure
is activated once participants have provided data via the app a
minimum of 5 times, and we stop the algorithm after 5 triggers.
We anticipate, based on past adherence behavior, that
approximately 35% of the participant cohort will interact with
the app >5 times [50]. A data quality assessment for the
triggering algorithm will be performed by repeating the analysis
conducted in the study by Monacelli et a [50]. Therefore, we
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will consider both the F;-scores and the utility measures, which
represent, respectively, the precision of the algorithm and its
effectiveness in balancing data quality and the burden placed
on the participants. Plots of both the empirica cumulative
distribution function and a Mann-Whitney-Wilcoxon test will
be considered. It should be noted that although the triggering
algorithm accounts for the uncertainty of the sample size and
incorporates it into its definition of high and low values, this
uncertainty cannot be overlooked in the analysis (refer to the
Statistical Analysissection). Therefore, ascatterplot of thetotal
number of samples against variables of interest such as the
learning rate of the participants will be considered.

The Decision-making Task

Performance on the decision-making task is captured as an
objective measure of adaptation of learning rate to volatility.
In the task, participants are told that they are walking through
a forest carrying 10,000 gold coins (refer to Figure 3 for
screenshots of the task). As they proceed through the forest,
they will come across a series of junctions. At each junction,
there will be 2 leprechauns, each with distinct behaviors
(therefore, we may also refer to thistask asthe leprechaun task).
The leprechaun wearing a blue hat is referred to as the blue
leprechaun, and the leprechaun wearing ared hat isreferred to
asthered leprechaun. The participants have to choose between
the blue and red leprechauns to pass through each junction.
They should choose carefully because one of the leprechauns
will steal gold coins from them and run away. One of the
leprechauns has a high probability of stealing gold coins from
the participants, whereas the other one has a low probability.
However, the probabilities of stealing gold coins, or, aswerefer
to them, the action-outcome contingences of the leprechauns,
can be dtered as part of the experimental design. In this
particular experiment we have 2 blocks. In the stable block of

Figure 3. Screenshots of the web-based |eprechaun task.

ME T 515Ms B WwIInN

Risk Aversion Task

User: 629dbcd8e106d200180e1638

You are walking around in the forest and you have just
uncovered a pat of gold with 10,000 gold cains in it
Unfortunately, your village iis beyond the forest. You have to
navigate thraugh a clump of dense bushes to reach home.
As you make your way through the forest, you will come ipon
several junctions.

At each junction, there will be two leprechauns: blue and red.

One of them is good, one of
them is bad. But you don't know
whicch cne is which.

s % 3%
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120 trials, the probability of one of the leprechauns stealing is
consistently 75%, whereas the probability for the other
leprechaun is consistently 25%. In the volatile block, which
also comprises 120 trials, the stealing probability switches
between 80% blue leprechaun and 80% red leprechaun every
30 trials. Figure 4 shows an example of the change of the
probability of theft by the blue leprechaun throughout the task.
As the participants are required to perform this task multiple
times, the action-outcome contingencies of the 2 leprechauns
arereversed each time the task is activated to eliminate memory
effects, that is, if the structure of the task remains fixed
throughout the experiments, the more times the participants
play, the better they perform because they gain more experience
and will be able to remember the correct answers.

It is not known to the participants that the task consists of 2
blocks and 120 trials (each trial is an opportunity for making a
choice in the game in which the participants choose between
the 2 leprechauns) per block. Each leprechaun holds a bag in
their hands with a number on it that represents how many gold
coins the participants will lose if that leprechaun steals from
them. Throughout the task, the potential losses for choosing
one of the leprechauns are randomly generated between 1 and
100 (M,), and the losses for the other leprechaun are set to 100

~M,.

Participants will be instructed that they should base their
assessment of the most trustworthy leprechaun on their recent
outcome history with each leprechaun and that their goal isto
get back to their village with as many gold coins as possible.
They need to learn which leprechaun on average is currently
the best one to choose throughout the task, and they also need
to adjust the speed of learning to reflect the stability or volatility
of the environment.
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Figure4. Anexample of the changesin the steal probability of the blue leprechaun.
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Ethics Approval

This study has been approved by the Dublin City University
research ethics committee (DCUREC/2021/070). People who
are interested in participating will be instructed to access the
study app (AthenaCX) where the plain language statement and
consent form are presented to the participants before entering
into the study. They will only be able to proceed if they provide
consent.

Recruitment

Two groups, that is, patients with tinnitus and healthy controls,
will berecruited in this study, and wewill limit our recruitment
to Ireland. Power analysis was performed to determine the
sample size required to obtain significant results. The
significance of the between-group difference and the correlation
between adaptive learning ability and tinnitus symptoms are
considered, and it turns out that the minimum sample size for
satisfying both analyses is 54 with medium effect size. Thus,
wewill recruit 60 patients with tinnitus and 60 healthy controls.
The 2 groups will be recruited through separate advertising
campaigns, and both will be paid for their participation. To
incentivize the participants to be adherent with the requests for
dataaswell asto engage with the experimental decision-making
task to the best of their ability, the payment is a Onedall gift
card; the value of the card is composed of two parts, that is,
thereisabasic payment (€10 [US $9.86]) plusavariable bonus
(upto€30[US $29.57]). The bonuswill be determined by their
response rates and performance in the decision-making task
(measured by the gold coins remaining in each session) in the
experiments. If the response rate to the EMA surveysis >50%,
the participant is eligible to earn a bonus of €10 (US $9.86).
The participants need to complete the decision-making task 4
times, each worth up to €5 (US $4.93), which means they will
get up to €20 (US $19.72) for completing the decision-making
task.
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Trials

The patients with chronic tinnitus will be recruited through
clinics and tinnitus support groups and associations; where
possible, measures of hearing loss will be captured. We have
established connectionswith The National Charity for Deafness
and Hearing Loss and audiol ogistsfrom Otologie Tinnitus Care
(atinnitus clinic in Dublin, Ireland). Both will help with the
recruitment of patients with tinnitus. We will use an
advertisement seeking people whose lives are affected by
tinnitus. Eligible participants for the group of patients with
chronic tinnitus will be those aged between 18 and 70 years
who have experienced subjective tinnitus for 26 months and
have accessto asmartphonewith internet capability. The healthy
group will be recruited through our clinical partners and by
posting advertisements on social media. The same doctors
helping recruit patients with tinnitus will also be asked to
identify likely healthy matchesfor the patientswith tinnitus that
they recruit. Thus, we will recruit the group of patients with
tinnitus first, which will allow us to establish a distribution of
age and gender that we will match in the subsequent round of
healthy control recruitment. The healthy participants will be
matched with the patients with tinnitus of the same gender and
similar age with a difference of up to 5 years. Healthy
participantswho areinterested in participating in the experiment
can email usand will berecruited if they suit our study-matching
needs.

All participants will need to register their interest via the link
provided in the recruitment poster. We will get back to them as
soon as we receive their registration information. We will
forward the instructionsfor joining the experiment and ask each
participant to meet one of the investigators on the web in case
they have any questions. This step alone, while adding to the
time burden for the researcher, should improve dataquality and
reduce the chances of multiple enrollments by the same person.
We will also follow up with the participants on the fourth day
to check whether they had any issueswith receiving notifications
and to encourage them to be more positively engaged. Please
refer to Figure 5 for the workflow of the recruitment process.
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Figure5. The workflow of the recruitment process.

Distribute flyers via email

Reply to participants with
participant ID and instructions;
arrange a web-based meeting

Meet with the participantsand
walk them through the
instructions

Automatically send push
notifications
Check with participants on the
fourth day

Researchers

Statistical Analysis

Baseline Self-report Analysis

Standard descriptive statistics will be applied to describe the
baseline assessments of the 2 groups, including demographic
characteristics, tinnitus symptom severity, and psychological
assessments. Continuous variables will be summarized by
measures of central tendency and variability, whereas categorical
variables will be described by measures of frequency and
relative frequency. Correspondingly, a 2-tailed t test will be
used for ng differencesin the distributions of continuous
variables between the 2 groups, and the Pearson chi-square test
will be applied to categorical variables.

Baseline Behavior Data Analysis

Overview

The baseline behavior data collected from the volatility
decision-making task will be analyzed on three levels—basic
exploratory data analysis, nongenerative computational
modeling analysis, and generative computational modeling
analysis—to capture the differences in decision-making under
contingency volatility between the healthy controlsand patients
with tinnitus. The nongenerative analysis will investigate the
effects of loss and the magnitude of loss on the choices during
the task, whereas the generative analysis will reveal the
underlying cognitive processes while participants make
decisions. The details of the 3 levels are presented in the
following sections.

Exploratory Data Analysis

We will first conduct an exploratory analysis of the behavioral
choice data collected in the baseline experiments to capture the
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gquestions

Participants

choice preferences of the patients with chronic tinnitus and the
healthy controls. Several model-independent measures of
behavior will be considered; for example, wewill visualize how
often participants choose the good leprechaun, that is, the
leprechaun less likely to steal gold coins (ie, percentage of
minimizing probability of potential losses) and how often they
choose the leprechaun with the smaller stealing magnitude (ie,
percentage of minimizing magnitude of potential losses). We
will also explore the probability of repeating and switching an
action, that is, win-stay and lose-shift, to capture fundamental
aspects of learning. All of these measures will be visualized at
3 levels. At the trial level (averaging across participants), the
plot demonstrates the trial-by-trial dynamic of the choice
behavior. At the participant level (averaging across trials), the
plot illustrates individual variation. At the overall level
(averaging across both trialsand participants), the plot provides
the average performance of the whole group.

Nongener ative Computational Modeling Analysis

A logistic regression model will be trained to predict
participants’ learning dynamics. It will estimate the probability
of staying versus switching based on the loss in the previous
trial (main effect of the loss), current difference in loss
magnitudes between the 2 options (main effect of potential loss
magnitudes), and the interaction (loss x difference in loss
magnitudes).

Generative Computational Modeling Analysis

To understand the underlying decision-making processes,
generative computational models are developed to bresk
performance down into severa interpretable cognitive
components. Several computational model s have been developed
and are described in the literature [29,51]. The common feature
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of these modelsisthat they all include alearning rate parameter
for capturing the extent to which the outcome probability
estimates are adjusted, given the unexpectedness of the previous
trial’s outcome; a risk preference parameter to alow for
individual differencesin how they weight outcome magnitude
versus outcome probability; and an inverse temperature
parameter to control the degree to which the expected values
are used in determining the option chosen. What we refer to
here as model 1 and model 2 in the study by Gagne et a [51]
are introduced for demonstration purposes. It is worth noting
herethat various modelswill befitted, except for these 2 models,
and model comparison will be conducted to select the model
that best describes the behavioral data, subject to appropriate
validation processes to avoid overfitting.

Model 1 supposes that the probability P, that a good outcome
(no loss of coins) would result from choosing the blue
leprechaun rather than the red leprechaun is updated on a
trial-by-trial basis using the Rescorla-Wagner rule.

Pi=Py +a(0Oy —Piy)

in which the learning rate a O (0, 1) determines how much
weight the decision-maker gives to the recent outcomes when
updating their expected probability. The outcome O,_; is coded
as1if theblueleprechaunischosen and produces agood result
or if thered leprechaun is chosen, followed by abad result. O,_;
is coded as O for the opposite situation in the task. The initial
outcome probability P; is set as 0.5.

The outcome probability estimate is then adjusted to P, using
arisk preference parameter (y (0, 10)) to capture the relative
importance of the magnitude of losses versus the outcome
probability. If y<1, it means that the participant places greater
weight on the magnitude of losses, whereasif y>1, it meansthat
the participant places greater weight on outcome probability
when performing a choice.

P/ = min{max[(y(P,—0.5) + 0.5), 0], 1}

The expected value for each leprechaun is then calculated
through multiplying the adjusted outcome probability and loss
magnitude separately, before taking the difference in expected
values between the 2 |eprechauns.

Vi = PIMPE — (1 P)My™

Finally, the action probabilities are generated using a softmax
function with an inverse temperature parameter 3, which
controls the degree to which the expected values are used in

choosing the leprechauns.
E

Model 2 uses the same assumption as model 1 in terms of
updating the outcome probability (Rescorla-Wagner rule).
However, in contrast with modell, model2 assumes that the
decision-makers combine outcome probability and outcome
magnitude additively, using amixture weight (A). Furthermore,
thedifferencein outcome magnitudesis nonlinearly scaled with
ascaling parameter (r(J [0.1, 10]) to capture any potential bias
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that the participants have toward treating the differences in
outcome magnitudes.

Vo= Alp— (1= p)l + (L =N [Me =M

This model aso incorporates a choice kernel (k;), which acts
like an average window moving forward as the trials proceed.
It is updated by an update rate parameter (n O (O, 1)), which
can be used to determine the number of recent choices contained
in the value of the choice kernel on the current trial.

Ki = kot N(Ciq —ken)

The expected value and the choice kernel are both passed
through a softmax function to decide the probability that the
blue leprechaun is chosen in the current trial with two separate
inverse temperatures (3 and ().

]

There are 3 free parameters (a, y, and 8) in model 1 and 6 free
parameters (o, A, r, n, B, and B) in model 2. All of the
generative models will be estimated with the hierarchical
Bayesian method, in which we assume that the parameters of
individual participants are generated from parent distributions.

The primary measure of interest in the leprechaun task is
whether the participants adapted their |earning ratesin response
to the changes of the environment (from stable block to volatile
block). To take the potential within-participant correlation of
the stable and volatile parameters into account in the modeling
process, we assume that each participant had astableand volatile
parameter with a prior distribution defined by the multivariate
normal distribution with means pypie 8N [yg1ai1e @Nd Covariance
matrix %, which can be converted to a correlation matrix. The
model will be implemented in Stan [52], a probabilistic
programming language, so that the parameters can be estimated
using Markov chain Monte Carlo algorithms. The Cholesky
decomposition trick has been widely used in the Monte Carlo
method for smulating systemswith multiple correl ated variables
[53]. Thus, in the implementation, we will use this technique
to decompose the correl ation matrix into the product of alower
triangular matrix (Cholesky factor) and its transpose; thus, the
correlation matrix of the stable and volatile parameters can be
derived.

Thelmpactsof Basgline Tinnitus Severity and Psychological
Measures

Theimpacts of baseline self-reports, including tinnitus, anxiety,
and depression, on participants adaptation performance on the
task are then analyzed. We first extract the median values of
each participant's parameters and calculate the differences
between the paired stable and volatile parameters estimated in
generative computational modeling analysis. The differences
of each participant are then used as the outcome variable in a
linear regression analysis, with baselinetinnitus severity aswell
as anxiety and depression scores as predictors.

Longitudinal Data Analysis

Our next question concerns whether the computational markers
of the contingency volatility decision-making task of the
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participants with tinnitus can be predictors for detecting
moment-to-moment tinnitus symptom severity. The behavioral
data of the 2 groups collected in the longitudinal experiment
will be fitted to the best fitting model obtained in the baseline
generative modeling analysis. Our primary anaysis for the
participants with tinnitus will be repeated measures linear
regression, with the EMA tinnitus severity as outcome variable
and the model -derived parametersthat capture adaptation ability
of learning as independent variables. This analysis estimates
thelevel of tinnitus distresswhen apatient with tinnitusis more
capable of learning the contingency volatility of the environment
compared with when the same patient isless capable of learning
the contingency volatility of the environment. In the second
model, emotional status will be considered as another
independent variable together with the model-derived parameters
to predict tinnitus severity, that is, multiple regression, so that
theimpacts of emotional status can be examined. For the healthy
controls, we will mainly focus on the test-retest reliability of
their task performance.

Results

The implementation of the experiments has been completed.
We have tested the workflow of the experiment, the timing of
the EMA surveys, the notification functionality on various
Android and iOS systems, and so on. Everything works as
anticipated. For the recruitment, we designed a poster in which
alink isembedded so that participants can register their interest
as soon as they read the advertisement. We also developed
various versions of the instructions (text, interaction-enabled,
and video versions) that demonstrate how to engage with the
study step by step. All of these materials have been shared with
the audiologists who have agreed to help with the recruitment.
The data collection effort will take place over 12 months. We
will start the analysis as soon as the data collection is finished.
The results are expected to be published in December 2023.

Discussion

Overview

The hypothesis of thisstudy isthat patientswith chronic tinnitus
demonstrate impaired adaptive learning ability in changing
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environments compared with a healthy population. This
impairment might be exacerbated at the moment when the
patients are experiencing tinnitus symptoms. This is the first
study to investigate the impacts of tinnitus on decision-making
and the first to acquire computational markers to investigate
what differences, if any, exist between the cognitive processes
of patients with tinnitus and a healthy population. In addition,
by leveraging smartphone technology, this study will be the
first, to the best of our knowledge, to perform many repeated
measures of decision-making based on rea-time EMAs of
tinnitus symptoms in a real-world population consisting of
patients with tinnitus, making it uniquely possible (compared
with cross-sectional designs and traditional methods) to capture
ongoing tinnitus vulnerability.

Thefindings and implications of this study will be presented to
the audiol ogists we are working with as well as the scientific
community. ldentifying objective measures robustly associated
with tinnitus fluctuation isimportant for monitoring trajectories
of tinnitus devel opment as aresult of potential treatment. If the
fluctuation of tinnitus symptoms is truly associated with
decision-making performance, the computational phenotypes
extracted have the potential to serve as objective measurements
of tinnitus severity in the future. The clinical management and
treatment of patients with tinnitus will benefit from these
potential computational markers.

Limitations

Nevertheless, this study also includes limitations. Participants
may fail to respond to the symptom survey request and therefore
fail to accumulate the required number of EMA data points to
feed the calculation that decides upon delivery of the
decision-making task. Such neglect may arise because of
competing tasks and priorities or interruptions that arise from
the normal activitiesof daily living. The bonus payment feature
has been introduced to address thisissue and improve response
rates. Another limitation is that it is possible that the
decision-making task may never be triggered because of the
probabilistic nature of the algorithm, although the triggering
algorithm has been designed to overcome this limitation by
adapting to individual adherence behavior.
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Abstract

Background: Long-term unemployed have poor nutritional and physical activity statuses, and, therefore, special health promotion
needs. Particularly in rura areas, however, they often do not have access to health promotion service. Thus, new promising
strategies to improve the health of long-term unemployed are needed. Hence, a digital health intervention to promote nutritional
and physical health behaviors was conceived, and the effectiveness of the intervention in combination with face-to-face sessions
will be evaluated in arandomized controlled trial.

Objective: Theaim of thisstudy isto elucidate the effectiveness of amobile digital health intervention to promote the nutritional
and physical activity behaviors of long-term unemployed in the rural areas of Germany.

Methods: The 9-week intervention aims to promote nutritional or physical activity behavior by improving drinking habits,
increasing the consumption of fruits, vegetables, and whole grains, increasing daily step count, strengthening muscles, and
improving endurance. The intervention design is based on the transtheoretical model and is implemented in a mobile app using
the MobileCoach open-source platform. The effectiveness of the intervention will be elucidated by a 9-week, 2-armed,
parallel-designed trial. Therefore, long-term unemployed will be recruited by employees of the German social sector institutions
and randomized either to receive information brochures; the digital intervention in the form of a mobile app; and 3 face-to-face
sessions regarding technical support, healthy eating, and physical activity (n=100) or to receive a control treatment consisting of
solely the hand over of information brochures (n=100). The effectiveness of the intervention will be assessed using questionnaires
at baseline, after 9 weeks in face-to-face appointments, and after a 3-month follow-up period by postal contact. The use of the
mobile app will be monitored, and qualitative interviews or focus groups with the participants will be conducted. Incentives of
€50 (US$49.7) will be paid to the participants and are tied to the completion of the questionnaires and not to the use of the mobile
app or progress in the intervention.

Results: Theeffectiveness of theintervention in promoting the nutritional and physical activity behaviors of long-term unemployed
participants will be elucidated. The adherence of the participants to and the acceptance and usability of the mobile device app
will be evaluated. Recruitment started in March 2022, and the final publication of the resultsis expected in the first half of 2023.
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Conclusions: Positive health-related changes made by the intervention would display the potency of digital health interventions
to promote nutritional and physical activity behaviors among long-term unemployed in the rural areas of Germany, which would

also contribute to an improved health status of the German population in general.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2022;11(11):e40321) doi:10.2196/40321

German Clinical Trials Register DRK S00024805; https:.//www.drks.de/DRK S00024805
PRR1-10.2196/40321

KEYWORDS

digital health intervention; behavior changes; nutrition; physical activity; long-term unemployment; rural areas, Germany; mobile

phone

Introduction

Background

Asof 2020, approximately 7.2% of the total working population
was unemployed around the globe [1]. This condition was
exacerbated by the COVID-19 pandemic. In Germany, the rate
of unemployment rose from 5.3% in prepandemic January 2020
to 6.3% in January 2021 [2,3]. Although the unemployment
rate dropped again to 5.4% in January 2022, approximately 2.5
million people of the German population were unemployed, of
which 40.2% were without work for >12 months [4]. Thereis
striking evidence that unemployment is associated with poor
health outcomes (reviewed in the study by Jin et al [5]). In 2011,
Roelfset a [6] meta-analyzed that all-cause mortality was 63%
higher in the unemployed population than in the working
population. In addition to increases in mental health diseases,
such as depression, anxiety disorders [7], psychoses [8], and
substance abuse [9], physical diseases also occur more oftenin
the unemployed than in the employed [ 10]. Theseinclude cancer
[11] and cardiovascular events [12,13]. deBoer et a [11]
compared participants who had cancer in recent years with
cancer-free control participantsand found statistically significant
higher unemployment rates in the former, particularly in those
with cancers of the gastrointestinal system (relativerisk of 1.41).
Moreover, Gallo et a [13] showed that the unemployed had
2.4- and 2.5-fold higher risks of stroke and myocardial infarction
(M), respectively. In this regard, the risk of M1 increases with
increasing length of unemployment. While the relative risk of
M1 was 1.49 times higher in participants who were unemployed
for up to 8 months than in the employed participants, it was
3.08timeshigher in those who were unemployed for >16 months
[14]. Gastrointestinal cancer and cardiovascular events are also
known to beinfluenced by poor nutrition (reviewed in the study
by Wei et a [15]) and physical activity behavior (reviewed in
the study by Lacombe et al [16]), which are generally common
among the unemployed [17,18].

Although there is no difference in hedlth-related behavior
between long-term unemployed personsin urban areas and those
in rura areas, the latter have more difficult access to health
promotionsfrom, for example, primary care physiciansor offers
from health insurances because of alack of financial resources,
poorly developed public transportation infrastructure, and thus
lower mobility [19]. This shows that strategies to reach the
long-term unemployed in rural areas are especially in need.
Therefore, interventions designed in a digital format might be
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promising strategies to promote the health of the long-term
unemployed in rural areas.

Ingenera, digital healthinterventions (DHIs), particularly those
on mobile devices, have been shown to be effective tools for
inducing health-related behavior changes [20-23]. Moreover,
conversational agents (CAs), computer programs that simulate
conversations, are being increasingly used as DHIs [24],
including behavior change apps to promote healthy eating [25]
or physica activity [26]. However, DHIs require access to
technology and sufficient knowledge to use it (digital literacy).
Social hedlth inequalities may contribute to a digital gap, as
next to older age and being male, lower level of education and
lower annual income are associated with a lower likelihood of
owning a smartphone [27]. By contrast, Rhoades et a [28]
showed that more than half of the homeless population owns
smartphones and uses the internet daily. Moreover, Reinwand
et al [29] reported that unemployed persons in a randomized
controlled study used the intervention more frequently than
employed persons, probably because it was time consuming
and they had moretime to use it.

Objective

The aim of this study isto elucidate whether a DHI, conceived
for use on mobile devices, can improve the nutritional and
physical activity behaviors of long-term unemployed in therural
areas of Germany. Therefore, a customized 9-week intervention
is conceptualized and implemented in amobile app and will be
tested in arandomized controlled trial (RCT). The effectiveness
of theintervention will be assessed by questionnaire assessment.

Methods

Intervention Contentsand Mabile App

The intervention design was planned in accordance with the
intervention mapping approach [30]. The intervention content
and the mobile app were designed through a user-centered
approach including the needs assessment [31], a participatory
design workshop with long-term unemployed (N=7), and a
pretest for formative evaluation.

The intervention content is based on the transtheoretical model
(TTM) for health behavior change by Prochaska et al [32,33].
The 9 weeks of the conceptualized intervention are adapted to
the phases of the TTM asfollows: week 1, “ precontemplation”;
week 2, “contemplation”; week 3, “preparation”; weeks4to 7,
“action”; and weeks 8 to 9, “maintenance” Before the
intervention, the participants were assigned to week 1

JMIR Res Protoc 2022 | vol. 11 | iss. 11 |e40321 | p.48
(page number not for citation purposes)


http://dx.doi.org/10.2196/40321
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

(“ precontemplation”), week 2 (“contemplation”), or week 3
(“preparation”) depending on their initially reported nutritional
or physical activity behavior. The initially reported behavior
was assessed by answering the following questions: “Do you
regularly eat a balanced diet for example, foods such as fresh
fruits and vegetables several times a week, or whole grains as
well as dairy products sometimes and less sausage and meat?’
or “Do you exercise regularly, for example, walking, biking,
swimming, or going to the grocery store, that is, for at least 30
minutes each, at least 5 days per week?’ If the questions were
answered with “no,” the participant will receive the following
selections: (8) “...and | do not think about eating amore balanced
diet/exercising more,” (b) “...but | do think about eating amore
balanced diet/exercising more,” or (c) “...but | will start eating
amore balanced diet/exercising more.” The participant will (1)
start inweek 1 if theinitial question isanswered with “no” and
then (a) is selected, (2) start in week 2 if the initial question is
answered with “no” and then (b) is selected, or (3) start in week
3if theinitia question isanswered with “yes’ or with “no” and
then (c) is selected. Therefore, the actual intervention duration

Weishaupt et al

varies between 7 and 9 weeks. The TTM stageismeasured only
once at the beginning of the intervention. However, the
participants reach the next TTM stage only when they proceed
to participate in the intervention. The intervention will be
adaptive, and the participants must initially decide whether they
want to promote their nutritional or physical behavior.
Furthermore, in week 3 (“preparation”), they can choose to
pursue only one of the following aims: (n1) change drinking
habits, (n2) eat more fruits and vegetables, (n3) eat more whole
grain products, (pal) increase step count, (pa2) strengthen
muscles, or (pa3) improve endurance, depending on whether
they initially chose to promote nutritional (n1-3) or physical
activity (pal-3) behavior change. After the completion of the
chosen aim, they will have the opportunity to select anew one.
The intervention contents are designed in accordance with
official national and international nutritional [34,35] and
physical activity [36,37] recommendations. Detailed information
about the intervention contents is provided in Tables 1 and 2.
The language of the intervention is German.

Table 1. Intervention contents to promote nutritional behavior.

Phase of the TTM?
(week)

Pursued goals

Intervention content

Behavior change techniques according to
Michieet al [38]

Precontemplation (1)

Contemplation (2)

Preparation (3)

Action (4-7)

Maintenance (8-9)

Recognize the benefits of healthy
eating and the risks of unhealthy
eating and perceive conducive en-
vironmental conditionsthat facili-
tate the change of problem behav-
ior (unhealthy eating)

Recognize the added value of
healthy eating for one’'sown health
and well-being and recognize the
positive and negative conse-
quences of current and target be-
havior for oneself and the environ-
ment

Learning to set and pursue your
own goals: (1) change drinking
habits, (2) eat more fruits and
vegetables, and (3) eat morewhole
grain products

God is pursued and implemented

Consolidation of the goal and
identification of counterstrategies

(1) Benefits of healthy eating and risk of
unhealthy eating, (2) information about the
food pyramid, (3) information about serving
size and food frequencies, (4) information
about macronutrients, and (5) information
about micronutrients

(1) Effects of healthy eating on digestion
and well-being, (2) explanation on how to
understand and use the Nutri-Score, (3)
benefits of fresh foods, (4) information
about food waste, and (5) information on
various health parameters

(1) Self-reflection/self-image in relation to
nutrition and nutrition habits, (2) commit-
ting to 1 out of 3 goals, (3) dealing with the
weaker self, (4) building socia relation-
ships, and (5) pros and cons of the selected
goa

(1) Overview, task, and information about
weekly themes, recipes, and suggestions,
(2) tips on planning purchasing, (3) tipsto
increase healthy nutrition in everyday life
or leisure time, (4) motivation (push mes-
sages, positive feedback, and encourage-
ment of participants’ abilities), (5) informa-
tion about various nutrition themes, and (6)
daily and weekly task checks

(1) (Self-) Reward, (2) habit-building tips,
(3) rolemodelsimplementing healthy nutri-
tional behavior, (4) successfully identifying
and overcoming barriers, and (5) motivation
(push messages, positive feedback, and en-
couragement of participants’ abilities)

Self-monitoring of behavior, information
about health consequences, salience of
conseguence, prompts/cues, and pros and
cons

Feedback on behavior, self-monitoring of
behavior, self-monitoring of the outcomes
of behavior, information about health
consequences, salience of consequences,
information about socia and environmen-
tal consequences, demonstration of the
behavior, pros and cons, and imaginary
reward

Problem solving, action planning, discrep-
ancy between current behavior and goal,
self-monitoring of outcome(s) of behavior,
feedback on the outcome(s) of behavior,
socia support (unspecified), verbal persua-
sion about capability, and pros and cons

Goal setting (behavior), problem solving,
feedback and monitoring, feedback on
behavior, self-monitoring of behavior,
comparison of behavior, demonstration of
the behavior, repetition and substitution,
practice/rehearsal, behavior substitution,
generalization of target behavior, graded
tasks, reduce negative emotions, self-be-
lief, and verbal persuasion about capability

Self-monitoring of behavior, instruction
on how to perform the behavior, demon-
stration of the behavior, habit formation,
nonspecific reward, self-reward, reduce
negative emotions, and focus on past suc-
cess

8TTM: transtheoretical model [32,33].
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Table 2. Intervention contents to promote physical activity behavior.

Weishaupt et al

Phase of the TTM? Pursued goals

(week)

Intervention content

Behavior change techniques according to
Michie et a [38]

Precontemplation (1)  Recognizethe benefits of physical
activity and the risks of physica
inactivity and perceive conducive
conditions that facilitate the
change of problem behavior

(physical inactivity)

Contemplation (2) Recognize the added value of
physical activity for one’'s own
health and well-being, perceivethe
current state of physical activity,
and recognize the positive and
negative consequences of current
and target behavior for oneself, the
environment, and one’s surround-
ings

Preparation (3) Learning to set and pursue your
own goals: (1) increase step count,
(2) strengthen muscles, or (3) im-

prove endurance

Action (4-7) Goal is pursued and implemented

Maintenance (8-9) Consolidation of the goal and

identification of counterstrategies

(1) Benefitsof physical activity for different
parts of the body, (2) consequences of
physical inactivity, (3) opportunities for
physical activity in everyday life and sport,
(4) World Health Organization recommen-
dations, (5) highlighting the positive effects
of everyday physical activity, (6) invitations
to try physical activity, (7) reflection on
everyday physical activity and sporting ac-
tivitiesin youth, in old age, and today, and
(8) highlighting resources in the own envi-
ronment

(1) Effects of physical activity on well-be-
ing and environment, (2) information on
various health parameters, (3) perception
of well-being and feelingsthrough self-tests,
tasks, and challenges, (4) possibility to do
own calculations (eg, pulse measurement),
(5) perceive body signal S/get to know stress
limits, (6) stimulating exchange with
friends/acquaintances, and (7) independent
reflection on the consequences of lack of
physical activity in one'sown environment,
now and in the past

(1) Self-reflection/self-image in relation to
physical activity, (2) analyze strengths and
weaknesses, (3) time management, (4) mo-
tivation, (5) build social relationships, (6)
relaxation exercises, (7) behavioral observa
tion and help to classify average activity
and feedback, and (8) committing to 1 out
of 3 goals

(1) Strategies on how to set and achieve a
goal, (2) weekly and daily goals, (3) tipson
different ways to increase physical activity
ineveryday lifelleisuretime, (4) motivation
(push messages, positive feedback, and en-
couragement of participants’ abilities), and
(5) training plans

(1) (Self-) Reward, (2) habit-building tips,
(3) role models implementing physical ac-
tive rather than inactive behavioral alterna-
tives, (4) successfully identifying and over-
coming barriers, and (5) motivation (push
messages, positive feedback, and encourage-
ment of participants’ abilities)

Self-monitoring of behavior, instruction
on how to perform the behavior, informa-
tion about health consequences, salience
of consequence, and prompts/cues

Self-monitoring of outcome(s) of behav-
ior, information about health conse-
guences, salience of consequences, infor-
mation about social and environmental
consequences, monitoring of emotional
outcomes, and reduce negative emotions

Problem solving, action planning, discrep-
ancy between current behavior and goal,

self-monitoring of outcome(s) of behavior,
feedback on outcome(s) of behavior, infor-
mation about antecedents, social support
(unspecified), and verbal persuasion about
capability

Goal setting (behavior), problem solving,
feedback and monitoring, feedback on
behavior, self-monitoring of behavior,
comparison of behavior, demonstration of
the behavior, repetition and substitution,
behavioral practice/rehearsal, behavior
substitution, generalization of target behav-
ior, graded tasks, reduce negative emo-
tions, self-belief, and verbal persuasion
about capability

Self-monitoring of behavior, instruction
on how to perform the behavior, demon-
stration of the behavior, habit formation,
nonspecific reward, self-reward, reduce
negative emotions, and focus on past suc-
cess

8TTM: transtheoretical model [32,33].

In addition to the theoretical model of behavior change, behavior
change techniques (BCTs) are used. BCTs are active
components that aim to change behaviors as a part of an
intervention [38,39]. Here, the appropriate BCTs are selected
in relation to the individual phases of the TTM (Tables 1 and
2).

The DHI isimplemented in amobile app using the MobileCoach
intervention platform [40,41], an open-source platform for the
design and deployment of DHIs based on rule-based CA. Here,

https://www.researchprotocols.org/2022/11/e40321

the participant chooses 1 of 4 coaches before the intervention,
and the intervention information is provided as text messages,
graphics, and videos or by gamification and storytelling
approaches by emulating human-like interactions (Figure 1).
The participants receive new intervention content once a day
(at midnight). Additional content is sent only after the previous
day’s content is completed. Push notifications are sent once a
day to motivate the participants to complete the intervention
content.
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Figure 1. Screenshotsof the mobile app. Theinformation in the app is provided as text messages, graphics, and videos or by gamification and storytelling

approaches. Screenshots taken on EMUI (version 12.0.0, Huawei).
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sollte.

vorstellen kannst.

The intervention content and mobile app were evaluated in a
pretest [42]. In the pretest, the long-term unemployed
participants (N=12) were asked to test the mobile app for 9
weeks, and feedback was recorded every 3 weeks. The
intervention content and mobile app were modified as suggested
by the participants.

Randomized Controlled I ntervention Study

Study Design

To elucidate the effectiveness of the designed intervention, a
2-armed parallel-designed RCT isconducted with the long-term
unemployed of the rural areas of Germany. The study protocol
has been approved by the ethics committee of the State Medical
Chamber of Baden-Wuerttemberg, Germany (number
F-2019-106), and registered in the German Clinical Trids
Register (DRK S00024805).

The intervention group (n=100) receives information materials
(eg, brochures) regarding healthy nutrition and physical activity
behavior and has accessto the DHI in the form of a mobile app
(refer to the section Intervention Contents and Maobile App).
The intervention period is set to be 9 weeks, as this has been
shown to be in the range of adequate time spans for DHIs
(usually between 4 and 12 weeks) [43-46]. At baseline, after 3
and 6 weeks of intervention, the participantsin theintervention
group are scheduled to visit the study center located in the
affiliated social sector ingtitution to attend additional face-to-face
sessions regarding technical instructions on the mobile app,
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healthy nutrition, and physical activity behavior, respectively.
The control group (n=100) will meet at baseline at the study
center to receive information material in the form of, for
example, brochures (same as the intervention group) but will
not have access to the DHI and will not attend the face-to-face
sessions regarding technical instructions, healthy nutrition, and
physical activity behavior. In addition, all participants
(intervention and control group) will visit the study center after
9 weeks of intervention for ajoint conclusion and to receive an
incentive of €50 (US $49.7). The group allocation will not be
blinded, asthisisnot applicableto the study design. If possible,
investigators analyzing the data will be unaware of the group
assignment.

Recruitment isconducted viathe social sector (eg, employment
societies) of the rural regions in southwestern Germany, and
participant recruitment started in March 2022. Recruitment will
proceed until the required number of participantsis reached or
until the end of 2022. The inclusion criteria are long-term
unemployment (defined as >12 months), between 18 and 67
years of age, and fluency in German. In addition, the participants
must have access to a smartphone or tablet with Android
(minimum version 6.0) or iPhone (minimum version 9.0)
operating system. As the focus of this study is on rural areas,
the affiliated socia sector institutions must be located in rural
areas. The long-term unemployed volunteers will be allocated
randomly (Figure 2) to 1 of the 2 groups by a randomization
list with a block size of 4, stratified to the social sector
institutions, which accomplished the recruitment.
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Figure 2. Participant flow diagram. Interested participants will be assessed for ligibility, and participants not meeting the inclusion criteria will be
excluded. Remaining participants will be randomized into two groups (intervention and control). The completion, withdrawal, and losses to follow-up
will be monitored, and the effectiveness of the intervention will be assessed at baseline (T0), after intervention (T1), and at follow-up (T2) by questionnaire
assessment.
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Questionnaire in the German short version. The International
Physical Activity Questionnaire has been validated severa times
The effectiveness of the DHI will be evaluated by self-reported  [47,48] and measures the duration (minutes) and frequency
questionnaire assessment in German at baseline (T0), after 9 (days) of sitting, moderate physical activity, and vigorous
weeks of intervention (T1) at the study center, and after a physical activity during thelast 7 days, which will be expressed
3-month follow-up period (T2) by mail services. Physical  in minutes per day.

activity is assessed using the International Physical Activity

Outcomes
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Thefood frequency questionnaire (FFQ) isarevised version of
the FFQ used in the German Health Interview and Examination
Survey for Adults (DEGS) [49], which was validated by the
study by Haftenberger et a [50]. The FFQ consisted of 68
guestions regarding the consumption frequency and portion
sizes of food items in the past 4 weeks. The food intakes
assessed by the FFQ will be expressed as servings of the
consumed food item per day, and afood-based diet quality score
will be analyzed according to the study by Masip et a [51].

To elucidate the adherence of the participants, the use of the
mobile app will be monitored throughout the study period, and
the affinity to technological devices is assessed by
guestionnaires before the study. The usability and acceptance
of the mobile app will be assessed according to the unified
theory of acceptance and use of the technology model [52].
Therefore, qualitative interviews or focus groups with the
participants will be conducted and analyzed by structured
content analysis according to the method by Mayring [53] using
MAXQDA (version 2022; VERBI GmbH).

Statistical Analysis

Sample size cal culation was conducted using G* Power (version
3.1.9.7, Heinrich Heine University Duesseldorf). As shown in
ameta-analysis by Duan et al [54], the postintervention effect
sizes of nutrition- and physical activity—related outcomes in
patients with noncommunicabl e diseasesin theintervention and
control groups range widely from -1.11 to 6.40 (mean 0.85,
SD 1.48) and —0.13t0 4.78 (mean 0.78, SD 1.77), respectively.
Aswe suggested alower adherence and thus alower effect size
in the targeted group in this study (Iong-term unemployed), we
assumed the effect to be of medium size (Cohen d=0.5). With
an apha error of .05 and a power (1-f3) of .80, atotal sample
size of 128 participants (n=64 per group) was calculated. In
addition, apreviously conducted pretest showed a high dropout
of participants of approximately 33% after 9 weeks of treatment,
defined as participants who did not reach the “action” phase
according to Prochaska et al [33]. Thus, to take further
potentially high dropout rates into account, we aim to include
atotal of 200 participants (n=100 per group) in this study.

To investigate the impacts of the intervention on the
self-reported health outcomes assessed by the questionnaire,
differences between the 3 data collection times (TO, T1, and
T2) and between the 2 groups (intervention vs control) will be
analyzed. To test for norma distribution, al data will be
subjected to the Kolmogorov-Smirnov test. In case of normal
distribution and homoscedasticity of variance (Mauchly’s
sphericity test), time-dependent differenceswill beanalyzed by
repeated measurement analysis of variance with post hoc
comparison by Bonferroni test. In case of nonparametric data,
the Friedman test will be used, and the significance level will
be corrected using Bonferroni correction. If anormal distribution
is given, the differences between the 2 groups at 1 time point
will be compared by 2-tailed t test. Otherwise, the datawill be
analyzed by Mann-Whitney U test. All differences will be
considered statistically significant with P values <.05. Statistical
analysis will be conducted using SPSS Statistics (version 28,
IBM Corporation).

https://www.researchprotocols.org/2022/11/e40321

Weishaupt et al

Ethics Approval

This study was approved by the ethics committee of the State
Medical Chamber of Baden-Wuerttemberg, Germany (number
F-2019-106), and registered in the German Clinical Trias
Register (DRK S00024805; registered on February 22, 2022).
Written consent is obtained from all the participants before
enrollment in this study.

Results

The anticipated datawill show whether the blended intervention
can improve the nutritional or physical activity behavior of
long-term unemployed in therural areas of Germany. Individual
effects of the intervention period and differences between the
intervention and control groupswill be elucidated. Furthermore,
data on the use of the mobile app will show the adherence of
thetarget group. In addition, the usability and acceptance of the
mobile app will be evaluated.

Study enrollment started in March 2022. Study completion is
due at the end of 2022. The first study outcomes are expected
to be availablein the spring of 2023. The datawill be published
ininternational peer-reviewed journals.

The study is part of the project “eHealth solutions to promote
dietary and physical activity behaviors among the long-term
unemployed in rura areas,” which is funded by the Federal
Ministry of Education and Research (BMBF) since 2019 until
2023 (after aCOVID-19 pandemic—related extension).

Discussion

Principal Findings

In this study protocol, a customized DHI to promote the
nutritional and physical activity behaviors of long-term
unemployed is presented. The mobile app will be tested in an
RCT with long-term unemployed volunteersin aparallel-armed
designin 2022.

Comparison With Prior Work

Improving nutrition literacy and promoting physical activity
are suggested to be successful strategiesfor improving the health
of long-term unemployed. However, health interventions for
the unemployed are scarce [55]. Moreover, they often fail to
improve physical health [56,57], suggesting that either (1) the
intervention design of these studieswasinappropriate or (2) the
intervention medium was not suitable for the targeted group.
Regarding the intervention design, the intervention concept in
this study is based on the TTM. The TTM is a stage-based
behavior change model, which was first described for the
cessation of smoking [33] and was proven to be effective by a
review of Spencer et al [58]. The TTM has also been
successfully used in behavior change interventions regarding
nutritional (reviewed in the study by Nakabayashi et al [59])
and physical activity behaviors (reviewed in the study by Adams
and White [60]), suggesting that the TTM is an effective model
to change the nutritional and physical activity behaviors of
long-term unemployed. However, the effectivenessin changing
the behaviors is aso discussed controversialy [61-63],
especialy in regard to long-term behavior changes [60].

JMIR Res Protoc 2022 | vol. 11 | iss. 11 |e40321 | p.53
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

The intervention was conceived in the form of a DHI, which
has been proven earlier to be a successful intervention medium
for promoting healthier eating [25] and physical activity choices
[26] in vulnerable groups. However, to date, there is no DHI
specifically designed to meet the needs of long-term
unemployed. Although it has been shown that mobile phone
ownership is not considered a serious barrier to participate in
DHIs, even for unemployed individuals [64], the accessibility
to a DHI, and therefore its effectiveness, can be improved by
considering support for older devices, the possibility of offline
use, low digital literacy requirements, and the involvement of
the targeted people in the devel opment process [65]. Thus, the
current intervention addresses health-related topics identified
by the participative input of the long-term unemployed in
Germany through interviews and workshops[31]. The conceived
intervention is then realized by low-threshold informational
content, supported by graphical files, links, and videos. A key
point of the DHI isthe use of arule-based CA, which emulates
an informa human-like interaction and is suggested to be
encouraging and motivating [24]. Another strength of the present
intervention is the blended use of an easily accessible DHI in
the form of a mobile app in combination with classical
face-to-face appointments. Face-to-face interventions have been
proven to be more effective than interventions designed solely
inadigital format [66-68]. However, DHIsare easily accessible
to awide range of the population and are associated with lower
financial and time commitments, as they can be used at any
time at home. Blended interventions, the combination of DHIs
with face-to-face interventions, have been used frequently for
the treatment of mental disorders in adults (reviewed in the
study by Erbe et al [69]) and are discussed to be feasible and
more effective than stand-alone interventions in the treatment
of substance abuses, asthey significantly reduce the participant
dropout rates [70-73]. In the planned study, the conception of
theintervention in ablended design is expected to decrease the
participant dropout and, therefore, increase the intervention
effectiveness. To minimize an increased effort to participate in
face-to-face appointments, they will be located in the socia
sector societies near to the long-term unemployed in the rural
areas of Germany, wherethey have, in general, daily face-to-face
appointments with the employees of the social societies.
However, the recruitment of social societies that are willing to
assist the study by providing long-term unemployed participants
and the infrastructure to carry out face-to-face appointments
might be difficult, especially under the complicated
circumstances dueto the COVID-19 pandemic (eg, hygieneand
distancerules).

Limitations

This study has some limitations. First, we did not adapt the
intervention according to the multiphase optimization strategy,

Weishaupt et al

which maximizes the trandation of research into effective
practice [ 74]. However, we did run a pretest while developing
the intervention to ensure the feasibility of the blended
intervention. Second, the effectiveness of the intervention is
based on questionnaires and, therefore, might be underlying a
reporting bias. Further studies might be necessary to measure
physiological adaptation to a healthier lifestyle, for example,
by measures of health-related biomarkers, such as markers for
metabolic diseases[75] or cardiovascular health [76]. Third, as
the participants receive incentives, they might have been overly
motivated to use the mobile app. To counteract a potential
overestimation of the app use through the incentives, we
instructed the participants that the incentives are only tied to
the completion of the questionnaire and not to the use of the
mobile app. Finally, althoughin previoudy conducted interviews
(N=20), most of the long-term unemployed in the rural areas
of southwestern Germany (75%) had smartphonesand regularly
used mobile apps on their devices (Mages-Torluoglu, J,
unpublished data, February 2020), some may not and, therefore,
cannot participate in this study. However, the ownership of
smartphone devicesis still rapidly growing [77]. Thus, we feel
that a DHI with face-to-face appointments is a promising
strategy to improve the health of long-term unemployed in the
rural areas of Germany. At thispoint, it must also be emphasized
that behavior change strategies may only address the secondary
effects of long-term unemployment. In general, improving living
conditions (eg, better financial support or social inclusion) may
be amore comprehensive strategy for promoting health among
the unemployed.

Conclusions

Theintervention presented in this study istailored to the needs
of the long-term unemployed and isimplemented in a blended
intervention consisting of a DHI based on the interaction with
an internet-based CA and additional face-to-face interactions.
The effectiveness of the blended intervention in promoting
improved nutritional and physical activity behaviors of
long-term unemployed participants will be evaluated in a
protocolized RCT and measured by questionnaire assessment.
If we could show that the health intervention designed for the
study described above is effective in promoting beneficial
choices regarding nutrition (eg, eating more fruits and
vegetables) and physical activity (eg, improving endurance),
this would be a first and an important step in promoting the
general health of the unemployed. The blended intervention is
intended for implementation in community health systems and
can thus contribute to an improved health status of the German
population in general.
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Abstract

Background: Chest x-rays are the most commonly used type of x-rays today, accounting for up to 26% of all radiographic tests
performed. However, chest radiography is a complex imaging modality to interpret. Several studies have reported discrepancies
in chest x-ray interpretations among emergency physicians and radiologists. It is of vital importance to be able to offer afast and
reliable diagnosis for this kind of x-ray, using artificia intelligence (Al) to support the clinician. Oxipit has developed an Al
algorithm for reading chest x-rays, available through aweb platform called ChestEye. This platform isan automatic computer-aided
diagnosis system where areading of the inserted chest x-ray is performed, and an automatic report is returned with a capacity to
detect 75 pathologies, covering 90% of diagnoses.

Objective: The overal objective of the study is to perform validation with prospective data of the ChestEye algorithm as a
diagnostic aid. We wish to validate the algorithm for a single pathology and multiple pathologies by evaluating the accuracy,
sensitivity, and specificity of the algorithm.

Methods: A prospective validation study will be carried out to compare the diagnosis of the reference radiol ogists for the users
attending the primary care center in the Osona region (Spain), with the diagnosis of the ChestEye Al algorithm. Anonymized
chest x-ray images will be acquired and fed into the Al agorithm interface, which will return an automatic report. A radiologist
will evaluate the same chest x-ray, and both assessments will be compared to calculate the precision, sensitivity, specificity, and
accuracy of the Al algorithm. Results will be represented globally and individually for each pathology using a confusion matrix
and the One-vs-All methodol ogy.

Results: Patient recruitment was conducted from February 7, 2022, and it is expected that data can be obtained in 5 to 6 months.
In June 2022, more than 450 x-rays have been collected, so it is expected that 600 samples will be gathered in July 2022. We
hope to obtain sufficient evidence to demonstrate that the use of Al in the reading of chest x-rays can be agood tool for diagnostic
support. However, there is a decreasing number of radiology professionals and, therefore, it is necessary to develop and validate
tools to support professionals who have to interpret these tests.

Conclusions: If the results of the validation of the model are satisfactory, it could be implemented as a support tool and allow
an increase in the accuracy and speed of diagnosis, patient safety, and agility in the primary care system, while reducing the cost
of unnecessary tests.

International Registered Report Identifier (IRRID): PRR1-10.2196/39536
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Introduction

Chest x-rays are currently the most commonly used type of
x-rays, accounting for up to 26% of all radiographic tests
performed [1-3]. This technique makes it possible to identify
cardiopulmonary conditions, verify the correct positioning of
devices such as pacemakers, gastric and thoracic tubes, or detect
obstructed blood vessels, among others [4,5].

However, chest radiography is a complex imaging modality to
interpret [6]. Infact, several studies have reported discrepancies
in chest x-ray interpretations among emergency physiciansand
radiologists[7,8]. Therefore, it isof vital importanceto be able
to offer afast and reliable diagnosisfor thiskind of x-ray, using
artificial intelligence (Al) to support the clinician.

Radiology is one of the areas in which Al has had the greatest
impact. Radiologistsare medical professionalswho useimaging
technol ogy to diagnose pathologies. Major advancesin Al have
enabled these professional s to make use of thistool to improve
workflows and accuracy, thus reducing economic costs by
avoiding unnecessary tests[5,9].

Al isabranch of computer science that aims to simulate tasks
related to human intelligence, including processes such as
learning and improvement through feedback or reasoning, using
machines [10]. It is a tool capable of learning and analyzing
large amounts of information, in different formats and at high
speed, to aid in the accuracy and speed of diagnosis, facilitate
and streamline clinical care, and support public health
interventions, among many other applications[11,12]. Therapid
growth of computer science and big dataindicatesthat itishere
to stay and will significantly change the practice of medicine
[13].

The development of acomputer system capable of interpreting
thoracic x-rays as efficiently as aradiologist could be of great
benefit in the clinical setting. The results of Rajpurkar et al’s
[14] study on the application of deep learning for chest x-ray
diagnosis presents an algorithm (CheXNeXt), which performs
comparably with professionals in detecting multiple thoracic
pathologies.

Wu et al [2] comparestheinterpretations of 5 radiology residents
with those of an Al algorithm and corroborates that these
well-trained techniques can achieve performance levels similar
to professionals. Furthermore, Cicerd et a [15] demonstrates
that convolutional neural networks can betrained with data sets
to classify chest x-raysand obtain clinically useful performance
in the detection and exclusion of common pathologies.

Oxipit isone of the leading companiesin medical image reading
using Al, whose goal isto introduce advancesin deep learning
techniques into daily clinical practice [16]. The company has
developed an Al algorithm for reading chest x-rays, available
through aweb platform called ChestEye.

https://www.researchprotocols.org/2022/11/€39536

Thisplatformisan automatic computer-aided diagnosis system
where the inserted chest x-ray is read and an automatic report
is returned with a capacity to detect 75 pathologies, covering
90% of diagnoses. Thus, ChestEye allowsradiologiststo analyze
only the most relevant x-rays [17,18].

Therefore, the main objective of the study is to perform a
prospective validation of the ChestEye Al agorithm as a
diagnostic decision support tool for the diagnosis of chest x-rays
and to try to improve or optimizeit if possible.

Methods

Design

A prospective study will be conducted to validate the Al
algorithm, comparing the ChestEye Al diagnoses with the
radiologists’ diagnoses, which is considered the gold standard.
The process will include the following steps:

1. The patient will arrive at the primary care center for the
chest x-ray, and if he/she meetstheinclusion and exclusion
criteria, the health care staff will briefly explain the study
and provide the informed consent form to be signed.

2. Regardless of whether the user has agreed to participate in
the study or not, the reference radiologist will perform the
diagnosis of the x-ray to be entered into the Primary Care
Clinical Station (ECAP). This station is the computerized
clinical history program used by all professionals in the
primary care network of the Institut Catala delaSalut (1CS).

3. If the user has agreed to participate in the study, the
researchers will extract the ECAP x-ray and enter it into
the Al algorithm through their web-based platform to obtain
their diagnosis.

4. Finaly, the performance and fit of the Al model against
the gold standard (radiologists’ diagnoses) will be validated
and evaluated.

The Al agorithm ChestEye, from Oxipit, is an automatic and
autonomous agorithm, without the involvement of the
radiologist, which works through a web-based platform where
the image is entered in DICOM format, and returns an image
evaluation and diagnosis. The agorithm has the capacity to
detect 75 pathologies, covering 90% of the diagnoses [16].

ChestEye has been previously developed and trained by Oxipit
through iterative processing of large amounts of data by neural
network-based Al algorithms, allowing the software to learn
automatically from patterns or features in the data.

Scope, Period, and Participants

The study will be performed at the ICS Primary Care Centre
Vic Nord (Osona, Catalonia, Spain), a reference center where
all chest x-raysin the region are performed. It is expected that
data can be obtained in 5 to 6 months, from February 7, 2022,
with recruitment using consecutive sampling. In June 2022,
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more than 450 chest x-rays have been collected, so it is expected
that 600 samples will be gathered in July 2022.

The reference population of the prospective study will be the
entire population of Osona due to undergo a chest x-ray at this
center, with prior informed consent.

The study will include only anteroposterior chest x-rays
performed from the beginning of the study until the necessary
sample is obtained from patients with authorized informed
consent and who are older than 18 years. Pregnant women and
chest x-rays of inadequate quality (poor exposure, images not
centered or rotated) will be excluded from the study as the Al
algorithm needs high-quality images to maximize its
performance.

Sample Size and Sampling Procedure

To validate the Al algorithm, atotal sample of 600 x-rays will
be needed, 200 of them with one of the 75 pathol ogi es detected
by the Al agorithm. The proposed sample is based on
calculationsused in similar research [1,14,19,20]. Furthermore,
it has been calculated that with this sample size, we can estimate
global accuracy considered to be around 70% with 95%
confidence, 4% precision, and an anticipated replacement rate
of 15%.

Data Collection and I nfor mation Sources

The ICS health care personnel performing the chest x-rays will
explain the study and its objectives to the users, and will give
the patient an information sheet, together with the informed
consent form, to all those who meet the inclusion criteria. The
ICS Central Catalonia technical service will then extract al
these x-rayswith their corresponding diagnosis. Each x-ray will
be associated with auniqueidentifier to relateit to itsdiagnosis
and eliminate any honanonymized information. Next, the study’s
principal researcherswill input the x-raysinto the Al systemto
obtain the diagnoses of the model s using the algorithm. Finally,
the data will be analyzed by comparing the diagnoses of the
practitioner and the algorithm.

Data Analysis

To validate the algorithm, the results using the Al algorithm
and the diagnoses made by radiologistswill be compared. With
this, the confusion matrix of the algorithm will be obtained from
the correctly classified positive (TP), correctly classified
negative (TN), false positive (FP), and false negative (FN)
x-rays. The sensitivity, specificity, classification rate (accuracy),
and area under the curve (AUC) of the agorithm will be
calculated from this matrix. These results can be obtained for
each pathology and the classifier as awhole. Accuracy, recall,
and F-measurement will also be calculated for the overall
classifier and each pathology.

To evaluate the classifier for multipathol ogy radiology, the data
will be treated as a set of binary variables, one for each
pathology. In this case, the AUC will be calculated using the
One-vs-All method. Macroaveraging and microaveraging
measureswill be considered to highlight pathol ogies with lower
prevalence. The data will be anayzed with the statistical
software R (version 4.1.2; R Foundation for Statistical

https://www.researchprotocols.org/2022/11/€39536
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Computing), whose intervals will be of 95% confidence, with
asignificance level of 5%.

Ethics Approval

The University Institute for Research in Primary Health Care
Jordi Gol i Gurina(Barcelona, Spain) ethics committee approved
the trial study protocol (approval code: 21/288). Written
informed consent will be requested from all patients
participating in the study.

Results

Patient recruitment began in February 2022, and it is expected
that data can be obtained in 5 to 6 months. On June 2022, more
than 450 chest x-rays have been collected, so it is expected that
600 sampleswill be gathered in July 2022. Each user who agrees
to participate in the study will be asked for written informed
consent and will be given the project information sheet. Data
collection for al participants is expected to be completed by
June 2022, and the results can be published by the end of 2022.

In thisway, we hope to obtain sufficient evidence to demonstrate
that the use of Al in the reading of chest x-rays can be a good
tool for diagnostic support. However, in the context of Central
Catalonia (the Catalan region where the data was collected),
there is an increasingly lower volume of radiologists, and
therefore, tools need to be developed to support professionals
who have to interpret these tests [21,22].

Oncethe agorithm has been validated, the values of sensitivity,
specificity, accuracy, and AUC will be used to evaluate the
results obtained and to determine whether it would be a good
model to be introduced in the Catalan health system.

Discussion

Comparison With Prior Work

The protocol of this study aims to perform a prospective
validation of an Al algorithm and to demonstrate that the use
of Al in chest x-rays can become a good tool for supporting
professionalsin their diagnoses. In this context, this study may
bring added value for both patients and primary care physicians
asit will provide information about the effectiveness of the Al
algorithm and its limitations. External validation of new Al
tools is essentia before implementing them as diagnostic
systems.

Studies are showing that the application of Al models can be
comparabl eto the performance of aprofessional inthe detection
of multiple pathologies[2,14,15]. However, before committing
resources to Al applications in health care, the acceptance of
these applications should be studied. Although some studies
have shown that Al has a high potentia to be useful as a
diagnostic tool, it isremarkable that most patients still preferred
the diagnoses done by physicians, and professionals only
accepted Al models if they were used in combination with
“human diagnosis’ [23,24]. In this context, leading health care
systems are moving toward the digitization of hedth care.
Therefore, itistimeto provide and validate tool sthat can enable
improvement in theworkflow of professionalsaswell as support
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their diagnosis. Always consider the clinical context for the
subsequent application of these tools.

Furthermore, it has to be taken into consideration that most of
the Al studies conducted in hedth care were just
proof-of-concept projects that used retrospective clinical data
sets [25]. The application of Al techniquesin the real clinical
context is becoming more and more relevant to ensure its safe
adoption in health care systems. Thus, this study will be
conducted using prospective data sets, promoting the health
care Al researchers community to work closely with health
care providersin areal clinical environment.

Limitations
This study has some limitations. The most relevant one is that

Mir6 Catalina et al

distribution across the 75 possible diagnoses due to their low
prevalence. In that sense, as alarge number of diseases can be
detected by chest x-ray, we will probably not obtain
representative results for the less prevalent diseases. As class
imbalance may be a limitation, the F score will be evaluated.
Otherwise, the large number of more frequent pathol ogies may
overestimate the quality of the algorithm (accuracy, sensitivity,
and specificity). Another possible limitation is that a small
amount of sample is likely to be lost due to inadequate image
quality, as chest x-rays of inadequate quality will be excluded.

Conclusions

If the results of the model validation are satisfactory, the model
can beimplemented as asupport tool and can increase diagnostic
accuracy and speed, patient safety and agility within the primary

there is the possibility of not obtaining a homogeneous care system, and reduce unnec y testing cosis

Data Availability

Our manuscript is based on confidential and sensitive health data. However, to support scientific transparency, we will publish
deidentified datafor reviewersor for replication purposes. The datawill be deposited and made availablein our publicly accessible
Mendeley repository.
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Abstract

Background: Epilepsy is a common neurological disorder affecting about 1 in 100 people in the United Kingdom. Many
individuals experience alower quality of life as aresult of their epilepsy diagnosis and are more likely to develop mental health
problems, such as anxiety and depression. Medical interventions for this client group tend to focus on the treatment of seizures,
whereas mental health disorders often remain undiagnosed and untreated. Early identification and treatment of mental health
difficultiesin people with epilepsy are vital to ensure better outcomes and improvementsin quality of life.

Objective:  The aim of this exploratory randomized controlled trial is to evaluate whether an 8-week cognitive behavioral
therapy—based intervention delivered through a mobile app—ThinkNinja for Epilepsy—is a clinically effective tool to improve
quality of life, mental health, and emotional well-being in alarge sample of people with epilepsy and anxiety or comorbid anxiety
and depression.

Methods: The study aimsto recruit 184 individuals, 18 to 65 years of age, with a self-reported diagnosis of epilepsy and anxiety
or comorbid anxiety and depression. Participants will be randomly assigned to the ThinkNinja for Epilepsy app condition (arm
A) or the waiting-list control group (arm B). Participantsin arm A will receive access to the ThinkNinja for Epilepsy app first.
After 8 weeks, participants in arm B will receive the same full access to the ThinkNinja for Epilepsy app as the participantsin
arm A. Thisdesign will allow aninitial between-subjects analysis between the two conditions aswell as awithin-subject analysis
including all participants. The primary outcome is participants’ quality of life, measured by the 10-item patient-weighted Quality
of Lifein Epilepsy questionnaire. The secondary outcomes include measures of anxiety, using the 7-item Generalized Anxiety
Disorder assessment; depression, using the 9-item Patient Health Questionnaire; medication adherence, using the Medication
Adherence Questionnaire; and impression of change, using the Patient Global Impression of Change questionnaire.

Results: Recruitment for this study began in March 2022 and was completed in October 2022. We expect data collection to be
finalized by May 2023 and study results to be available within 12 months of the final data collection date. Results of the study
will be written up as soon as possible thereafter, with the intention of publishing the outcomes in high-quality peer-reviewed
journals.

Conclusions: This study aims to determine the clinical efficacy and safety of the ThinkNinja for Epilepsy intervention at
improving the quality of life, mental health, and emotional well-being of people with epilepsy. The findings from our study will
hopefully contribute to addressing the critical gap in universal provision and accessibility of mental health and emotional well-being
support for people with epilepsy.

Trial Registration: ISRCTN Registry 16270209 (04/03/2022); https://www.isrctn.com/I| SRCTN16270209

International Registered Report Identifier (IRRID): DERR1-10.2196/40261
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Introduction

Background

Approximately 1 in 100 people in the United Kingdom have a
diagnosis of epilepsy, with around 87 people being diagnosed
every single day. This level of prevalence equates to
approximately 500,000 people in the United Kingdom having
an official diagnosis of epileptic seizures[1]. Many individuals
are subsequently diagnosed with anxiety after their epilepsy
diagnosis and also experience lower quality of life [2-4]. The
fear of having a seizure is reported to be one of the most
common causes for anxiety in those with epilepsy [5].

Research has found that epilepsy is comorbid with anxiety and
depression, and that people with epilepsy are more likely to
experiencethese mental health issuesthan the general population
[6]. It is estimated that the lifetime prevalence of depression in
people with epilepsy is around 55%. Comorbid anxiety and
depression affect 20.2% and 22.9 % of people with epilepsy,
respectively [7]. Depression and anxiety co-occur in 16% to
19.9% of cases, depending on studies[8,9]. Peoplewith epilepsy
are also at increased risk for suicidal ideation and behaviors
[10,11]. It has been hypothesized that psychiatric comorbidities
in peoplewith epilepsy might be the consequence of apotential
common underlying biological etiology [11], a possible side
effect of antiepileptic drugs, and the psychological impact and
hopelessness resulting from living with a chronic health
condition [12,13].

Astonishingly, there is still little research into this issue, its
possible causes, or possible treatment solutions. Medical
interventionsfor thisclient group tend to focus on the treatment
of seizures, though it is equally important that doctors can
recognize and address symptoms of anxiety and depression.
Depression can increase the frequency of epileptic seizures by
means of dleep deprivation. Panic disorder and phobic disorders,
such as agoraphobia, are common in epilepsy patients. These
are often the result of poor seizure control or the fear of having
a seizure [14]. People with epilepsy and anxiety tend to have
more severe seizures and alower qudlity of life[15]. Effective
epilepsy management should incorporate the early detection of
psychological disorders and the promotion of appropriate
interventions[2] in order to improvethe quality of life of people
with epilepsy [16,17].

Smartphone apps for mental health have seen considerable
growth in recent years [18]. However, few apps have been
specifically developed for people with epilepsy, much less an
app focusing on the mental health, emotiona well-being, and
quality of life of people with epilepsy. The majority of the
smartphone apps developed for epilepsy are for seizure
management and seizure diaries [19].

Cognitive behavioral therapy (CBT) is one of the most
thoroughly investigated and effective alternativesto medication

https://www.researchprotocols.org/2022/11/e40261

for mental health issues, such asanxiety and depression [20,21],
anditisrecommended in England’s Nationa Institute for Health
and Care Excellence (NICE) clinical guidelines [22-24].
Although internet-based CBT programs have existed for some
time, their sometimes-inadequate design and usability have
inhibited their popularity and advancement [25,26].

In a recent systematic review (F Lecce, CR Smith, and FR
Burbach, unpublished, 2022), we identified six digital mental
health interventions for people with epilepsy, but only one of
them—Emyna—was a fully automated epilepsy-specific
CBT-based program. Emynais a 180-day internet intervention
that requires no clinician support and is accessed via a secure,
password - protected website from a computer or smartphone.
Inarecent clinical trial in Germany, Meyer and colleagues[27]
examined the effectiveness of this fully automated
internet-delivered treatment in reducing symptoms of depression
and anxiety and improving quality of life in a sample of 200
people with epilepsy and comorbid depression. The authors
found that participants experienced significantly greater
improvement in depression, anxiety, and quality of life
compared to the control group and concluded that the
intervention was effective when used adjunctively to usual care.

Aimsof This Study

In this exploratory randomized controlled trial (RCT), we will
eva uate whether an 8-week CBT-based intervention, delivered
through ThinkNinja for Epilepsy (Healios Ltd), isaclinicaly
effective tool for improving the quality of life, mental health,
and emotional well-being in a large sample of people with

epilepsy.
We hypothesize the following:

1. Therewill beanimprovement in participants’ self-reported
quality of life scores, as measured by the 10-item
patient-weighted Quality of Lifein Epilepsy questionnaire
(QOLIE-10-P) [28], as a result of the ThinkNinja for
Epilepsy intervention.

2. Therewill beanimprovement in participants' self-reported
anxiety, depression, impression of change, and medication
adherence, as measured by the 7-item Generalized Anxiety
Disorder assessment (GAD-7) [29], the 9-item Patient
Health Questionnaire (PHQ-9) [30], the Patient Global
Impression of Change questionnaire (PGIC) [31], and the
Medication Adherence Questionnaire (MAQ) [32],
respectively, as a result of the ThinkNinja for Epilepsy
intervention.

3. There will be a positive association between the level of
engagement with the app and the primary and secondary
outcomes.
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Methods

Ethics Approval

The study was approved on August 20, 2021, by the Cambridge
East Research Ethics Committee (REC reference No.
21/EE/0128). Initial recruitment will occur via social media,
and interested participantswill complete abrief online screening
guestionnaire and provide their informed consent before being
randomized and given access to the app via our secure clinical
platform. Datawill bedirectly collected viathe app, and clinical
scales will also be completed via our secure platform. Healios
is registered with the National Health Service (NHS) Data
Security and Protection Toolkit standards for patient data and
achievestherequired level-2 information governance standards
for provision of clinical serviceson behalf of the NHS. Healios
complies with the UK General Data Protection Regulation
requirements regarding the collection, storing, and processing
of clinical and study data. At the end of the study, all data will
be pseudonymized prior to statistical analyses. Participantswill
not be compensated for their participation in the study. This
study was registered at the ISRCTN Registry (16270209) on
March 4, 2022.

Study Setting

The study intends to recruit 184 participants. Individuas
interested in taking part in the research have to be residentsin
the United Kingdom, aged between 18 and 65 years, and have
asdf-reported diagnosis of epilepsy. Recruitment of participants
will be conducted via advertisements on epilepsy charity
websites and mailing lists as well as social media platforms,
such as Facebook and Twitter. Participants will be able to
download ThinkNinja for Epilepsy on their smartphones and
use it independently, with additional support provided by the
research team where needed. It isexpected that participantswill
use the ThinkNinjafor Epilepsy app in their own private time.

https://www.researchprotocols.org/2022/11/e40261
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Study Design

Participants will be randomly assigned to awaiting-list control
group or will receive full accessto the ThinkNinjafor Epilepsy
smartphone app. A mixed study design will allow for aninitial
between-subjects analysis between the two condition
arms—those who receive the app straight away versus those
who wait for access—as well as a within-subject analysis of
those who complete the intervention; this includes those who
receive the intervention straight away as well as those who
receiveit after the waiting period. The study adheresto relevant
ethical guidelines from the British Psychological Society [33].
In addition, the completeness, content, and quality of the study
protocol is reported in line with the Standard Protocol Items:
Recommendations for Interventional Trials guidelines[34].
Eligibility Criteria

All individuals who meet the inclusion criteriawill be eligible
to participate. Inclusion and exclusion criteria are outlined in
Textbox 1. Participants will have a self-reported diagnosis of
epilepsy received at least 6 months before applying, and they
will be encouraged to share photographs of their current
medication, letter, or report from their health care provider.
Therewill be norestrictionsfor participantsto access any other
form of psychological services during the study; however, they
will be asked to disclose thisinformation while completing the
measures throughout the study. Participants will require access
to a personal Apple iOS or Android smartphone and will be
able to download the ThinkNinja for Epilepsy app from the
iTunes store or Google Play. The app is completely free for
participants to download using Wi-Fi, and there are no in-app
purchases. However, downloading the app via data roaming
may incur additional charges as per the user’s contract fees,
therefore, the use of Wi-Fi is encouraged.
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Textbox 1. Study inclusion and exclusion criteria.

Inclusion criteria

Adults aged 18-65 years

UK resident

Fluent in English

Scoring 25 on the 7-item Generalized Anxiety Disorder assessment (GAD-7; mild anxiety) at screen-in
Willing and able to receive notifications and SM S text and email messages

A confirmed epilepsy diagnosis (6 months minimum time since diagnosi s, suspected cases are not permitted); diagnosisto be confirmed, ideally
by participants submitting photographs of their current medication, letter, or report from their health care provider

Stable epilepsy medication and anxiety or depression medication regimens (antiepil eptic, antidepressant, anxiolytic drug, etc); stable medication
regimen for this study refers to no change in medication in the last 4 weeks; questions to cover this at all data collection time points; should
participants change medication during the study period, thiswill not affect their inclusion, however, thiswill be explored in the analysis

Exclusion criteria

«  Scoring <5 on the GAD-7 at screen-in

«  Having a score of =220 on the 9-item Patient Health Questionnaire, indicating severe depression at screening, or if they answer, “more than half
of thedays’ or “nearly every day” to the question “ Over the last 2 weeks, how often have you been bothered by thoughts that you would be better

off dead or of hurting yourself in some way?’

«  Sensitivity to mobile phone screen exposure

«  Currently receiving counseling or psychological therapy; however, they will not be excluded if they seek support during the study; questionsin

measures to reflect this
« Individualsinvolved in current or ongoing research

o Pregnant or gave birth in the past 12 months

. Diagnosis of a severe mental illness (eg, severe depression including suicidal ideation, schizophrenia, bipolar disorder, psychosis, personality

disorder, posttraumatic stress disorder, and substance misuse)

«  Severelearning disability and individuals requiring a carer for their epilepsy
«  Doesnot have access to a smartphone (ie, iPhone with iOS 13 or greater capabilities or an Android phone with OS 7 or greater capabilities)

Recruitment

Potential participants will be able to click a link in the
advertisement, which will lead them to a short contact form
collecting their name, date of birth, home address, and email
address. Personal information will be stored in our secure
system. The GAD-7 will be used to screen potential participants
suitability for inclusion, with scores of 5 or greater as the cut
point for mild anxiety. The PHQ-9 will also be used as a
screening questionnaire. If weidentify severe depression (score
>20) or significant suicidal risk, potentia participants will be
excluded from the study and advised to seek professional help
viathe NHS. Significant suicidal risk isidentified if they answer,
“morethan half of thedays’ or “nearly every day” tothe PHQ-9
question “Over the last 2 weeks, how often have you been
bothered by thoughts that you would be better off dead or of
hurting yourself in some way?’ We will aso include contact
details for national crisis support helplines in the return email
to ensure that participants are aware of the support they can
receive from national helplines. The GAD-7 and the PHQ-9 are
well-researched measures with sound psychometric properties
[35]. The same measureswill also be used throughout the study
at the specified time points (T) to assess any change in
participants’ self-reported anxiety and depression scores.

https://www.researchprotocols.org/2022/11/e40261

To mitigate risk toimplementation, we aim to complete basgline
measures and enrollment with all participants over a 2- to
4-week period. Opt-in consent formswill first be distributed to
all participants.

Participant Classification

Datawill be input into the R Minirand program (version 0.1.3;
R Foundation for Statistical Computing) for randomization, and
participants will be assigned to either the ThinkNinja for
Epilepsy app arm (condition A) or the wait-list control arm
(condition B) using minimization techniques. The prognostic
factors over which the data will be minimized include age, sex
at birth, and education level. Each prognostic factor will be
minimized over two distinct categories: age (over 40 and under
40), sex at birth (male and female), and education level (below
degreelevel and degree plus). Prognostic factorswill have equal
weighting in randomization. As there is not a requirement to
blind thistrial (ie, both clinicians and patients will be aware of
whether they receive treatment or not), adeterministic approach
is satisfactory; therefore, the significance level on which
participants will be randomized is P>.99.

Intervention

Healios has developed a CBT-based app called ThinkNinjafor
Epilepsy. ThinkNinjafor Epilepsy isdesigned to support users
individual situations and to address mental health challenges
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with weekly mini modules. These are guided by an automated
virtual assistant, the Wise Ninja, combined with interactive
screens that are designed to cover an 8-week period, delivered
at the user’s pace. Each week of the program includes three
sessions, and users have to complete each session before being
able to progress to the next one. Every week, new content is
released and three more sessions become available to the user,
allowing them time to digest information, develop their
understanding, and practice coping and CBT skills to manage
their epilepsy and mental health. Moreover, the structured
epilepsy-specific 8-week program providestoolsfor monitoring
epileptic seizures as well as ways of helping individuals
understand and improve their mental health and emotional
well-being (Table 1).

The first week includes an overview of the program and
psychoeducation regarding epilepsy and mental health.
Participants are then introduced to the “seizure diary” and are
helped to think about triggers and warning signs for seizures.
Week 2 introducesthe main principles of CBT, and participants

Table 1. Overview of the 8-week program.

Burbach et d

are encouraged to watch two short videos about anxiety and
low mood. Participants learn about “automatic thoughts’ and
how these can impact on their mood. They learn to assess their
own thoughts and how these might not always be accurate or
helpful. Week 3 explores maladaptive coping strategies (ie,
safety behaviors) and how to spot them. In week 4, participants
further develop their CBT skillsand learn about theimportance
of facing their fears, set daily quests, and practice using positive
statements. Users are also introduced to some relaxation skills,
including breathing exercises and “grounding” techniques. In
weeks 5 and 6, participants learn ways of challenging difficult
thoughts. They are encouraged to evaluate their beliefs and
cognitive biases and begin to develop alternative thoughts via
the “thought diary” They are also introduced to further
relaxation and mindfulness exercises. Week 7 focuses on
practicing aternative thoughts and stress reduction techniques.
Week 8 involves reflecting on the progress made and relapse
prevention aswell asthinking about how to sharethiswith their
support network.

Week Session 1 Session 2 Session 3

1 Introduction and resources My epilepsy diary Setting goa's

2 Introduction to CBT? Anxiety and low mood videos Thinking traps

3 Safety behaviors The spotlight Unhelpful coping

4 Formulation Hot cross bun Grounding techniques
5 Challenging thoughts Thought challenger Relaxation

6 Snapshots (gratitude journal) Thought diary introduction Thought diary 1

7 Thought diary 2 Breaking it down Confidence boost

8 Moving on Keeping cam Staying well

8CBT: cognitive behavioral therapy.

As part of augmenting the 8-week structured self-management
program, within the app, there are two “ step-up” levelsto allow
the user to access further clinical support viainteraction with a
trained clinician. Details of the step-up levels are asfollows:

1. Step-up level 1 isacontinuation of the CBT intervention
and is atext-based feature enabling atrained mental health
coach to perform live problem-solving, perform assessment
of need, and signpost additional support where required,
all viaatext-chat interface within the app. Participants may
request a text-based chat with a clinician through a
designated button on the home screen. Text support will be
available to participants Monday to Friday, 9 AM to 6 PM,
with all requests responded to within a maximum of 24
hours. For the 8-week duration of the active participation
section of the study, participants will have access to the
step-up level-1 feature, if necessary.

Step-up level 2 is a video-based, brief, goa-focused
continuation of the CBT intervention involving up to three
live video-based sessions with a clinician to learn skills to
manage symptoms of anxiety and low mood using CBT
techniques. The level-2 step-up is only possible via
accessing level 1 and is determined by the clinician based
on a needs assessment. Step-up level 2 will be availableto

https://www.researchprotocols.org/2022/11/e40261

participants for the 8-week duration of the active
participation section of the study.

ThinkNinja for Epilepsy was created with a range of external
inputs. Healios CBT therapists and clinical psychologists
developed the CBT clinical architecture of the app, in order to
ensure clinical accuracy in accordance with the NICE clinical
guidelines, aswell as appropriate tone and language. The CBT
architecture was then approved by independent UK psychologist
experts as suitable for supporting both mental health and
emoational well-being, aswell as supporting symptoms of anxiety
and low mood. Epilepsy field experts, such as neurologists,
neuropsychiatrists, and clinical psychologists, were then
consulted during the creation of the epilepsy-specific content
in order to ensure that the app could be as valuable as possible
to persons with epilepsy. As part of the co-design with users,
four user focus groups—A18 participants across three face-to-face
groups and one online group—were conducted to provideinput
into app design concepts covering ook, feel, and tone suitability.
During the app technical build process, an online group of 6
users was set up to provide weekly input into each weekly
development “sprint” of new app features, covering the tone
and language of the content as well as the interactivity and
usability of the app. Real-time feedback incorporated into the
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app on aweekly basis ensured that the development phase of
the project had continued input from independent individuals.

Burbach et d

Outcomes and Variables

Figure 1 shows details of the measures and the time points at
which they will be collected. The primary outcome is the
QOLIE-10-P score.

Figurel. Condition A and B timelines. GAD-7: 7-item Generalized Anxiety Disorder assessment; MAQ: Medication Adherence Questionnaire; PGIC:
Patient Global Impression of Change questionnaire; PHQ-9: 9-item Patient Health Questionnaire; QOLIE-10-P: 10-item patient-weighted Quality of

Lifein Epilepsy questionnaire; T: time point.
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Data will be collected at baseline (TO, plus T-1 for wait-list
participants), T1 (4 weeks after commencement of the
ThinkNinja for Epilepsy intervention), T2 (8 weeks after
commencement of theintervention), and T3 (8 weeksfollowing
completion of the active period of the study) via
participant-completed questionnaires.

The secondary outcomes include anxiety (GAD-7), depression
(PHQ-9), patients' global impression of change (PGIC), and
self-reported medication adherence (MAQ). All measuresto be
collected at T-1, TO, T1, T2, T3, and weekly were chosen due
to their suitability, reliability, validity, and established sensitivity
to change for people with epilepsy and for evaluating changes
in quality of life, anxiety, and depression levels. The measures
chosen are also balanced with consideration to minimizing
burden on both participants and researchers and maximizing
dataquality. All T-1, TO, T1, T2, T3, and weekly measureswill
be completed online and will be self-reported by the participants.
In addition, demographic characteristics, including age, gender,
and ethnicity, will be self-reported by participants at baseline
[36].

At each time point, bespoke questions will also be included to
cover any change in medications and any psychological support
services the participant may have accessed during the study,
such as services from their local NHS, including mental health
services covering counseling or therapy. These will be
self-reported by the participant. To minimize potential
self-reporting inaccuracies, the participant will be asked to recall
any additional support over the previous 3 months at T-1, TO,

https://www.researchprotocols.org/2022/11/e40261
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T1,T2,and T3, instead of recalling any additional support over
the full study period at completion.

Other measures captured within the app at various frequencies
viauser input and app tracking mechanisms are as follows:

1. Usage data to determine fidelity of the intervention and
how closely the participants complied with the
recommended guidance, covering which elements of the
app they use the most and for how long they use different

elements of the app.

2. Goal-based achievement for those participants who set
goals.

3. Mood and anxiety scores and activity ratings throughout
the study.

4. Skill practice implementation data.

Study Procedure

Participants randomly assigned to condition A will receive
accessto the ThinkNinjafor Epilepsy app first. Participantswill
receive guidance on the expected frequency and duration of app
use and will be encouraged to use the app two to three times
per week for the duration of the 8-week study period. After the
active 8-week period of the study is completed, participants
may use the app on their own accord, as much as they like, for
the remaining 8-week duration of the study.

Step-ups will only be available for the 8-week active
participation period of the study. Participants will be reminded
via push notifications to use the app if they have not used it in
the previous 3 to 7 days. Although participants will be able to
disable app notifications as is standard through their device's
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operating systems settings menu, we will request that they
remain enabled for the duration of the study in order to facilitate
communication with the research team. Participants assigned
to condition B will receive the same full access to the
ThinkNinjafor Epilepsy app as the participants in condition A
after 8 weeks. The study procedures and timing are summarized
in Figures 1 and 2.

We considered performing weekly tracking of anxiety and mood
for the control arm participants but, on balance, decided that

Burbach et d

for this exploratory study, the potential adverse effects on
engagement dueto perceived burden outweighed the advantages
of collection of weekly data. The weekly measures will be
collected as part of the CBT-based intervention, as is common
in the delivery of CBT; this will alow us to monitor clinical
change and potentia risk as part of the intervention. Participants
will be able to report any app technical issues via a Healios
study email address and telephone number. The research team
will make every effort to locate participants lost to follow-up
using text and email.

Figure 2. Participant flow. Arm A participants will receive access to ThinkNinja for Epilepsy app first. Arm B participants will be the waiting-list

control group.
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|
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Sample Size

A formal sample size cal culation was based on assumptions of
QOLIE-10-P means and SDs from earlier studies [37,38]. It
was performed using a 2-tailed t test of equal means at a
significance level of .05 and a power of 80% for an estimated
medium effect size (Cohen d=0.5). All calculations were done
using the software nQuery (version 7.0; Statsols) [39]. Weintend
to recruit 184 people—92 participantsin each arm—so that we
can accommodate a dropout rate of 30%.

The chi-square method was used to determine the power for
structural equation modeling (SEM) [40] using the associated
online power calculator [41]. It was determined that with a
sample size of 184 (see above) and a P vaue of .05, the
proposed 11-parameter SEM analysis would be powered at
0.705 (70.5%).

Data Analysis

The analysis will be performed in two phases. The first phase
of analysis will occur after completion of the 8-week (T2)
outcome measures, when all participants in aam A have
completed the 8-week program and can be compared to the
waiting-list control participants (arm B). The second phase of
analysiswith the pooled datawill occur after the completion of
the 8-week follow-up period (T3) outcome measures for all
participants.

https://www.researchprotocols.org/2022/11/e40261

The following patient cohorts will be used in the analysis:

1. The per-protocol study cohort will include all allocated
participantswith at |east 80% compl eted questionnaire data,
including a completed QOLIE-10-P score, at baseline (TO
ThinkNinja for Epilepsy group and T-1 wait-list group)
and at 8 weeks (T2 ThinkNinjafor Epilepsy group and TO
wait-list group).

Theintention-to-treat study cohort will include all allocated
participants.

Available information on screened participants who were not
randomized will be summarized.

Descriptive statistics will be produced for the distribution of all
variables, including baseline demographic variables, app use,
and engagement variables, aswell asfor each outcomevariable
at each time point. The change in each outcome from baseline
will bereportedin termsof meanand SD. An analysisof reliable
and clinical changewill be produced for the GAD-7 and PHQ-9
scores in order to determine the percentage of those who had
clinical and reliable change (ie, clinical recovery) after taking
part in the intervention.

The primary outcome analysis (ie, quality of life) will be
performed for the overall cohort, both unadjusted and adjusted
for baseline characteristics, app use, and app content variables.
Wewill becomparing changesin quality of life (ie, QOLIE-10-P
scores) from baseline to completion of the 8-week program.
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The secondary outcome analysis will constitute analyzing the
change in GAD-7 (ie, anxiety) and PHQ-9 (ie, depression)
scores. In addition, we will be reporting on the results of the
MAQ and PGIC, using descriptive statistics.

In addition to this, a sensitivity analysis that uses both the
primary and secondary outcomeswill be performed. To explore
both between-subjects (ie, arm A vs arm B) and within-subject
(ie, TO vs T1 vs T2 vs T3) differences, a series of
repeated-measures (2 x 4) analyses of variance (ANOVAS) will
be performed in thefirst instance with both the primary outcome
measure (ie, QOLIE-10-P score) and the secondary outcome
measures (ie, GAD-7, PHQ-9, PGIC, and MAQ scores) as
dependent variables. All of these ANOVA testswill be powered
at 0.80 (P=.05). The output from this series of ANOVAs will
permit the necessary sensitivity analysesto be completed.

Further exploratory subgroup analyses will be performed for
the following:

1. Changein primary and secondary outcomes for subgroups
defined by baseline characteristics and demographics, such
as age and gender.

2. Change in primary and secondary outcomes stratified by
app use, videoconference use, and text support use.

3. Engagement variables: low versus high frequency and
duration of app use.

Responder and nonresponder groups will be identified on the
basis of changesin primary and secondary outcomes, and these
groupswill be characterized in terms of baseline characteristics,
demographics, and app use variables. Descriptive statistics will
be produced, and a regression model will be performed to
identify variables associated with responder status. An SEM
model will then be developed where baseline characteristics
will be independent variables, app use and content variables
will be mediating latent variables, and quality of lifewill bethe
dependent variable. Regression coefficients will be reported
with 95% Cls. These anayses will be performed as an
intention-to-treat analysis, using all randomized participants
with imputation of missing end-of-study (T2) observations, with
the exception of the sensitivity analyses, which will be
per-protocol analyses.

Results

Recruitment for this study started in March 2022 and was
completed in October 2022. Considering that participants who
were randomized to arm B will take 16 weeks to complete the
study (Figure 1), we expect data collection to be finalized by
May 2023 and study results to be available within 12 months
of the final data collection date. Results of the study will be
written up as soon as possible thereafter, with the intention of
publishing the outcomesin high-quality peer-reviewed journals.

Discussion

Overview

This exploratory RCT aims to investigate whether an 8-week
CBT-based intervention—ThinkNinjafor Epilepsy—delivered
through a smartphone app is clinically effective in improving

https://www.researchprotocols.org/2022/11/e40261
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the quality of life, mental health, and emotional well-being of
people with epilepsy and concurrent mental health difficulties.
We hypothesize that there will be an improvement in
participants’ self-reported quality of life, anxiety, depression,
impression of change, and medication adherence as a result of
the 8-week CBT-based intervention, with the outcomes being
positively associated with participants’ levels of engagement
with the app.

Despitethelink between epilepsy and mental health difficulties
being well known, current medical interventions tend to focus
on seizure management. As aresult, mental health difficulties
in the context of epilepsy aretoo often overlooked and untreated,
with detrimental outcomes on people’s quality of life.

CBT is a well-researched psychological intervention that has
proved to be effective in reducing symptoms of anxiety and
depression in people with epilepsy, and it is recommended in
the NICE guidelines [42].

More recently, digital mental health interventions, including
CBT-based programs, have become quite popular and have
proved to be effective in managing and preventing mental health
disorders in people suffering from chronic health conditions.
Sassevilleet al [43] recently conducted arapid literature review
aimed at determining the effectiveness of digital mental health
interventions for people with a concomitant chronic disease.
The authors concluded that digital mental health interventions
are effective and safe for people with chronic health conditions,
but further studies are required in order to provide precise
recommendations to specific clinical populations.

To the best of our knowledge, only afew digital interventions
and smartphone apps are currently available for people with
epilepsy; these typically offer tools to manage seizures, such
asseizurediaries[19], with only afew focusing on mental health

[27].

ThinkNinja for Epilepsy appears to be the first CBT-based
digital mental health smartphone app that is specificaly
designed to support people with epilepsy. The findings from
our study will hopefully contribute to addressing the critical
gap intheuniversal provision and accessibility of mental health
and emotional well-being support for people with epilepsy.

Limitations

We note the following limitations to the proposed study. First,
participants will know that they will be able to start the
intervention after an 8-week waiting period if they are
randomized to the waiting-list control arm. We considered that
this would potentially result in either improved mood and
motivation or the opposite. This cannot be controlled for, but
wewill capture further baseline data (T0) when the waiting-list
participants move to the active arm and start the intervention.
We will aso explore this in our qualitative evaluation upon
completion of the study. Second, this study is based in the
United Kingdom,; therefore, the results of this study may have
reduced generalizability to other cultures where mental health
support islimited duetoissues such as social stigma. Moreover,
recruitment of participants will take place via advertisements
on social media platforms, such as Facebook and Twitter, as
well as on epilepsy charities websites. This may result in
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selection bias toward motivated participants who are likely to
be better educated about their condition and able to afford
mobile technologies. These types of participants may be more
likely to benefit from technol ogy-based interventions compared
to patients who do not engage with social media. Therefore,
care should be taken when generalizing the results of this study
to the wider epilepsy population. Our study will only include
participants with a self-reported diagnosis of epilepsy, as they
are volunteers recruited through charities and social media
platforms. We acknowledge thisasalimitation and, if this study
issuccessful, wewould envisage our next trial to be held within
primary care and specialist neurology services, with all referrals
being made by NHS clinicians. Similarly, self-reported
questionnaires will be used to assess outcomes.

We also acknowledge that participants’ ability to access other
forms of psychological services during the study is a potential
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limitation. However, they will be asked to disclose this
information while compl eting the measures throughout the study
and it will be accounted for in our analyses. Participants may
not wish to disclose thisinformation, but thisis an unavoidable
limitation of this study.

Conclusions

Thisstudy isapreliminary investigation into an underdevel oped
areawith significant potential for future scaling of psychological
interventions for people with epilepsy. This study will attempt
a sophisticated analysis of factors related to engagement and
outcomes, which will inform future research and app
intervention devel opment. We envisage that this study will lead
to further investigation of the ThinkNinja for Epilepsy app
within clinical services.

The study described in this protocol will gather confidential and sensitive data. However, to support scientific transparency, data

can be made available upon request to the corresponding author.
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Abstract

Background: Exergames can provide encouraging exercise options. Currently, there is limited evidence regarding home-based
exergaming in the postoperative phase of total knee replacement (TKR).

Objective: This study aimed to investigate the effects of a 4-month postoperative home-based exergame intervention with an
8-month follow-up on physical function and symptoms among older persons undergoing TKR compared with home exercise
using astandard protocol. In addition, aconcurrent embedded design of amixed methods study was used by including aqualitative
component within a quantitative study of exergame effects.

Methods: Thiswas adual-center, nonblinded, two-arm, parallel group randomized controlled trial with an embedded qualitative
approach. This study aimed to recruit 100 patients who underwent their first unilateral TKR (aged 60-75 years). Participantswere
randomized to the exergame or standard home exercise arms. Participantsfoll owed a custom-made exergame program independently
at their homes daily for 4 months. The primary outcomes at 4 months were function and pain related to the knee using the Oxford
Knee Score questionnaire and mobility using the Timed Up and Go test. Other outcomes, in addition to physical function,
symptoms, and disability, were game user experience, exercise adherence, physical activity, and satisfaction with the operated
knee. Assessments were performed at the preoperative baseline and at 2, 4, and 12 months postoperatively. Exergame adherence
was followed from game computers and using a structured diary. Self-reported standard exercise was followed for 4 months of
intervention and physical activity was followed for 12 months using a structured diary. Qualitative data on patients' perspectives
on rehabilitation and exergames were collected through laddering interviews at 4 and 12 months.
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Results: This study was funded in 2018. Data collection began in 2019 and was completed in January 2022. The COVID-19
pandemic caused an unavoidable situation in the study for recruitment, data collection, and statistical analysis. As of November
2020, atotal of 52 participants had been enrolled in the study. Primary results are expected to be published by the end of 2022.

Conclusions: Our study provides new knowledge on the effects of postoperative exergame intervention among older patients
with TKR. In addition, this study provides anew understanding of gamified postoperative rehabilitation, home exercise adherence,

physical function, and physical activity among older adults undergoing TKR.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2022;11(11):€38434) doi:10.2196/38434

KEYWORDS

Clinical Trials.gov NCT03717727; https://clinicaltrials.gov/ct2/show/NCT03717727
RR1-10.2196/38434

knee arthroplasty; serious game; gamification; therapeutic exercise; rehabilitation; physical therapy; Kinect; mixed methods;

randomized controlled tria

Introduction

Background and Rationale

People with osteoarthritis (OA) often remain sedentary after
total knee replacement (TKR) [1,2], predisposing them to
noncommunicabl e diseases and disabilitieswith advancing age.
Exercise is a recommended core treatment in the clinical
guidelines for muscul oskeletal disorders and a cornerstone of
standard care for patients with OA [3,4]. People with knee OA
should follow similar doses of exercise (frequency, intensity,
time, type, volume, and progression) as physical activity (PA)
recommended by public health authorities to have a positive
effect on physical function [5]. Although engagement in PA is
difficult for the general population, it is even more chalenging
for people with OA. They are often physically inactive and
highly sedentary because of pain and disease progression [6].

Typically, TKR surgery is performed after years of progressive
pain, swelling, stiffness, and decreased range of mation in the
joint. Therate of TKRsfor severe OA isincreasing substantially
[7,8], and it is one of the most frequently performed elective
surgeries [9]. Fast tracking for TKR involves optimizing the
treatment protocol to reduce the primary treatment period and
thus reduce the use of institutional care [10]. The primary
treatment period after TKR was approximately 3 days, and for
75% of the patients, the discharge destination was home [10].
Emphasis is placed on providing postoperative physiotherapy
in hospitals to enable the patient’s independence in activities
of daily living (ADL) before discharge. In addition, hospital
physiotherapists supervise active home exercises to improve
knee range of motion, muscle strength, and weight-bearing
while walking. High-intensity outpatient physical therapy
directly after discharge improves the functional performance
of patients who had undergone TKR [11]. Nonetheless,
rehabilitation after discharge is mainly the patient's
responsibility.

A study by Valtonen et al [12] found that although the operation
reduces pain effectively, even 10 months after the knee
replacement surgery, the knee extension torque and power in
the operated lower limb remained weaker than those in the
nonoperated side. This asymmetry limits patients ability to
negotiate stairs[12]. Questionnaires administered to patients 5
years after TKR have shown that their expectations regarding

https://www.researchprotocols.org/2022/11/e38434

postoperative PA were not fulfilled to the same extent as their
expectationsregarding pain relief [13]. PA levelsremain below
the recommended level's, and sedentary behavior continues after
TKR [1]. However, meeting preoperative expectations is a
significant determinant of overall patient satisfaction following
lower limb joint arthroplasty [14].

In the long term, PA would be crucia for the aging population
undergoing TKR by reducing the risk of chronic
noncommunicable diseases and disabilities in ADL. Exercise
adherenceisan essentia predictor of thelong-term effectiveness
of exercisetherapy both within and after the intervention period
[15]. Gamified exercise, or exergaming, is a hew approach to
increase exercise adherence. I ncreased exercise adherence using
exergames has been reported in severa studies involving
different patient groups[16,17].

Objectives

This study explored the effectiveness of home-based exergame
rehabilitation on physical function and symptoms after TKR.
This “Gamification in Knee Replacement Rehabilitation,
randomized controlled trial” (BEE-RCT) ispart of the" Business
Ecosystems in Effective Exergaming” (BEE) project. The
primary objective of this study wasto examine the effectiveness
of a 4-month gamified home exercise program on physical
function, disability, and symptomsfollowing TKR surgery. We
hypothesized that people assigned to the exergame arm would
have better functional statusand lower levels of symptomsthan
those assigned to the standard home exercise arm.

Furthermore, we will assess exercise adherence and game
experience in the gamified home-based rehabilitation arm of
the study following TKR surgery and the maintenance of
intervention benefits 1 year after TKR surgery. In addition,
using a mixed methods approach, we aim to investigate the
complex interrelationship between gamified rehabilitation,
exercise adherence, PA, physica function, and symptoms in
older adults after TKR surgery.

Methods

Trial Design
This was a 4-month dual-center, two-arm, parallel group
randomized controlled trial that determined the effectiveness
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of exergame-based home-based rehabilitation by comparing it
with standard home exercise after TKR. The 4-month
intervention period was followed by the 8-month follow-up
period. Participants perspectives on rehabilitation and
exergames were explored using an embedded qualitative
approach. Figure 1 illustrates the flow of this study.

Figure 2 presents the enrollment schedule, interventions,
outcome assessments, and interviews. The participants
functioning, disability, and symptoms were assessed
preoperatively at ty (baseline) and postoperatively at t;, t,, and
t3 (2nd, 4th, and 12th month, respectively). Individually arranged
assessments were conducted in the exercise laboratory at the
Turku University of Applied Sciences and the exercise

Aartolahti et d

laboratory at the University of Jyvaskyld. Research data were
collected before TKR surgery at baseline and during the RCT
intervention and follow-up periods. The baseline assessment
(to) was performed within 2 weeks before the planned day of
surgery. During the baseline assessment visit, participants
provided written informed consent, after which the research
physiotherapist measured the outcomes, performed
randomization, and guided home exercising according to the
allocation group. The postoperative assessments (t;,t,, and t3)
were performed within +5 or -5 days of the postoperative 2-,
4-, and 12-month time points. During the postoperative
assessment visit, the research physiotherapist measured the
outcomes (t, t,, and t3) and guided the PA of standard care and
the gym work out for strength training (t,).

Figure 1. Flowchart of the Gamification in Knee Replacement Rehabilitation, randomized controlled trial. TKR: total knee replacement.
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Figure 2. The schedule of enrollment, interventions, assessments, and interviews in the Gamification in Knee Replacement Rehabilitation, randomized
controlled trial.
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Interviews

Study Setting

The study participantswere Finnish patientswith knee OA who
lived in the Southwest and Central Finland Health Care Districts
and had undergone TKR surgery at the Turku University
Hospital in the City of Turku or the Central Finland Hospital
inthe City of Jyvéskyl&. These hospitals perform approximately
1700 (Turku, 1200 and Jyvaskyld, 500) kneejoint arthroplasties
per year. After discharge from the hospital, patients performed
therapeutic exercisesindependently in their homesfor 4 months
with either exergame (intervention group) or standard
postoperative exercises (control group). Theintervention group
participants followed the standard postoperative home exercise
program when they could not use exergames, such as during
vacationsin another locality or abroad. For 1 year after surgery,
the participants maintained arecord of PA.

https://www.researchprotocols.org/2022/11/e38434

RenderX

Eligibility Criteria

The study participants were men and women aged 60-75 years
who had undergone TKR surgery. They were recruited during
their preoperative outpatient visits at the Turku University
Hospital and Central Finland Hospital. Inclusion criteria for
enrollment in the study were asfollows: (1) aged 60 to 75 years,
(2) first primary, unilateral TKR; (3) diagnoses of primary knee
arthrosis (International Classification of Diseases 10th Revision
codes M17.0 and M17.1); (4) mechanical axis of the limb in
varus; (5) model of the TKR is posterior stabilizing or
cruciate-retaining prosthesis; and (6) normal vision with or
without eyeglasses. The exclusion criteriawere asfollows: (1)
diagnosed memory disorder or cognitive impairment; (2)
neurological conditions (such as Parkinson disease, multiple
sclerosis, or stroke); and (3) fractures, rheumatoid arthritis, or
other biomechanical disruptions in the affected lower limb
within 1 year before surgery. Inclusion criterion for age was set
to have a sample presenting avast majority of patientswho had
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undergone TKR without trauma background or increased
number of comorbiditiesand to control high variability in skills
of technology use.

Recruitment

During the preoperative outpatient hospital visit, the surgeon,
with either a physiotherapist or a research nurse, assessed the
digibility of study patients. If a patient was dligible, a
physiotherapist or research nurse described the study to the
patient and asked for written permission for the research’sinitia
preoperative contact. The patient was informed of the study
course during the initial phone contact. The date of the
preoperative basdline assessment was agreed upon by interested
patientswho did not report conditionsthat could affect the safety
of physical testing and exercise. These conditionsincluded chest
pain during exercise or other physical exertions, excessive
shortness of breath, cardiac medication, seizures or
unconsciousness, fainting, or dizziness. In the basdine
assessment, eligibility was reassessed based on theinitial survey.
The patient provided written informed consent to participatein
the study if eligible.

Random Allocation

After the preoperative baseline measurements, the study
participantswere randomly allocated one by oneto the exergame
and standard home exercise groups. A person unrelated to the
study had previoudly used acomputer-generated randomization
procedure using blocks of 2 and 4 in random order and according
to the place of recruitment (Jyvaskyld or Turku), gender and
baseline Timed Up and Go (TUG) test with time <10 seconds
(indicating faster performance in patients who had undergone
TKR [18,19]). A person unrelated to the study had concealed
group alocation cardsin opague sea ed envelopesinto 4 separate

Aartolahti et al

sets of stratification (slow men, slow women, fast men, and fast
women) per place of recruitment. After the baseline
measurement of each participant, the research physiotherapist
of the exercise laboratory opened the next envelope from the
appropriate set of envelopes, complying with the allocation
stratification, and assigned the participant to the exergame or
standard home exercise group according to the group allocation
card in the envel ope.

Interventions

Exergame

The exergame group played 11 different Unity (Unity
Technologies) exergames (Turku University of Applied
Sciences, Finland) developed in the BEE project. Exergame
development was based on a standard postoperative
rehabilitation program for TKR. The exergames were played
using a motion sensor (Kinect 2.0, Microsoft Corporation)
connected to alaptop (Micro-Star International) and controlled
with a tablet (Lenovo). Training software (GoodLife Kiosk
Trainer, GoodL ife Technology) and television screens offered
implementation in the homes of the study participants (Figure
3). Exergaming content and progression were built for players
using PhysioTools Online (PhysioTools) exercise library
software, enhanced with exergames. The player controls the
games using movements similar to the standard postoperative
home exercise program. The research physiotherapist instructed
the participants in the exergame group to play exergames
progressively several times a day for 16 weeks after discharge
from the hospital (Multimedia Appendix 1). In addition, the
participants were recommended to follow the standard
postoperative home exercise program when they could not use
exergames, such as during vacations in another locality or
abroad.

Figure 3. Exergame solution in rehabilitation after total knee replacement in the home setting.
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Theinitial guidance for setting up the exergame system, using
applications, and testing 2 games (the Bubble Runner and Cave
Game) took place at the exercise laboratory baseline visit
immediately after randomization. Face-to-face individual
guidance was provided for 15 to 20 minutes by the same
research physiotherapist who had conducted the baseline
assessment. In addition, the study participants received awritten
manual on exergame equipment, setup, applications, and
exergaming. The participantsindependently set up the exergame
equipment in their homes.

Exergames were categorized according to exercise target: knee
extension and flexion, kneeflexion or squatting, weight shifting
from side to side, stretching, and functional exergames
(Multimedia Appendix 1). The knee extension-flexion games
(the Cave Game and Intruders) and stretching game (the
Cannon) were played in a sitting position, whereas the other
games (the Rowing Game, Pick Up, Squat Pong, Bubble Runner,
Hat Trick, Brick Breaker, Hiking, and Toy Golf) were played
inastanding position. Detailed information on each exergame’s
solution explaining the game's course and the strategies and
metrics used is provided in Multimedia Appendix 1.

Thefirst week of the exergame protocol (M ultimediaAppendix
1) was initiated on the third day after surgery. The exergames
of each week were prescribed to be played in the order presented
in Multimedia Appendix 1. The protocol specified 4 to 5
exergames for each intervention week. The participants were
instructed to play the games prescribed several times a day.
Weekly, the exergame protocol became more demanding as
games became more challenging, and playing time, number of
repetitions, sets, and intensity in games increased. In weeks
5-12, exergames that had once been in the exergame protocol
but were not planned for the current week were further available
for play asadditional exergames of theweek. Inthelast 4 weeks
of the exergame protocol (weeks 13-16), the exergames were
the most demanding versions, with the highest exercising doses.

Control

The control group underwent a standard postoperative home
exercise program initially instructed by aphysiotherapist inthe
hospital where the surgery was performed (Multimedia
Appendices 1-3). The research physiotherapist instructed the
control group participants to follow this standard program
several times a day for 16 weeks starting after discharge from
the hospital. Similar to the exergame group, guidance was
provided at the exercise laboratory baseline visit immediately
after randomization. Face-to-face individual guidance was
provided for 5 to 10 minutes by the same research
physiotherapist who had conducted the baseline assessment.

Postoperative Usual Care

Both groups received standard care after TKR (Multimedia
Appendices 2 and 3). Standard care included a clinical visit to
hospital physiotherapists or orthopedists at an average of 2
months after surgery. In addition, the artificial joint status and
ability to function were monitored regularly with electronic
surveys and, if necessary, conventional radiography. Surveys
were taken 2 to 3 months after surgery, 1 year after surgery,
and will be taken every 5 years thereafter. In addition, PA

https://www.researchprotocols.org/2022/11/e38434
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guidance based on PA recommendations [20] wasalso provided
asapart of standard care. At the 4-month postoperative research
assessment visit, the research physiotherapist briefly, in
approximately 5 minutes, counseled the participants of both
groups about the PA guidance of standard care and provided
written gym instructions for strength training (Multimedia
Appendix 1).

Outcome M easures

Overview

Research physiotherapists responsible for collecting descriptive
data and outcomes pre- and postoperatively were trained.
Preoperative descriptive datawere gathered by an initial survey,
by interviewing study participants, and from medical records
with the permission of the study participants. The selection of
outcomes (Figure 2) adapted the recommended tests of physical
function in peoplewith knee OA [21] and were collected during
exercise laboratory visits in Turku or Jyvéskyla, according to
the participant’s residential area. Before data collection,
participants were asked about their current perceived well-being
(normal, tired, or unwell) to ensure safe exercise laboratory
measurements. The outcomes were collected in a permanent
order during both pre- and postoperative visits. The
guestionnaires were collected first, followed by height and
weight measurements to calculate BMI. The questionnaires
were collected using the pen and paper method in the following
order: Oxford Knee Score (OKS), Kneeinjury and Osteoarthritis
Outcome Score (KOOS), World Health Organi zation Disability
Assessment Schedule (WHODAS 2.0), and satisfaction with
the operated knee. In addition, on the 2- and 4-month visits,
after previous questionnaires, the Positive System Usability
Scale (P-SUS) and Game User Experience Satisfaction Scale
(GUESS) questionnaires were collected from participants in
the intervention group. Subsequently, the assessments were
performed for all participantsin the following order: knee pain
(visual analog scale [VAS]), knee range of motion, Short
Physical Performance Battery (SPPB), TUG test, 10-meter
walking speed, and isometric knee extension and flexion
strength. Sitting balance was measured using a prototype
measuring device (SmartChair, Tohoku University) inthe TUG
and SPPB sit-to-stand tests. Finally, interviewswere conducted.
Data regarding exercise time and dose throughout the
intervention period and PA through study completion were
gathered by self-reported structured diaries and exergame time
and dose data by game computers. The outcome assessments
andinterviewsare described in detail in the Primary Outcomes,
Secondary Outcomes, and Qualitative Data sections.

To minimize the amount of missing data owing to the
COVID-19 pandemic, the principal investigators approved
changes to the data collection method. Consequently, al data
to be collected using the pen and paper method were collected
by mail from the participants during the lockdowns and from
the participants who, on their own, did not visit the exercise
laboratory after the lockdown. The changeto the data collection
method did not require a modification of the ethical statement
or hospital permission.
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Primary Outcomes

Changesin kneefunction and pain were assessed using the OKS
guestionnaire [22]. OKS is a short, reproducible, valid, and
sensitive questionnaire used to assess clinically important
changes after TKR surgery [23]. Each of the 12 itemswas scored
from 0 to 4, with 4 being the best outcome. When summed, the
overall scores ranged from 0 to 48 points, with higher scores
indicating better function and lower knee pain.

The TUG test was used to assess changes in mobility [24]. The
TUG test was performed twice at maximum speed, with the
shoes on. Time in seconds was measured using a stopwatch.
Both results were recorded, and a better result (shorter timein
seconds) was used. A lower TUG test time indicated better
mobility.

Secondary Outcomes

Walking was assessed with a 10-meter walking test [25]
performed 4 times with shoes on: twice with normal speed and
twice with fast speed with a 2-meter flying start. Possible use
of walking aids was aso recorded. The time in seconds was
measured using photocells. All resultsin secondswere recorded
and reported asthe walking speed (m/s). Better resultsat normal
and fast speeds (higher value of m/s) were used. Higher speed
in the 10-meter walking test indicated better walking
performance.

Lower extremity performance was assessed using the SPPB test
[26], which includes 3 subtests: static balance in 3 different
positions, 4-meter walking time, and 5 repetitions of sit-to-stand.
The balance test was performed without shoes. The walking
test was performed at normal speed, and the sit-to-stand test
was performed at fast speed, and both these testswere performed
with shoes on. The possible use of awalking aid during the test
was also recorded. All subtest results were recorded in seconds
and scored from O to 4 points, leading to a maximum of 12
points. Higher SPPB test scoresindicate better lower extremity
performance.

Muscle strength was assessed with isometric knee extension
and flexion forces collected using a Metitur Good Strength
dynamometer in Jyvaskyld (Newton [N]) and a Con-Trex
Multijoint dynamometer (Newton-meter [Nm]) in Turku. Knee
extension and flexion forces were measured from each lower
limb in the sitting position, with the knee angle at 60° of flexion.
The measurement sequence was asfollows: (1) knee extension,
(2) knee flexion force from the nonoperated lower limb, (3)
knee extension, and (4) knee flexion force from the operated
lower limb. The participants performed 4 warm-up and training
contractions with moderate force, after which 4 contractions
with maximal force were measured. Thereafter, the
performances were repeated until the force improved to <50 N
during the knee extension contraction and <20 N during the
kneeflexion contraction. One contraction lasted approximately
3 seconds, and there was a 30-second bresk between
contractions. All maximal force results were recorded. In
addition, after completion of the sets of contractions of the lower
limb (eg, knee extensions and flexions of the operated lower
limb), the participants were asked if the pain impaired their
performance. The direction of painful performance (ie,
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extension, flexion, or both) and pain intensity on ascale of 1to
10 wererecorded. The best resultsfor knee extension and flexion
forces (Nm or N) were used. For analysis, N values were
calculated asNmwith the formulaForce (N) x lever arm length
of the leg (m) and normalized based on body weight
(Nm/weight). A higher value in the isometric knee extension
and flexion tests indicated better muscle strength.

The range of knee joint flexion and extension was measured
using a universal goniometer [27,28]. Measurements were
performed on the operated knee in the supine position. First,
active and passive knee flexion were measured, followed by
active and passive knee extensions. The results were recorded
in degrees; a smaller result in extension and larger result in
flexion indicated a better joint range of motion.

Knee pain was assessed using the pen and paper version of the
VAS [29] by asking participants to rate the average knee pain
over aweek. The VASrangesfrom 0 to 100, indicating no knee
pain and the worst possible knee pain, respectively.

Disability was evaluated using the self-reported WHODAS 2.0
questionnaire [30] including 12 items. The scale rangesfrom 0
to 4 per item, indicating valuesfrom “no difficulty” to " extreme
difficulty,” and the total score ranges from O to 48 points. A
lower total scoreonthe WHODAS 2.0 indicated better function.

The KOOS questionnaire [31] includes 5 subscales: pain, other
symptoms, quality of life, ADL, and sport and recreation
function. The 5-point Likert scale ranged from O to 4 for each
subscale. The maximum score on each subscal e was 100 points.
A higher score on the KOOS questionnaire indicated less knee
pain and associated problems.

Exergame experience was evaluated using the GUESS[32] and
the 10-item P-SUS [33] questionnaires. GUESS includes 9
subscales that assess usability or playability, narratives, play
engrossment, enjoyment, creative freedom, audio esthetics,
personal gratification, social connectivity, and visual esthetics.
The questions were scored from 1 to 7, indicating values from
“strongly disagree” to “strongly agree” In addition, a score of
8indicates* not applicable” P-SUS questionswere scored from
1to 5, indicating values from “strongly disagree to “strongly
agree”” A higher scoreonthe GUESS and P-SUS questionnaires
indicated a more positive experience of the exergames played.

Outcomes related to exercise adherence were collected using a
self-reported structured diary and agame computer. Participants
filled in the exercise diary daily for the exergame and standard
home exercise adherence (number and duration of exercise
sessions in minutes). This will be summed as days, sets, and
minutes of exergaming and standard exercising per week.
Minutes per week will be calculated as metabolic equivalent
hours per week [34-36]. In addition, exergame adherence was
measured based on the game computer data gathered during
each exergame session (name of exergame, duration, timestamp,
and game score). Adherence from game computer will be
calculated as days, sets, and minutes of performed exergaming
per week. Longer exercise duration, that is, minutes per week,
indicated ahigher level of commitment to exercise. In addition,
adherence throughout the intervention period will be reported
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as the percentage of completed exercise days compared with
the total number of days.

PA was measured using a structured PA diary, which the
participants completed daily from baseline to 12 months. The
diary form sought data on each activity’s mode, intensity, and
duration. Leisure time PA and PA related to daily errands or
commuting are reported separately. PA will be calculated as
the metabolic equivalent hours per week and month by
multiplying each marked activity by self-evaluated intensity (1,
light; 2, moderate; and 3, vigorous), according to Ainsworth et
al [34].

Satisfaction with the operated knee was assessed using the
following question: “How satisfied are you with your operated
knee?’ Response options were “very satisfied,” “satisfied,”
“dissatisfied,” and “very dissatisfied.”

Qualitative Data

Individual interview data on patients perspectives on
rehabilitation and exergames were collected 4 and 12 months
after the operation. Face-to-face interviews were recorded, and
laddering notations were used. Owing to the COVID-19
pandemic, phone interviews were conducted as necessary. All
participants were invited to participate in the interviews. The
laddering interview technique supports the understanding of
the user's perspective [37]. The technique is based on the
personal construct theory [38], which emulates human beings’
mental models. The laddering interviewing technique
operationalizes the personal construct theory by providing a
meansto investigate system attributes, consequences (reasoning)
for system use, and values or goals that drive its use [37]. The
laddering interview process by Tuunanen and Peffers [39] was
followed. First, participants were given a list of stimuli
(Multimedia Appendix 4) intended to suggest ideas about
possible recovery experiences of participants to enable
brainstorming [37]. Second, the interviewees were asked to
select 2 stimuli that they perceived as the most important to
them. Theinterviewer proceeded to ask the participant to explain
why each experience was important by asking questions such
as “why” and “why that would be important.” The ladder data
were recorded as attribute-consequence-value chains, as
presented by Tuunanen and Peffers [39]. The interview
recordings are also transcribed to later enable other qualitative
approaches in the analysis.

Adverse Eventsand Dropouts

Adverse events that the study participants reported
spontaneously were recorded. The type of harm and its onset
time, intensity, and frequency were recorded, and the possible
causal relationship with theintervention was assessed. The date,
informant, and reason for dropout were recorded for the study
participantswho discontinued the study. In addition, we assessed
whether the interruption was because of an adverse event, the
participant’s state of health, personal will, or whether the
participant was not reached.

Blinding (M asking)

Participants and trial personnel were not blinded after the point
of assignment to interventions following baseline measurements
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because of the nature of the interventions and outcomes
assessed. Participants knew which group they belonged to
because the group-specific exercise routines were followed
immediately after randomization, and gaming equipment was
provided to those randomized to the intervention group. Trial
personnel, in turn, were able to deduce the group from the
guestionnaires related to the game experience gathered during
2- and 4-month visits from participants randomized to the
exergame group.

Promotion of Participant Retention

Participant retention was promoted with phone contact before
the 2-, 4-, and 12-month measurements to ensure participation.
Data collection was supported by mailing questionnaires to
participants when they did not come to the exercise laboratory
for 2-, 4-, and 12-month measurements owing to personal
reasons or pandemic constraints. The outcomes collected by
mail were OKS, VAS, WHODAS 2.0, KOOS, satisfaction with
the operated knee, GUESS, and P-SUS scores.

Data M anagement

The management of the collected and generated data was
documented in the Data Management Plan (DMP) document.
The data were pseudonymized and stored securely in locked
cupboards or protected network drives. Unidentifiable datawere
shared with the investigators involved in the study. Processes
to promote data quality include the documented data collection
protocol and training of data handlers. All research results will
be made public through conference presentations or journal
publications. Individual study participants will not be
identifiable based on public research results. A datamonitoring
committee was not needed because of the short duration of the
trial and the known minimal risks.

Sample Size

Theintended sample size (n=100) of the BEE-RCT was based
on the primary outcome, the OKS [22]. Assuming a mean
difference of 5 (SD 8) points [40] in a change in the OKS
between the groups at 6 to 12 months [40,41], a sample size of
42 in the intervention and control groupswas required to detect
differences between groups at an a of .05 and reach power of
80%. The dropout rate was estimated to be 10%; consequently,
aminimum of 100 participants were needed to be recruited. In
2020, the COVID-19 pandemic decreased the number of elective
surgeries, such as TKR, and there were lockdowns in exercise
laboratories. Due to this, recruitment slowed in the spring of
2020 and was completely stopped for 3 months because of
lockdowns. Consequently, thetrial failed to recruit theintended
sample size of participants.

Data Analysis Plan

Repeated measures of the changes in primary and secondary
outcomeswill be compared between the exergame and standard
home exercise groups using intention-to-treat analysis, mixed
effects models, and an unstructured covariance structure. Fixed
effects included group, time, and group x time interactions. In
the primary analysis, repeated measurements will be taken at
different time points, including at baseline and at 2 and 4
months. Mixed models alow for the analysis of unbalanced
data sets without imputation; therefore, all available data with
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the full analysis set will be analyzed. In response to the impact
of COVID-19, the number of participants is expected to be
insufficient for per-protocol anaysis. The maintenance of
intervention benefits for 12 months will be analyzed using
similar mixed effects models as secondary analyses.

A concurrent embedded design of a mixed methods study was
used by including aqualitative component within aquantitative
study of exercise effectiveness. In the mixed methods approach,
guantitative data analysis is mainly descriptive to support the
interpretation of qualitative findings. For physical function
measures, categorization based on aclinically meaningful level
or change from baseline will be used to further integrate the
qualitative data. With the qualitative interview data, primarily
thematic coding and clustering of the concepts arising from
ladder chains are planned [37]. The ladder data will be coded
and categorized by 2 researchers and checked until acomplete
consensusis achieved between them. Integration of quantitative
and qualitative datawill focus on devel oping aframework using
the identified clusters and structuring them by adopting the
interpretative structure modeling technique [42].

Ethics and Dissemination

Ethics Approval

The Ethics Committee of the Southwest Finland Health Care
Districts has reviewed and made a statement for the BEE-RCT
study (Dnro 66/1801/2018, June 19, 2018) according to the
Medical Research Decree. In addition, the Turku University
Hospital and Centra Finland Central Hospital provided
permission for the study.

This study followsthe guidelines of the Finnish National Board
on Research Integrity [43], the ethical principles of the
University of Jyvaskyld, and good scientific practice and valid
legidlation. The ethical issues of this study concern humans as
participants, the use and storage of the data, and principles
related to intellectual property rights.

We conducted a pilot study with laboratory loading
measurements before RCT to ensure safe and reasonable
exergaming for patients recovering from TKR [44]. The
universitiesinsured the participants of the duration of laboratory
measurements and trips directly related to them.

Consent or Assent

This project involved human participants, and informed consent
was obtained aong with the BEE-RCT. The research
physiotherapist obtained consent before the baseline
measurements. Consent followsthe ethical principlesof research
inthe human, social, and behavioral sciencesand dataprotection
legislation. It was ensured that the potential participants had
fully understood the information and did not feel pressured or
coerced to provide consent. Participants could deny or cancel
their participation at any time without any consequences. The
patient’s consent or refusal to participate did not affect the
treatment they received.

Confidentiality

All persona and collected data were treated as confidential at
all stages of the study and were stored separately. All personal
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data were stored in a highly secure Deltagon CollabRoom
environment. The electronic data were saved with metadatain
university network drives, which are protected by usernames
and passwords. The participant ID list that connects the study
participants and research datawill be disposed of after 15 years.
Ingtitutions hold the ownership of registry data. Data collected
in this research will be owned by the University of Jyvaskyld,
the Turku University of Applied Sciences, and the University
of Oulu. The intellectual property rights policy of each
university will be followed, and ownership has been agreed
upon when creating the DMP.

Declaration of | nterests

Thisproject ispart of the BEE collaboration project and ispartly
funded by companies. The datawill be processed and published
without any commercial interest or input. Funders did not
interpret the results of this project or participate in writing and
publishing the research results. The BEE publication committee
supervises and conforms to the authorships and contributions
to each planned publication. The principal investigator will own
al the results concerning collaborations with commercial
entities. Commercial collaborations already own the rights to
their products, and thiswill not be disputed.

Accessto Data

Researchers from the University of Jyvaskyld, the Turku
University of Applied Sciences, and the University of Ouluwill
have accessto thefinal data. Theright to access datais managed
according to the joint controller agreement of universities.

Dissemination Policy

Metadata entries will be published via the University of
Jyvaskyla Converis research information system. Individual
written feedback was provided to the participants from
participant-level data. The feedback included individual results
of primary and secondary outcomes measured at baseline and
after the intervention and follow-up periods. The trial results
will be reported via scientific publications and congress
presentations. In publications, the recommendations of
International Committee of Medical Journal Editors for
authorship eligibility will be followed [45].

The DMP for this project supports the reuse of data. However,
as the data consist of confidential personal information, their
use is dtrictly restricted to research purposes explicitly
mentioned in the project plan. The project metadata will be
found viathe Converis research information system. Metadata,
complete with afull description of methods, will be published
as data sets are saved in the Jyvaskyld University Digital
Repository. Data are available to external collaborators upon
agreement on the terms of data use and publication of results.

Protocol Version and Amendments

This study refers to protocol version 3 on March 16, 2020.
Before data collection, PA diaries replaced activity monitorsto
measure PA. Important modificationsin responseto extenuating
circumstances, such as COVID-19, have been reported following
the CONSERVE-SPIRIT extension for reporting trial protocols
and completed trials [46] (Multimedia Appendices 5 and 6).
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Results

The first participant was recruited in November 2018 and
randomly allocated to theintervention or control groupin March
2019. The intervention was initiated in March 2019. Owing to
the COVID-19 pandemic, trial recruitment was paused from
March 16, 2020, to May 31, 2020. Recruitment was compl eted
in December 2020, and 52 participants provided informed
consent. Of these participants, 88% (46/52) completed at |east
one postoperative measurement (t;, t,, and t3). The trial ended
in January 2022, when the last recruited participant completed
the 12-month follow-up measures and interviews (t3). Primary
results are expected to be published by the end of 2022.

Discussion

Principal Findings

The randomized controlled multicenter trial BEE-RCT will
provide new knowledge about the gamification of therapeutic
exercise and changes in physical function, disability, and
symptoms after TKR surgery. First, we hypothesize that patients
with TKR who were assigned to the exergame group would
demonstrate better functioning and lower level of symptoms
when compared with those assigned to the standard home
exercise group. Second, we hypothesize that exercise adherence
would be higher in the exergame group and that there would be
an association between adherence and positive user and game
experience. Using a mixed methods approach, we expect to
better understand the complex interrelationship between
gamified rehabilitation, exercise adherence, PA, physical
function, and symptoms in older adults after TKR surgery.

In therapeutic exercises, training adherence dictates the
effectiveness of exerciseinterventionsinreal life. Traditionaly,
printed instructions have reminded patientswho had undergone
TKRtofollow the recommended rehabilitation process at home.
Knee replacement reduces pain effectively; nevertheless,
engagement in exercise and PA isespecialy difficult for people
with OA who remain sedentary after TKR [47,48]. In light of
these results, new solutions for rehabilitation technology are
welcome to support people in their behavior change process
after surgery. More recently, remote technol ogies such asmobile
apps, wearable sensors, and gamified solutions have been
developed to assess, guide, motivate, and receive feedback
during the rehabilitation process.

Comparison With Prior Work

In BEE-RCT, we will explore the effects of custom-made
exergames played in home settings. At the sametime, previous
studies of virtual reality tools after TKR have emphasized
supervised interventions with standard commercial games[49]
or without gamification [50]. Home-based rehabilitation will
become even more essentia after the COVID-19 pandemic, as
the landscape of clinical outpatient rehabilitation changes from
in-person visits to a greater reliance on remote services and
digital rehabilitation [51].

Aartolahti et d

Technological developments have enabled the digitalization of
rehabilitation services. Traditionally, physiotherapists do not
have valid and resource-effective methods to follow home
exercise adherence or progression of patients after TKR. In
BEE-RCT, the effects of postoperative home exercises and
compliance will be studied thoroughly. The game computer
gathered information on home exergame adherence, offering
the advantage of objectively measuring which parts of the
intervention participants were truly engaged in at home. This
type of data provides the possibility of a large data set of
exercise adherence, and it can be a valid measure of exercise
behavior. In the future, new forms of data may be tested, and
theories of intervention implementation and behavior change
may be developed [52].

Strengthsand Limitations

The data collection for the BEE-RCT wasimplemented during
the COVID-19 pandemic affecting people and society. Within
the allotted time, fewer participants were recruited than was
initially planned. Therefore, the study is likely not powered to
reveal differencesin primary outcomes between the exergame
and usua home exercise groups. However, the strength of the
BEE-RCT istheintervention planned for the home environment
and continued without disruption during the pandemic. After
the COVID-19 lockdown, few of the recruited participants
considered that coming to the postoperative exercise |aboratory
assessments would pose a high risk of developing the disease,
and therefore, they did not want to come for the scheduled visits.
However, we collected al questionnaires, interviews, and
intervention data. When interpreting the results, it should be
considered that blinding participants and professionals did not
exist except at baseline assessment before randomization.

In addition to effectiveness, any new technology must be
feasible, appropriate, and meaningful before implementing
evidence-based rehabilitation. By using a mixed methods
approach and integrating quantitative and qualitative data,
BEE-RCT will produce an in-depth understanding of older
peopl€e's experiences of their recovery process after TKR and
the meanings of gamification. With a 1-year follow-up of
physical function and PA combined with data from repeated
interviews on patient experiences, we can explore complex
interrelationships between gamified rehabilitation, exercise
adherence, PA, physical function, and symptomsin older adults
after TKR surgery.

Conclusions

Building on a multidisciplinary approach, this project can
generate new knowledge and relevant results for digital
rehabilitation services and technology development. A
dual-center randomized controlled trial will add data to the
evidence regarding the effects of exergame interventions. A
mixed methods design and novel laddering approach will
generate data on the complex phenomena of PA and
rehabilitation after TKR.
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Abstract

Background: Smartphone apps that capture surveys and sensors are increasingly being leveraged to collect data on clinical
conditions. In mental health, this data could be used to personalize psychiatric support offered by apps so that they are more
effective and engaging. Yet today, few mental health apps offer this type of support, often because of challenges associated with
accurately predicting users' actua future mental health.

Objective: Inthis protocol, we present a study design to explore engagement with mental health apps in college students, using
the Technology Acceptance Model as atheoretical framework, and assess the accuracy of predicting mental health changes using
digital phenotyping data.

Methods: There are two main goals of this study. First, we present alogistic regression model fit on datafrom a prior study on
college students and prospectively test this model on a new student cohort to assess its accuracy. Second, we will provide users
with data-driven activity suggestions every 4 daysto determine whether this type of personalization will increase engagement or
attitudes toward the app compared to those receiving no personalized recommendations.

Results: The study was completed in the spring of 2022, and the manuscript is currently in review at IMIR Publications.

Conclusions: This is one of the first digital phenotyping algorithms to be prospectively validated. Overall, our results will
inform the potential of digital phenotyping data to serve as tailoring data in adaptive interventions and to increase rates of
engagement.

International Registered Report Identifier (IRRID):

PRR1-10.2196/37954

(JMIR Res Protoc 2022;11(11):€37954) doi:10.2196/37954

KEYWORDS

digital phenotyping; digital phenotype; mental health; depression; anxiety; smartphone; app; college student; university student;
young adult; engagement; digital health; mobile health; mHealth; health app; Technology Acceptance Model; adoption

Introduction

While COVID-19 restrictions begin to end, the crisisin college
mental health continues to expand. Recent large-scale studies
suggest that the mental health impact of depression and anxiety
for college students continues even in mid-2022 [1]. Digital
mental health technologies, especially smartphone apps, are a
leading tool to help provide more services to students [2].
Numerous college mental health centers already recommend
mental health apps, and many programs are aimed specifically

https://www.researchprotocols.org/2022/11/e37954

at college students [3]. Despite the clear potential of apps to
provide easy-to-access and interactive mental health resources,
their impact to date has been limited [4]. One leading barrier
has been alack of engagement; many people quickly abandon
apps after only a few days [5]. In this paper, we propose a
scalable and data-driven approach to customize daily and weekly
app content based on predictive model sthat enabl e both personal
and automated care.

Smartphone apps are well suited to personalize care asthey can
gather information related to real-time mental health. Often
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known as digital phenotyping or smartphone sensing, it is
possible, for example, to use signals from a smartphone's
accelerometer to infer sleep behaviors and geol ocation to infer
mobility patterns. Reviews and research on digital phenotyping
in college students suggest that, while digital biomarkers do
exist [4], their effect sizeis likely small. In our prior research
[6], we have combined these digital biomarkers with brief
smartphone surveysto build predictive models of stress, anxiety,
and depression. While we have validated these models
retrospectively on different data sets of college students, to date
there have been no studies exploring their prospective validity
and if customizing an app to offer tailored preventive resources
may reduce mental health symptoms. Overall, this work aims
to prospectively evaluate a model for participant improvement
across the study and compare groups that receive personalized
interventions via a digital navigator, automated worker, or
neither to explore the Technology Acceptance Model (TAM)
in college students.

Methods

First, we will provide general details about the study, and then,
we will address how we plan to achieve these two goals.

Participants, Technology, and App Use

This study will use the open-source mindL AMP app devel oped
by the Digital Psychiatry lab at Beth Israel Deaconess Medical
Center to collect survey and sensor data from college student
participants [7]. mindLAMP is an app that facilitates survey,
digital phenotyping (see below), and app-based intervention all
in one platform that runs on Apple and Android smartphones.
In this study, GPS, accelerometer, and screen state datawill be
collected. In addition, the app will be used to administer surveys
and provide cognitive games, mindfulness, and other activities.
Like earlier iterations of this study, college students will be
recruited via social media to complete a screening survey on
REDCap [8]. Given that in-person recruitment remains
challenging around COVID-19, online recruitment via socia
mediaispractical [9]. To participate, students must be 18 years
or older, score 14 or higher on the Perceived Stress Scale (PSS)
[10], be enrolled as an undergraduate for the duration of the
study, own a smartphone able to run mindLAMP, be able to
sign informed consent, and pass the run-in period outlined
below. Wewill not exclude students based on any comorbidities.
We aim to recruit at least 100 studentsto start the study in line
with our prior pilot studiesand the sample sizes used to generate
the model we are testing. Given that the effect size of any
personalization efforts remain largely undefined, formal power
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analysis is more challenging; although, we note that this study
islarger than prior digital phenotyping studiesfor college mental
health, which have a mean sample size of 81 [11].

Participants will be sent log-in information for the app and will
enter arun-in period. During these 3 days, participants will be
asked to complete a survey each day. This run-in period will
serve to screen out participants whose devices are not able to
capture digital phenotyping data or do not engage with the app
a all, and give the study coordinators time to verify that
informed consent is signed and dated correctly. The run-in
period isdesigned to help improve overall digital datacoverage
that is important for validation of the predictive model [12].
After these 3 days, participants who have completed the required
surveys and have sufficient GPS data will be moved to the
enrollment period of the study. Participants who have not
completed the required surveys will be emailed by the study
worker automation and given 24 hours to complete these tasks
before being automatically discontinued.

Metrics

Participants will be asked to complete a longer survey each
week on the app that includesthe Patient Health Questionnaire-9
(PHQ-9) [13], Generalized Anxiety Disorder-7 (GAD-7) [14],
PSS [10], UCLA Loneliness Survey [15], Pittsburgh Sleep
Quiality Index [16], Digital Working Alliance Inventory (DWAI)
[17], and TAM-related questions (Table 1) [18].

On the first day of the study, participants will also be asked to
complete the Prodroma Questionnaire-16 [19] (Multimedia
Appendix 1A). Participants will have a daily survey each
morning on the app that asks about sleep duration and sleep
quality, and has questions from the PHQ-9, GAD-7, and PSS
(Multimedia Appendix 1A). Participants will be compensated
for completing the weekly surveys: US $15 for completing one
survey between thefirst and eighth days, US $15 for completing
at least one survey between the 8th and 21st days, and finally
US $20 for completing at least one more survey between the
21st and 28th days. Studentswill be paid via Amazon gift card
codes.

Throughout the study, engagement will be monitored to ensure
that a minimum amount of datais being collected. To promote
engagement, the study worker will reach out to participantsvia
email if they have not completed any activities in the past 3
days and encourage them to compl ete the scheduled activities.
If participants have not completed any activitiesin 5 days, they
will be discontinued.
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Table 1. Questionsto explorethe TAM. Some questions are part of both the DWAI and the TAM model. All answers are on a Likert scale (O, strongly
disagree; 1, disagree; 2, neither agree nor disagree; 3, agree; and 4, strongly agree).

Component of TAM? and questions From DWA P
Usefulness
The app supports me to overcome challenges. Yes
The app alows me to easily manage my mental health. No
The app makes me better informed of my mental health. No
The app provides me with valuable information or skills. No
Ease
The app is easy to use and operate. Yes
Attitude
| trust the app to guide me toward my personal goals. Yes
| believe the app tasks will help me to address my problems. Yes
The app encourages me to accomplish tasks and make progress. Yes
| agree that the tasks within the app are important for my goals. Yes
Behavioral intention
| want to use the app daily. No
| would want to use it after the study ends. No

8TAM: Technology Acceptance Model.
bDWAL: Digital Working Alliance Inventory.

Activities
All participants will be scheduled for different therapeutic
modules each week. The activities are listed in the app under

the participant’s daily task feed. The components of the study
are shown in Figure 1.

These modules include content created specifically for college
students. For the first week, all participants will be scheduled
for gratitude journaling. In the second and fourth weeks,
participants will learn about different types of thought patterns
and practice recoding and rationalizing their thoughts
(Multimedia Appendix 1B). Screenshots of the app modules
are shown in Figure 2.

We have evaluated improvement (change in GAD-7 scores) in
aprior study [20], whichisshownin Figure 3. Each participant’s
change in GAD-7 is shown by a line going from their
start-of-week to end-of-week score. Overdl, it is difficult to
determinein this small data set if one module is better than the
other. However, it seems that participants with higher GAD-7
scores may not improve as much with mindfulness as compared
to cognitive distraction games. Thus, in the third week,
participantswill be scheduled for either mindfulnessor cognitive
distraction games based on whether they had low (<10) or high
(>10) GAD-7 scores on the initial weekly survey. Participants
who do not complete this initial survey within the first week
will be discontinued.

Figure 1. Activities throughout the study. Following a 3-day run-in period, participants will complete different module activities each week. GAD-7:

Generalized Anxiety Disorder-7.

&
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Figure 2. Screenshots of activitiesin the mindLAMP app including (A) gratitude journal (week 1); (B) the thought patterns learn tip (weeks 2 and 4);
(C) athought patterns activity example (week 2); (D) thought patterns, asking the user to reframe their thought (week 4); (E) a breath activity (week

3); and (F) the spatial span game (week 3).

(a) (b)

Introduction to Thought
Patterns

Back Submit

(d) (e) (f)

- s s
< Thought Patterns: Emational
Reasoning L2 Breathe

Exhale

Figure 3. Improvement across different modules from earlier studies. The change in score is shown viathe direction of the arrow and the magnitude
of the change is shown by the length of the arrow. This highlights the nature of the data used to produce the recommendation model tested in this study.

GAD-7: Generalized Anxiety Disorder-7.

Change in GAD-7 score

Engagement Theory and Study Design

To address our second aim exploring engagement, we adapted
the TAM as atheoretical framework [18]. The TAM isthe most
widely used model to study engagement around digital health
technologies. In the TAM, both perceived ease of use and
perceived usefulness influence attitude toward technology,
whichinturnimpacts behavioral intention to use (B) and actual
system use. In this study, attitude toward technology will be
measured by the DWAI [17]. The predictive models offering
tailored resources should increase perceived usefulness and thus
attitude toward technology and actua engagement compared
to a control group receiving a scheduled set of resources.

However, increasing perceived usefulness may not be enough,
asrecent studies suggest the need for asocial, or at least human,
interaction to drive engagement. It is currently unclear if this
interaction would have thelargest effect on perceived usefulness,
attitude toward technology, or behaviora intention to use, and
thus, we will perform an exploratory analysis around this
question. The study will be split into three groups. For thosein
the first group, digital navigators [20] will provide human
support and reach out every fourth day to suggest a different

https://www.researchprotocols.org/2022/11/e37954
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module based on whether the algorithm (described below)
predicts future symptom worsening or improvement. In this
study, navigators are research assistants who have been trained
in our 10-hour curriculum on how to provide technical and
engagement support for people using health apps [21]. They
will use email to communicate with participants, although we
automated much of the role for this study as outlined below.
For those assigned to the automation arm, modules will be
suggested every fourth day by the automated study worker bot
via email. Our automation platform will generate emails, and
those assigned to the bot group will receive that email, while
those assigned to the digital navigator group will have theirs
reviewed and signed by such. Finally, for those assigned to the
third arm, or the null group, there will be no modul es suggested
or automation/digital navigator interaction. Study staff will be
available to answer any study questions from all participants.
The reason for activities being suggested every 4 days is to
allow participantsto practice the suggested skills and resources,
and alow a window for these to impact symptoms. Upon
enrollment, participants will be sequentially assigned to one of
three groups: the automated group, the digital navigator group,
or the null group (Figure 4).
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Figure 4. The study will be split into 3 different groups. Activities will be suggested based on model predictions. CBT: cognitive behavioral therapy.
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MachineL earning M odel for Engagement I ntervention

We present a logistic regression model trained on the passive
data features of a prior study of college students to predict
whether daily survey scoreswould increase by one or more (any
decrease in mental health). The model will be used to predict
every fourth day if there will be an increase in reported
symptoms. The model is used to demonstrate the feasibility of
applying a data-driven approach to activity suggestions. On
these days, students in the digital navigator group and the
automated group will receive a suggestion via email for an
additional activity to complete from either a digital navigator
or the automation worker bot, respectively. On days with an
expected increase, acognitive behavioral therapy—based exercise
will be assigned, and on days without an expected increase, a
mindfulness exercise will be assigned. These activities will be
pulled sequentially from a predefined list and will be different
from the weekly activities (Multimedia Appendix 1C). In

Table 2. Passive datamodel coefficients, means, and SDs.

addition, participants will be asked to complete a 3-question
survey about their attitude and behavioral intention toward the
app after completing the survey (Multimedia Appendix 1A) as
ameasure of engagement.

The model was fit using data from the second iteration of the
college mental hedth study using leave-one-patient-out
cross-validation on the difference between each of the passive
data features from 2 days ago to the previous day to predict a
score increase of one or more from the previous to the current
day. The implementation of the passive data features used in
the model can be found on GitHub [22]. The Scikit-Learn
L ogi sticRegression model was used witha 1:1 ratio of 0.5[23].
Class weights were balanced, and al input features were
standardized. The final model coefficients (Table 2) are an
average of the coefficients of each model. The area under the
curve (AUC) over al the combined cross-validated folds was
0.648.

Feature Coefficient Mean (SD)

Entropy -0.07705803 4.132491e-3 (4.193345¢-1)
Home time —0.74001826 —4.256811€5 (2.199408€7)
Screen duration 0.12002379 8.479066e4 (1.127670e7)
GPS data coverage 0.2187653 —2.222512e-3 (2.301561e-1)
Step count 0.11418704 —4.385282¢e2 (5.877810e3)

Symptom I mprovement M odel

To achieve our first aim, we present an additional logistic
regression model to predict if participants will improve by at
least 25% by the end of the study on the weekly surveys from
the average of al features over the course of the study. The
model was trained on datafrom the first iteration of the college
study [8] and tested on the second iteration of the college study
to test model generalization. The AUC scores are shown in

https://www.researchprotocols.org/2022/11/e37954

Table 3. The features used in the model and a table of nonzero
model coefficients can be found in Multimedia Appendix 1D.

Both previous versions of the study recruited college students
to participatein a28-day study taking daily and weekly surveys.
Differencesincluded thetimethe study was performed (version
1 collected datafrom December 2020 to May 2021, and version
2 collected data from November to December 2021) and the
module activities (version 1 had no assigned activities, and
version 2 had four set modules: thought patterns, journaling,
mindfulness, and cognitive distraction games).
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Table 3. Model performance for the improvement model. Results are shown for the second college data set from a model trained on the first college

data set.
Survey Areaunder the receiver operating characteristic curve
Patient Health Questionnaire-9 0.647
Generalized Anxiety Disorder-7 0.738
Perceived Stress Scale 0.640
UCLA Loneliness Scale 0.835
Pittsburgh Sleep Quality Index 0.634

End of the Study

The activity schedulewill finish after 28 daysin the enrollment
period. However, if participants have not completed their final
weekly survey, they will be given up to 4 additional days to
complete this survey and receive compensation. At 32 days, all
remaining participants will be marked as completed, and their
sensor data collection will be turned off.

Study Automation and Data Coverage

To enable scalableresearch, wewill build upon the digital study
infrastructure used in our prior studies [12]. All parts of the
study will be automated via workers implemented in Python.
We have added new featuresto the codebase, including aworker
that will update a Google Sheet with study information such as
the status of different participants in the study, payment form
completion, and which activities have been assigned. In addition,
automated Slack notifications will be sent to the team to help

manage the study (Figure 5). These improvementswill provide
an easy way for the study team to track study progress.

Passive and active data coverage will additionally be monitored
throughout the study via Slack notifications sent to the study
team and graphs on the data portal (Figure 6). Graphs will
include participant GPS, accelerometer, and screen state
coverage over the past week, days since the last activity,
previous week’'s module completion, and previous week’s
daily/weekly survey counts. These graphswill allow researchers
to monitor for any study-wide data collection issues and tra