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Abstract

Background: Asaresult of advances in diagnostic testing in the field of Alzheimer disease (AD), patients are diagnosed in
earlier stages of the disease, for example, in the stage of mild cognitive impairment (MCI). This poses novel challenges for a
clinician during the diagnostic workup with regard to diagnostic testing itself, namely, which tests are to be performed, but also
on how to engage patientsin this decision and how to communicate test results. As aresult, toolsto support decision making and
improve risk communication could be valuable for clinicians and patients.

Objective: The aim of this study was to present the design, development, and testing of a Web-based tool for cliniciansin a
memory clinic setting and to ascertain whether this tool can (1) facilitate the interpretation of biomarker results in individual
patientswith MCI regarding their risk of progression to dementia, (2) support cliniciansin communicating biomarker test results
and risks to MCI patients and their caregivers, and (3) support clinicians in a process of shared decision making regarding the
diagnostic workup of AD.

Methods: A multiphase mixed-methods approach was used. Phase 1 consisted of a qualitative needs assessment among
professionals, patients, and caregivers, phase 2, consisted of an iterative process of development and the design of the tool
(ADappt); and phase 3 consisted of a quantitative and qualitative assessment of usability and acceptability of ADappt. Across
these phases, co-creation was realized via a user-centered qualitative approach with clinicians, patients, and caregivers.

Results: Inphasel, cliniciansindicated the need for risk calculation tools and visual aidsto communicate test resultsto patients.

Patients and caregivers expressed their needs for more specific information on their risk for developing AD and related
consequences. In phase 2, we devel oped the content and graphical design of ADappt encompassing 3 modules: arisk calculation
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tool, arisk communication tool including asummary sheet for patients and caregivers, and aconversation starter to support shared
decision making regarding the diagnostic workup. In phase 3, ADappt was considered to be clear and user-friendly.

Conclusions: Cliniciansin amemory clinic setting can use ADappt, a Web-based tool, developed using multiphase design and
co-creation, for support that includes an individually tailored interpretation of biomarker test results, communication of test results

and risks to patients and their caregivers, and shared decision making on diagnostic testing.

(IMIR Form Res 2019;3(3):€13417) doi:10.2196/13417

KEYWORDS

Alzheimer’s disease; biomarkers; decision aids; mild cognitive impairment; precision medicine; risk; shared decision making

Introduction

Dementia is a syndrome diagnosis that is used to describe
decline in cognitive functioning that is severe enough to result
in aloss of independence in performing everyday activities[1].
A growing proportion of individuals presenting at memory
clinics do not (yet) fulfill the criteria for dementia. These
individuals are labeled as having mild cognitive impairment
(MCI) if cognitive impairment can be objectified [2]. In the
course of 3 years, roughly half of the MCI patients develop
dementia, whereas the other half remain stable or improve [3].
Therefore, the label of MCI entails a prognosis, rather than a
diagnosis.

The prognosis of MCI patients depends on the etiology of the
symptoms. The most common underlying cause is Alzheimer
disease (AD), a neurodegenerative disease that develops
gradually, with dementia asthe final stage[4]. AD biomarkers,
assessed through, for example, magnetic resonance imaging
(MRI) or cerebrospina fluid (CSF), reflect AD related
pathological processes and can therefore provide information
on the underlying cause of cognitive impairment [5]. In early
stages of the disease, AD biomarkers are particularly valuable,
as this information allows a more precise estimate of the
patient’srisk of developing dementia[6]. However, interpreting
and communicating biomarker results is complex, as the
understanding of probabilistic information is known to be
difficult for cliniciansand patients and caregivers[7]. Moreover,
test results may be unclear or conflicting and thus may not
always offer the certainty that clinicians, patients, and caregivers
arelooking for [8].

As a result, the clinician has to face a growing number of
challenges during the diagnostic workup, for example, which
and how many diagnostic (biomarker) tests should be performed,
how much and what type of information doesthe patient actual ly
want, what can we expect from a specific diagnostic test, does
a patient prefer to be provided with information on the likely
course of their symptoms, and how can this information best
be conveyed. Given that patients may weigh potential benefits
and harms of AD biomarker testing differently, considering the
patients preferences and needs are essential when making
decisionsfor or against biomarker testing and the disclosure of
results. In this situation, where an increasing number of

https://formative.jmir.org/2019/3/€13417/

reasonable options emerge to address the patients’ situation,
clinicians and patients should engage in a process of shared
decision making to ensure that the decisions made best fit the
individual [9]. However, in amemory clinic setting, involving
patients in decision making is often limited to providing
information only [9,10], and explicit risk communication about
the development of dementiais barely observed in individuals
with MCI. This demonstrates that there is room to support
clinician-patient communication [9].

In the context of the Alzheimer Biomarkers in Daily Practice
(ABIDE) project, we aimed to develop a Web-based tool for
clinicians in a memory clinic setting that (1) provides
personalized risk estimates of progression to dementia to aid
the clinician in interpreting test results, (2) supports clinicians
in communicating biomarker test results and risks to MCl
patients and their caregivers, and (3) supports clinicians to
engage patients in decision making regarding the diagnostic
workup of AD. Following a user-centered design, this paper
describes the process of development, usability, and
acceptability of the Web-based diagnostic support tool named
ADappt.

Methods

Study Design

This study was conducted as part of the ABIDE project, which
has been funded in the context of the Dutch Deltaplan Dementia
[11]. ABIDE has been designed to improve and facilitate the
use and interpretation of AD biomarkers in clinical practice,
taking into account patients preferences toward diagnostic
testing and communication of test results. Here, we describe
the development and testing of the usability and acceptability
of ADappt, a Web-based tool to support clinicians in the
diagnostic processof AD in patientswith MCI. Thetool consists
of 3 modules; (1) risk calculation: this module provides
personalized risk estimates of progression to dementia to aid
theclinician in interpreting test results (MRI and CSF); (2) risk
communication: this module provides a summary of the
biomarker results, including agraphic representation of therisk
to facilitate communication of test results; (3) shared decision
making: this module entails a conversation starter to support
cliniciansto engage patientsin shared decision making regarding
diagnostic testing.
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Figure 1. Study overview. AD: Alzheimer disease; SDM: shared decision making.
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Functional Design

The overall study adopted a user-centered mixed-method
approach with emphasis on co-creation and was conducted in
the 3 phases described in Figure 1. The board of the medical
ethicsreview committee of the Vrije Universiteit (VU) medical
center reviewed and approved this study. For each modul e, input
and feedback of end users (professionals, patients, and
caregivers) was obtained. Modules were developed in
independent yet overlapping tragjectories such that module 1
was developed first, closely followed by module 2. Module 3
was devel oped last, based on a set of earlier studies conducted
in the context of the ABIDE project [9-10,12].

Thematic content analysis was used to analyze the qualitative
data collected during focus groups, panels, and one-on-one
interviews [13]. In total, 2 coders (IvM and LV), with a
background in psychology, used an inductive approach to
independently formulate lists of themes that appeared from
summarized data. The themes were discussed to reach
consensus.

Module 1: Risk Calculation

Phase 0: Defining the Context

In 2016, the Geneva Task Force on the roadmap of Alzheimer
biomarkers published a strategic roadmap to foster the clinical

validation of AD biomarkers [14]. This roadmap adopted a
5-phase approach from cancer research and dedicated 1 phase
to the diagnostic and prognostic performance of biomarkersin
MCI patients. Both for MRI and CSF biomarkers, evidence still

appeared incomplete [15,16]. In particular, limited evidence
was available on the combination of biomarkers and how they
perform to predict prognosis in individual MCI patients. In a
previous study, we therefore constructed individualized
prediction models that provide personalized risk estimates for
MCI patients, on the basis of MRI, CSF, or the combination of
these 2 biomarkersbased on datafrom the Amsterdam Dementia
Cohort [6,17,18]. Probahilities (with Cls) of progressionto AD
dementiafor 1 and 3 years of follow-up can be calculated using

https://formative.jmir.org/2019/3/€13417/
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these models (for a detailed description see van Maurik et a
[6]). These models serve asinput for therisk cal culation module
of ADappt.

Phase 1: Needs Assessment

Focus Group Clinicians

We organized a 2-hour focus group (n=8, 7 neurologists and 1
geriatrician) led by experienced focus group leaders (RP and
MK). During this focus group, we discussed the interpretation
of biomarker test results and communication of resultsin terms
of risks to patients based on 2 clinical cases that were shortly
introduced. Used examples of risk visualizations were based
on acommonly used format in cardiovascular risk management
[19] and breast cancer therapy risks (Adjuvant! Online) [20].

Phase 2: Design and Development

Test Functional Design

A prototype of the risk calculation module (module 1) was
devel oped from theresults of phase 1. Functionality of theinitial
design wastested by end usersin 2 rounds. In both rounds, end
users were asked, via a questionnaire, if they considered the
module to be logical, clear, and useful. In the first round, a
neurologist, ageriatrician, and 2 researchers provided input on
apreliminary design and layout (risk calculation functionality
was not yet available). From their input the prototype was further
developed. Next, 9 professional's (5 neurologists, 2 geriatricians,
and 2 health care professionals) provided input on the prototype
with afully functioning risk calculation.

Phase 3: Usability and Acceptability

Questionnaire Feedback Prototype

During the annual Dutch Dementia Conference (Dementia
Update) in 2017, therisk cal cul ation module was presented and
interested attendees were given the opportunity to try out the
prototype. A total of 24 attendees (4 geriatricians, 10
neurologists, 5 with another profession [internist or nursing

JMIR Form Res 2019 | vol. 3| iss. 3 1e13417 | p.5
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

home physician specialist], and 5 did not indicate their
profession) provided written feedback by filling out a brief
guestionnaire.

Module 2;: Risk Communication

Phase 0: Defining the Context

In a previous survey study [10], clinicians indicated that they
find it difficult to convey MCI as a diagnosis because of the
uncertainty of the diagnosis of MCI and the lack of treatment.
Nonetheless, the magjority of clinicians indicated to always
disclose the risk of developing dementia [10]. This however
does not sufficiently fulfill the information need of patientsand
caregivers, as patients expressed a wish for more information
on the prognosis of the disease [12].

In risk communication, numeric formats are generally preferred,
relative to other formats, to increase patients' understanding
[7,21,22]. For example, verbal communication of risk (unlikely,
possible, and rare) is vulnerable to a high degree of variability
in interpretation and therefore not considered a best practice
[7]. Among numeric formats, natural frequencies (20 out of 100
people similar to you) are favored over other formats
(probabilities, odds, or classical probabilities), as a reference
classisincluded that reduces misinterpretation [7,23]. A numeric
format should idealy be complemented with a visua
representation of risk and include a specific timeframeinwhich
an event may occur [24].

Phase 1: Needs Assessment

Focus Group Clinicians

Input from clinicians with regard to risk communication was
obtained in the same focus group as described in phase 1 for
module 1 (see the section above for details).

Focus Group Patients and Caregivers

A total of 4 1-hour focus groups were organized for MCI
patients and were led by an experienced focus group leader
(RP). A total of n=13 patients participated (3 to 4 participants
per session, mean age 66 years (SD 8); 31% (4/13) female) and
63% (8/13) were accompanied by a caregiver (al partners, n=4
(50%) female). The topics that were discussed included how
patients and caregivers |ooked back on receiving the diagnosis
and test results and whether they had any recommendations for
the disclosure of test results. In a second part, participants
brainstormed hands-on in a paper, pencil, and scissors session
on useful (graphical) summaries of test results.

Phase 2: Design and Development

Panel Clinicians

During the annual Dutch Dementia Symposium (Dementia
Update) in 2017, clinicians were invited to attend a short panel
discussion on their preferences about tools to support
communication of test results, in terms of graphics, written
summaries, and explanations of risks and uncertainty. A total
of 5 clinicians attended this panel discussion and provided
feedback.

https://formative.jmir.org/2019/3/€13417/
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Individual Interviews With Patientsand Caregivers

To evaluate the first prototypes of the risk communication
module, we conducted 5 interviews, each with 1 MCI patient
(mean age 65 years [SD 9], n=2 (40%) female) and his or her
caregiver (al partners, n=3 (60%) female). Interviews took 15
to 30 min and were conducted by the software developer to
ensure that the feedback of patients was optimally used to
improve this module (co-creation). Patientswere presented with
an example of the module, in which the diagnostic test results
of afictive case of aman or woman of 60 yearswere displayed,
and patientswere asked for their input on the storyline, graphics,
style, and the possibility to print these results.

Module 3: Shared Decision-Making Module

Phase 0/1: Defining the Context/Needs Assessment

In shared decision making, cliniciansand patientswork together
to decide which care plan best fits with individual preferences
and needs when there is more than 1 reasonable option [25,26].
In the diagnostic routine for AD, thereistypically morethan 1
reasonable option to choose, making this a situation where
shared decision making is the preferred approach. However, in
a previous study, we found that shared decision making in the
memory clinic is often limited to information giving [10], and
shared decision making involvesthefollowing 4 steps: (1) create
choice awareness, (2) provide information, (3) explore
preferences, and (4) decide together [27,28].

Phase 2: Design and Development

For each step in shared decision making, we constructed
example phrases in co-creation with communication experts
(LV and ES). These phrases might function as a conversation
starter for clinicians to engage patients in shared decision
making. To inform a patient on the possible pros and cons, we
aso developed a list with the example language on
(dis)advantages for the following commonly used diagnostic
tests: neuropsychological investigation, imaging (MRI or
computer tomography [CT]), lumbar puncture, amyloid Positron
Emission Tomography (PET), consultation with other specialist
(neurologist, geriatrician, and psychiatrist), clinical geneticist,
and awaiting policy. This list was based on the literature and
expert opinions (FB and WF).

All Modules: Pilot Study in 4 Local Memory Clinics

Totest the ADappt tool comprising al 3 modules, we organized
amulticenter usability pilot study. Both clinicians and patients
were asked for feedback in 4 local memory clinics (Reinier de
Graaf Ziekenhuis, Elisabeth Tweesteden Ziekenhuis, Jeroen
Bosch Ziekenhuis, and Spaarne Gasthuis) and 1 academic
memory clinic (Amsterdam University Medical Center (UMC)).
Participating clinicians (4 neurologists, 1 geriatrician, and 2 not
specified) were asked to use the tool for a minimum of 2 weeks
and a maximum of 7 weeks. One of the authors (MvB) was
present in the memory clinics to assist clinicians in the first
week of the pilot. Clinicianswere asked to complete the System
Usahility Scale (SUS) after using the tool [29]. The maximum
score on the SUS is 5, and a higher score indicates better
usability. Technical details of the tool are summarized in
Textbox 1.
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Textbox 1. Technical development of the tool.

The tool was constructed as a responsive Web app, meaning that the tool is available on every device (desktop, tablet, and mobile phone) and is
developed in the React framework (hypertext markup language [HTML]/cascading style sheets [ CSS]/JavaScript). Hosting is managed by Acato and
delivered by Oxillion. Data entered into the tool are not saved in a database to minimize privacy related issues. The tool is compatible with Internet
Explorer (10 and 11), Edge (13 and 14), Firefox (50 and 51), Chrome (56 and 57), iPhone operating system (i0S) Safari (9.3 and 10), and Android
browser (4.4 and 4.4.4). The tool is located at [30,31]. The risk calculator is not yet available for medica use, but alogin for academic use can be
provided by the authors or via the contact form on the website [30]. The tool is Conformité Européenne certified (self-certification) in the lowest risk
class (B).

adaptations are presented in Table 1). First, clinicians preferred
the reporting of percentages over arisk table or bar chart, asin
Module 1: Risk Calculation Module the latter, the information was perceived not to be clear at one

. i i glance. Second, regarding reliability and validity; clinicians
Here, we describe the results of the co-creation stepsleadingto  \nished information about Cls and information on how the
the final layout of the risk calculation module shownin Figure  ,o4elswere constructed and how they perform. Therefore, we

Results

2 included alink to the publication, explaining how the models
Phase 1: Needs Assessment were  constructed.  Finally, clinicians  emphasized

o user-friendliness of the module, for example, every professional
Focus Group Clinicians should be able to use the module.

On reviewing the discussion on the preferences with regard to
risk calculation, 3 main findings emerged (the findings and

Figure2. Final design of therisk calculation module (module 1).L eft: start page with disclaimer. Middle: risk calculation modul e based on demographic
information only (probability of AD dementiawithout biomarkers). As an example, we entered data of afictional female MCl patient, age 67 years and
mini mental state examination (MM SE) score of 28, resultingin a1 year probability of progression of 13% and 3 year probability of 47%. Right: adding
biomarkers for the same patient; Hippocampal atrophy (visually rated with Medial temporal lobe (MTA) atrophy scale), global cortical atrophy (GCA),
Abeta, and and total tau. In this case, the normal biomarkers (the tool calculates with continuous data) resulted in a strong decrease of progression
probabilities. To appreciate the change in probabilities, the tool repeats the initial risk based on demographic data at the lower part of the module.

ADappt ADappt

ADappt

pretation of imer's bi sults in patients with mild
cognitive impairment

General information Additional data

The ADappt tool estimates the risk that a patient with mild cognitive

impairment will develop Alsheimer's dementia within 116 3 years My patient is a MRI
The estimate is based on age, sex and Minl Mental State Examination Male ® Female @ visual rating volumetric
(MMSE) score [risk as estimated witheut biomarkers).
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Table 1. Overview of themes for each focus group.

van Maurik et al

Themes

Changes made based on the results

Group Aim
Focus group
Clinicians  To explore the need for risk
calculation and communica
tion and preferences with re-
gard to visualization
Patientsand  To explore communication
caregivers  needs and to explore what
kind of information should be
communicated when disclos-
ing (risk related) test results
and how it should be visual-
ized
Panel
Clinicians To explore the preferences
with regard to visualization of
test results for patients
Individual
Interviews  To explore whether the story-

line, visualization, and style
of the printout page are clear

Module 1: Risk calculation. Reporting percentagesis
considered pleasant.; Reliability and validity; Cls
should be added and it should be possiblefor clinicians
to look up how the risk models were constructed and
how they perform; The module should be user-friendly
such that every professiona isableto useit.; Module
2: A graphical representation of risk alone could be
difficult for patientsto understand and thereforewould
not be sufficient; Clinicians often show brain images
to support the communication of test results; Clinicians
provide patients with written information.

Module 2: Risk Communication. Patients would like
to know their exact progression risk. The explanation
of risk should be simple. To comparetheir resultswith
what isnormal for their age. How should | discussthe
resultswith family or friends?; Visualization: Patients

like to see their brain images (MRI? or CTb) at home.
Patients like to know which results have led to the
presented risk and why. The preference for visualiza-
tion of risk differs per person. How should | deal with
the diagnosis? Are there things that | can do myself
(lifestyle changes, tips and tricks)? Which steps do we
need to take (case manager etc)?

Clinicians like to communicate as dichotomous’ as
possible. However, biomarker results always have a
gray area. This could be visualized by atraffic light;
Clinicians would like to visualizerisk in aline chart
with time on the horizontal axes; The brain images
(MRI or CT) could be visualized with afigure of the
brain: normal versus atrophy; Clinicians emphasize
that the module should be an aid, and that there should
remain room for personal variation

The printout containstoo much and too complex infor-
mation; The presentation of thea priori risk isconfus-
ing and sometimes daunting; Patients prefer to see
their test resultsfirst followed by therisk; The graphi-
cal presentation of risk in 2 waysworkswell; Thefont
istoo small; The print of theresults pageis considered
asvaluable.

We included alink to the original paper
that describes how the risk models were
constructed; We accompanied the graphi-
cal presentation of risk with atextual ex-
planation; The module allows summary
sheet for patients to be printed

Weincluded an a priori risk as reference
group for comparison purposes. Theresult
pageincludesinformation on each diagnos-
tic test and whether this result was abnor-
mal. A summary is given at the end with
the opportunity to include personal notes.
We included 2 waysto visudizerisk: a
bar chart and an icon array. Users can
switch between these 2

We added atraffic light visuaization for
all diagnostic tests; An open text field
provides the ability to personalize the re-
sult page based on the needs of clinicians
and patients

A total of 2 communication experts re-
viewed the text on understandable lan-
guage; We removed the a priori risk from
this module; We changed the flow of the
printout: test results are presented first
followed by risk; Colors and font were
optimized

3MRI: magnetic resonance imaging.
beT: computer tomography.

Phase 2: Design and Development

Phase 3: Usability and Acceptability

Test Functional Design

End users agreed on the proposed order and name of the tool.
In general, the information in the modul e was considered to be
clear. Suggestions for improvement included (1) a clear
disclaimer that the modul e cal culatesrisk of AD dementiaonly,
(2) to use a different term instead of a priori and a posteriori
risk, (3) adding value ranges, and (4) the module should also
work when only CSF or MRI values were entered.

https://formative.jmir.org/2019/3/€13417/

Questionnaire Feedback Prototype

The responses of the n=24 clinicians are summarized in Table
2. The applicability and user-friendliness of the module was
rated highest. More than half of the respondents indicated that
they would use the final version of the module in the future.
The perceived reliability of the module was rated relatively low.
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Table 2. Overview of first round of usability rating.
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Questions Rating
Isit clear where ADappt could be used for (rate 1-10)? 8.3
How user-friendly would you rate thistool (rate 1-10)? 8.3
How reliable would you rate ADappt (rate 1-10)? 6.4
Would you use the final version of ADappt in your daily clinical routine (% yes)? 58%

Module 2;: Risk Communication Module

To facilitate explanation of the test results, we developed in
co-creation (steps described below) arisk communication sheet.
The final layout is shown in Figure 3. The final design of the
summary sheet (module 2). Here we use the same example as
in Figure 2. First, a general description of MCI is given,
followed by the personalized results of this person. For each
test, we give asummary of what kind of informationisretrieved
from the test, followed by the interpretation of the test result
and how it effects the chance of AD dementia. Finaly, we
summarize the findings and give a verbal explanation (1 out of
100) of risk and visualization of this risk, either with an array
grid or bar chart (not shown). Of note, the MRI isastock image,
not personalized.

Phase 1: Needs Assessment

Focus Group Clinicians

With regard to risk communication, clinicians mentioned that
they often show brain images to patients to support
communication of test results and that they provide patients
with written information (findings and adaptations are presented
in Table 1). In addition, clinicians confirmed that a graphical
representation of risk only is not sufficient to explain arisk to
patients and caregivers. Therefore, we accompanied the visual
presentation of risk with atextual explanation.

Focus Group Patientsand Caregivers

An important theme during the focus group with patients and
caregivers was that patients would like to know their exact
progression risk. Other themes with regard to risk were that
explanations should be simple and that they would like to
compare their results with a normal reference category. In
addition, patients indicated to struggle with how they should
communicate their diagnosis and test results with family and
friends (Table 1). In terms of visualization, patients preferred
to see their own brain images. However, in view of ever-more
complicated privacy regulations, we decided not to include this
inthe summary sheet. Patientswould also like to know how the
test results contributed to the presented risk. Individua
differences emerged with regard to the preference for the
visualization of risk (bar chart or icon arrays). Therefore, we
decided to incorporate both options in the module, to be used
depending on patients preference. Finally, patients and
caregivers would like to be provided with information on how
to handle the diagnosis, what they can do in terms of lifestyle

https://formative.jmir.org/2019/3/€13417/

changes and which steps they should take next (for example a
case manager). Asthisislikely to be different for each patient,
weincluded an open field at the end of the summary sheet that
can be used by the clinician to include such information.

Phase 2: Design and Development

Panel Clinicians

One of the themes emerging from the panel discussion with
clinicians is that they prefer to communicate test results in a
dichotomous way (normal or abnormal, Table 1). However,
biomarker results are originally continuous in nature, and in
terms of interpretation, there is always agray area. A possible
way to visualize thisis by using a traffic light. Therefore, we
included atraffic light for al biomarkerson the summary sheet,
with red indicating abnormal, green indicating normal, and gray
indicating borderline results. As an alternative to including the
MRI or CT imagesof patients, clinicians suggested to implement
an example MRI image on the written summary for patients.
For risk visualization, clinicians suggested to use a line chart
withtime on the horizontal axis. However, astherisk calculation
module only provides valid predictions up to 3 years, a line
graph might incorrectly imply that thisline could be extrapolated
to longer follow-up periods. For this reason, we decided not to
make use of this suggestion. Instead, we included 2 optionsfor
risk visualization: a bar chart and an icon array. Finaly,
clinicians emphasized that the communication module should
be an aid, allowing for tailoring of the communication to
individual patients, rather than a strict protocol. This whish is
met by providing an open text field in the summary sheet, where
the clinician can add information.

Individual Interviews

During the individual interviews with patients and caregivers,
the storyline of the printout was considered astoo long and too
complex. Therefore, 2 communication experts reviewed,
optimized, and abbreviated the text (LV and ES). Moreover,
we removed the a priori risk (ie, risk without biomarkers, see
example in Figure 2) from the summary sheet for patients as
this was experienced as confusing and sometimes daunting.
Patients and caregivers only valued the probability based on
the diagnostic tests. Patients would like to see their individual
test resultsfirst, followed by their overall risk asaresult of these
individual test results. The graphical presentation of risk as
either a bar chart or icon array worked well and the printout
page was considered valuable. Themes and adaptations are
summarized in Table 1.
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Figure 3. Fina design of the risk communication module (module 2). Here we use the same example asin Figure 2. First, ageneral description of MCI
is given, followed by the personalized results of this person. For each test, we give a summary of what kind of information is retrieved from the test,
followed by the interpretation of the test result and how it effects the chance of AD dementia. Finally, we summarize the findings and give a verbal
explanation (1 out of 100) of risk and visualization of thisrisk, either with an array grid or bar chart (not shown). Of note, the MRI is a stock image,

not personalized.

Your results

Your situation

You have been diggnosed with mild
cognitive imparment (MCI). That
meansyou are at increased risk of

You have had some disggnostic tests. Theresults show
whether your brain already hassuffered Alzheimer’s
damage. However, it is possibleto have Alzheimer's
damagewithout having dementia Nevertheles, such

ing Alzheimer'sd in
the future.

1.MRI

An MRI is an image of your brain.
The piciwre below isanMRlof a
healthy brain_ An MRIshows
whether your brainhas'shrunk’.
{Doctors callbrain shrink age
“atrophy’.)

2.Lumbar punction

A lumbar puncture lets us find out
whether Alzheimer's proteins are
present inthe brain.

We test for twoprotein types:
amyloid and tau.

damaged increasetherisk of developing
Alzheimer's dementiaintheyears ahead.

I pour case, there i3 posabilivy tha your besin may have
sheunk, That observation has no significant imphications for
your risk of developing Alzheimer's dementia in the next
few years.

Abeta: T80
Tous 230
The test resuins show that there see definitely ne Alshemer's

proteins in your brain. That means that you are 3t low risk of
developing Alzheimer's dementia in the next few years.

‘What are the implications for the future?

In order to estimatetherisk of
your problems developing into
Alzheimer's dementia we
compareyou withour other
female patients of your agewith
similar diagnostic test results.

Out of a hundred womenwhose condition is
simila to yours, 1 willdevelop Alzheimer's
dementiawithina year.

Withinthree years, 7 out of a hundredwomen in
the same situation asyouwill develop Alzhemer's
dementia

# Edit

Arraygrid | Barchart

1 year

3 years

$444444444444444444% 40404034404 44404 4444
$44444444444440444444% 4494044400000 00044044
$4444444449 494949444 0444049004440 00 4444
$4444444444444444444% 4944044404000 000404044
4444444949494 94944%  $04490490040490 04444

Module 3: Shared Decision-Making M odule

Phase 2: Design and Devel opment

Table 3 presents the conversation starter with example phrases
for aclinician to engage patients and caregivers in each of the

https://formative.jmir.org/2019/3/e13417/
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f every hundred e you wil develop
ste dementia within thees yeaes

4 steps of shared decision making (create choice awareness,
provide information, explore preferences, and decide together
[27,28]). In Table 4, we show example language that can be
used toinform apatient on prosand conswith regard to imaging.
Phrases for other diagnostic tests can be found on our website
[32].
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Table 3. Example phrases to start shared decision making.
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Step

Aim

Example

Creating choice awareness

Provide information

Explore preferences

Decide

To make the patient aware that there is more than 1 way
forward, that a decision needs to be made on whether and
which diagnostic test to use, and that the best way forward
depends on what matters most to the patient

To assess patients' preferences

To inform on the different diagnostic test possibilities

To inform on the pros and consin general or for a specific
test

To inform which results can be expected

To explore preferences and considerations from the patient

To estimate the decision preferences of the patient. Does
the patient want to be involved in the decision or does the
patient want the clinician to decide

To make a shared decision; a balanced decision that both
parties support, and communicate this

To formulate an advice, in which the preferences of the
patient are taken into account, and communicate this

“Theaim isthat we decide (together) which diagnostic
test we will perform.”

“Thereismuchto tell about the different diagnostic tests.
Some patients would like to hear as much as possible,
while other patients do not want to know too much. What
do you prefer?”

“What would you like to know about the possibilitiesfor
diagnostic testing?’; or “There are 3 possibilities, name-
ly...”

“Would you like to know more about the possible pros
and cons?’

“I will tell you something about the kind of results that
you can expect when we perform a specific test”

“1 have told you about the possibilities, what are your
considerations?’

“Some patients would like to decide with the clinician
which test to perform, while others would like the clini-
cian to decide. What do you prefer?’

“We decideto do [X], because you indicated that [ prefer-
ences patient].”

“| propose[X], based on [preferences patient, guidelines,
experience, preferences clinician]. Do you agree?’

Table 4. Example phrases for magnetic resonance imaging (MRI) and computed tomography (CT).

Reason why MRI or CT scan is suggested

Pros

Cons

“A patient may not move for 30 minin the

“A scan of the brainisacommon part of demen-

tiadiagnostics. With MRIZor CT® scanwevisu-
alize the brain. We can exclude treatable dis-
eases. Moreover, we can view characteristics of
dementia, such as shrinkage of the brain or
wearing of the blood vessels.”

“Detecting treatable diseases, such asabrain

tumor, brain infarct, or hemorrhage.”
“Detecting characteristics of dementia”

“An MRI? scan shows more details than a
CT? scan”
“A CTP scan isless cumbersome as the scan

takes less time (10-15 min) and the cT?
scanner ismore spacious. Also, apacemaker
isnot a problem.”

MRI? scanner”

“For some patients an MRI? scan may be
an anxious experience (claustrophobia).”
“It is not always possible to perform an

MRI? for example, if apatient has a pace-
maker.”

“A CTP® scan shows les details than an
MRI?scan”

3MRI: magnetic resonance imaging.
bCT: computer tomography.

Pilot Study in 4 Local Memory Clinics

In total, 7 clinicians from 5 memory clinics commented on the
ADappt tool and 5 of them completed the survey. The usability
of the tool was rated with a score of SUS=4.4 (SD 0.5, max
score=5; see Figure 4). Moreover, clinicians rated the tool as
well integrated, easy, and consistent. A total of 3 clinicians used
the tool in their daily practice, of which 1 used it on aregular
basis during the pilot. Figure 1 summarizes the response
frequencies of each question in the survey:

https://formative.jmir.org/2019/3/€13417/

[..] it was very useful, because this patient had
somewnhat conflicting biomarkers, which did not point

in one direction, so when using the app, it resulted in
a much lower risk than that these people expected,
and actually they went home very satisfied.

[...] I did use the website, but mainly the result page
to provide the patient with more insight in what it
could mean when it resultsin MCI and what the risk
on dementia eventually is and that you can give them

a printout to take home, that is very positively
received also by the patient.
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Figure 4. Overview of pilot results: responses of clinicians to each question of the system usability scale.

I needed to learn a lot of things before 1 could get going with this tool

| felt very confident using this tool

Ifound this tool very cumbersome or awkward to use

Iwould imagine that most people would learn to use this tool very quickly
Ithought there was too much inconsistency in this tool

| found the various functions in this tool well integrated

Ithink that | would need assistance to be able to use this tool

I thought thistool was easy to use

Ifound this tool unnece ssarily complex

Ithink that | would like to use this tool frequenthy

Appreciation of ADappt by clinicians

B Completely Disagree
Disagree
Neutral
Agree
Completely Agree

0% 10% 20%

30% 40% 50% 60% 70% 80% 90% 100%

Clinicians experienced some technical problems while using
the tool. For example, the site was blocked by the firewall in 1
of the hospitals, leading to the need to use it on a personal
device. Some clinicians commented that they already feel time
pressure during a consult and do not find the time to actually
open the tool in the consult. A total of 4 patients (n=3 (75%)
female, mean age 72 years [SD 2]) completed a short
guestionnaire after the consult in which the tool was used. The
result page was valued as clear and useful by all. The result
pages hel ped them to better understand the diagnosis and helped
them explain the results to relatives and/or friends. These
patients recommended the result page to other patients.

Discussion

This study reports the development and initial usability testing
of ADappt—a Web-based tool to facilitate risk calculation and
support clinician-patient risk communication and shared decision
making in a memory clinic setting. We worked closely with
end users, clinicians, patients, and caregivers, to identify initial
requirements for the tool and make necessary changes to
enhancethefunctionalities, usability, and information provided
by the tool. Needs assessment (phase 1) uncovered the need of
patients and caregivers for written summaries and information
on prognosis. Clinicians expressed their need for visual aidsto
communicate results and prognosis. In the development phase
(phase 2), we developed arisk calculation tool for clinicians
and arisk communication tool (summary sheet) for patientsand
caregivers. In addition, a conversation starter was devel oped to
support clinicians and patients in decision making around
diagnostic testing.

Already in an early stage of usability testing (phase 3), the tool
was considered clear and user-friendly, and a majority of
memory clinic professionals indicated they would use such a
tool inthe future. However, clinicians appeared to have concerns
about the reliability of the risk prediction tool. At the moment
of testing, the algorithms were not yet published, and therefore
a reference to a detailed description of the models was not
included inthetool. To date, the modul e has been updated with
the published agorithms [6]. For the tool to be used in red
clinical practice, generalizability of prediction models in the
risk calculation moduleisessential. Therefore, we are generating
updated risk models based on data from a range of multi and
monocenter cohorts and in alignment with the recently published
National Ingtitute on Aging and Alzheimer's Association

https://formative.jmir.org/2019/3/€13417/
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(NIA-AA) criteria[5]. These updated modelswill be applicable
to CSF biomarkers and volumetric MRI markers measured with
different assays and platforms. In addition, we will add models
based on amyloid PET. Another short-term update will be the
translation of the tool into English.

Our small pilot study demonstrated that the tool, especially the
printout page (risk communication module), was considered
valuable by patients and caregivers. Although the usability of
the tool was rated to be high by clinicians, only few clinicians
actually used the tool in clinical practice. Thiswas mainly due
to practical reasons; clinicians experienced technical hurdles
for the use of such atool in clinical practice (eg, computersin
consulting room firewalled). Despite these hurdles and that
relying on computer algorithms may be counterintuitive for
clinicians, experience from different disease areas shows that
computer algorithms are welcome in clinical practice and are
seen as the future of medicine. For example, in oncology
cliniciansuse Adjuvant Onlineto calculate therisk of recurrence
with and without adjuvant therapy for breast cancer patients
[20]. Recently U-Prevent was introduced for clinicians to
calculate cardiovascular risk and therapy benefit [33,34]. The
major challenge for ADappt is its large-scale implementation.
In anideal situation, ADappt would be embedded in electronic
patient file systems. Alternatively, ADappt can be used as a
simple add-on help for both the clinician and patient to be
quickly consulted on their mobile phone. In the short term, an
e-learning could be useful to show how the clinicians can
integrate the tool in their routine. Moreover, the amount of text
in the tool was still experienced as a barrier by clinicians and
could be further improved by using graphics instead of plain
text.

The 3 modules of ADappt could aid clinicians and patients in
a number of ways. In the diagnostic process for AD, it is
currently not common practice to actively engage patients in
diagnostic decision making [10,25]. ADappt provides a
conversation starter and an overview of pros and cons per
diagnostic test and could therefore help clinicians to engage
patients and caregiversin diagnostic decision making [9]. Inan
observational study of ABIDE, we currently examine
communi cation and decision-making processesduring pre- and
postdiagnostic clinician-patient encounters. This study will
provide input to further improve the shared decision-making
module, as soon as the results of this study become available
[11].
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Second, ADappt supports clinicians in the communication of
test resultsto patients and contributes to personalized diagnostic
care and harmonization of clinical practice. After diagnostic
testing, the interpretation and communication of test results,
especially when patients are not yet demented (ie, MCl) is not
straightforward. The ADappt tool clearly shows whether a
patient is unlikely to develop AD dementia in the following
years and therefore could be reassured, or whether a patient is
indeed likely to convert to AD dementia and should therefore
be followed up, arranged care, or referred for participation in
clinical trials. The importance of an appropriate diagnosis and
prognosisof MCI isacknowledged in current guidelines. These
guidelines state that an appropriate diagnosis of MCI is
important for patients and caregivers to understand the cause
of their complaints and to arrange care planning based on
communicated prognostic probabilities [35]. Moreover, clear
communication of the test results and the corresponding
prognosis has been given high priority by patients and
caregivers. Toolssimilar to ADappt can help inthisregard. One
of the strengths of this study isthat we designed and co-created
ADappt with the end users, that is, clinicians, patients, and
caregivers in memory clinic settings, to optimize future use of
the tool. Most suggestions and whishes were met in the design
and development of the tool. Only 2 suggestions did not find
their way into the tool immediately. First, a recurring theme
wastheuseof CT or MRI imagesto support the communication
of diagnosis and test results. Both clinicians and patients
indicated that they would like to see a patients CT or MRI
image to be included on the summary sheet. However, this
would require the summary sheet to make alink to, for example,
the electronic patient file that is challenging, both from a
technical and privacy perspective. As an alternative, we
suggested that the clinician shows the patient their own MRI
on screen in the consulting room, and we included an example
MRI on the summary sheet. Second, in early phases of the
development of the summary sheet, patientsindicated that they
would like to see their results in comparison with a reference
class (ie, what is normal for my age). In the first design of the
summary sheet, this reference class was presented as separate
probabilities and patients could compare thiswith their personal
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risk. However, thisled to confusion and patients suggested that
this should be removed from the summary sheet. Another
strength of the tool is its compatibility with the most recent
versions of the most commonly used Web browsers and could
be used on al commonly used devices (computer and mobile
phone). Moreover, the tool is designed as a flexible platform
with the idea that extra modules can easily be added in the
future. This would aso enable adding modules on lifestyle
advice [36], extension to other biomarkers or settings, such as
the general practitioner, or to advanced care planning.

Among the limitations is that other factors, such as
cardiovascular disease on MR, cardiovascular risk factors, and
amyloid PET biomarkers are currently not accounted for in the
risk prediction. Clinicians do consider these factors to be
important for prognosisin risk prediction and should therefore
be accounted for in the models. However, the agorithms
incorporated in the tool had a different starting point—namely,
how to extract maximum information from MRI and CSF
biomarker values for an individua patient, given that the
clinician decided to order these tests. For a user-centered
development process, the number of participantsin this project
was adequate. However, to achieve more generalizable results
with regard to implementation or cost-effectiveness, future
validation should include larger samples and a different study
design.

In conclusion, this study presents the first tool to support
clinicians and patientsin memory clinic settingswith decisions
on diagnostic testing, individual tailored interpretation of
diagnostic test results, and communication of test results. At
the moment, the tool is available for academic use only. The
tool isdeveloped in amultiphase design, where co-creation with
end users was an important feature. Owing to its flexibility, it
is possible to add extra modules, guidelines, or new prediction
models in the future. Moreover, as the tool currently focuses
on clinicians, we envision that in the future a similar platform
would be valuable for patients and caregiversto facilitate them
to engage in shared decision making and to aid them in
managing their own health care trajectory.
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Abstract

Background: The widespread availability and cost-effectiveness of new-wave software-based audience response systems
(ARSs) have expanded the possihilities of collecting health data from hard-to-reach populations, including youth. However, with
all survey methods, biases in the data may exist because of participant nonresponse.

Objective: The aims of this study were to (1) examine the extent to which an ARS could be used to gather health information
from youths within a large-group school setting and (2) examine individual- and survey-level response biases stemming from
this Web-based data collection method.

Methods: We used an ARS to deliver amental health survey to 3418 youthsin 4 high schools in the Midwestern United States.
The survey contained demographic questions, depression, anxiety, and suicidality screeners, and questions about their use of
offline resources (eg, parents, peers, and counselors) and Web-based resources (ie, telemental health technologies) when they
faced stressful life situations. We then examined the response ratesfor each survey item, focusing on theindividual - and survey-level
characteristics that related to nonresponse.

Results: Overall, 25.39% (868/3418) of youths answered all 38 survey questions; however, missingness analyses showed that
there were some survey structure factors that led to higher rates of nonresponse (eg, questions at the end of survey, sensitive
guestions, and questions for which precise answers were difficult to provide). There were also some personal characteristics that
were associated with nonresponse (eg, not identifying as either male or female, nonwhite ethnicity, and higher levels of depression).
Specifically, a multivariate model showed that male students and students who reported their gender as other had significantly
higher numbers of missed items compared with female students (B=.30 and B=.47, respectively, P<.001). Similarly, nonwhite
race (B=.39, P<.001) and higher depression scores (B=.39, P<.001) were positively related to the number of missing survey
responses.

Conclusions:  Although our methodology-focused study showed that it is possible to gather sensitive mental health data from
youths in large groups using ARSs, we also suggest that these nonresponse patterns need to be considered and controlled for
when using ARSs for gathering population health data.

(IMIR Form Res 2019;3(3):€13798) doi:10.2196/13798
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Introduction

Background

Audience response systems (ARSs) are hardware- or
software-based systems that allow presenters to interact with
participantsin real time, with audience members responding to
guestions posed by the presenter on handheld devices, and, in
most cases, having their anonymous answers displayed on screen
to the entire audience. Early iterations of ARSs relied on
“clicker” hardware, a handheld device that had to be purchased
by or distributed to audience members and used radio
frequencies to send responses to the presenter's
computer-connected Universal Serial Bus (USB) drive. Owing
to this hardware requirement, clicker systems were mainly
marketed and adopted in higher educational contexts, where
studentswould purchase the hardware and useit throughout the
semester for quizzes and other class activities. However, the
latest versions of ARSs (eg, Mentimeter and TurningPoint) are
cloud software-based programsthat allow for audience members
to respond via their own connected devices, such as phones,
tablets, or laptops. This transition from hardware- to
software-based ARSs has increased the accessibility of these
systems, expanding the possibilities of interactive education
and real-time data gathering beyond traditional education
environments. A notable feature of these ARSs is the
confidentiality of audience members' responses [1], a feature
that might be particularly beneficial when gathering data or
providing education on sensitive topics [2,3]. As audience
members devices do not need to be registered (the survey is
accessed via aweblink), participants can respond on provided
devices or their own devices, without supplying any personal
identifiers. In addition, unlike the older, hardware-based
systems, the newest wave of ARSs neither have hardware costs
associated with them nor do they have limits on the number of
participants who can register their responses, which alows for
large-scale, time- and cost-effective data gathering.

These innovations may be particularly useful to those in the
health careindustry, asit createsthe potential to gather real-time
health data on sensitive topics from a large number of
participants. Indeed, there is some evidence that ARSs can be
used successfully within the health care domain. In one of the
first studies that employed this method, researchers used an
ARSto provide information on anticoagulantsto clinicians[4].
Morerecently, Tar-Ching et a [5] used an ARSto gather expert
opinions on the barriers and priorities related to occupational
health, and Toonstra et a [6] used an ARS to educate a diverse
group of health care professionals on the safe rehabilitation of
patients who were in intensive care units. Thus, ARSs have
been used successfully for both educating health care
professionals and gathering input from expert stakeholders. A
study by Davis et al [7] showed that ARSs can also be used to
simultaneously engage community members in health-related
discussions and gather data during these hedth-related
discussions. In their study, Davis et al [7] successfully used an
ARS to educate community members and gather data about
their knowledge of health disparities related to cancer.
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Notably, most of the existing research on the use of ARSswithin
health care contexts has used adult samples, and only a few
studies have focused on gathering health information from the
youth. Intheir recent study, Gray et al [8] used an ARSto gather
food intake and health (activity engagement) information from
fourth- and fifth-grade children in the classrooms of 2 New
York City schools. As compared with data gathered in
paper-pencil surveys and data gathered 2 weeks later via the
same ARS, the original data proved reliable. Meanwhile,
MacGilleEathain [3] used an ARS to collect health data from
secondary students in Scotland. In her study, adolescents
responded to questions about sensitive topics (ie, sex and
relationships), and she found the method “highly effective”
(page 79) in gathering these types of data[3]. Combined, these
studies suggest that ARSs can be employed successfully to
gather health information within youth community settings.
However, in both studies, students used clickers and not their
own handheld devices, and both studies involved small groups
of youths in classroom settings. Presently, there is no known
research that has examined whether ARSs can be employed
with youths using their own devices and in larger
(nonclassroom) settings. In addition, although MacGilleEathain
[3] suggested that ARSs might be used with the youth to gather
data about suicidality, there is no known research that has
examined the extent to which ARSs can be used successfully
to gather data about sensitive mental health topics.

There is reason to believe that ARSs would be especialy
appealing to the youth, prompting high rates of survey response.
The uptake of mobile technologies among adolescents (aged
13-17 years) in the United States is among the highest of any
age cohort, with approximately two-third of the adolescents
reporting that they have smartphone access (73%) and that they
use socid media (76%) [9]. In addition, because of their
interactive features, ARSs have been lauded for their potential
for audience engagement [1,4,10,11]. In support of this, arecent
study comparing the effectiveness of ARSs with traditional
hand raising in a classroom environment showed significant
increases in student participation when using an ARS [10]. In
addition, in an effort to improve end-of-semester course
evaluation response rates, Turban et al [12] used an ARS and
significantly improved rates from 55% with paper-based forms
to 91% with ARS. Thus, the familiarity of the communication
medium (ie, their own device) coupled with the anonymity and
interactivity of the ARS may increase the likelihood that the
youth will engage with an ARS-administered survey. However,
some participants may not favor this response option. According
to Almetria, Matusovich, and McCord [13], many college
students prefer paper-and-pencil response options as opposed
to electronic response options (eg, clickers or other software)
for real-time experience surveys. In addition, Wyrick and Bond
[14] found that as compared with paper-and-pencil surveys,
sensitive questions delivered on the Web were 4 times more
likely to be skipped by the middle and high school studentsin
their sample. Consequently, as with other survey methods, a
response bias may emerge in ARS surveys, whereby some
individuals data are not included in parts of the study, for
reasons that are not random [15].

JMIR Form Res 2019 | vol. 3| iss. 3 |e13798 | p.18
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Owing to the novelty of the method, it is currently unknown
whether personal characteristics predict systematic nonresponse
patterns for mental health surveys administered via ARS to the
youth. However, in previous research with women who had
undergone breast reconstruction after mastectomy, nonwhites
and those from lower socioeconomic status were less likely to
complete surveys[16]. In addition, Cheung et al [17] found that
youths with more mental health issues were less likely to
respond to voluntary survey questions than youths with fewer
mental health issues, which resulted in asample biasthat skewed
health behavior prevalence data. Thus, it is possible that the
same types of persona characteristics that predict complete
nonresponse (eg, race and mental health issues) might also
predict missingness in Web-based survey data collected via
ARS. Missingness on Web-based surveys might also be related
to item placement, and declining response rates over the course
of surveys have been noted with ARSs [18]. Whether from
audience fatigue or a decline in the novelty effect, some
participants who respond in the early parts of the survey may
drop out, potentially leaving a nonrepresentative sample for
later questions. According to Jadskeldinen and Lagerkvist [18],
who tested ARS response rates among studentswith introductory
physics tasks, these “small drops are unimportant.” However,
when probing about sensitive mental health issues, thismay not
be true—respondents who drop out or choose not to respond
over the course of asurvey may be qualitatively different from

Toscos et al

those who complete the survey. This is the assertion that this
study was designed to address.

Objectives

In sum, theaim of this study wasto examinethe extent towhich
an ARS could be successfully employed to gather mental health
information from youthsin alarge nonclassroom setting, using
a software-based ARS that required students to use their own
handheld devices. Our metrics for successful employment
included an analysis of overall response rates, as well as a
missingness analysis focused on decreasesin responsesthrough
the course of the survey and nonresponse based on specific
demographic and sociobehavioral sample characteristics (ie,
age, gender, ethnicity, and depression and anxiety screen scores).

Methods

Youth Sample Recruitment

The goal of this study wasto recruit an ethnically, racially, and
economically diverse sample of high school students to
participate in our ARS-delivered survey. To do this, we
contacted school administratorsin Northeast Indianafor possible
participation. A total of 4 high schools, each in adifferent school
district, with atotal of 5156 students, agreed to participate. See
Table 1 for enrollment data for the participating schools from
the Indiana Department of Education [19].

Table 1. Demographic characteristics of students at 4 partnering high schools.

Characteristic High school

A (N=1254), % B (N=1641), % C (N=1267), % D (N=994), %
Female 50.32 47.41 45.86 47.5
Mae 49.68 52.59 54.14 525
American Indian <1.00 <1.00 <1.00 0
Asian <1.00 <1.00 552 29
Black <1.00 <1.00 29.67 29.0
Hispanic 6.54 2.50 16.02 9.1
Multiracial 144 2.19 7.26 51
Native Hawaiian or Other Pacific Islander <1.00 0 0 <1.00
White 90.19 93.78 40.81 53.8
Free/reduced price meals 37.48 35.95 67.56 62.7

Each high school’s administration worked closely with our
research team to plan and implement the consent process. As
most high school students are minors (<18 years old), the
consent processincluded communicating study detailsto parents
or guardians. School administrators agreed to notify parents
and guardians on our behalf through their standard means of
communication. Schools used different methodsto communicate
with parents, including email, short message service text
message, phone call, postal mail, printed paper copies sent home
with students, or a combination of these. At schools for which
standard communication modes included only electronic
communication, printed paper forms were sent home with
students for whom parental electronic communication was not
established. Schoolswere required to communicate study details

https://formative.jmir.org/2019/3/e13798/

to parents at least one time and at least two weeks before the
survey event date. All participating schools had existing
protocols for the passive or “opt out” consent process, as they
had used this method for other school-based activities. School
administrators assumed responsibility for tracking those students
who were not permitted to participate and providing them with
an alternate activity (eg, time in the media room), using their
standard procedures. On the day of the event, the high school
principal was required to provide a signed, printed letter to the
principal investigator, confirming that all parents had the
opportunity to review the passive consent form and that all
students whose parents opted out of the event had been
accommodated with an alternative activity. Names of
nonparticipating students and their parentswere not shared with
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research team membersto ensure their privacy. All procedures
were approved by theresearch ingtitution’s Institutional Review
Board.

Audience Response System Survey

A multidisciplinary team of health servicesresearchers, nurses,
informaticists, and suicide prevention experts developed an
age-appropriate, 38-question mental health survey embedded
within a video-based program focused on mental health needs
and resources. The resulting product was a survey event,
designed to be held in a large gymnasium or assembly hall,
featuring an emcee (a local celebrity), a disc jockey playing
popular music, and aseries of prerecorded video clipsfeaturing
teen actors giving testimonials about common adolescent
stressors, describing Web-based mental health resourcesfor the
youth, and asking the survey questions. During the live event,
the youths were given time to respond to each question on their
own handheld device, which they were instructed to bring at
least one day before the event. A total of 2 schools had
school-issued devices; the other 2 schools had tablets available
for students who did not have a personal device or forgot to
bring one to the event. The 1-hour “Tech to Stress’ event was
engineered by a contracted company that assisted with
technological needs alongside study staff and managed video
content production. The ARS comprised a proprietary polling
software running on a Structured Query Language-based
platform on an individua server. An ad hoc network
infrastructure was set up specifically for the event. The server
was placed on a standalone Wi-Fi Protected Access-secured
Wi-Fi network running dual band 802.11 N and G frequency
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standards. Multiple access points were deployed around the
event area to maximize coverage, with extra care given to load
balance the channelsto avoid interference. A few of the schools
turned off their regular wireless network transmissions in the
area of the auditorium or gymnasium, as well as during the
event, to help minimize interference. For added protection and
security, the server was set on a separate subnet behind a
network firewall to block access from those taking the survey
from accessing the server directly and the datait contained. The
students were not required to register their own devicesin an
identifiable way. The software assigned a random identifier to
each device session in the event so that each individual’s survey
responses were linked to 1 random identifier. At the end of the
event, the data were then exported from the server to an
encrypted USB drive and completely removed from the server.
After each event, the ad hoc network was dismantled, and the
server no longer held any event survey data. The Parkview
Health Lega Department vetted the contractor and the
contractor’s data security procedure. On the day of each
school-wide event, students assembled into the auditorium or
gymnasium, and they were given scripted instructions on how
to register, connect to the polling technology, provide
consent/assent, and complete demographic questions.
Instructions were given on 2 video screens, and instructions
were verbally given by the principal. If any of the participants
had questions or technological difficulties, they wereinstructed
toraisetheir hand so that study team members could assist them.
Details about the “ Tech to Stress Less’ program are displayed
in Table 2.

Table 2. Tech to Stress Less program components, description, and purpose.

Presentation step Description

Purpose

Registration: 10 min (variable)

DJwas playing music throughout. Students assembled into the auditorium
or gymnasium, and they were given scripted instructions on how to register,

Obtain Consent; Provide instruc-
tions for polling procedure

connect to the polling technology, provide consent, and complete demo-
graphic questions. Instructionswere given on 2 video screens, and instruct-
ed were verbally given by the principal. If any of the participants had

guestions or technological difficulties, they were instructed to raise their

hand for assistance.

Welcome: 2.5 min (variable)

DJwas playing music softly in the background throughout. Studentswere

Promote participant engagement

welcomed by alive speaker, using prescripted verbiage, who kicked off
the event, followed by a high-energy musical performance, with music

played by aDJ.

Stress content: 20.75 min

Video content alternated with survey questions that participants answered
with apersonal device (Iaptop, tablet, and mobile phone). This section

comprised prerecorded educational videos on stress (6.18 min) and testi-
monial videos of the youth talking about their stress (5.57 min), intertwined

Presentation of adolescent stressand
mental health concerns; Assess
prevalence of mental health con-
cerns

with survey questions introduced through video (9.00 min).

Tech content: 22.22 min

Video content alternated with survey questions that participants answered
with apersonal device (Iaptop, tablet, and mobile phone). This section

Educate about TM Hb; Obtainyouth
ratings of TMH

comprised prerecorded informational videos on existing technologies (6.22
min), intertwined with survey questions introduced through video (16.00

min).
Conclusion+fina question: 2.5min  Youth rated satisfaction with the event (0 to 10 scale) Obtain ratings of event; Dismissal
(variable)
8DJ; disc jockey.

BTMH: telemental health technol ogies.
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M easures

In total, students were presented with 38 questions during this
event. At the outset, students responded to 7 items to assess
demographics (age, gender, and race), anxiety, and depression.
Depression and Anxi ety were measured using the Patient Health
Questionnaire (PHQ)-4 [20], a vaidated, ultrabrief measure of
depression and anxiety [20-22] that hasbeen found to beavalid
tool in the mass screening of young adults [23]. Students
responded on a4-point Likert scale (O=not at all, 3=nearly every
day) about how often in the last 2 weeks they had experienced
depression and anxiety symptoms. We computed scoresfor the
subscales (depression Cronbach apha=.76; anxiety Cronbach
alpha=.82). According to the scale parameters, subscale scores
from 0 to 2 are classified as normal to mild, and scores from 3
to 6 are classified asmoderate to severein their symptomol ogy.
The remaining items assessed previous mental health provider
visits, suicidality (Youth Risk Behavior Surveillance System
[24]; YRBSS 1 and YRBSS 2), stress, coping strategies,
preferred telemental health tool features, use of telemental health
tools, openness to using telemental health tools, comfort with
face-to-face therapy, and satisfaction with the event. All items
were closed ended. The order of questions was varied so that
respondent fatigue would not unduly affect particular (later)
questions. Specifically, for questions 15 to 30, the order of
presentation was varied such that, for 2 schools, questions 25
to 30 were presented earlier (as questions 15 to 20), and
questions 15 to 24 were presented later (as questions 21 to 30).
Therefore, the question numbers listed below refer to the order
in which the item was presented. However, when content was
analyzed (eg, desire for anonymity), comparisons were made
across different question numbers. All items arein Multimedia
Appendix 1.

Data Analysis

All data were aggregated by research study personnel. Data
analysesfrom the larger study are presented el sawhere (Toscos
et a, in press). For this study, which wasfocused on the nuanced
analysis of the ARS response rates, descriptive statistics were
calculated for demographic, anxiety, and depression. PHQ scores
for anxiety and depression items were dichotomized such that
scores 3 and higher represented moderate-to-severelevels. Plots
were constructed to show the overall percentage of missing
responses per question. To examine missingnessin these survey
data, a count variable was created to represent the total number
of missing responsesfor each participant. Here, amissing value
was either a skipped response or, where available as an option,
a“Prefer not to answer” response. In both cases, the student’s
answer was coded as missing, whether it was from intentional
or unintentional avoidance of answering the question. In total,
38 items comprised this count variable. A second count variable
was computed to exclude the final 4 items to account for the
technology issues that may have impacted response rates.
Moving averages were calculated for percentage of missing
responses for each set of 4 sequential questions. Moving
averages were compared with individual item response ratesto
identify questions with higher missingness than items
immediately preceding and following. In addition, as per
Cameron and Trivedi [25], a generalized linear model using a
negative binomial distribution was tested because of the use of
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count data and overdispersion. In this model, demographics,
PHQ anxiety score, and PHQ depression score were entered as
predicting number of missed responses. In post hoc tests, all
pairwise comparisons among schools for number of missing
items were conducted using Tukey adjustment for multiple
comparisons. Analyses were conducted using IBM SPSS
Statistics Version 24 (IBM Corp.) and SAS software 9.4.
Copyright 2014 SAS Ingtitute Inc. SAS and al other SAS
Ingtitute Inc product or service names areregistered trademarks
or trademarks of SAS Institute Inc, Cary, NC, USA.

Results

In total, 3418 high school students participated in the survey
events. Of these, 49.56% (1694/3418) of the high school
students were female, 46.84% (1601/3418) of the high school
students were male, and 3.60% (123/3418) of the high school
studentsresponded “ other” to gender. Mean agewas 16.12 years
(SD 1.22, range 13-19), and ethnicities were non-Hispanic white
(60.47%, 2067/3418), black (12.96%, 443/3418), Latino (7.90%,
270/3418), Asian (2.43%, 83/3418), Native American (1.64%,
56/3418), South Asian or Indian American (0.76%, 26/3418),
Middle Eastern (0.80%, 27/3418), and other or multiracial
(6.85%, 234/3418); 6.03% (206/3418) of the high school
students selected “prefer not to answer,” and 0.18% (6/3418)
did not respond. The average PHQ depression score was 1.39
(SD 1.40), and average PHQ anxiety scorewas 1.63 (SD 1.51),
with 23.71% (809/3412) and 30.80% (1051/3412) of the high
school students meeting the minimum score for
moderate-to-severe depression and anxiety, respectively. As
shown in Figure 1, the number of missing responses steadily
increased over the course of the survey event. To illustrate,
overall missingness for Q12 was 13.63% (466/3418), overall
missingness for Q23 was 20.28% (693/3418), and overall
missingnessfor Q33 was 23.20% (793/3418). For thefinal item
(satisfaction rating for the event) at schools 1, 2, and 4, 35.06%
(905/2581) of the high school students did not respond. At
school 3, percentage of missed responses was high for the final
4items (71.09%, 595/837; 70.97%, 594/837; 71.57%, 599/837,;
69.89%, 585/837) because of a technology issue. In terms of
participants’ nonresponse for specific items, there were jumps
in missingness (on the basis of difference between item moving
averageresponse rate and actual responserate, Figure 2) for the
items assessing race, previous suicidality (YRBSS 2 ), stress,
preference for learning to manage stress (g22 for schools 1, 2;
g29 for schools 3, 4), and preference for anonymity if discussing
problems on the Web (g26 for schools 1, 2; g31 for schools 3,
4). For these latter 2 items with high missingness, the number
of missing responseswas higher when theitem was administered
at alater point in the survey. The average number of total missed
responseswas 5.61 (range 0-32, SD 8.41, and n=2575), omitting
school 3. Including school 3 and omitting the final 4 items
involved with technology issues, total missed responses was
4.80 (range 0-33, SD 7.36). Of al participants, 86.92%
(2971/3418) responded to 20 or more items, and 25.39%
(868/3418) of the participants responded to all items. However,
13.08 % (447/3418) of the participants responded to 19 or fewer
items. In a multivariate model, race, gender, school, and
depression were significantly related to number of missed items,
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whereas age and anxiety were not related to number of missed compared with female students. Similarly, nonwhite race and
items (see Table 3). Mae students and studentsreporting “other”  higher depression score were positively related to the number
gender had significantly higher numbers of missed items of missing survey responses.

Figure 1. High school survey nonresponse: percentage of missing responses by school (N=3418). PHQ: Patient Health Questionnaire; YRBSS: Youth
Risk Behavior Surveillance System; MH-Prof: visit with Mental Health Professional.
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Table 3. Negative binomial generaized linear model results for combined demographics and depression score predicting number of missing items on

high school survey (N=3206).

Predictor B2 SEP Wald 95% confidence limits P value
Intercept 0.86 0.10 0.67,1.04 <.001
Race (not white) 0.38 0.07 0.25,0.52 <.001
Gender (male vsfemale) 0.32 0.06 0.19,0.44 <.001
Gender (other vsfemale) 0.50 0.19 0.12,0.87 .009
School (1 vs4) 0.56 0.10 0.37,0.75 <.001
School (2 vs4) -0.10 0.09 -0.29, 0.08 .27
School (3 vs4) 0.33 0.09 0.15,0.51 <.001
Patient Health Questionnaire depression 0.06 0.02 0.02,0.11 .004

8B: unstandardized parameter estimate.
bSE: standard error.

As shown in Figure 3, the pattern of missed responses for
depressed students was, although at a higher percentage, largely
similar to nondepressed students, with a striking difference for
theitem ng previoussuicidality (YRBSS_2). In post hoc
comparisons among school s on missingness, 4 of 6 comparisons

were significant (school 1 vs 2: P<.001; school 1 vs4: P<.001;
school 2 vs 3: P<.001; school 3vs4: P=.002). However, school
1 and school 3 (P=.05) did not differ from one another, and
school 2 and school 4 did not differ from one another (P=.69).

Figure 3. High school survey nonresponse: percentage of missing responses by item for depressed and nondepressed students (N=3412). School 3
missing items omitted from g35 to g38 because of technology issue. YRBSS: Youth Risk Behavior Surveillance System; MH-Prof: visit with Mental

Health Professional.
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Principal Findings

A software-based ARS was successfully employed to gather
mental health information from youthsin alarge nonclassroom
setting at 4 high schools. Overall, 80% of youths responded to
more than half of the survey items, and one-fourth of the youth
responded to all items. This is encouraging, as it seems to be
particularly challenging to gather health data from the youth.
For example, in aprevious study, amailed survey to adolescents
about their health needs (including depressive symptoms)
yielded a 33% response rate, with only a modest improvement

https://formative.jmir.org/2019/3/e13798/
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in response rate when phone call reminders were conducted as
an additional strategy to enhance response rates[26]. Although
response rate was not measured in this study (our missingness
analyses included only students who logged into the system at
least once), we were able to gather health data from a wide
variety of youthswith different socioeconomic and mental health
backgrounds. There is some evidence that this can aso be
accomplished with paper-and-pencil surveys. The 2015 Youth
Risk Behavior Surveillance survey, for example, which was
administered in classroomsto students at 125 public and private
high schools, boasted an 86% responserate [27]. The advantage
of the ARS approach to data gathering over these
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paper-and-pencil school-based collection methods is cost.
Traditional research may have high costs (either financial or
time or both) associated with the materials and data entry for
mailed surveys, multiple waves of reminders and solicitation
for electronic surveys, and outreach required to obtain large
sample sizes [28]. Newer ARSs (eg, Mentimeter) have low
annual fees associated with them (eg, US $100 or less), and
students can connect viaschool (or portable) Wi-Fi or acellular
data connection. Thus, our sampling approach (surveying
students en masse in a school setting) coupled with the ARS
may provide a quick, relatively inexpensive data collection
process for gathering data from the youth. Importantly,
adolescents reported on sensitive mental health topics,
demonstrating that ARSis apossible methodol ogy for assessing
these subjects. Thisalignswith previous research demonstrating
that the privacy permitted by self-administered surveys
facilitates disclosure of depressive symptoms and other
nondesirable behaviors [29,30]. However, previous research
has also shown that item response tends to decline over the
course of ARS-delivered surveys [18], and item missingness
tends to be higher for items that are too personal or intrusive
[30,31]. Both of these trends held true for our sample. With
regard to declining response rates, missingness increased
steadily over the course of the survey: the percentage of students
who skipped responses increased from a high of 17% for a
question in the first half of the survey to a high of 35% for the
last question of the survey. These findings emphasize the
importance of item placement; critical survey items should be
placed at the start of surveys when using ARSs to gather data
from the youth. Additional analyses showed that some types of
guestions were skipped more than others, and examining the
pattern of skipped responses revealed several themes. First,
more sensitive questions (eg, about race, suicidality, and stress)
were more likely to be skipped than the questionsimmediately
preceding those questions, regardless of their placein the survey.
This aligns with findings from Asgeirsdottir et a [30], who
found, using their paper-pencil survey methodsin Swedish high
schools, that 10.8% of high school teens skipped questions about
sexual abuse as opposed to | ess than 5% who skipped questions
on other, less sensitive, topics (eg, family conflict, depressed
mood, and anger). Kays et a [31] also found that college
students were less likely to answer sensitive questions than
nonsensitive questions; however, they aso found that
respondents were more likely to respond to sensitive questions
via Web-based surveys than via the paper responses. Other
spikes in nonresponse may have been because of the question
requiring more cognitive effort or being a poorly constructed
item (eg, preference for learning to manage stress), which
resulted in more missing data when this item was administered
later in the survey. Live survey administrators may want to
consider giving additional prompts throughout the survey (eg,
reassuring participants of their anonymity throughout or
emphasizing the importance of completing sensitive questions)
and increasing the specificity and relevance of items so that
these spikesin missingness are minimized. Theimpact of adding
these or other prompts on participants response rates during
live ARS surveys is a direction for future research. On an
individual level, amount of missing datawas related to specific
demographic and sociobehavioral characteristics (ie, gender,
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ethnicity, and depression scores). Previous studies of
nonresponse have found more nonresponse for blacks and
Hispanics than whites [32,33]. This trend was also evident in
our sample—on average, nonwhite students (including black
and Hispanic students) skipped 17% of theitems, whereaswhite
students skipped only 11% of the items. Nonresponse rateswere
also related to gender: “other” selection for gender was related
to the highest rates of nonresponse (27%). This finding is
consistent with previous studies that have shown that males
have greater level s of nonresponse than females[34,35]. Finally,
depression level was related to nonresponse in our sample. A
previous diary study showed that nonresponse was related to
depressive symptoms, such that depressed individuals had lower
compliance with multiple survey completions per day [35]. In
addition, in asurvey on alcohol consumption, excessivedrinkers
were lesslikely to respond to the survey [36]. Combined, these
previous studies suggest that those with behaviors or symptoms
that fit the stigmatized topic of interest may be less likely to
respond to survey items. This was also true in our anonymous
survey delivered over ARS—the interactive polling system and
group survey approach did not appear to overcometheseissues.
With consideration for all of the individual characteristics that
affected item response, statistical analyses of live survey
response data need to account for these patterns of nonresponse
and employ statistical corrections.

Limitations

Severd limitations must be noted. First, we have limitationsin
the sample. Specifically, the sample included only adolescents
enrolled in school, excluding home-schooled adolescents and
adol escentswho have dropped out, aswell as studentswho were
not present on the day the survey was administered. Asprevious
researchers have suggested, both adolescents not enrolled in
school and absent could differ from those present for the survey
event [37]. In addition, some students experienced technol ogical
issues that precluded them from participating on individual
guestions and may have pushed them out of the survey, forcing
the start of a new survey instance for some participants. For
example, some students in school 1 experienced difficulty
entering and remaining connected to the local Wi-Fi network,
and some studentsin school 3 experienced technological issues
that prevented them from answering thefinal 4 questions. These
sampling issues, in addition to other malfunction issues that
could have occurred without our knowledge (eg, low battery
power in devices or devices freezing during survey
participation), limit the generalizability of our findings.
However, members of the research team noted that the
technol ogical issues appeared to be minimized in schoolswhere
students accessed the ARS survey with school-issued devices.
As bring your own device (BYOD) programs gain popularity
[38], researchers should explore the extent to which ARS survey
responsiveness is related to whether participants use their own
devices or school- or company-issued devices. It may be that
those in underserved populations, who may have the greatest
mental health needs, may al so bethe oneswho do not havetheir
own devices, prohibiting their responseinaBY OD environment.
Thisisanimportant issueto explorein future research. Second,
some items used in the survey were researcher developed and
not previoudy validated. Asaresult, item clarity or acceptability
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could haveinfluenced nonresponserates. For example, theitem
“How would you most prefer to learn to manage your stress’
had the response options “Learn about it in school; Ask a
healthcare professional; Use as an app or website; Find other
ways; Prefer not to answer.” Thisitem requires arespondent to
project one's self into ahypothetical situation and select amost
likely behavior from a list of predefined options. However, it
is possible that all of these options were equally unappealing
to the student, and as that was not an option provided, the
student chose not to answer. Moreover, participants’ selection
of “other” gender did not clearly indicate gender identity for
these students. Questions that more accurately assess
gender—such as “What is your current gender identity?” and
“What gender were you assigned at birth?’—as have been used
in previousresearch [39], could beincorporated in future studies
to explore this issue of gender and survey nonresponse more
directly. Third, differences among schools (ie, behavioral norms,
teaching atmosphere, and rural vs urban location) or survey
administration events (ie, day of the week, time of year) were
not considered in thisresearch project. These unmeasured factors
likely exerted some influence on missingness, as school was a
significant predictor for rate of missing responses. Future
research should consider environmental or contextual issues
that could impact survey response rates. Fourth, it may be that
some of the most vulnerable students in terms of mental health
needs were not responding to survey items (either skipping or
selecting “ prefer not to answer™), which may bias the statistics
so that the group appears more psychologically healthy than it
really is. Although the anonymity of the system and ease of
responding may have encouraged response for some of these
individuals, the ARS does not completely eliminate this type
of response bias. Future iterations of ARS research with
adol escents should test ways to increase responseratesin these
populations, perhaps by offering these individuals more
assurances of the anonymity of their data or providing other
participation incentives. Finally, it is possible that the
entertainment-based presentation might have motivated students
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to respond, which might have contributed to the high response
rate. Alternatively, the videos and entertainment activitiesin a
large-group setting may have had an opposite effect on some
students, increasing rates of nonresponse or even promoting a
social desirability bias in student responses, a risk that
jeopardizesthe validity of the main findings of thelarger study.
Thus, a limitation of this study is that we did not specifically
ask students questions about the ARS and whether they felt the
system was truly anonymous, whether our methods for data
collection were engaging, or whether they felt that other methods
of data gathering (eg, paper-pencil surveys or ARS in the
classroom) would lead to a greater number of (or less biased)
responses. Future research examining data gathering systems
should focus on these points more directly. In addition, we did
not ask or measure the extent to which students learned about
Web-based resources for mental heath (ie, content-related
knowledge) from the process of participating in the
ARS-ddlivered survey. These clarifying questionswould provide
helpful feedback about the best waysto introduce and use ARSs
and which types of settingswork best for which type of students.
Thisisavaluable direction for future research.

Conclusions

Despite these limitations, this study demonstrated that an ARS
can be used to gather sensitive mental health information from
theyouth, and we assert that these findings may be generalizable
to different topical interests and community settings. Future
research should investigate whether ARSs can be employed
successfully to gather dataon other health topics from adol escent
samples. As software-based ARSs are beginning to emerge as
cost-effective data gathering solutions outside of traditional
education and business environments, thereis great opportunity
to further develop the methodology and data collection
procedures for gathering health information from adol escents,
as well as adult participants, in different types of community
settings.
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Abstract

Background: The unprecedented number of youths engaged in nonmedical use of prescription opioids (POs), as well as the
myriad negative consequences of such misuse, emphasizes the importance of prevention efforts targeting this public health crisis.
Although there are several science-based, interactive drug abuse prevention programs focused on preventing the use of
nonprescription drugsin youths, to our knowledge, there are no science-based interactive programs that focus on the prevention
of PO abuse among adol escents.

Objective: The aim of this study was to develop and conduct a formative eval uation of a science-based interactive Web-based
program focused on the prevention of PO abuse among adolescents aged 12 to 17 years (Pop4Teens). This study was conducted
to prepare for arandomized controlled trial designed to evaluate the effectiveness of Pop4Teens compared with an active control
website, JustThinkTwice.com (Drug Enforcement Administration), in impacting knowledge and attitudes about POs and perceptions
of risk associated with the abuse of POs, aswell asintentionsto use and actual use of POs.

Methods: We conducted 6 focus groups with 30 youths (a mean of 5 per group: the digibility being aged 12-19 years) along
a continuum of exposure to POs (in treatment for opioid use disorder, in general treatment for other substance use disorder,
prescribed an opioid, and opioid-naive) and writing sessions with 30 youths in treatment for opioid use disorder (12-19 years) to
inform the devel opment of the Web-based prevention tool. Feasibility and acceptability of aprototype of the Web-based intervention
were then assessed through individual feedback sessions with 57 youths (drawn from the same popul ations as the focus groups).

Results: We successfully completed the devel opment of a Web-based PO abuse prevention program (Pop4Teens). Analyses of
focus group transcripts informed the development of the program (eg, quiz content/format, script writing, and story editing).
Selected writing session narratives anchored the planned scientific content by lending credibility and informing the devel opment
of compelling storylines intended to motivate the youth to engage with the program. Feedback session data indicated that the
Web-based tool could be potentially useful and acceptable. In addition, feedback session participants demonstrated significant
increasesin their knowledge of key topics related to the prevention of PO abuse after the exposure to sections of the Web-based
program.

Conclusions. The opioid crisis is predicted to get worse before it gets better. An effective response will likely require a

multipronged strategy inclusive of effective evidence-based prevention programs acceptable to, and accessible by, a majority of
youths.
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Introduction

Background

Nonmedical use of prescription opioids (NMUPO) among
adol escents—use of a prescription without or inconsistent with
adoctor’s order—is an esca ating public health concern. Despite
a plateauing of this type of drug use among youths in the past
severa years, 14.0% (2068/14,765) of a sample of high school
students in a nationally representative study in 2017 endorsed
lifetime misuse of prescription opioids (POs) [1]. Recent
investigations underscore the gravity of the negative and
potentially lifelong consequences associated with early-onset
PO misuse. Strong associations between younger age of opioid
initiation and heightened risk of opioid use disorders later in
life have been demonstrated across agamut of retrospective and
longitudinad studies[2-4]. One study’s epidemiologic calculation
suggests that for roughly 8 million adolescents (12-21 years)
who engaged in NMUPO between 2002 and 2013,
approximately 42,000 to 58,000 met the criteriafor opioid use
disorder— during each year —within 12 months after the onset
of their nonmedical use [5]. This conversion rate from
experimentation to opioid use disorder reveals the addictive
potential of this class of drugs. In addition, a prospective
nationally representative study of high school seniors
demonstrated that prescribed opioid use before high school
graduation is independently associated with a 33% increase in
therisk of future opioid misuse after high school. Notably, this
association is concentrated among youths who had little to no
history of drug use and disapproving attitudes toward illegal
drug use at baseline [6].

NMUPO is also a strong predictor of heroin use onset among
adolescents and young adults [4,7-9]. In a nationa study of
youth aged 12 to 21 years, those who reported past NMUPO
had a 13-fold increased risk of heroin initiation compared with
those with no previous history of such use [10]. Young people
who use POs nonmedically are also significantly more likely
to experience major depressive episodes (MDEs) [11], as well
assexual violence[9,12], compared with their nonabusing peers.

Further underscoring the urgent need for prevention of NMUPO
among the youth, recent statistics show that drug overdose is
now the leading cause of death for adults aged under 45 years
inthe United States, driven largely by opioid-related overdoses,
which accounted for most of the 63,632 lethal overdoses in
2016 (65.99% (41,997/63,632) [13,14]. Between 1999 and 2016,
the drug overdose death rate increased by 268.2% among those
aged 15 to 19 years (N=7,921 adolescent deaths 1999-2016)
[15]. Though the effects of introducing opioidsto the developing
brains of adolescents may be harmful in ways that are not yet
well understood, the most immediate consequences are likely
to impact cognitive, social, and emotional development [16,17].
For example, some data show that treatment-seeking adol escents
with opioid use disorder demonstrate working memory
impairment [18], as well as daily drug using/seeking routines

http://formative.,jmir.org/2019/3/e12389/

that leave little room for healthy social development and
alternative interests [19]. In addition, in arecent study using a
nationally representative dataset, youths who engaged in
NMUPO were 120% morelikely to experiencean MDE in their
lifetime [20]. The current National Institutes of Health (NIH)
initiative, the Adolescent Brain Cognitive Development Study
[21], designed to prospectively study the risk and protective
factors influencing substance use and its conseguences among
acohort of 9- to 10-year-olds (for 10 years) will likely add much
to our understanding of developmental consequences. The
number of youths currently engaged in NMUPO, aswell asthe
possible consequences of such misuse, unequivocaly
emphasizes the importance of prevention strategies targeting
this public health crisis.

Nationwide effortsto provide acomprehensive responseto this
crisis include the following: the development and deployment
of interventions such as prescription drug monitoring programs
to reduce inappropriate prescribing of opioids and enable the
early identification of persons demonstrating problematic use
[22], increasing the number of prescribers who receivetraining
on pain management and safe opioid prescribing [23-25], and
expanding access to abuse-deterrent formul ations to discourage
abuse [26]. There are aso numerous efforts underway to
improve access to, and insurance coverage for, evidence-based
treatment for individual swith opioid use disorders[25,27]. The
availability of the opioid antagonist naloxone hydrochloride
(NARCAN), which reverses the potentially fatal respiratory
depression caused by heroin and other opioids, is increasing
among law enforcement and laypersons alike across the country
[28]. However, limited attention has been given to the
development of evidence-based prevention programs to deter
opioid misuse among the youth. The prevention program that
we have developed and plan to evaluate in an upcoming
randomized controlled trial is the first of its kind, to our
knowledge, as existing prevention programs do not incorporate
scientific knowledge about risk factors for PO abuse.

Risk factors for PO abuse differ from other drug</illegal drugs
in significant ways: the vast majority of nonmedical PO users
report obtaining these medicationsfor thefirst timefrom friends
or family [29], lowering the threshold to accessin terms of both
response effort and costs; the perceived risks (eg, health and
legal) associated with the misuse of these medications are
significantly attenuated compared with other drugs of abuse
because of their prescription and approval for medical use
[30,31]; and opioid prescriptionsfor acute pain episodes set the
occasion for either the misuse of |eftover medications[6,32,33]
or enticement of those youths who are prescribed opioids into
diverting (eg, selling, trading, and sharing) their medication for
monetary or socia gain [34].

Irrespective of the specific risk factors associated with the use
of a particular class of drugs, effective drug abuse prevention
programs generally educate the youth about how specific drugs
work (mechanism of action) and typically focus on one of 2
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broad categories of skill training [35]: social influences and
training skills necessary to resist peer, family, media, and other
socia influences known to promote drug use [36] and the
provision of more general skills training necessary for social
competency and the ability to cope with stressful life situations
[37]. Numerous qualitative and quantitative reviews of the
prevention science literature have demonstrated that substance
abuse prevention programs based on these approaches generally
increase protective factors, reduce risk factors, and produce
marked reductionsin drug use among the youth [38]. In addition,
programs based on social influence and general skillstraining
models have been shown to be effective when delivered via
interactive, activity-oriented programs and not traditional,
didactic instructional techniques [39,40].

Digital platforms may provide a particularly appealing and
effective approach for prevention efforts designed to reach
adolescents. The traditional means of reaching the youth are
hindered by the costs associated with teacher/clinician-delivered
interventions as well as manifold issues that impede delivering
interventions with fidelity. However, interventions delivered
via digital platforms (eg, laptop, mobile phone, or computer)
boast of benefits that have greater appea to the youth [41],
significantly reduced costs [42], standardized content delivery
[42], the potential for delivery across a multitude of settings
[43], and minimizing teaching and/or clinical staff burden
compared with traditional methods [44]. Underscoring the
opportunity afforded by digital platforms, as of 2018, 93.9%
(698/743) of teens reported going on the Web daily—including
44.9% (334/743) who said they go on the Web almost
constantly. These numbers are largely a function of mabile
device usage and/or ownership with nearly 95.0% (706/743) of
teens endorsing one or the other [45].

Published scientific literature on digital platforms for
i nterventions targeting adol escent substance abuseis burgeoning
[41,46].The number of publications describing technol ogy-based
substance abuse prevention programs that aim for universal
application, that is, intended for all youths who endorse no past
alcohol or substance use, is significantly smaller. These
programs have demonstrated effectivenessin 3 contexts: primary
care [47], schools [48,49], and homes [50-53]. They target the
prevention of different classes of drug use, for example, a cohol
[49,50,54], cannabis [49,51], and tobacco [48] and generally
comprise interactive internet-based activities that function to
increase drug-related knowledge and shape user attitudes and
normative beliefs around substance use in ways that result in
abstinence or delayed onset of use[51]. All programsreferenced
herein were found to be effective in reducing
i ntenti ons/expectations to use and/or endorse use.

Thus, athough several science-based interactive drug abuse
prevention programs have been developed to prevent the use
of nonprescription drugsin youths, to our knowledge, there are
no published studies featuring science-based interactive
programs focused on the prevention of PO abuse among
adolescents. As described below, the scientific evidence
underpinning the Web-based adolescent prevention program
content that we described in this paper comesfrom the literature
on computer-delivered interventions [41,55,56],

http://formative.,jmir.org/2019/3/e12389/

Mooreet al

computer-assisted instruction technology [57-59], and identified
risk factors for PO use among the youth [5,6,8,9,30,33,60].

The data presented in this paper are from a completed Phase |
of a Small Business Technology Transfer (STTR) grant from
the National Institute on Drug Abuse (NIDA; R41DA023731)
aswell asaNIDA STTR Phase Il grant (2R42DA023731-02).
These efforts extend our previous study, developing and
evaluating science-based digitally delivered substance abuse
prevention programs for the youth, with a focused goal to
prevent PO misuse among the youth.

Aims

The aim of the research reported herein was to develop and
conduct a formative evaluation of a science-based Web-based
interactive program focused on the prevention of PO abuse
among adolescents. This program is composed of 8 modules
addressing the following topics. What are POs?; misconceptions
that POs are safe and nonaddictive; misconceptions that using
POs without a prescription is not illegal; risks of PO misuse;
nonmedi cation alternatives for pain management; refusing offers
to misuse POs; refusing requests by others for a PO prescribed
to you; and how to know if you or someone you know may be
addicted. This study was conducted before conducting a
randomized controlled trial to evaluate the effectiveness of the
Web-based PO abuse prevention program, Pop4Teens, compared
with an active control, the JustThinkTwice.com website (Drug
Enforcement Administration), in impacting attitudes about,
knowledge and perceptions of risk associated with the abuse of
POs, as well as intentions to use and actual use of POs. The
results of the randomized controlled trial will be published
separately once the trial is completed.

Methods

Design

Our iterative development process spanned Phase | (when 3
modules were developed, ie, introduction, what are POs, and
mi sconceptions that POs are safe and nonaddictive) and Phase
I (when the remaining modules were devel oped—see above).
We did not include the introduction module in the final product
as it had become redundant because of the inclusion of the
content of subsegquent modules. These activities included the
conduct of the following: 6 focus groups with youths along a
continuum of exposure to POs (in treatment for opioid use
disorder, in general treatment for other substance use disorder,
prescribed an opioid, and opioid naive); writing sessions with
youths in treatment for opioid use disorder to inform the
development of the Web-based prevention tool as well as to
increase the overall credibility of the content; and one-on-one
feedback sessionswith youths (drawn from the same popul ations
asthefocus groups) . We conducted focus groupsto help shape
program content devel opment and feedback sessions to obtain
systematic feedback on the beta version of the Web-based
intervention.

Participants

Participants for focus groups and individual feedback sessions
were recruited from a treatment program focused on the
treatment of opioid-dependent youths, a community-based
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adolescent substance abuse treatment program, and the
community via advertisements/flyers for Phase | and either a
community hospital setting or a treatment facility for
opioid-dependent adolescents and young adults for Phase I1.
Participants for the Phase Il writing sessions were recruited

Table 1. Overview of aimsand participant activities by phase.

Mooreet al

exclusively from the latter. Participants in focus groups and
writing and feedback sessions in both Phases | and Il were
compensated $30 for their time (see Table 1 for details on
activities, eligibility criteria, and sample sizes).

Small Business Technology ~ Primary aims End user activity Eligibility criteria Sample size (n)
Transfer® Phase — Aim
| — 1. (2010-2011) Develop pilot contentof a = ¢ 1 Youth 14-18: not in substance abuse 6

Web-based POP abuse pre- treatment / opioid naive

vention program for High g 2 Youth 14-18: in treatment for wider 5

school-aged Youth

FG3 (Intervie'w)d

Individual feedback

sessions
Il —1. (2014-2016) Complete development of FG 1

ALL components of aWeb-
based PO abuse prevention
program/Integrateal compo-  FG 2
nentsinto a unified, Inter-
net-based multimedia pack-

FG3

ageto berun cross-platform

Writing sessions

Individual feedback

sessions

Il —2.(2017-2018) Conduct arandomized, con-
trolled trial to evaluate the
effectiveness of a Web-
based PO abuse prevention

program

trial

Randomized, controlled

substance abuse issue

Youth 14-18: in treatment for opioid de- 1
pendence

Youth 14-18: along acontinuum of expo- 30
sure to opioids (paraleling groups from
FG 1, 2 and Interview)

Youth 12-19% in treatment for prescrip- 8
tion opioid dependence

Youth 12-17": not in substance abuse 6
treatment/ opioid naive

Youth 12-17: prescribed an opioidinthe 4
past year

Youth in treatment for opioid depen- 30
dence

Youth 12-19: along acontinuum of expo- 27
sure to opioids (paralleling groups from
FG 4, 5 and 6)

Youth 12-17, English literate, whose
parents provide consent (w/ access to
Internet)

400 (planned)

A program that expands funding opportunities in the federal innovation research and development arena.

bpO:; prescription opioid.
°FG: focus group.

dwe were able to recruit only 1 adolescent who met the eligibility criteriaand consequently conducted an in-depth interview instead of a focus group.
®The dligible age range was broadened for youth in treatment for PO dependence due to the fact that most youth do not enter treatment for opioid
dependence before 16 years of age.

MThe target age range for Phase | (14-18) was determined to betoo old in light of scientific literature related to prescription opioid misuse among youth
published between the funding of Phases | (2010) and 11 (2014). In the interests of (1) locating our work within the larger corpus of effective prevention
efforts targeting adolescent substance abuse in general (Hale et al, 2014), (2) attending to epidemiological work (Meier et al, 2012) cautioning against
designing prevention initiatives that focus on the later high school years, and (3) seeking to help youth on the younger tail of initiation of prescription
opioid abuse avoid the potentially significant negative long-term consequences of early experimentation (McCabe, 2007), we adjusted the range to
youth between the ages of 12-17 for Phase Il.

Focus Groups

We conducted the first series of 3 audiotaped 90-min focus
groups with the youths to determine how to best present the
information in the program to the target age group. The youths
provided input on all aspects of the program content, including
the structure and style of the program. Participants were asked
to brainstorm and systematically fine-tune the various
components of this program during these focus groups, which
were conducted before the planned pilot program content was
developed.

Procedure

All relevant institutional review board approval s were obtained
before the commencement of each phase of the research.
Adolescents parent/guardian provided consent for their child
(if aged <18 years) and adolescents provided assent (if aged
<18 years) or consent (if aged =18 years) to participate (with
the exception of the writing session, for which we obtained a
waiver of assent/consent because of its anonymity).
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Focus groups were conducted in a semistructured group
interview format, in which the content of the discussion was
guided by a list of key topics relevant to the 3 modules
developed in this phase of the devel opment of thetool (eg, What
are POs?; What do you think they do?; and Why do you think
doctorsprescribe opioid medications?). Theyouthswere asked
aseriesof questionsregarding the extent to which the language,
video, characters, graphics, and presentation style and structure
to be used in presenting the desired material (described below)
were (1) understandable, (2) engaging, and (3) relevant to their
experience and the experience of those their age. All data
obtained from focus groups were qualitative in nature and were
used to shape program development in a manner that is
developmentally appropriate for and acceptable to the target
audience.

The second series of 3 focus group discussions (designed to
inform the development of the remaining 6 modules using a
similar process as described in the previous section) were
structured by questions probing the following: misconceptions
that using POs without a prescription is not illegal, risks of PO
misuse, and how to know if you or someone you know is
addicted (focus group 1: youths in treatment for opioid
dependence); assessments of credibility and compelling nature
of stories written by youths in treatment (focus group 2:
opioid-naive youths); and what teens need to know if prescribed
an opioid (physical, emotional, and social effects), impact of
experience on the future use of POs, and how to respond if
approached to share POs (focus group 3: youths prescribed an
opioid).

Writing Sessions

To strengthen the credibility of the prevention program, we
recruited youths in treatment for their opioid dependence from
a therapeutic substance abuse treatment center to write stories
describing topics of potential interest to program users, as well
as topics paralleling planned scientific content: their lives just
before using POs the first time, their motivations to use POs
the first time, how quickly the time el apsed between using POs
the first time and then losing control of their use, their
experiences of realizing that they had a problem with POs, and
also, how to know if you or someone you know is addicted to
POs. The need to protect the writers' anonymity constrained
the content of the narratives. Treatment center staff led the
writing sessions to ensure no stories revealed the identities of
the authors or those of others around them. Writing sessions
occurred in small groups at timesthat were convenient for them
throughout a day of their treatment experience. They were
instructed to choose a pseudonym to put at thetop of their paper,
along with age and race, and to tell their story without risking
the identity of friends or family members. There were no time
limits on the writing sessions other than those naturally imposed
by treatment program schedules. The staff reviewed the
narratives for any identifying information before sharing the
anonymous files with the research team. Our team used some
of these stories to anchor the Web-based program, aswell asto
generate scripts for actors to portray some of this content in
video clips conveying planned content (eg, risks of PO use and
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refusing requestsfrom othersfor a PO prescribed to you). Input
from the focus groups, as well as the stories that best fit with
the planned content (eg, risks associated with opioid misuse),
was incorporated into the development of the beta version of
the Web-based program.

Feedback Sessions

During theiterative devel opment processin each phase, we also
conducted one-on-one feedback sessions with the youthsto (1)
enable them to access the program modules on a study phone,
tablet, or laptop and (2) systematically provide feedback on the
beta version of the Web-based program. After completing a
brief demographic form, participants completed a 2- to 5-item
presession knowledge test to probe baseline familiarity with the
content of the section topic to be reviewed. An example of a
multiple choice question from aknowledgetest is, “ Prescription
opioids vary in strength and the effects are ‘dose related,
meaning "

Parti ci pants then compl eted the Web-based modul e at their own
pace, answered the knowledge test items again, and completed
a brief 17-item feedback survey inclusive of 12 visual analog
scale (VAS) items and 5 open-ended response items. Possible
values for VAS scores ranged from 0 to 100 mm and were
anchored in terms of the variable of interest probed in theitem.
For example, for the first item—“How interesting was the
section of the program you just completed?’—O0 was anchored
by the phrase not interesting, whereas 100 was anchored by
very interesting. Most participants reviewed 2 modules in a
single feedback session and completed separate pre- and
postsession knowledge tests and feedback surveys for each
module (see Multimedia Appendix 1 for the 17-item feedback

survey).

Analysis

We transcribed the focus group audiotapes and reviewed the
transcripts while listening to the audiotapes to ensure accuracy.
The focus group data were thematically analyzed to inform the
development of the program. For the feedback sessions, mean
VAS scores were calculated for each item. Paired t tests were
used to compare pre- and postsession knowledge test accuracy
data, collapsed across modules and participants. Feedback
session data were used to inform program refinement before
thelaunch of thetrial, for example, feedback on program content
and interactive features.

Results

Participant Characteristics

Participants across devel opment activities were predominantly
non-Hispanic white males. Of those queried, only a small
handful had previoudly participated in any drug prevention
program geared toward POs. Of the youths in treatment for
opioid dependence use disorder, the average age of first opioid
use was 14.7 years (SD 1.2) for youths in focus groups and
15.75years (SD 2.4) for youthsin writing sessions and half had
transitioned to heroin use before seeking help with their opioid
use (see Table 2 for more detail).
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Table 2. Program development participant’ demographic characteristics.

Mooreet al

Characteristic Phase | Phase |l
Focusgroups#1-3  Feedback sessions ~ Focusgroups#1-3  Feedback sessions  Writing sessions
(n=12) (n=30) (n=18) (n=27) (n=30)
Age (years), mean (SD) 16 16,53 (1.1) 16.77 (2.2) 16.37 (2.2) 21.83(2.0)
Gender, n (%)
Female 5(42) 13 (43) 11 (61) 11 (41) 9(30)
Male 7 (58) 17 (57) 7(39) 16 (59) 21 (70)
Ethnicity, n (%)
Non-Hispanic _a 27 (90) 16 (89) 26 (96) 13 (87)°
Race, n (%)
White — 15 (50) 15 (83) 24 (88) —
Black — 6 (20) — 1(4) —
Mixed/other — 9(30) 3(17) 2(8) —
Previous experience w/ PO° Drug Pre- 1(7) 13) - 1(4 -
vention Program, n (%)
Age at first PO use, mean (SD) — — 14.7 (1.2)d — 15.75 (2.4)
Transition from PO heroinuse, n (%) — — 6 (86)d — 12 (41)

8Data not collected.

PDenominator is 15.

®PO: prescription opioid.

da pplies only to youth in focus group #1 (n=8).

Focus Groups

Thefirst series of 3 focus groups were focused on gleaning an
understanding of what the youths know about POs, as well as
misconceptionsthat POs are safe and nonaddictive. The youths
were generaly very well informed about the indication for POs.
However, they were equally uninformed in their assessment of
their addictive potential and associated risks of overdose.
Analysisof datafrom the second set of focus groups among the
youths in treatment for opioid dependence highlighted the
following themes: the latency between first use of opioids and
loss of control is so brief that most youths report not even
noticing (range: 3-8 months); self-medication of unwanted
feelings, combined with low threshold access to prescribed
medication, is the primary reason for many youths to first use
POs; and POs are perceived as the second most dangerous drug
(next to heroin) among the youth who have experimented with
many substances. The transcript data from the second focus
group of opioid naive youths suggest that based on their reading
of the stories written by the youths in treatment, they believe
the program should avoid moralizing; laundry-list-style detailing
of negative consequences, and normalizing other drug use when
highlighting the severity of prescription and other opioid (eg,
heroin) abuse. The analysisalso suggeststhat the youths believe
the program should include stories of how average kids have
gotten into trouble with POsto highlight the nondiscriminatory
dimension of opioid abuse among the youth (eg, a star athlete
and akid from a happy family).

http://formative.,jmir.org/2019/3/e12389/

Finally, the youths prescribed an opioid in the past year who
participated in a focus group reviewed the refusal skill scripts
drafted by research team members and provided written edits.
The youths provided valuable insights on how to increase the
credibility of the refusal skill script for those who may want to
know how to refuse requests by others for an opioid prescribed
to you. Specifically, the youths feel that if anyone approaches
you to share or sell your prescription pain medication, the
overwhelming message needs to be one of consternation and
affront that someone would consider asking for something that
you need to manage your injury.

Writing Sessions

The writing session stories varied in length from 2 paragraphs
to 5 pages of written text, single-spaced. Members of our
research team identified narratives for program inclusion by
comparing rankings based on the quality of the writing, aswell
asthe extent to which narrative content matched planned content
(eg, if ayouth wrote about the challenges of saying no when
offered a Percocet, this content parallels the planned module
on how to refuse offersto misuse an opioid). Oncethe narratives
were selected, we worked with a multidisciplinary media
company to audition and identify actors to read the selected
youth narratives to be recorded for program inclusion.

Feedback Sessions

Each of the participants recruited for individua feedback
sessions reviewed 2 modules/program sections on one of the
following platforms: mobile phone, tablet, or laptop. Feedback
sessions were conducted individually, such that the participants
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individually interacted with the computer program. Scores
indicate that participants made significant knowledge gains.
For the modules developed in Phase I, the mean number of
correctly answered items on the knowledge pre- and posttests
was 3.65 (SD 1.46) and 4.4 (SD 0.75; t,4=3.866; P<.001) for
youths in treatment for opioid dependence, 2.5 (SD 1.27) and
4.4 (SD 0.68; t,4=7.292; P<.001) for youthsin general substance
abuse treatment, and 3.1 (SD 0.72) and 4.4 (SD 0.75; t,4=5.94;
P<.001) for opioid naive youths, respectively. For the 6 modules
developed in Phase |1, the mean number of correctly answered
items on the knowledge pre- and posttests was 3.54 (SD 0.88)
and 4.0 (SD 0.78; t,3=—2.696; P<.05) for youths in treatment
and 3.3 (SD 1.21) and 4.13 (SD 0.86; t,g=—5.473; P<.001), for
opioid naive youths, respectively. See Figure 1 for areview of
these data in terms of percent correct in the pre- and
postknowledge test. Participants also rated the program sections
positively. As shown in Figure 2, several of the responses to
the 12 VAS items on the feedback session survey instrument
fell between 80 and 100, indicating that participants found the
modules to be easy to use, understandable, and useful as part
of a drug prevention program and they also liked using
technology and liked the videos. The remaining scale scores
(eg, interesting, useful, new information, answer questions,
applicableto othersyou know, comparableto other information
or treatment on thistopic, and helpful [in terms of] change{ing]

Figure 1. Pre- and postknowledge test scores: Phases 1 and 2 (P1, P2).
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behavior) fell between 60 and 80, with the exception of 1 item
that probed the applicability of the content to one’s own life.
This item had a mean score of 49 among opioid naive youths
(SD 27.03), which is not surprising given that the program is
anchored by stories of youths in treatment for opioid
dependence. In addition to the VAS items, participants were
asked the following open-ended questions: “What did you like
most about the program?’; “What did you like least?’; and
“What suggestions might you make to improve the program?”’.
Participants in both groups overwhelmingly liked the stories
(eg, “1 mainly liked the person story about a young adult that
actually experienced an addiction problem. It makesthe program
more real because it is based on areal person”) and videos (eg,
“1 liked the three videos | viewed because at times when they
were a bit corny and funny, they got the point across in a
relatable and effective way”) the best. The youths in treatment
ranked the stories as most preferred, and opioid naive youths
ranked the videos as most preferred but each group
predominantly referenced these 2 features asthe best. What the
youths liked least was unanimous: the quizzes were least liked
across al groups of youths (eg, “I liked the quiz the least
because it kept asking the same questions’). Suggestions for
improvement were largely feedback on how to improve the
quizzes (eg, “Don’'t’ time the questions’ and “Make quizzes
less repetitive’).

Pre (P2)

Post (P2)

A General treatment
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Figure 2. Feedback survey results.
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Development Product: Pop4Teens Program

On the basis of the information gleaned from the devel opment
activities, our technology team completed the fina version of
the Web-based intervention to be run cross-platform (ie, on
mobile devices, tablets, and laptops). The 4 cornerstones of the
Pop4Teens program are as follows: 8 stories of real youthsin
treatment for opioid use disorders and their companion lessons,
videos, and quizzes. The stories provide an entrée to the program
and potentially strengthen the credibility and compelling nature
of the content by offering real-world experiential information
on motivations to use POs for the first time, how quickly the
time el apses between using POsthefirst time and losing control
of use, experiences of realizing that the youths had a problem
with POs, and how to know if you or someone you know are
addicted to POs (see Multimedia Appendix 2). Lessons are
bullet-point scientific summaries that accompany individual
stories to reinforce content (see Multimedia Appendix 3). A

http://formative.,jmir.org/2019/3/e12389/

RenderX

total of 6 short (approximately 5-min) videos were the products
of scriptsthat we created based on planned skill-building content
as well as feedback from focus group youths. Working with a
multimedia production company, we auditioned and identified
actorsto act out 3 separate skill-based scenarios: how to refuse
offers to misuse opioids, how to refuse requests by othersfor a
PO prescribed to you, and how to nonmedically manage pain
through controlled breathing and relaxation exercise. In addition,
the program includes 2 informational videos (What are
prescription opioids? and Misconceptions that prescription
opioids are safe and nonaddictive) developed during Phase 1
of the STTR grant mechanism (see Multimedia Appendix 4).
Finally, the lessons provide the source material for the quiz
guestions (see Multimedia Appendix 5).
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Discussion

Principal Findings

Though time consuming, there is no substitute for enlisting
potential end users in the development activities for
Web-delivered  intervention  programs, for example,
user-centered design [61] and behavioral science-informed user
experience design [62,63]. A key element in the devel opment
of new technologies for behavior change is whether it suitsits
purpose and meets users' needs and expectations[64]. Through
the engagement of youths along a continuum of exposure to
opioidsthrough focus groups and writing and feedback sessions,
Pop4Teens reflects the perspectives of these youths with the
goal s of maximizing acceptability, engagement, usability, utility,
relevance, credibility, and, ultimately, effectivenessin reaching
program outcomes.

Focus group input helped shape the Pop4Teens program in
significant ways, several of which warrant underscoring. First,
the research team had chosen select stories produced by the
youths (ie, youths in treatment on their loss of control) for
inclusion in the program. However, after enlisting the input of
opioid naive youths on these top-ranked stories, several were
swapped for aternativesthat werelesslaundry-listy of negative
consequences or edited to remove what opioid-using youths
found to be the normalization or minimization of other drug
use. Second, the importance of the input from youths who had
been legitimately prescribed an opioid that directed the
emotional tone of how to respond if/when a friend requests to
use medication prescribed to them for an injury cannot be
overstated. The participantsin thisfocus group were unanimous
intheir feeling that the response needs to be one of indignation
and affront because in their collective experience, most
friends/acquai ntances do not accept no for an answer and often
persist intheir pressure to divert medications. Thisinformation
was critical in the development of the skill-based video on the
sametopic. Third, the pervasive input from youthsin treatment
for opioid use disorder on the latency between first use and loss
of control of PO misuse functioned to make thisapoint that we
highlight repeatedly in the program. The youths in this focus
group wanted to make sure we conveyed strongly that these
drugs are not similar to other drugs of experimentation because
of their addictive potential and loss of control.

The decision to enlist youthsin treatment to share their stories
was based on the voluminous literature on the socia learning
theory [65] which suggeststhat behavior change resulting from
interactions with peers may be more likely than interactions
with others (eg, in this case, adults, experts, and scientists)
because peers are perceived to be more credible role models
and enhance self-efficacy. Including youthsin treatment to write
about their experiences of losing control of PO misuse as part
of the development process ultimately served a dual purpose.

Acknowledgments

Mooreet al

On the one hand, feedback session data support the stories
inclusion to increase engagement with the program. On the
other hand, the youths who provided their stories widely
reported being grateful for the opportunity to turn a very dark
period in their lives into something potentially positive and
lifesaving for other youths. Finally, feedback session data
demonstrate the promise and potential effectiveness of a
Web-based approach to preventing opioid misuse among teens,
given the datistically significant increases in participant
knowledge between pre- and postsession module reviews as
well asthe overall positive assessment of the program.

The widespread use of technology among the youth highlights
the important opportunities for delivering effective
technology-based universal prevention interventions such as
Pop4Teensto thisgroup. Applicability of thistechnol ogy-based
tool may include its use across a range of settings, including
primary care [48], schools [50,66,67], and individual homes
[52,54,68-70]. In the primary care setting, Pop4Teens could
conceivably be suggested to the youth as part of universally
targeted care approaches within primary care practices across
the country. For example, once a young person turns 12 years
of age, the program could be part of a package of behavioral
health recommendations that are considered part of the annual
visit and thus recommended until the youth turns 17 years of
age. In school settings, where most prevention interventionsare
delivered, Pop4Teens could be adopted as a stand-alone unit
on POs (especially in communities hardest hit by the epidemic)
or could be used in conjunction with other intervention content
to expand the current drug prevention programming. Finally,
the Pop4Teenstool might conceivably becomeatool that parents
and youths could access for free without barriers, off the
internet.

Conclusions

The opioid crisisis predicted to get worse before it gets better
[71]. An effective response will likely require a multipronged
strategy inclusive of improved regulation and monitoring of
opioid prescribing, increased support for effective nonopioid
approaches to pain management, and increased availability of
affordable, evidence-based treatment options for the millions
of Americans battling opioid use disorders. Effective,
evidence-based prevention programsto help young people steer
clear of the enormous sink hole into which tens of thousands
have stumbled, including those who will not emerge, and the
others who struggle mightily to claw their way out are also
needed. Pop4Teens is the first science-based interactive
Web-based program focused on the prevention of PO abuse
among adolescents. Results from an ongoing randomized
controlled trial evaluating Pop4Teens will help determine
whether atool of thistype is effective in the prevention of PO
misuse among adolescents. We plan to publish outcome data
upon completion of thetrial in 2019.
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Abstract

Background: The population with aspinal cord injury (SCI) largely remains inactive following discharge from rehabilitation
despite evidence on the benefits of physical activity. These individuals need to develop skills to self-manage their condition in
order to prevent secondary comorbidities and rehospitalization. A Web-based physical activity portal can address this need. Few
Web-based interventionsincorporate theoretical frameworks, behavior change techniques, and modes of delivery into their design.

Objective: This study aimed to identify the preferred features of a Web-based self-management physical activity portal through
stakeholder engagement with individual s with a spinal cord injury and health care professionals (HCPs).

Methods. Aninterpretative phenomenology methodology and participatory design, along with an integrated knowledge trandation
approach, were used to conduct this study. Convenience sampling was used to recruit individuals with an SCI living in the
community, who were either interested or already engaging in physical activity, and HCPs working with individual s with an SCI,
from three city-based rehabilitation sites. Individual 1-hour sessionsinvolving navigation of an existing website and asemistructured
interview were conducted with all participants. Individuals with an SCI completed a demographics questionnaire prior to the
individual sessions, while demographic information of the HCPswas collected during their interviews. Additionally, all participants
were asked a question on their intention to use or recommend a portal. An in-depth thematic analysis was used to derive themes
from participants’ responses.

Results: Thirteen individuals with an SCI and nine HCPs participated in the study. Five core themes emerged: (1) knowledge:
guidance and barrier management; (2) possibility of achievement: the risks and benefits of physical activity and modelling; (3)
self-regulation strategies: action planning, goal setting, tracking, rewards, and reminders; (4) interactivity: peersand professionals;
and (5) format: appearance, language, and ease of use. The mean (median) ratings of the likelihood of promoting and using a
Web-based portal tailored to individuals needswere 9.00 (8.78) and 7.75 (7.88) for HCPs and individualswith an SCI, respectively.

Conclusions: This study highlights features of an online self-management platform that can provide individuals with an SCI
the motivation and volition to engage in physical activity. These findingswill inform the design of aWeb-based self-management
physical activity portal to increase physical activity adherence and behavior change.
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Introduction

Persons living with a chronic disability, especialy those with
limited mobility, are at an increased risk of developing
secondary comorbidities, many of which are preventable [1].
With the rise in the prevalence of these conditions, individuals
are expected to effectively manage their condition to ensure a
high quality of life and longevity [2-5]. One response to this
concern is the increasing development of self-management
systems, specifically those that are Web-based. Dueto continual
technological advances, the internet has changed the way in
which individuals seek and receive health services and
information [6]. There are now a variety of online resources
that have the potential to support health and well-being.
Moreover, research has reported increased levels of
condition-related informati on searching among chronic disease
populations, including diabetes, depression, and chronic
obstructive pulmonary disorder (COPD) [7,8]. These
technologies have been recognized as a vital component for
adherence to chronic disease management and the prevention
of secondary health concerns[1,3,5].

Although great variability exists, Web-based self-management
systemslargely include components addressing multiple facets
of disease management [9]. One major area of concern that can
have a significant impact on medical, symptom, and lifestyle
management is physical activity. In fact, the World Health
Organization and the Center for Disease Control and Prevention
have described physical inactivity as a leading risk factor for
chronic conditions and death [ 10]. Conversely, regular physical
activity has been shown to decrease the development of
secondary comorbidities[10]. In effect, thereisaneed for health
promotion efforts pertaining to physical activity engagement
among individuals living with a chronic condition [1].

A spinal cord injury (SCI) is one such condition that requires
comprehensive self-management interventions to improve the
quality of life of members of this population. Individuals with
an SCI are discharged from rehabilitation hospitals following
increasingly shorter lengths of stay. The SCI population largely
remains physically inactive after discharge, despite available
physical activity guidelines and knowledge of the benefits of
physical activity [11-13]. As seen in other chronic conditions
[5], these individuals acquire fewer skills to self-manage their
condition upon reintegration into the community, asinformation
regarding their injury becomes less accessible [14,15]. In their
systematic review of meta-analyses, Rogers et al [16] found
that most of the self-management programs on the internet that
demonstrated effectiveness in randomized controlled trials are
unavailable for use to the general public. Therefore, these
individuals are at an increased risk of developing secondary
comorbidities, such as autonomic dysfunction, loss of motor
control, depression, and fatigue [12,17], often resulting in
rehospitalization [15]. To address this inactivity and the
development of secondary health conditions, knowledge must
be mobilized beyond academicsand into the hands of individuals
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living with chronic conditionsviaoptimal delivery mechanisms
to enhance information uptake [12,18].

Additionally, the vast mgjority of reviews that evaluate the
effectiveness of Web-based salf-management interventions have
focused on chronic conditions, specifically, those with a more
progressive nature such as obesity, type 2 diabetes, and COPD
[4,8,19]. Although physical activity is undoubtedly important
for individuals with and those without disability, the SCI
population presents with a unique need for support and
resources, as the rapid, often immediate, onset of an SCI
necessitates intense rehabilitation services early on and a high
level of resilience to cope. In effect, there is a need for novel
research that systematically explores and describes effective
technologies to be included in an online self-management
program for individualswith an SCI and other popul ationswith
similar needs. Furthermore, only a small number of available
Web-based interventions are grounded in theoretical frameworks
and incorporate behavior changetechniques (BCTs) and modes
of delivery (MoDs) into their design [20-22]. Theories are
valuablein understanding the factorsthat influence one’s health
behaviors [23]. Additionally, incorporating BCTs and MoDs
into the design of online self-management programs can inform
adherence and behavior change [24-28].

The Health Action Process Approach (HAPA) is a framework
that effectively addresses the intention-behavior gap [29] and
has been applied in rehabilitation with clinical populations[23].
It posits that individuals require motivation to develop the
intention to engage in a behavior, followed by volition to elicit
a behavior [29]. It proposes that characteristics of Web-based
interventions, including BCTsand MoDs, should be adapted to
one's stage of readiness to engage in a behavior. Thus, the
framework provides a theoretical foundation to guide the
development of self-management programs to increase
adherence behaviors[30]. It has demonstrated good applicability
in increasing adherence to physical activity among individuals
with obesity and type 2 diabetes [19,23,31,32] as well as in
creating physical activity interventions for individuals with an
SCI [33,34].

According to the HAPA framework, goal setting, action
planning, provision of feedback on performance, and
self-monitoring are among the most effective BCTs linked to
changes in health-related behavior [24-26]. The BCTs barrier
identification/problem solving and providing rewards on
behavior change have also been correlated with improvements
inclinical and psychological outcomesaswell as health behavior
[27]. In terms of MoDs, access to an advisor /contact with
clinicians was found to have small-to-medium effects on
behavior [32] and has been linked to intervention adherence
[26,28]. A thematic synthesis of qualitative studies by
Dwarswaard et a [2] showed that individuals with chronic
conditionsrequire support from health care professionals (HCPs)
to manage their condition. The collaboration between patients
and HCPsisvital for self-management support [2]. Alternately,
severa studies have postulated that high attrition rates and
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minimal  heath behavior change during Web-based
health-related programs may be associated with minimal or no
contact with experts [35,36].

I Action Canada is an Ontario-based online self-management
physical activity portal for individuals with an SCI, created in
2008 [37]. This website was developed to mobilize strategies
toinform, teach, and enableindividual sto initiate and maintain
aphysically active lifestyle [38]. It comprises various BCTsin
line with the Health Action Process Approach framework
[33,39] as well as multiple MoDs [38]. SCI Action Canada 's
content includes evidence-based physical activity guidelines,
education on the benefits and safety precautions related to
physical activity, tailored exercises and information based on
the level of injury, and strategies to plan physical activity and
overcome potential barriers. However, certain interactive
features such as the possibility to contact a clinician aswell as
select customizable features that the user can individualize to
their current condition and preferences are not incorporated in
thewebsite. Despite the evidence presented on the effectiveness
of BCTs and MoDs in self-management portals, a knowledge
gap remains regarding which Web-based features best meet the
unique needs of individuals with an SCI and potentially other
populationswith shared characteristics and recovery trajectories.

Moreover, few studies have embedded a participatory or
user-centered design that incorporates the perspectives of both
HCPs and individuals with an SCI in the initial development
of such asite[40,41]. Thisiterative research design constitutes
a collaborative approach in which individuals who can impact
or be impacted by an intervention are involved throughout its
development. The inclusion of end-usersininitial designs of a
Web-based portal has been shown to enhance usability,
adherence, and behavior change associated with its use [42].
Jafari et a [43] found that a participatory design approach was
essential in determining the aspects needed in the creation of
personalized, internet-enabled education for patients with
diabetes. Furthermore, a participatory design study by Allin et
al [44] demonstrated that engaging users as codesigners,
codevelopers, and informants in the formation of an online
platform may promote self-management.

In their study, Munce et al [15] used a cross-sectional design
to explore preferred content modules, including exercise, pain,
and nutrition management, aswell as program delivery formats
including theinternet, DV Ds, and atel ehealth system to include
in a program for individuals with an SCI. They suggested the
creation of a tailored self-management program to increase
users’ knowledge acquisition postdischarge from rehabilitation;
their study was the first to examine these concepts using
feedback from individuals with an SCI. This research study
builds on Munce and colleagues [15] novel findings by
examining  specific  Web-based components of a
self-management portal focused on physical activity.

To our knowledge, this study is the first to explore the needs,
learning styles, and preferences of key stakeholders, including
individuals with an SCI and HCPs, specificaly in the
development of aWeb-based self-management program. Thus,
the objective of this study is to identify needs and preferences
of individual swith an SCI and HCPswith regard to the features
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of a Web-based self-management physical activity portal that
have the potential to enhance one’s motivation and valition to
engage in physical activity.

Methods

Statement of Ethics

Approva for this project was granted by the Centre for
Interdisciplinary Research in Rehabilitation of Grester Montreal.
We certify that al applicable institutional and governmental
regul ations concerning the ethical use of human volunteerswere
followed during this research study.

Research Design

This qualitative study used a constructivist paradigm with an
interpretive phenomenology methodology, and an integrated
knowledge translation approach to inform the objective of this
research. This approach acknowledges the unique life
experiences of individualswith adisability aswell astheclinical
experience of HCPs. It additionally permits an exploration
through the analysis of first-person narratives constituting
participants’ experiences, views, and needs. An in-depth content
analysis was subsequently used to systematically determine
participants' preferred design features of an online physical
activity platform. A participatory or user-centered design, which
supports cocreation through the involvement of key
stakeholders, was also applied.

Recruitment

Convenience sampling was used to recruit individuals with an
SCI and HCPs. Recruitment took place at three rehabilitation
sites in the province of Quebec: Rehabilitation Site 1 was a
Montreal-based secondary inpatient and outpatient rehabilitation
hospital, Rehabilitation Site 2 was a Montreal-based tertiary
inpatient and outpatient rehabilitation hospital, and
Rehahilitation Site 3 was a Quebec City—based secondary and
tertiary inpatient and outpatient rehabilitation hospital with
postdischarge physical activity programs.

Recruitment of individuals with an SCI was done via the
telephone. The researchers contacted interested persons with
an SCI from Montreal and Quebec City. The dligibility criteria
were as follows. age =18 years, discharged from inpatient
services from one of the three rehabilitation sites, ability to
communicate in English or French, ability to independently
make informed decisions, access to the internet and an email
address, and ability to use a computer independently or with
assistance.

HCPs were recruited from the affiliated institutions through
presentations to clinical teams to explain the objective of the
study and the required time to participate. Interested HCPs
contacted the researchers via email.

Procedure

After aobtaining informed consent, two trained researchers
conducted individual 1-hour sessionswith HCPsand individuals
with an SCI at the individual’s affiliated rehabilitation site or
in their home. Prior to their scheduled session, the individuals
completed a demographics questionnaire.
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In the first part of the session, participants spent 30 minutes
navigating selected content on the SCI Action Canada website.
Using a think-aloud approach, participants verbally expressed
their immediate positive and negative thoughts on how the
content and structure of the website may influence the
motivation and volition of persons with an SCI to engage in
physical activity. The two researchers tracked the content that
participants independently navigated through, with the use of
a comprehensive checklist containing the BCTs and MoDs
integrated in the website. They also prompted participants to
navigate through the features they overlooked. The website
navigation session was recorded using Camtasia software,
version 8 (TechSmith, Okemos, MI), provided by McGill
University.

Subsequently, the two researchers conducted semistructured
interviews comprised of open-ended questions during the second
part of the session. Participants responded to questions regarding
physical activity engagement following an SCI. Individuals
with an SCI were asked about the type, frequency, and social
aspect of, as well as barriers to, their involvement in physical
activity since their injury. HCPs were asked about their
experience with physical activity prescription for their patients
and expounded on strategies to improve physical activity
adherence within the SCI community. All participants explored
the importance of physical activity for individualswith an SCI.
They were also asked to provide feedback on the website
navigation portion of the session, including the site's ease of
use, appeal, and delivery format, aswell as perceived usefulness
of embedded and absent physical activity resources.
Furthermore, theindividualswere asked to rate their likelihood
of integrating a Web-based portal into their physical activity
practice, on ascale of O (unlikely) to 10 (very likely). Using a
similar scale, HCPs were asked to rate the degree to which they
would promote such a physical activity platform in practice.
All interviews were audio recorded using Camtasia software.

The length of each session ranged from 46 to 90 minutes. All
sessionswere transcribed verbatim. Pseudonymswere assigned
to each participant. Quotations from French-speaking
participants were translated to English for the purpose of this
paper. In addition, the demographics questionnaire, interview
guide, and navigation checklist used throughout the study were
reviewed by a team of stakeholders, which included three
clinical researchers, aknowledge trand ation specialist from SCI
Action Canada, a coordinator for a Quebec adapted sports
organization, and aconsultant living with an SCI who promotes
community integration.

Data Analysis

Descriptive stati sticswere used to summarize the characteristics
of al participants and the responses on questionnaires for
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individualswith an SCI. All transcripts from the site navigation
and interview sessions were reviewed. An in-depth thematic
analysis was conducted by four members of the research team
to derive common themes. Content analysis was guided by
participants’ rich feedback on the perceived ability of select
Web-based features to impact the motivation of the individuals
to initiate and maintain engagement in physical activity. The
two authorswho conducted the interviews al so maintained field
notes with thematic logging of significant moments during and
after the individual sessions, which served as a component of
datatriangulation to contribute to the analytical process. Codes
representing core concepts were identified in the transcripts.
Through extensive discussion surrounding emerging
commonalities, subthemeswere formed and then grouped under
“umbrelld’ key themes. All derived themes have connections
to BCTsand MoDs, as outlined by Abraham and Michie [45];
this was paramount to contribute to the evidence and overall
rhetoric surrounding their value as embedded components of
Web-based self-management portals aimed at ameliorating
health-related behaviors. The four researchers who carried out
the analysis met regularly to resolve any discrepanciesin order
to ensure consistency of the findings. Data saturation was
achieved at 21 participants. The median and mean ratings
attributed to the likelihood of integrating a Web-based portal
into physical activity practice or promotion were cal cul ated.

Results

Participant Characteristics

Thirteen persons with an SCI, seven from Montreal and six
from Quebec City, agreed to participatein the study. Ultimately,
data collected from 12 individuals were included in the study,
as data from one participant, whose condition turned out to be
inaccurate, were removed. The mgjority of the samplewasmale
(n=10) between the ages of 19 and 68 (mean 46.8, SD 17.1)
years. Most of these individuals had a nontraumatic SCI (n=8)
and a level of injury located between T1-S5 (n=6). Most
participants were discharged from rehabilitation for more than
12 weeks (n=9). Ten of the participants had been participating
in physical activity for over 6 months. Lastly, most subjects
spent at least 2 hours per day navigating the internet, in general
(n=8). Demographic information of these individuas is
presented in Table 1.

Nine HCPs, six from Montreal and three from Quebec City,
agreed to participate in the study. They had an average of 13.7
(SD 11.9) years of experienceworking with the SCI population.
Additiona demographic information of the HCPs can be found
in Table 2.

Intotal, 5 themes with 14 subthemes emerged (Textbox 1).
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Table 1. Characteristics of the individuals with a spinal cord injury.

Characteristic n (%)
Age (years)
16-30 2(17)
31-45 2(17)
46-60 5(42)
61-75 3(25)
Gender
Male 10 (83)
Female 2(17)

Affiliated rehabilitation site(s)?

Sitel 6 (50)

Site2 4(33)

Site3 6 (50)
Level of injury

Cl1-C4 3(25)

C5-C8 3(25)

T1-S5 6 (50)
Severity of injury

Complete 5(42)

Incomplete 7(58)

Nature of injury
Traumatic 4(33)
Nontraumatic 8(67)

Time since discharge from inpatient rehabilitation services (weeks)

0-4 1(8)
5-8 1(8)
9-12 1(8)
>12 9 (75)

Number of months participant engaged in physical activity
<6 2(17)
>6 10 (83)

Hours per day participant spent on theinternet, in general
<1 1(8)
lto<2 3(25)
2to<3 5 (47)
3to<4 1(8)
>4 2(17)

3Total N>12, as several participants attended more than one rehabilitation site.
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Table 2. Characteristics of the health care professionals.

Characteristic n (%)
Profession
Physiotherapist 3(33)
Occupational therapist 3(33)
Kinesiologist 1(11)
Physical rehabilitation therapist 1(11)
Dietician/nutritionist 1(11)
Gender
Male 2(22)
Female 7(78)
Affiliated rehabilitation site
Sitel 3(33)
Site2 3(33)
Site3 3(33)
Years of work experience with the spinal cord injury population
110 4(44)
11-20 2(22)
21-30 2(22)
>30 1(11)
http://formativejmir.org/2019/3/12507/ JMIR Form Res 2019 | vol. 3 |iss. 3 [e12507 | p.48
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Textbox 1. Characteristic of Web-based interventions, themes, and subthemes.

Behavior change techniques
« Knowledge
«  Guidance

«  Barrier management

« Possibility of achievement
« Risksand benefits
« Models

o  Sdf-regulation
« Action planning
« Goa setting
« Tracking
o Rewards

« Reminders

Modes of delivery
« Interactivity
. Peer

«  Professiona

« Format
o Appearance
o Language

« Easeof use

Knowledge

Participants preferred resources that enhance their knowledge
of physical activity in terms of guidance and barrier
management.

Guidance

Participants identified the importance of including resources
that guide them in their physical activity participation. These
resources consisted of home-based exercise tutorials, safety
suggestions, and evidence-based physical activity guidelines.
Furthermore, participants preferred having access to practical
materials from areliable source.

Oh | like this(home-based exercise tutorials). This
tellsyou howto doit, right? | likethat. You know why
| like that? Cause it's stuff | can do at home and |
don’'t need anybody. [ISCI 13, female, 52 years]

It's important to engage in physical activity, but it
must be done safely. People often fail to consider
certain aspects of physical activity. [HCP 05, female,
occupational therapist, rehabilitation site 2]

Barrier Management

Participants identified cost and availability of exercise
equipment, and physical accessibility asbarrierstotheir physical

http://formative.,jmir.org/2019/3/e12507/

activity participation. They suggested having access to
information on tangible solutions to overcome these barriers.

That's interesting, you know, (information on)
overcoming obstacles because people often tell me
“ Ah! But you'retraining, you're lucky, you're moving
your abdominals, you're moving your legs, and this
and that” ..People have difficulty overcoming
obstacles because there are no two people with the
same disability, so it can be helpful to provide
information on overcoming obstacles. [I|SCI 10, male,
31 years|

You know, the equipment, notably adapted bicycles,
iS SO expensive, so, [access to equipment] can be
difficult without financial support. Over here [RS3],
we have resources that can lend adapted bicycles, a
cycling club...there are several resources, but they
need to be advertised. [HCP 07, female, occupational
therapist, rehabilitation site 3]

Possibility of Achievement

All participants, especially persons with an SCI, suggested
including featuresthat will inspire them to achieve their physical
activity goals.
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Risks and Benefits

Participants disclosed the importance of being aware of the
benefits of physical activity participation and the negative
consequences of remaining sedentary.

| think there should be more information on the
benefits of physical activity...or the risks associated
with not engaging in physical activity. You know, a
little like what they do with cigarette packages: “ If
you smoke, you will develop this disease” , so on the
site [it would say] “if you don’'t move, you will
become overweight, you will experience shoulder
pain, you will end up in a power wheelchair and
become dependent on others’ . So, maybe not to say
it this explicitly because it may offend certain users,
but to really explain the benefits of physical activity
and risks of a sedentary lifestyle. [ISCI 10, male, 31
years]

Although | think [risks and benefits] can be
motivating, they must be clearly outlined: you know
“ Essentially, physical activity improvesthis, and this,
and decreases this’ ..and also to explain that
individual with an SCI are more at risk of developing
other types of health problems and must be extra
careful. Physical activity certainly helps maintain a
healthy body weight, it can reduce risks of diabetes,
it can reduce several things, so it's very important.
[HCP 05, female, occupational therapist, rehabilitation
site 2]

M odelling

Examples of individuals with an SCI successfully engaging in
physical activity within a community setting, in the form of
photos, testimonials, and a mentor, was a recurrent topic. The
majority of the participants explained that these forms of
modelling provide a tangible outlook on a physicaly active
lifestyle.

When | see this photo [individuals with aN SCI
participating in an exercise class], I'd like to do it
likehim. It'svery good...it [would] make me so happy.
| want to do it like him. [ISCI 02, female, 26 years]

Providing examples of active [individuals with an
XCI] in the community, like success stories or
testimoniesor [ saying] whereindividuals started and
where they are now, and the benefits they have
acquired...often speaks to clients; it gives them an
idea, a vision of the future and of what it looks like
to be an active person with an SCI. [HCP 06, female,
kinesiologist, rehabilitation site 2]

Self-Regulation Strategies

Many participants conveyed a preference for self-regulation
tools such as action plans, goal setting and tracking, rewards,
and reminder systems to support their engagement in physical
activity.

Action Planning

Participants expressed that an action plan—a detailed
organization of when, where, and how physical activity can be
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incorporated into one's weekly schedule—provides a sense of
structure.

| personally have an action plan embedded within my
schedule because it is as important as medical
appointments...To reinforce, to integrate [physical
activity] in a calendar is super pertinent. [ISCI 12,
male, 53 years]

On the other hand, a number of the individuals stated that their
action plan did not need to be written down or input on their
phone or computer, asit wasalready ingrained in their lifestyle.

My scheduleisin my head. The definition saysit: it's
a routine. it's over and over again. [ISCI 03, male,
43 years)

Goal Setting

Participants desired a goal-setting system as an interactive
Web-based feature to formulate specific, meaningful, and
realistic physical activity objectives that follow a safe
progression.

[A goal setting system] gives importance to physical
activity. [Just like] organizing a trip, giving time to
organize my things, it gives physical activity the same
importance asthesethings. [ISCI 12, male, 53 years]
[Gradually progressing goals] is important because
when objectives are not progressive, people are
intimidated, and they get injured, and finally they
abandon it because the way they started was not
necessarily realistic. [ISCI 07, male, 63 years]

Tracking

Participants discussed the importance of having a tool that
monitors their physical activity progress. Participants reported
that thistool would enable them to measure their improvements
and follow-up on their objectives in order to stay accountable
to their physical activity plan.

It would be very interesting to access the history of
your past physical activities and exercise programs,
to seeif there has been progress [ISCI 05, male, 59
years]

[To follow] the physical activity you have
accomplished in real time, to know what you have
accomplished and what is left to accomplish a given
objective, | alwaysthink of a circle that becomesfilled
in as you complete more and more hours of physical
activity. [ISCI 09, male, 19 years]

Rewards

Some of the individuals with an SCI favored incorporating a
reward system on a website to reinforce the habit of engaging
in physical activity. These individuals reported that they enjoy
rewarding themselves for engaging in physical activity with a
positive extrinsic stimulus.

If 1 do my full 40(swimming)laps, | get a piece of cake.
If 1 don't, | don't get it. That's me...Because I'm
telling you, when I’mreally tired and | don’t want to
do the 40 laps and | think of that piece of cake, I'm
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going to go [do the 40 laps]. [ISCI 13, female, 52
years]
However, some participants did not agree with the idea of a
reward system, as they felt the health benefits of physical
activity are a sufficient reward.

When you participate in physical activity, you do it
for yourself. Your [reward], you will get it when you
reap the benefits...Improving your condition is the
best reward you can get. [ISCI 07, male, 63 years]

All the benefits it can bring, maintaining a healthy
weight, energy levels, decreasing stress, that iswhat’s
important to me. | think the individual who wants to
be active has to do it for themselves and not for a
reward system. [HCP 07, female, occupationa
therapist, rehabilitation site 3]

Reminders

Some of theindividual s explained that having areminder system
to participate in physical activity can serve as a form of
encouragement or compensate for memory difficulties.

It's good. It will make me, maybe feel like somebody
is pushing me to work; yeah, it's good. Like support.
[ISCI 02, female, 26 years]
However, others suggested that this type of system should be
optional, as reminders can become a stressor for them.

Personally, | hate it. | hate it! It's like...I think we
have so much pressure from everything else. |
wouldn't like to have reminders, but I’m sure some
people would likeit. [ISCI 05, male, 59 years]

I nteractivity

Participants highlighted the value of having access to features
that enableinteraction with peers and professionals, asit would
provide a sense of support.

Peer

Participants reported that they would value platforms to share
resources and anecdotes, such as discussion forums or chat
groups, which provide guidance and help foster a sense of
belonging.

It (a network) is super important. If you don’t have
one, you don’'t have much. | often say “ If i had not
met all these people (with an SCI), | would beisolated
and depressed;” so it's super important. [ISCI 09,
male, 19 years]

It could be a forum with questions, but also a forum
where they can exchange information: “ | would like
to start a basketball team, but | am missing
participants. Who would be available?” [HCP 05,
female, occupational therapist, rehabilitation site 2]

Professional

Personswith an SCI expressed theimportance of having access
to aHCP by phone, email, or Skype, following discharge from
rehabilitation, asit would enable them to seek reassurance with
their physical activity plan or answer any questions they may
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have. Ultimately, they reported that having this type of access
contributes to a continuum of care upon discharge.

It's an alternative (to a consult with your doctor) if
you encounter a physical problem. If you feel a
burning sensation or there is an exercise you don't
understand, having the help of a clinician is
interesting because the clinician can help determine
if the problem is related to your injury or if it is
another health issue. [ISCI 05, male, 59 years]

| think that it would be very useful because when you
finish your rehabilitation, like myself, you feel a sort
of mourning, an emptiness, and you'reall by yourself.
It would be good if there was a way to provide people
with the opportunity to have contact with a clinician
before they finish their rehabilitation; it could be
something that can be continued after. [ISCI 04, male,
68 years|
However, some of the individuals who received al their
rehabilitation servicesfrom the sameingtitution preferred contact
with a professional with whom they are familiar.

If you have a question, instead of calling a technician,
you can come (to the rehabilitation site) and see
someone who cared for you and can answer your
questions, someone who knows you better than
someone over the phone. Otherwise, you will need to
explain [your situation] to the person you call [and...]
start all over again. [ISCI 07, male, 63 years)

Format

Participants reported that the way in which content is structured
and delivered, in terms of the appearance, language, and ease
of use, influences their level of interest in using a Web-based
platform.

Appearance

The majority of participants conveyed that they are primarily
visual learners, and as such, are drawn towards photos, videos,
colorful diagrams, and succinct text.

Pictures, videos- I’'mvery visual, so they help. | don't
like text as much. So pictures, videos, and
demonstrationsarefor sure alwaysfun and practical.
[ISCI 09, male, 19 years]

Colour coding is always more interesting. It makes
it less dull to read. It's fun to at least having colour
coding, which makes it more appealing to the eye.
It's more structured. [ISCI 05, male, 59 years)

Language

Participants communi cated the importance of having clear and
concrete explanations that use lay and positive language.
Participants al so stressed upon the fact that all resources should
be available in French.

[Terms such as] “muscular reinforcement” and
“ aerobic capacity” can be [confusing] for someone
who is less knowledgeable. You know, give more
concrete examples. [ISCI 10, male, 31 years]
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[When] it says there are English documents, I'm
already less inclined to visit them because they are
in English. I'm sure that the majority of our clientele
(in Quebec) would feel that way [HCP 09, male,
physical rehabilitation therapist, rehabilitation site 3]
It seems a little negative. You know “ Lack of time, |
can't participate in physical activity..” | would tend
to rephrase the messages more positively. It feelsvery
critical...\e all have our reasons whether or not to
participate in physical activity, good or bad. Maybe
changeit alittle...to be more positive. [HCP 09, male,
physical rehabilitation therapist, rehabilitation site 3]

Ease of Use

Participants identified the need for a user-friendly website,
comprised of structured, easily accessible content, asit renders
the navigation experience more alluring and time-effective.

When you go on awebsite, you try to find information
rapidly to accomplish something specific, [ ...because]
we are all pressed for time. Sometimes it's hard to
find information we want on a website, so it would
be good to group the information in a succinct way.
[ISCI 12, male, 53 years]

[It's important] for links to be easily accessible to
seek information that is relevant to me - [ not to have
to toggle back and forth between pages]. | would
suggest using links to help quickly access relevant

Pancer et d

information. [HCP 09, male, physical rehabilitation
therapist, rehabilitation site 3]

Likelihood of Using a Web-Based Portal Tailored to the
Needs of I ndividuals with a Spinal Cord Injury

The mean and median ratings from both groups of participants
were calculated for the likelihood that they would promote and
use aWeb-based portal tailored to the needs of individualswith
an SCI. The mean and median ratings for HCPs were 9.00 and
8.78, respectively. The mean and median ratingsfor individuals
with an SCI were 7.75 and 7.88, respectively.

Discussion

Principal Findings

The aim of this study was to highlight the Web-based features
that have the potential to influence the motivation and volition
of individuals with an SCI to self-manage their participation in
physical activity. This is the first study of its kind to use an
in-depth qualitative research design to understand the needs,
preferences, and lived experiences of members of the SCI
community and HCPs in the preliminary stages in the
development of a Web-based self-management program.
Through an in-depth inductive thematic analysis, 5 core themes
and 14 subthemes emerged. Thefirst three themes (knowledge,
possibility of achievement, and self-regulation) align well with
the two phases of the Heath Action Process Approach
framework and thus BCTs, while the last two themes
(interactivity and format) align with MoDs (Figure 1).

Figure 1. Diagram demonstrating how the resulting five themes relate to behavior change techniques and the phases of the Health Action Process
Approach framework, and the how mode of delivery impacts these phases and behavior change techniques.
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Tools that enhance one's knowledge and convey a possibility
of achievement can provide persons with an SCI the motivation
to form an intention to participate in physical activity [46].
Participants expressed an interest in resources that offer
guidance on their condition and physical activity, strategies to
overcome barriers, and information on the risks and benefits.
Inclusion of BCTs that improve knowledge of one’s condition
has been attributed to increased levels of self-efficacy and
physical activity behavior [24,25,37]. Participants also identified
that models of individuals with an SCI successfully practicing
physical activity help reinforce the intention to adopt healthy
behaviors, as they contribute to a positive outlook on their
condition through relatability [13]. This BCT has aso been
linked to improved clinical and psychological outcomes[24,47].

Participants expressed that self-regulation tools such as action
planning, goal setting, and tracking are conducive to initiating
and maintaining physical activity. These BCTs have
demonstrated effectivenessin increasing one's physical activity
engagement and sense of control in various populations by
transforming their intention into a behavior [24,25,30,47,48].
Participants’ perspectives, however, were mixed regarding the
value of having reminders and rewards on awebsite. Although
anumber of theindividuals and HCPs expressed that reminders
have the potential to keep oneself engaged in physical activity,
others perceived this function as burdensome and stressful.
These findings are echoed in the literature: One systematic
review demonstrated that a reminder system had the largest
favorable effect on physical activity levels [36]. Conversely,
Williamsand French [47] associated this system with decreased
self-efficacy among study participants, while a systematic
review reported small and nonsignificant effects on physical
activity when interventions contained reminders [24]. In terms
of rewards, aportion of thisstudy’s participants viewed positive
reinforcements as a necessity to their physical activity practice
compared to others who stated that the health benefits from
regular physical activity engagement are enough of a reward
ontheir own. Interestingly, two studies have found that asystem
that rewards participants based on effort or progress positively
influences one's self-confidence with respect to their physical
activity participation. However, these same studies did not report
significant effects where interventions rewarded participants
only for successful behavior. We suggest that focusing on
smaller short-term progress may increase one's sense of
self-efficacy regarding physical activity engagement [27,47,49].

Additionally, participantsidentified theimportance of including
interactive features on the website. For example, some
participants suggested that online access to HCPs may afford
individuals with an SCI a sense of reassurance and support
needed to cope with setbacksin physical activity. Infact, having
accessto aHCP over the phone was found to increase adherence
to physical activity among individualsin both the motivational
and volitional phases of behavior change [26,38]. In contrast,
others mentioned that online access to HCPs would not be a
necessary feature, as they have sufficient contact with an HCP
in their community. Participants also expressed a preference
for online discussion forumswherethey can interact with peers
(fellow persons with an SCI), exchange knowledge, and
integrate within the active SCI community. In their study, Allin
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et a [44] highlighted the importance of including these
community-type resources on a Web-based platform.

Furthermore, our findings reveal that the way in which
information is displayed on a Web-based platform (format),
including the appearance, language, and ease of use, influences
the degree to which individuals are drawn to and potentially
utilize Web-based resources. Recent studies have stressed the
importance of addressing features and functions including
usability, readability, and visual esthetics to assure end-users
engagement in Web-based interventions [50,51]. However,
research remainslimited on the specific elementsthat constitute
effective Web design [50]. More research on the impact of
format on behavior change is needed to contribute to evidence
supporting its value in online self-management portals.
Ultimately, the interactive features and format of the website
contribute to the degree of appeal of the BCTsidentified by the
first three themes and therefore have an influence on individual s
motivation and volition to engage in physical activity.

Our research builds upon Munce and colleagues [15]
cross-sectional study, which explored general components of
self-management programs for individuals with an SCI. They
reported, among others, participants’ desires for portals to be
internet-based and to include a physical activity component.
Although numerous Web-based self-management portal s exist,
website quality remains low and few incorporate theoretical
frameworks, BCTs, and MoDs into their design [20,21].

The SCI Action Canada website is one of the most devel oped
Web-based self-management systems that currently exists. Its
design was guided by the HAPA framework and thus
incorporates various BCTs and MoDs that have been linked to
increased physical activity engagement among individual swith
an SCI. Assuch, it was used asa starting point for our research,
anticipating that several areas of improvement would emerge
from our results, which was the case. First, the content should
be updated and enhanced to reflect the needs and preferences
of the SCI community. Second, interactive features, including
contact with peers and professionals through the same system,
should be embedded within the website. Third, while not
currently  incorporated into health care, introducing
self-management tools to patients early on in their recovery
processis an integral step to ensure a continuum of care.

Murray et al [52] found that new technology has the greatest
likelihood of becoming implemented if it aligns with the
organizational objectives and expertise of existing HCPs and
positively influences their relationships with patients.
Dwarswaard and colleagues [2] also demonstrated that
individualsliving with achronic condition expect HCPsto play
a vital role in their self-management, which was similarly
expressed by our study subjects. Given the sudden onset of an
SCI and the trajectory and intensity of rehabilitation services,
embedding HCPs into this process to ensure a continuum of
careiscritical. Thiscan inform the need for a self-management
portal to be presented and endorsed by HCPs before discharge
aswell astheincorporation of interactive features on the system
to ensure users feel supported in the long-term.

This study’s findings support the need to include numerous
persuasive technologiesin aWeb-based physical activity portal.
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Our results align with the literature, which has found that
multimode tail ored interventions that incorporate video, audio,
discussion forums, and chat enhance interactivity, skills, and
knowledge building, thus positively influencing patient
engagement and health-related outcomes [27,35,53,54].
Furthermore, previousinterventionsthat included multiple BCTs
had larger influences on behavior change than those that
incorporated fewer change techniques [24].

Finally, the robust user-centered design permitted us to delve
into specific Web-based components favored by members of
the SCI community. As such, this study supports the need to
engage persons with an SCI and HCPs early on in the design
of an online self-management portal. In addition, the high ratings
of these key stakeholders on the likelihood to use a website
tailored to one’'s needs illustrate not only the willingness of
participants to use such awebsite, but also the degree to which
it is valued in improving one’s self-management in physical
activity. As such, the educational and material resources
included on the proposed self-management portal should be
made easily accessible and cater toindividualized needs[14,38].

Limitations

First, when considering the generalizability of this study’s
findings, it is important to note that the majority of the
individualswho participated (83%) reported that they have been
engaging in physical activity for more than 6 months. In
addition, most participants (n=8) spend at least 2 hours on the
internet daily. The characteristics of our sample may be
attributed to the self-sel ective nature of our recruitment strategy,
as members of the SCI community with an interest in physical
activity likely shared an interest in this study’s topic. As such,
the results may not be representative of individualswith an SCI
who are in an early stage of physical activity engagement or
who lack access to Web-based resources. Moreover, due to our
methodology and small sample size, we were unable to derive
conclusive similarities or discrepanciesin the findings between
subjects, despite reaching saturation with 21 participants.
Although this was not part of our initial objective, future
research will involve conducting further analyses with more
study subjects to determine subgroup clusters as we continue
to develop the platform. A strength of this more engaged and
technologically savvy sample, however, is that they were able
to reflect on the motivational strategies they use or have used
in their experience with physical activity to provide valuable
feedback on Web-based persuasive technologies. Theseinsights
will guide usin shaping aplatform integrated into carein away
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that attracts less active individuals with an SCI to initiate
behavior change and maintain engagement when discharged
back to the community. Further research is needed to consider
the perspectives of individuals with an SCI at a rudimentary
stage of physical activity engagement.

Second, some participants reported that they did not have
sufficient time to navigate the website, which may have
influenced their exploration of the available resources. These
participants may not have been able to conceptualize the impact
of certain Web-based features they initially overlooked due to
the time limit. Third, participants were asked to comment on
several BCTs (eg, reward system and goal setting system) that
have been shown to be effective in the literature but were not
embedded within SCI Action Canada. Participantslikely formed
an opinion based on the hypothetical value of thesetool swithout
having had a genuine opportunity to interact with them on a
website. Fourth, due to time and resource constraints, only
persons with an SCI living in urban areas were recruited. As
their perspectives may vary from those who live in more rura
settings, the findings may be more applicable to an urban
context.

Conclusions

To our knowledge, this is the first study to highlight the
Web-based features that should be considered in the design of
a Web-based self-management platform targeting physical
activity. The Health Action Process Approach, aswell asBCTs
and MoDs, add value to the promation of physical activity
engagement, as they shed light on the potential for Web-based
features to enhance the motivation and volition of personswith
an SCI. The in-depth analysis and report of the needs and
preferences of both individuals with an SCI and HCPs in this
study serve as an essential preliminary step in the design of an
online physical activity portal. Once a prototype is created, its
ability to influence adherence and behavior change will need
to be evaluated. Lastly, our study contributes to the growing
body of knowledge on disability and chronic disease
management. Many of the challenges in the self-management
of physical activity experienced by individuals living with an
SCI in the self-management of physical activity are similarly
experienced by members of related disability populations. As
such, we highly encourage fellow researchers to utilize and
build upon our robust methodology as a platform to deepen the
understanding of the needs and preferences of other disability
populationsin the interest of promoting and enhancing quality
of life. Further research is therefore warranted in this area.
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Abstract

Background: Persistent cognitive impairment is prevalent in unipolar and bipolar disorders and is associated with decreased
quality of life and psychosocial dysfunction. The screen for cognitive impairment in psychiatry (SCIP) test is a validated
paper-and-pencil instrument for the assessment of cognition in affective disorders. However, thereisno digital cognitive screening
tool for the brief and accurate assessment of cognitive impairmentsin this patient group.

Objective: In this paper, we present the design process and feasibility study of the internet-based cognitive assessment tool
(ICAT) that is designed based on the cognitive tasks of the SCIP. The aims of thisfeasibility study were to perform the following
tasks among healthy individuals: (1) evaluate the usability of the ICAT, (2) investigate the feasibility of the ICAT as a
patient-administered cognitive assessment tool, and (3) examine the performance of automatic speech recognition (ASR) for the
assessment of verbal recall.

Methods: The ICAT was developed in a user-centered design process. The cognitive measures of the ICAT were immediate
and delayed recall, working memory, and psychomotor speed. Usability and feasibility studies were conducted separately with
2 groups of healthy individuals (N=21 and N=19, respectively). ICAT tests were available in the English and Danish languages.
The participants were asked to fill in the post study system usability questionnaire (PSSUQ) upon completing the ICAT test.
Verbal recall in the ICAT was assessed using ASR, and the performance evaluation criterion was word error rate (WER). A
Pearson 2-tailed correlation analysis significant at the .05 level was applied to investigate the association between the SCIP and
ICAT scores.

Results: Theoverall psychometric factors of PSSUQ for both studies gave scores above 4 (out of 5). The analysis of thefeasibility
study revealed a moderate to strong correlation between the total scores of the SCIP and ICAT (r=0.63; P=.009). There were also
moderateto strong correlations between the SCIP and ICAT subtestsfor immediate verbal recall (r=0.67; P=.002) and psychomotor
speed (r=0.71; P=.001). The associations between the respective subtests for working memory, executive function, and delayed
recall, however, were not statistically significant. The corresponding WER for English and Danish responses were 17.8% and
6.3%, respectively.
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Conclusions: ThelCAT isthefirst digital screening instrument modified from the SCIP using Web-based technology and ASR.
There was good accuracy of the ASR for verbal memory assessment. The moderate correlation between the ICAT and SCIP
scores suggests that the ICAT is a valid tool for assessing cognition, although this should be confirmed in a larger study with
greater statistical power. Taken together, the ICAT seems to be a valid Web-based cognitive assessment tool that, after some

minor modifications and further validation, may be used to screen for cognitive impairment in clinical settings.

(IMIR Form Res 2019;3(3):€13898) doi:10.2196/13898

KEYWORDS

screening; memory; executive function; bipolar disorder; depression; cognitive impairments; neuropsychological tests;, computer

software; speech recognition software

Introduction

Background

Cognitive impairment is prevalent in patients with unipolar
disorder (UD) and bipolar disorder (BD) even during periods
of remission, and it has a negative impact on the quality of life
and psychosocial functioning. Nevertheless, cognitive function
is rarely assessed in the clinical treatment of these affective
disorders because of the time requirement for cognitive tests,
which often exceeds the limited health care resources.

To date, there is no patient-administered tool that provides a
brief and accurate screening for objective cognitive impairment
using gold-standard, performance-based cognitive tasks for
patients with affective disorders. The International Society for
Bipolar Disorder (ISBD) Targeting Cognition Task Force
recently recommended the systematic assessment of cognition
in the clinical management of these patients using objective,
performance-based cognitive tests[1]. However, validated tests
with sensitivity to cognitive impairmentsin affective disorders
only exist in paper-and-pencil or computerized formats, which
must be administered by health care professionals. One such
test for affective disordersisthe screen for cognitiveimpairment
in psychiatry (SCIP). The SCIP is a short (<15 min)
paper-and-pencil test administered by trained health care
professionals and comprises 5 subtests: (1) list learning (LL),
(2) consonant repetition (CR), (3) verba fluency (VF), (4)
delayedlist learning (DL L), and (5) visuomotor tracking (VMT)
tests. These tests assess verba recall, working memory, VF,
delayed recall, and psychomotor speed, respectively [2]. The
ISBD Targeting Cognition Task Force recommends the SCIP
for cognitive screening in patients with BD based on recent
vaidation studies[3,4]. In particular, studies point to the validity
and reliability of the SCIP for detecting cognitive impairment
in BD [5] and UD [6].

Neverthel ess, even such brief screening for cognitiveimpairment
in the clinical setting may require too much time and training
of health care professionals to be redlistic for al patients. This
highlights the need for a patient-administered digital tool that
providesabrief and valid assessment of cognition with objective
cognitive tests, such asthe SCIP, for affective disorders.

Previous Studies

Our study is mainly concerned with digital cognitive test
batteries, and it partly deals with the application of automatic
speech recognition (ASR) in psychiatry. An overview of the
related works is presented in the following 2 sections.

http://formative.jmir.org/2019/3/e13898/

Digital Cognitive Test Batteries

In this section, validated digital tools developed for cognitive
assessment are presented. Cognitivetraining tools are, therefore,
excluded.

CANTAB Mohile [7] is a validated patient-administered tool
to screen for dementia. Thisapp examines memory impairment
in patients aged 50 to 90 years using the paired associates
learning test. Central nervous system vital signs (CNSVS) isa
computerized neurocognitive test battery devel oped to evaluate
cognitive impairment in mental disorders, including UD. The
CNSVShas 7 tests, including verbal and visual memory, finger
tapping, symbol digit coding, the Stroop test, ashifting attention
test, and a continuous performance test [8]. According to the
findings by Gualtieri and Johnson, CNSVS is suitable for
cognitive assessment and screening of normal subjects. Another
test battery is Cogstate, which is aimed to screen patients with
Alzheimer's disease but has been used to assess other
neuropsychiatric disorders. A recent clinical study on Cogstate
[9] aimed to examine cognitive impairment in UD patients
compared with healthy controlsin termsof psychomotor speed,
alertness, visual memory, working memory, verbal memory,
and learning and executive functions. Cogstate measures showed
impairment in attention and verbal memory and learning,
whereas no difference was found in psychomotor speed, visual
attention, and working memory in UD patients versus controls.
This contrasts with the literature on moderate impairments
within these domains in UD and it could be because of the
ceiling effects of the Cogstate. The THINC-it is a more recent
cognitive assessment tool designed specifically for UD patients
that measures attention, working memory, and executive
function. This application is the first Web-based
patient-administered cognitive screening tool developed for UD
and thus represents an important step toward more common
assessments of cognition in the clinical management of UD.
The THINC-it uses gamified cognitive tasks to engage patients
intaking the tests. For example, the Trails gameis adapted from
the trail-making test part B. According to the latest study [10],
100 healthy controls were tested for temporal stability and
reliability aswell asthe validity of the THINC-it. Overall, high
stability and reliability and moderate validity were found.

Automatic Speech Recognition in Cognitive Assessment
Applications

Recently, ASR has been utilized to examine verbal impairment
in mental disorders. Semantic VF as a determinant factor in
mild cognitive impairment (MCI) has been automated through
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ASR in recent studies [11-14]. Troger et al [14] applied ASR
to examine semantic VF in dementia via a telephone-based
approach, showing the feasibility of automated analysis in
screening for dementia. Toth et a in their recent study [13]
derived nonverba acoustic features, such as the duration of
pauses, from ASR among the Hungarian population. Their
findings revealed significant differences between healthy
individuals and MCI patientsin terms of their acoustic features
of delayed recall.

The Gapsin the Literature

Thelimitations of THINC-it are twofold. First, of the cognitive
domains assessed by THINC-it, only psychomotor speed shows
a moderate correlation with the standardized tests. Second,
THINC-it does not examine verba memory, although this
cognitive measure is a predictor of along-term psychological
functional outcome in UD and BD patients [15]. CANTAB
Mobile and CNSV S do not assess verbal memory aswell. The
lack of verbal memory assessment might be partially because
of uncertainty about how to measure it via a digital tool.
Moreover, the tests suggested by CANTAB and CNSVS for
use in affective disorders have not been specifically devel oped
to screen for cognitive impairment in UD and BD patients and
may thus not have optimal sensitivity for impairmentsin these
groups.

I nternet-Based Cognitive Assessment Tool

We developed the internet-based cognitive assessment tool
(ICAT) with the perspective that it can be administered by
patients themselves at home. Specifically, the ICAT is a
Web-based cognitive test battery that examinesimmediate and
delayed verbal recall, working memory, executive function, and
psychomotor speed in 5 short tasks. Speech recognition
technology has become advanced enough to be used in various
applications. Moreover, ASR requires minimum technology
and resources for remote examination. Therefore, ASR is
utilized in 2 ICAT subtests to assess immediate and delayed
verbal recall.

Goals of This Study

The objective of this paper is threefold: first, to present the
|CAT as a Web-based cognitive test battery designed based on
the cognitive tests included in the SCIP; second, to present 2
studies assessing 2 aspects of the ICAT—(1) its usability and
(2) itsfeasibility evaluated by correlation analysis between the
SCIP and ICAT subtests and total scores; third, to evaluate the
accuracy of the ASR for immediate and delayed verbal recall.

Methods

Design Methods

The ICAT user interface (Ul) was designed in a user-centered
design process involving computer scientists, health
informaticians, psychiatrists, and psychologists. Overall, the
design process took 5 months and was performed in 4
consecutive stages, as explained below.

http://formative.jmir.org/2019/3/e13898/
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Phase 1: Brainstorming Design Sessions

The essentiad components of the ICAT system as a
patient-administered system were brainstormed in 3 weekly
meetings. In addition, the technical opportunitiesand limitations
of computerizing the SCIP subtests were investigated.

Phase 2: Personas and User I nterface Design

To identify design requirements and system functionalities, 2
personas were prepared based on the inputs received from
psychiatrists and psychologists, who provided the practical lived
experiences of the patients. A flowchart was created based on
the personas to determine the navigation through different
components (eg, homepage, instructions, and cognitive
assessment tasks), and Ul wireframes of each pageweredrawn.

Phase 3: Mock-Up

The wireframes were presented as a slideshow and thoroughly
discussed by the ICAT team members during user experience
(UX) prototyping sessions. During these sessions every aspect
of the ICAT was (re)designed, including the layout and graphical
design of each page, the instructions, the use of speech
recognition, the feedback to the users, the use of input modalities
(ie, keyboard and mouse), and the informed consent pages.
During the design process, the original SCIP tasks were
significantly modified for administration on Web-based
technology in a browser, particularly considering support for a
PC-based setup with keyboard and mouse. In this phase, the
homepage of the |CAT contained awelcome page and a speaker
test (see Multimedia Appendix 1).

Phase 4: Prototyping

The low-fidelity mock-up of the ICAT was gradually turned
into afunctional prototype using Web technology for graphical
rendering in a browser but with no storage or persistence. This
prototype was used for the initial assessment during UX
prototyping sessionsinvolving PH, KWM, LVK, and JEB. The
dlideshows created during phase 3 were expanded to 4 pagesin
the low-fidelity mock-ups (see Multimedia Appendix 1); the
first page was added to determine how the patient would be
notified to take the test, and the fourth page was the consent
form. The final prototype was used to deploy the ICAT
application on a Web platform.

System Description

The ICAT includes the following 3 overall sections, which are
presented one after another to the user: (1) the homepage,
including an introduction, general instructions, and an informed
consent form; (2) the technical setup (speaker and microphone
test), and (3) cognitive assessment tasks. The ICAT supports
both English and Danish, and users can hence select their
preferred (native) language before proceeding to the general
instructions. For readability, the lengthy instructions were
divided into multiple pages. The terms of use in the consent
form clarifies the purpose of the study, what data are gathered,
and how the user’'s data will be handled. All of this complies
with the European data protection law (general data protection
regulation, GDPR). Asthe ICAT makes extensive use of ASR,
the second section (technical setup) ensuresthat the microphone
and speakersare properly configured. See Multimedia A ppendix
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1to check thefinal design of the ICAT homepageandtechnical -« SCIPVMT

setup, respectively. The third section of the ICAT contains a All of the ICAT subtests were adapted from the SCIP except

tsae;:f ZCISfT sraéﬁzoﬁﬁﬁggﬂgsvi rlnrggi}?ggt\lglsia?g for the third subtest that was replaced with a modified version
P of WAIS LNS. A detailed description of each ICAT task can

of the following: be found in Table 1. The ICAT WAIS LNS and VMT subtests

« SCIPLL present a practice set to the users beforehand. The practice sets
- SCIPCR were adapted from their corresponding clinically administered
«  Wechder Adult Intelligence Scaleletter-number sequencing  tests. In total, the 5 tasks of the ICAT take 20 to 30 min to
(WAISLNS) complete.
- SCIPDLL
Table 1. Description of the internet-based cognitive assessment tool subtests.
Task features Task 1: list learning? ~ T@sk 2: consonantrepe-  Task 3: Wechsler Adult  Task 4: delayed list Task 5: visuomotor
tition® Intelligence Scalelet-  |garningd tracking®
ter-number sequencing®
Measure Verbal memory (imme-  Working memory Working memory Delayed verba memory  Psychomotor speed
diate recall) (delayed recall)
Scoring criteria Total number of correct-  Total number of correct-  Total number of correct-  Total number of correct-  Total number of correct
ly recalled wordsfor 3 |y recalled letters ly sorted sequences ly recalled words matching letters
trials
Score range 0-30 0-24 0-21 0-10 0-30
Practice test No No Yes No Yes

8An audio file containing alist of 10 words s played to the patient. Following that, the patient recalls as many words as possible and speak them aloud.
Thistask is repeated 2 more times (3 trials in total) using the same word list.

BFirst, a sequence of lettersis played via an audio file. Then, the patient should sort a set of numbers in descending order within a certain time period
(thistask isonly for delaying the response). After timeis up, the patient recalls and types the letters that were read to him or her earlier.

CA set of letter-number sequences are displayed on the screen one by one. Each sequence is played viaan audio file to the patient. Following that, the
patient sorts the numbers and letters of the sequence and types them.

9in this task, the patient should recall the same words that were played in the first list learning task and speak them aloud. No audio is played for the
patient in this task.

€A tableincluding 6 letters and their matching codes (a combination of circles and asterisks) is shown to the patient. In 30 seconds, the patient enters
the matching letters of 30 random codes one by one.

the words aloud and gives scores based on what he or she hears
from the patient. Hence, giving a scoreto amisspelled word is
unclear. An editing option for the ASR transcript could allow
List Learning and Delayed List Learning Tasks: Utilizing usersto check and_modify it after arecall phase. Hov_vever, this
Speech Recognition approz_ach_vyould d|_splay the W_ords to the users, which would
then significantly improve their verbal scores because (1) all
, trials of the LL subtest use the same set of words and (2) it
userswere supposed to typethe recalled words. However, typing yq,1d not comply with the SCIP administration manual. By

was not a suitable i nput technique for 3 reasons. First, typing  yngideri ng these major issues, the alternative to typing was to
influences human visual short-term memory that may helpthe yjjize ASR. Figure 1 shows the Ul of the ICAT LL subtest

users in prgctici ng the WOI‘,dS. Hence, practicing COl,Jld including a user’'s sound wave received from the microphone
significantly increase the users' scores in the second and third device during arecall phase. Figure 2 displays the number of

trials ?f the LL taslf. Secor_1d, typi “9 skill dgpend_s on the recalled words cal cul ated based on thereal -time A SR when the
people's age and previoustyping experience. Third, misspelled user stops speaking. The ICAT DLL task has an interface and

words may cause .a problem when scores arg qutomatically functionality similar to the LL task except that no audio fileis
calculated. To clarify the latter, the SCIP administrator reads played for the users.

M odified Elements of the Screen for Cognitive
Impairment in Psychiatry Tasks

During the initial design of the ICAT LL and DLL subtests,
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Figure 1. Screenshot of a sound wave received from a user’s microphone device during arecall phase of the internet-based cognitive assessment tool

list learning task.

Homepage Setup

Figure 2. Screenshot of the number of recalled words recognized by automatic speech recognition when the user stops speaking in the list learning

task.

Homepage Setup

MNumber of recalled words: 6

Consonant Repetition Task: Sorting Numbers Using
Drag-and-Drop

During the SCIP CR task, the test administrator asks the patient
to count backwards by starting from a specific number for a
time period. We replaced this face-to-face countdown with a
sorting modulein the ICAT CR subtest, where the users should

http://formative.jmir.org/2019/3/e13898/
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drag each number and drop it into its correct place. The numbers
displayed on the user’s screen should be placed in descending
order. Figure 3 shows a sample drag-and-drop task where users
should sort a sequence of numbers from 67 (highest) to 63
(lowest) within a certain time limit. Each sequence includes 5
numbers, and if the user sorts them correctly, the next set
automatically appears on the screen.
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Figure 3. Screenshot of the internet-based cognitive assessment tool consonant repetition task where the user should sort the numbersin descending
order by dragging and dropping the numbers into their correct place.

Homepage Setup
Seguence 4/6 @
Mow, please sort the numbers in descending order, i.e, from higher to lower numbers
&7 66 55 54
63 o [£13) & &
|==¢
. of the ICAT uses WAIS LNS because the SCIP VF task could
Wechdler Adult Intelligence Scale L etter-Number

. ) . not be implemented adequately in the technology. Hence, VF
Sequencing Task: Replacing Verbal Fluency was replaced with WAIS LNS, which measures executive

The SCIP subtest for the assessment of the VF requires the function. Figure 4 shows an example of an incorrect response
patient to generate as many words as possible that start witha  to a stimulus during a practice test of the ICAT WAIS LNS
specific letter, for example, F in 30 seconds. The third subtest  subtest.

Figure 4. The internet-based cognitive assessment tool Wechsler Adult Intelligence Scale letter-number sequencing task includes a practice set with
5 sequences to prepare the user for the actual test. This screenshot shows that a user sorted a sequence incorrectly.

Homepage Setup Practice &5

Sequence 3/5 :?’

ers and letters in random order, Numbers should be written first and letters

tten in increasing order and the letters in alphabetical
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Figure 5. The user interface of the internet-based cognitive assessment tool visuomotor tracking task, where the user should enter the matching letter

for each symbol asfast as possible.

Homepage Setup

Test

Codes oo

Matching Letters F

Continue to the right

"
*
[s]
*
o]
Q
Q
M
Q
*
o
"

Visuomotor Tracking Task: Changing Morse Codes

A table of 6 |etters and their corresponding codesiswritten for
the patients during the test, and they are required to write down
the matching Morse code of 30 letters on a paper within 30
seconds. Owing to slow typing, especialy among elderly people,
we decided to ask usersto enter the matching letter of each code
in the ICAT VMT task. The Morse codes of the SCIP VMT
task were modified from dots and dashes into a different
combination of circles and asterisk symbols because of the
learning effect for those participants who are aready familiar
with the Morse codes. The earlier design of this task can be
found in our previouspublication [16]. According to theformer
design of thistask, acountdown clock was displayed to the user
during the test, but it was later removed to prevent distraction.
Figure 5 shows the current design of the ICAT VMT task.

Technical Specifications and Apparatus

The low-fidelity mock-up of the ICAT was created in the
Balsamiq desktop app[17]. Thefront end of the |CAT was built
using React (version 15.4.0) developed by Facebook
incorporation company. The Copenhagen Center for Health
Technology—CACHET Research Platform (CARP), which
implemented an open mobile health (mHealth) data storage unit
[18], was used as the data back end, and ICAT-specific
JavaScript object notation (JSON) schemas for the cognitive
functions were designed according to the open mHealth
specifications. Google's ASR service [19] was used in the LL
and DLL subtests, which require Google Chrome to run the
application. CARP and the ICAT system are deployed on secure
servers at the Technical University of Denmark. For the
evaluation and feasibility studies, ICAT tests were administered
using a MacBook Pro (Retina 15 inch) laptop and an external
mouse for those who were not comfortable with the MacBook
touchpad. Pearson correl ation analysiswas performed in SPSS.

http://formative.jmir.org/2019/3/e13898/

Usability and Feasibility Studies

The local ethics committee for the Mental Health Services,
Capital Region of Denmark, determined that their permission
for the study was not needed because it involved no testing of
biomedical products nor involved any invasive procedures. A
total of 2 studieswere conducted: the first study was ausability
test, which we will refer to as Study 1, and the second is a
feasibility study, which will be called Study 2 in the rest of this
paper. Participants of both studies signed an informed consent
before the data collection. The informed consent was compliant
with the GDPR regulation to protect the persona data of the
users. Inthefollowing sections, we el aborate on the participants
and procedures of the studies individually.

Participants

All participants were healthy individuals. Study 1 included
healthy students and individuals from the campus of the
Technical University of Denmark and the city of Copenhagen.
The inclusion criterion was English or Danish language skills,
and the exclusion criterion was any hearing disability because
some of the ICAT tasks used audio files. Study 2 included
healthy participants who were recruited from blood banks at
hospitals within the Capital Region.

Procedure

The age and gender of the subjects were collected before
conducting both studies. Study 1 was conducted during June
and August 2018. The study leader (PH) first asked the native
language of the participant. Then, PH introduced the ICAT
system to the participant and briefly explained the purpose of
the study. The think-aloud method [20] was used during the
test. The participants were not supposed to receive assistance
during the test except for login issues. Study 2 was conducted
during August and September 2018. Each participant first
performed the Danish version of the SCIP (SCIP-D) as
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administered by research assistants in the Neurocognition and
Emotion in Affective Disorders group (AEJ, KO) and then
completed the ICAT test.

The usability of the ICAT Ul was evaluated in both studies by
the poststudy system usability questionnaire (PSSUQ) [21].
Upon completing the ICAT test, the PSSUQ questionnaire was
sent to the subjects’ email via Google Form, and the study
leaders conducted a brief follow-up interview with the
participant. During the interview, the participants were asked
to mention any general or task-specific issues or suggestions.
Participants could also type further comments at the end of the
PSSUQ form. The voice of the users was recorded during the
| CAT test and thefollow-up interviews. The manually generated
transcripts of the participants' verbal responses during the |ICAT
LL and DLL subtests were obtained from their recorded files.

Metrics

Usability Factors

PSSUQ includes 19 items, each rated on a 5-point Likert-type
scale ranging from 1 (strongly disagree) to 5 (strongly agree).
The psychometric factors of the PSSUQ are (1) overall usability,
(2) system usefulness, (3) information quality, and (4) interface
quality.

Word Error Rate

Previous studies used word error rate (WER) asthe performance
measure of ASR [11,12,14]. If N isthe total nhumber of words,
D is the number of deletions, Sis the number of substitutions,
and | is the number of insertions, then, WER = (S+D+l)/N.

http://formative.jmir.org/2019/3/e13898/
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WER is calculated by comparing ASR transcripts to the
manually generated transcriptsfor English and Danish responses
during the ICAT LL and DLL subtests.

Correlation Analysis

Pearson 2-tailed correlation analysis was performed at the .05
significance level for both the SCIP and ICAT subscores and
total scores of the participants of Study 2.

Data Exclusion

The ICAT data of the WAIS LNS subtest were lost for 3
participants of Study 2. The correlation analysiswas, therefore,
performed for 16 participants.

Results

User Statistics

Study 1 included N=21 subjects—9 femalesand 12 males, with
an average age of 31 years (SD 12). Of the Danish-speaking
participants, 7 were native Danish speakers and 2 were citizens
of Copenhagen who had spoken Danish for at least 10 years.
Asfor therest of the participants, 1 was anative English spesker
and 11 spoke other languages. Study 2 included N=19
subjects—13 females and 6 males, with an average age of 36
years (SD 15). All participants of this study had Danish astheir
native language.

Internet-Based Cognitive Assessment Tool Test Scores

The scores obtained by the participants of both studiesin tasks
1-5 are shown in Figures 6-10.
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Figure 6. Boxplots of the internet-based cognitive assessment tool and screen for cognitive impairment in psychiatry subscores of the participants of
both studiesin task 1.
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Figure 7. Boxplots of the internet-based cognitive assessment tool and screen for cognitive impairment in psychiatry subscores of the participants of
both studiesin task 2.
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Figure 8. Boxplots of the internet-based cognitive assessment tool and screen for cognitive impairment in psychiatry subscores of the participants of

both studiesin task 3.
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Figure 9. Boxplots of the internet-based cognitive assessment tool and screen for cognitive impairment in psychiatry subscores of the participants of

both studies in task 4.
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Figure 10. Boxplots of the internet-based cognitive assessment tool and screen for cognitive impairment in psychiatry subscores of the participants of

both studiesin task 5.
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Usability and Feasibility Outcomes

Of the total number of subjects in both studies (N=40), 37
participants submitted the PSSUQ. The psychometric factors
of the PSSUQ results (Table 2) are reported for each study
separately because the objectives and procedures of those studies
were different. Moreover, the PSSUQ results are calculated for
Danish and English test participants. According to the reports
collected from the follow-up interview and additional comments
received viathe PSSUQ form, some of the participantsreported
some issues and gave some suggestions regarding the
instructions and the functionality of the ICAT tests. A total of
2 participants of Study 1 mentioned that there were too many
instructionsin the ICAT LL task. A participant of Study 1 said
that the sorting module in the ICAT CR task was complicated
and thus not user friendly, and 2 participants of Study 1
mentioned that this module was problematic. In total, 2
participants of Study 2 mentioned that the ICAT CR task was
far easier than the SCIP CR task. A participant of Study 1
suggested replacing some of the textua information in the
instructions of the ICAT WAIS LNS task with an example. We
did not receive any comment on the ICAT DLL task, perhaps
because its functionality was similar to the ICAT LL task. For
the ICAT VMT task, a participant of Study 1 mentioned that
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| I
Psychomotor speed test

Task 5

thetimelimit of thistask wastoo short. A total of 2 participants
of Study 1 mentioned that the practice sets of the ICAT CR,
WAISLNS, and VMT were helpful in understanding the tests.

The results of the correlation analysis between the SCIP-D and
| CAT subscores and total scores can be found in Table 3.

The analysis of ASR for the ICAT LL and DLL tasks are
reported in Table 4. As can be seen, the insertion (1) rateis 0
for both languages. The number of recalls versus recognition
accuracy of each English and Danish word are represented in
Figures 11 and 12, respectively. Overal, 332 words were
received from 12 English-speaking participants of Study 1 and
887 words were gathered from 28 Danish-speaking subjects (9
from Study 1 and 19 from Study 2). Note that the words which
are repeated more than once areincluded in Figures 11 and 12.
Of the English words, machine, milk, and coffee were the most
recalled and the least misinterpreted words, whereas bed and
hat were highly misinterpreted and were the least memorized
terms. The word garden was the most recalled word (45 times)
but its accuracy (77.78%) was not as high as the words
mentioned earlier. For the Danish word list, madk and semand
were correctly recognized for every response received, whereas
seng and brev were misinterpreted frequently.
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Table 2. Psychometric factors of poststudy system usability questionnaire for usability evaluation of the internet-based cognitive assessment tool
reported for both studies and testing languages.

Factor Study 1 (N=21), Study 2 (N=16), Danish test (N=25), English test (N=12),
mean (SD) mean (SD) mean (SD) mean (SD)

Overall score 4.12 (0.46) 4.36 (0.42) 4.25(0.45) 4.19 (0.45)

System usage 4.23 (0.53) 452 (0.41) 4.39 (0.48) 4.35 (0.45)

Information quality 3.86 (0.55) 4.24 (0.58) 4.11 (0.55) 3.84(0.64)

Interface quality 4.28 (0.62) 4.25 (0.49) 4.16 (0.57) 4.50 (0.45)

Table 3. Results of correlation analysis applied to the screen for cognitive impairment in psychiatry (Danish version) and internet-based cognitive
assessment tool scores.

Cognitive domain Screen for cognitiveimpairment in  Internet-based cognitive  Pearson correlation P value
psychiatry—Danish version task assessment tool task coefficient (r)
Verbal learning (SCIP-23—using ASR® transcripts VLTSI LLd 0.56 013
Verbal learning (SCIP-3%—using ASR transcripts VLT LL 0.67 002
Verbal learning (SCIP-3)—using manual transcripts  VLT-I LL 0.66 .002
Working memory (SCIP-2) wMmT CRY -0.12 63
Working memory (SCIP-3) WMT CR 0.11 .65
Executive function (SCIP-3) Verba fluency test Wechsler adult intelli-  0.29 27
gence letter-number se-
guencing
Delayed recall (SCIP-3)—using ASR transcripts /| T.p" DLL! 0.34 15
Delayed recall (SCIP-3)—using manua transcripts  VLT-D DLL 0.58 .009
Psychomotor speed (SCIP-3) VMTI VMT 0.71 .001
Total score Total Total 0.63 .009

8SCIP-2: Screen for Cognitive Impairment in Psychiatry—version 2.
BASR: automatic speech recognition.

SVLT-I: verbal learning test-immediate.

diL: list learning.

©SCIP-3: Screen for Cognitive Impairment in Psychiatry—version 3.
fWMT: worki ng memory test.

9CR: Consonant Repetition.

PVLT-D: verbal learning test—delayed.

'DLL: delayed list learning.

I/MT: visuomotor tracki ng.

Table 4. Performance evaluation of automatic speech recognition in internet-based cognitive assessment tool task 1 (list learning) and task 4 (delayed

list learning).
Language Participantsintask 1, n  Participantsintask 4,n  Averageword error rate  Substitution error ratio, % Deletion error ratio, %
English 12 112 17.77 77.97 22.03
Danish 28 o7b 6.31 92.98 7.02

81 English-speaking participant accidentally clicked on the stop button in the internet-based cognitive assessment tool delayed list learning task before
repeating the recalled words.

b1 Danish participant could not remember any word in the internet-based cognitive assessment tool delayed list learning task.
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Figure 11. Total number of recalls versus the recognition accuracy of the English wordsin task 1 (list learning) and task 4 (delayed list learning).
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Figure 12. Total number of recalls versus the recognition accuracy of the Danish wordsin task 1 (list learning) and task 4 (delayed list learning).
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- - old-standard tool, and it uses ASR to assess immediate and
Discussion g

delayed verbal recall. The key findings were that the ICAT was
easy to use, had promising feasibility outcomes in measuring
key cognitive functions, and had acceptable concurrent validity.

The ICAT is the first Web-based cognitive screening tool for Specifically, the ICAT and SCIP-3 total scores correlated to a
affective disorders, designed based on the SCIP as a

Principal Findings
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moderate to strong degree (r=0.63; P=.009), and the subtests,
namely, LL and VMT, correlated to amoderate (r=0.67; P=.002)
and strong (r=0.71; P=.001) degree, respectively. The usability
evaluation of the ICAT system revealed high scores above 4
for system usefulness, interface quality, and overall usage. The
information quality was rated lower by the English-speaking
participants (3.84), compared with the Danish participants
(4.11), which may indicate that the English instructions of the
ICAT tests should be revised. The insignificant error rates of
ASR, ascalculated for the Danish and English responses (6.3%
and 17.8%, respectively), indicate a promising future of ASR,
particularly for Danish-speaking patients who will be the
primary users of the ICAT. According to the results obtained
from the recent THINC-it validity study on healthy subjects
[10Q], the 2 cognitive games called Trails (executive function,
r=0.74) and Codebreaker (attention, working memory, and
executive function, r=0.63) revealed strong to moderate
convergent validity, respectively, whereas Symbol Check
(working memory, r=0.19) and Spotter (attention, r=0.44)
showed low validity. In our study, the ICAT subtest for
psychomotor speed also showed moderate concurrent validity,
as did the subtest for verbal memory. However, the subtests
tapping into working memory and executive skills did not
correlate with the original SCIP tasks, which might be because
of a suboptimal design of these tests or the small sample size.
The ICAT may be an aternative to the THINC-it, which isthe
most recent cognitive screening tool developed specifically for
UD patients. The analysis between the total scores of the SCIP
and ICAT showed moderate to strong correlations (r=0.63) in
contrast to the moderate concurrent validity (r=0.42) of the
THINC-it composite. The higher concurrent validity and the
automatic real-time verbal memory assessment via ASR are
thus the advantages of the |CAT.

The lack of statistical significance between task 2 of the SCIP
and ICAT might be because of the replacement of the oral
countdown task with the sorting module because (1) 2
participants in Study 2 mentioned that the ICAT CR subtest
was easier compared with the paper-based SCIP CR and (2)
participants received high scores in the ICAT CR subtest for
both studies (Figure 7), which may indicate a ceiling effect for
this task. The insignificant coefficients may indicate that the
participants’ cognitive load in the ICAT sorting module was
less than the countdown task in the SCIP CR subtest. Hence,
the ICAT will require additional modifications before
conducting alarger validation study of healthy individuals and
patients with affective disorders.

The lack of statistical significance in the DLL task was
unexpected because the ASR component was the same for both
the ICAT LL and DLL subtests. When doing a poststudy
analysis of the recorded data, we found that poor recognition
was mainly rooted in 2 factors: (1) the subject did very fast
recalls of thewords and uttered them right after each other, with
no or limited pauses in-between each word or (2) the subject
spoke very quietly and far from the microphone. Therefore, the
lack of a statistically significant correlation between the ICAT
and SCIP DLL tasks might be because of the various waysin
which the participants repeated the recalled words. It was
previously shown that speech recognition did not perform well

http://formative.jmir.org/2019/3/e13898/
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for non-native speakers[22], which perhapsjustified the higher
WER of the English responses for the participants of Study 1
(11 non-native English speakers). The analysis of the ASR of
the English-speaking subjectswould be more robust if we could
recruit more English-speaking participants, especially native
speakers. The words which received the lowest accuracy (bed
and hat from the English list and seng and brev from the Danish
list) should be replaced with other words provided in the SCIP
manual. The lower ratio of deletion error indicated that ASR
received most of the verbal responsesinthe ICAT LL and DLL
subtests.

Digitizing validated paper-and-pencil tests requires effort in
prototyping, iterative design, implementation, and evaluation.
The ICAT is the first Web-based application designed based
on the SCIP asagold-standard cognitive test battery. Moreover,
to our knowledge, none of the existing digital cognitive
assessment tools provides a real-time assessment of verbal
memory. Taking it all together, the ICAT isanovel digital tool
for cognitive assessment. The feasibility of the ICAT reported
in this study indicates a promising use for out-of-clinical
assessment. The ultimate goal of our research is to introduce
the ICAT as a brief cognitive assessment tool for remote
administration and the assessment of affective disorder patients.

Implications for Future Development

Onthebasis of our observations, the sorting moduleinthe |ICAT
CR subtest was difficult to use for most of the participants. In
addition to this issue, the analysis did not show significant
correlations between the SCIP and ICAT CR subtest.
Consequently, the sorting module in the ICAT should be
redesigned to resemble the SCIP CR task better, for example,
with a speech interface, because changing the type of the
interface was perhaps the primary reason for the insignificant
correlation coefficient.

To mitigate the speech recognition problems, the ICAT should
incorporate detailed instructions and tutorials that teach and
train users how to speak loudly, clearly, and close to the
microphone. Moreover, the speech recognition should be able
to detect when users repeat the words too fast or quietly and
then instruct them to slow down or speak more clearly. The
goal is to enable the ICAT to be administered by the patient,
and hence, a strong emphasis should be placed on providing
self-explanatory instructions and tutorials to the users.

Limitations

Thisisthe feasibility study of the ICAT with alimited number
of participants. Despite the promising results, there are a set of
limitations of the study. First, the evaluation of the ASR for
English-speaking participants was limited because of the few
number of native English speakers. We did not evaluate the
English proficiency of the participants of Study 1 to examine
whether or not the ASR recognition error was because of their
English proficiency level. Second, the think-aloud method was
not practical, especially during the ICAT LL and DLL subtests
inwhich users repeated their recalled words. As cognitive tests
demand mental effort, it was hard for the participants to
verbalize their thoughts during the test. Hence, an implicit or
objective approach for recognizing participants' interaction with
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the system throughout the test would be more practical. Third,
the nonsignificant coefficients of the executive function and
working memory according to Pearson correlation analysis
might be because of the modest sample size of Study 2. Fourth,
the SCIP VF task and ICAT WAIS LNS task do not translate
directly into exactly the same aspect of executive functions. VF
performance has been found to correlate with fluid reasoning
and shifting aspects of executive function [23], whereas WAIS
LNS more specifically measures working memory [24]. It is
worth mentioning that currently, Google's ASR converts any
arbitrary word to the closest meaningful word. Hence, the
rationale for replacing the VF task with the WAIS LNStask in
the ICAT was the possibility of misinterpretation caused by
using the ASR technology. Finally, this pilot study included
only healthy control participants. The ICAT is intended to be
used for cognition screening in patients with mood disorders.

Hafiz et a

On the basis of the preliminary findings from this report, our
groupis, therefore, in the process of validating aslightly revised
version of the ICAT in patients with mood disorders.

Conclusions

The ICAT is a patient-administered, Web-based tool to screen
for cognitive impairment in patients with affective disorders.
The results indicate that the ICAT isagood initial step toward
building adigital modified cognitive assessment tool based on
the SCIP. The high values of the psychometric factors derived
from the PSSUQ scores present the | CAT asausable and useful
tool. The use of real-time ASR during the immediate and
delayed recall gave aWER of 17.8% and 6.3% for English and
Danish responses, respectively. On the basis of the results and
insights derived from this study, future optimization and further
validation of the ICAT are now warranted.
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UD: unipolar disorder

Ul: user interface

UX: user experience

VF: verbal fluency

VMT: visuomotor tracking

WAISLNS: Wechsler Adult Intelligence Scale letter-number sequencing
WER: word error rate

Edited by G Eysenbach; submitted 04.03.19; peer-reviewed by L Germine, O Ajilore, J Zulueta; commentsto author 06.04.19; revised
version received 30.05.19; accepted 29.06.19; published 26.07.19.

Please cite as:

Hafiz P, Miskowiak KW, Kessing LV, Elleby Jespersen A, Obenhausen K, Gulyas L, Zukowska K, Bardram JE
The Internet-Based Cognitive Assessment Tool: System Design and Feasibility Sudy

JMIR Form Res 2019; 3(3):€13898

URL.: http://formative.jmir.org/2019/3/e13898/

doi:10.2196/13898

PMID: 31350840

©Pegah Hafiz, Kamilla Woznica Miskowiak, Lars Vedel Kessing, Andreas Elleby Jespersen, Kia Obenhausen, Lorant Gulyas,
Katarzyna Zukowska, Jakob Eyvind Bardram. Originally published in IMIR Formative Research (http://formative.jmir.org),
26.07.2019. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Formative Research, is properly cited. The complete bibliographic information,
alink to the original publication on http://formative.jmir.org, as well asthis copyright and license information must be included.

http://formative.jmir.org/2019/3/e13898/ JMIR Form Res 2019 | val. 3| iss. 3113898 | p.75
(page number not for citation purposes)

RenderX


http://formative.jmir.org/2019/3/e13898/
http://dx.doi.org/10.2196/13898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31350840&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Weichelt et &

Original Paper

Redesigning a Sentinel Surveillance System for Collecting and
Disseminating Near Real-Time Agricultural Injury Reports: System
Usability Study

Bryan Weichelt', PhD, MBA; Tomi Heimonen?, PhD; Serap Gorucu®, PhD; Emily Redmond®, BS; Josef Vechinski,
MBA; Kurt Pflughoeft?, PhD; Casper Bendixsen', PhD; Marsha Sal zwedel, MS; Erika Scott®, PhD; Kang Namkoong?,
PhD; Mark Purschwitz’, PhD; Risto Rautiainen®, PhD; Dennis J Murphy®, PhD

INational Farm Medicine Center, Marshfield Clinic Research Institute, Marshfield, W1, United States

2Department of Computing and New Media Technologies, University of Wisconsin-Stevens Point, Stevens Point, WI, United States
3Department of Agricultural and Biological Engineering, Penn State University, University Park, PA, United States

“Marshfield Clinic Information Services, Marshfield Clinic Health System, Marshfield, WI, United States

SNortheast Center for Occupational Health and Safety, Bassett Medical Center, Cooperstown, NY, United States

6Department of Communication, University of Maryland, College Park, MD, United States

7Department of Biosystems and Agricultural Engineering, University of Kentucky, Lexington, KY, United States

8Central States Center for Agricultural Safety and Health, University of Nebraska Medical Center, Omaha, NE, United States

Corresponding Author:

Bryan Weichelt, PhD, MBA

National Farm Medicine Center

Marshfield Clinic Research Institute

1000 N Oak Ave

Marshfield, WI, 54449

United States

Phone; 1 7152217276

Email: weichelt.bryan@marshfieldresearch.org

Abstract

Background: Injury dataand reports provide val uableinformation for both public and private organi zationsto guide programming,
policy, and prevention, but in the increasingly complex and dangerous industry of US agriculture, the injury surveillance needed
to producethisdataislacking. To addressthe gap, AglnjuryNewswas established in 2015. The system includesfatal and nonfatal
injury cases derived from publicly available reports, including occupational and nonoccupational injuries, occurring in the
agricultural, forestry, and fishing (AFF) industry.

Objective: The study aimed to develop a stakehol der-engaged redesign of the interactive, up-to-date, and publicly available
dataset of US AFF injury and fatality reports.

Methods: Instructor-led heuristic evaluations within a 15-student undergraduate course, data from 8 student participants of
laboratory-based usability testing and 2016 and 2017 AglnjuryNews-registered user surveys, coupled with input from the National
Steering Committee informed the devel opment priorities for 2018. An interdisciplinary team employed an agile methodol ogy of
2-week sprints developing in ASPNET and Structured Query Language to deliver an intuitive frontend and a flexible, yet
structured, backend, including a case report input form for capturing more than 50 data points on each injury report.

Results:  AglnjuryNews produced 17,714 page views from 43 countries in 2018 captured via Google Analytics, whereas 623
injury reports were coded and loaded, totaling more than 31,000 data points. Newly designed featuresinclude customizable email
alerts, an interactive map, and expanded search and filter options. User groups such as the Bureau of Labor Statistics and the
Agricultural Safety and Health Council of America have endorsed the system within their networks. News media have cited or
referenced the system in national outlets such as the New York Times, Palitico, and the Washington Post.

Conclusions: The new system’s features, functions, and improved data granularity have sparked innovative lines of research
and increased collaborative interest domestically and abroad. It is anticipated that this nontraditional sentinel surveillance system
and its dataset will continue to serve many purposes for public and private agricultural safety and health stakeholdersin the years
to come.
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Introduction

Background

Although both integral and essential to economic prosperity,
agricultural work continues to be among the most dangerousin
the United States, with an annual death rate of 24.9 of 100,000
persons compared with 3.5 of 100,000 persons overall [1].0n
a nationa level, those employed in the agricultural, forestry,
and fishing (AFF) industrial sector are 29 times[2] morelikely
to be fatally injured while working than workers in other
industries [3]. The cost of AFF-related injuries nationaly
averaged an estimated US $7.6 billion/year (inflation adjusted
estimate), which is 30% above the national average of
work-related injury costs[4].

Youth employed within this sector aso experience more
frequent injuriesand are nearly 45 timesmorelikely to befatally
injured compared with all other industries combined (28.21 per
100,000 full-time employee (FTE) vs 0.63 per 100,000 FTE)
[5]. From 1998 to 2012, the National Institute of Occupational
Safety and Health (N1OSH) reported asteady declineintherate
of nonfatal childhood agricultural injuries, but 2014 data show
a reversal of this trend (increased injury rates) for 10- to
19-year-old youths [5]. Over the same time period, there has
been no measurable decline in the number of childhood
agricultural  deaths [6], with a child dying in an
agriculture-related incident about every 3 days [7-9]. These
injuries and fatalities are costly; among children and youth (<18
years), injuries cost the society an estimated US $1 billion per
year and fatalities cost US $420 million per year (in 2005 US
dollars) [10].

Capturing Injury and Fatality Data

Despite the documented risks, capturing injury and fatality data
is increasingly difficult. Several federal and state-funded
occupational injury surveillance programs have been eliminated
in recent decades, and at present, there is no central database
for current US AFF injuries and fatalities [11]. Regiona and
state-based injury surveillance efforts have had difficulty scaling
to the national level, primarily because of the cost to build and
sustain arigorous program. Some state and regional programs,

http://formative.,jmir.org/2019/3/e13621/

in the United States and abroad, maintain internal databases
[10-19]. Many of these also collect and integrate publicly
available reports from sources such as news media. These
regional programs are further described in a different paper
[20]. Researchers have piloted regional injury surveillance
efforts, but no recent national efforts have been identifiedin the
literature [21-26].

Capturing data on youth injuries and fatalities is a so difficult,
as there is no central database on US childhood agricultural
injuries and fatalities either [11]. Furthermore, the
NIOSH-sponsored Childhood Agricultural Injury Surveillance
(CAIS) system that collected and reported childhood agricultural
injuriesfrom 1998 to 2014 was discontinued in 2015[27]. Data
provided by CAIS were instrumental in directing injury
prevention strategies for youth participating in production
agriculture activities.

Origins of AglnjuryNews

Due to the limitations of remaining data sources (eg, police
blotters, death certificates, and surveys), the NIOSH-funded
National Children’'s Center for Rural and Agricultural Health
and Safety (NCCRAHS) recognized the need for additional
injury and fatality data sources. It was identified that social
media and news monitoring systems have improved the
likelihood that news reports (from multiple sources) can provide
ameaningful picture of childhood agricultural trauma, especialy
theinjuries and fatalities severe enough to warrant newsreports
[28]. NCCRAHS had been collecting injury and fatality news
reports for several years, and these reports, along with a
subscription service for news clippings, became the content for
thefirst publicly available dataset of itskind on AglnjuryNews,
which was launched in early 2015 (see Figure 1) to help fill the
gap in childhood agricultural injury information [29]. It was
determined from the beginning that as injuries and fatalities
frequently occur to nonworking children on agricultural
properties, AginjuryNews (AIN) would include all
agricultural-related incidents, regardless of work status (eg,
youth bystanders, visitors to agritourism operations, and
nonworker victimsin public roadway crashes[29]). In 2015, it
was decided to expand AIN to include adult incidents and to
include forestry and fishing incidents.
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Figurel. AglnjuryNews pre- (lower panel) and postredesign (upper panel) screenshots.
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CLEARWATER — A man is recovering in the hospital after a farming accident near Clearwater

Arcund 2 p.m. Monday afterncon, paramedics responded to

Publication Year

Man Suffers Major Injury When Tractor Qverturns at Vineyard Near Qroutt
* Incident State (10693)

Incident Location

Ti2/2018 - Santa Barbara County, CA

Emergency personnel were dispatched Monday afterncon to a report of 2 man trapped under

Grain Involved

Farm Type
Injury Agent

6i28/2018 - Monroe County , WI

an overturned tracior at a vineyard south of Orcutt. The ac

Man dies in moped vs. tractor crash Monroe County (10689)

SPARTA, Wis. (WEAU) - A man i5 dead following a moped versus tractor crash in Monroe

Authorities are reporting another tractor fatality in Wisconsin. The Richland County Sheriffs

* Victim Age County. It happened around 10 a.m. Thursday on County Highway.
* Gender Richland Center Man Killed in Tractor Rollover (10690)
* Working/Not Working 6i27/2018 - Richland County, Wi

* Fatal/Non-fatal Department said last week that Charles Ray, 62, of Rich

> Demographic Man gored to death by bulls in SC (10685)

* FAIC Code 6/26/2018 - Marion County, SC

MULLINS, SC (WMBF) - A man was gored to death by bulls Tuesday night at a family farm on

Include Related Articles

L] 118 - Berlin Township, PA

French Road in Mullins, according to Marion County Coroner Je

Deadly Farm Tractor Accident in Wayne County (10688)

BERLIN TOWNSHIP, Pa. — The county coroner was called to the scene of a deadly farm
tractor incident in Wayne County, It happened after 7 am. Thur

One hurt after pickup hits tractor in Grand Forks County (10679)

Filling a Gap

Obtaining sufficiently detailed dataisaprimary challenge when
describing injury risk factors and developing appropriate
prevention and control measures. The majority of systematically
collected data that are available across the industry lack
specificity to identify modifiable risk factors. Moreover,
collecting injury data in this population through surveys that
reach all workers, including self-employed and part-time
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producers, is wrought with challenges because of the lack of
sufficient rosters for recruitment, a predictably low response
rate, and all at a very high cost. Analyses of past survey
surveillance programs unveiled other major gapsincluding data
quality issues partly due to nonresponse, measurement errors
and underreporting, untimeliness, and alack of flexibility toward
intersystem integrations [30].

Sinceits 2015 launch, the AIN system has become a nationally
recognized resource of up-to-date, publicly available injury
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data, but does not claim to serve as an official federal dataset.
This initiative takes a deliberate approach to identify multiple
sources of publicly available datathat adequately describeinjury
risks and incidents. It provides nationa-level information to
guide research, intervention, and public policy in AFF safety
and health. The AIN system has been endorsed by the national
office of the Bureau of Labor Statistics, which encourages its
use among the states’ data specialists [29]. The initiative has
also been referenced or cited in numerous 2016-2018 state,
regional, and national news media articles [31].

As the AIN system continued to grow, both by expanding
content with adult, aswell asforestry and fishing injury reports,
and also by expanding the number and diversity of users, it
became evident that upgrades to the system were needed, both
to improve data granularity and workflow efficiencies and also
to fulfill stakeholder requests and expectations in staying
informed of recent traumatic injury events around the nation.
In this study, we presented the methods and results of usability
testing and development strategies of the new AIN system. We
also described multiplefuturelines of collaborative trand ational
research and several applications of research to practice.

Methods

Institution and Ethics Approval and I nformed Consent

Usahility testing was exempted from review by the University
of Wisconsin—Stevens Point Institutional Review Board
(protocol # 16-17.065). No other human subjectswereinvolved
in this research and the AglnjuryNews initiative has been
exempted for review by the Marshfield Clinic Research
Ingtitute’s Institutional Review Board.

System Design and Development

Initial design and development of the 2015 version was
described in the previous section and in a separate paper [29].
The following subsections will describe the 2018 redesign.

AglnjuryNews User Experience

Intuitively designed products can make tasks easier and impact
organizations' bottom line [32]. This emphasis on usability
benefits the internal return on investment (ROI) by increasing
users productivity and decreasing errors and the external ROI
through savings gained when changes to the product can be
made earlier in the design process [33]. When projects go over
budget, the causes are often related to usability: frequent
requestsfor changes by end users, overlooked tasks, users' lack
of understanding of their own requirements, and insufficient
user-analyst communication [34]. Usability methods can aso
save on development of superfluous features by identifying the
end users' needs [35]. Usability metrics are key in calculating
the ROI of usability engineering methods and help to revesl
patterns that are difficult to see [36].

To evaluate the previous version of the AglnjuryNews system,
a 15-student undergraduate usability course at the University
of Wisconsi n—Stevens Point conducted athorough, instructor-led
(by second author), heuristic evaluation of the AginjuryNews
system in 2016 using usability heuristics proposed by Nielsen
[35]. The heuristic evaluation found that the site does not have
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any catastrophic usability problems and the overall level of
usability is good—there are no issues that would prevent users
from completing their tasks on the site. A total of 28 unique
usability problems were discovered, of which only 2 were
considered major (ie, problems that would significantly impact
the use of the system). Many of the problems (n=13) were
related to the search functionality. The design and
implementation did not adequately support intuitive filtering
and sorting of the results. In addition, the presentation of the
incident details could be improved to make the content easier
for users to review. Addressing these issues would result in
significantly improved usahility of the core feature of the site.
The second largest category of problems was related to the
layout of nonsearch-related content, particularly the content
about the site itself and design of sitewide navigation.
Addressing these issues would make the user experience more
consistent with users’ expectations of information websites.

Usability testing with 8 participants was completed at the
University of Wisconsin—Stevens Point in May 2017 by the
second author to validate the findings from the heuristic
evaluation. The usability testing of AIN also indicated that the
overall usability of the siteisacceptable according to the System
Usahility Scale questionnaire (mean 78, SD 22, median 84,
n=8) [37] and above average when compared with industry
standards [38]. With a few exceptions, participants were able
to successfully complete their tasks with the system. Contingent
with the heuristic evaluation findings, the main problem areas
for participants were related to the search functionality and
display of article summary data. One participant was unable to
complete atask that required the use of search filtersto discover
the number of Wisconsin 2016 agricultural fatalities related to
al-terrain vehicles (ATVs), and 3 participants were only
partially successful in finding the information. Although they
were ultimately successful, 2 participants had initial difficulty
infinding thelink (source URL) to read the original Web-based
media article of the injury.

Combining these evaluations with results from 2016 and 2017
AglnjuryNews—registered user feedback surveys, the team
prioritized functionality and usability updates that were
completed in 2018. The development backlog included items
such asbasic account registration updates, map integration, and
automated and customizable reports delivered viaemail to users
accounts to provide a near real-time update on media-reported
injuries and fatalitiesin the users' designated region or state.

Project Management

The development of AIN was managed using an agile
devel opment methodol ogy with 2-week sprints. The Marshfield
Clinic Information Systems development team met with the
product owner (first author) and core team members of the AIN
project every 2 weeks to review the current development
progress and outline the goals and features that were to be
devel oped over the following 2 weeks. Features, tasks, and code
were managed within Microsoft Team Foundation Server.

Development Team

The devel opment team comprised asolutions architect, business
analyst, programmers, database administrators, systems
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administrators, and user experience and design analysts. They
worked closely with research scientists with expertise in
biomedical and health informatics, information systems, and
agricultural health and safety. The team was primarily located
within the same health system and primarily housed within the
same physical building, except for 2 programmers who worked
remotely.

System and Database

AIN wasbuilt using ASPNET and Structured Query Language
because these technol ogies provided the tools and flexibility to
build the features and functionality desired for both end users
and administers of the AIN site. The development team aso
had the most experience with these technol ogies, so using these
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ensured that the site could be devel oped and supported by them
in an efficient and effective manner.

Database Structure

AIN is a repository of agricultural incidents that resulted in
injuries and/or death, which are reported into the system as Case
Report Forms (CRFs). The information entered on these CRFs
(date/location of incident, victim and injury details, etc; see
Table 1) are obtained from news articles, personal interviews,
and other reports submitted by users and administrators of the
AIN system. As multiple sources (eg, a news report and an
obituary) often report on the same incident, multiple reports
can be linked to a single CRF to ensure that each CRF can be
updated and reflectsthe most current information regarding that
incident.
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Table 1. Incident and victim variables captured.

Weichelt et &

Incident information category

Input options

Incident date

Time

Address
Operation type
Occurred during

Location of incident

Month, day, year

Morning (6:00 am-11:59 am)/Afternoon (12:00 pm-5:59 pm)/Evening (6:00 pm-11:59 pm)/Night (12:00

am-5:59 am)/Unknown

Country, state, county, city

Agriculture/Fishing/Forestry/Unknown

Work/L e sure/Play/Unknown/Other—pl ease specify
Barn/Field/Forest/Public Roadway, etc

Adge specified/youth (0-17)/adult (18+)/unknown

Name Lagt, first, middle

Age

Sex Male/femal e/unknown/other

Special population Migrant-seasonal/anabaptist/military veteran
Was the injury fatal Yes/no/unknown

Date of death reported? Yes/no

Date of death Month, day, year

Rolein the event

Intentional injury

Was thisin a confined space? Yes/no/unknown/NAP
Was grain involved? Yes/no/unknown/NA
Did drowning/suffocation occur? Yes/no/unknown/NA
Was acohol or drugs involved? Yes/no/unknown/NA
Was a seatbelt used? Yes/no/unknown/NA
Was a helmet used? Yes/no/unknown/NA
Was rollover protection structure used? Yes/no/unknown/NA
Was this Agritourism? Yes/no/unknown/NA

Other personal protective equipment used? Yes/no/unknown/NA

Operator/passenger/bystander/firefighter-EM S%unknown/other

Not intenti onal/sui cide/homicide/unknown/other

FAICS FAIC-1/FAIC-2/FAIC-3/FAIC-4/FAIC-5/FAI C-6/FAIC-7/FAIC-8/FAIC-9/FAIC-10

Injury Agent—Primary source

Injury Agent—Secondary source

ATV Ybuildi ng or structure/environment/tractor, etc

ATV/building or structure/environment/tractor, etc

Occupational Injury and Iliness Classifica=  Nature of injury, part of body affected, primary source/secondary source/tertiary source, event/exposure

tion System

3EMS: Emergency Medical Services.

BNA: not applicable.

CFAIC: Farm and Agricultural Injury Classification.
dATV: al-terrain vehicle.

Stakeholder Engagement—Steering Committee

A total of 15 members were invited to participate on the
cross-sector national steering committee in January 2017 and
met in person in April 2017. Findings at the meeting informed
future direction, including changesto data collection, inclusion
criteria, sustainability options, and the database and user
interface design. One group teleconference call washeld in late
2017 with similar goal s as the in-person meeting. Small groups
and subcommitteesfurther informed and guided other elements
of the redesign through 2018, including the inclusion, design,
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and integration of multiple coding systems, which is the topic
of a separate manuscript [39].

Initial selection of committee members was based on several
factors: (1) stakein the success of the project, (2) influence and
potential impact, regionally and nationally, and (3) expertisein
the members’ industry/discipline. Committee members were
then targeted, reviewed by an interna team of senior
researchers/advisors, and recruited. All 15 members accepted
the invitation on the first phone call. They currently represent
academics, researchers, safety and health professionals and
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trainers, insurers, government data specialists, and industry
groups such as the Agricultural Safety and Health Council of
America

Promotion and Dissemination

Promotion of AglnjuryNews has primarily been through the
National Farm Medicine Center and NCCRAHS newsl etters,
websites, academic presentations, and peer-reviewed literature.
In addition, unexpected dissemination was through the
promotion of AIN via the Bureau of Labor Statistics (BLS)
national office to its state's representatives in the field and
through media coverage noted earlier in this paper, with AIN
typicaly cited as a data source for news stories related in
agricultural injuries (eg, New York Times, Washington Post,
and Palitico).

Finally, several factors that have been identified by journalists
as roadblocks to farm safety coverage—difficulty obtaining
statistics, stories, and resources [40]—are addressed by AIN,
which also provides a resource for research and trandational
efforts in the field. For example, the AIN database has been
used to promote the use of multiple coding schemes for each
agricultural incident to better understand the cause, effect, and
prevention of agricultural injury incidents [39].

Results

Overview

As of June 1, 2019, the AglnjuryNews system contained 651
reports regarding 513 unique incidents and 642 victims from
2018 aone. Site visitors tracked via Google Analytics have
increased domestically and globally. Current registered users
of AIN (n=540) are migrating to the newly launched site at the
time of thiswriting. Registered users have reported their intent
to continue using the system and have confirmed its value in
their organizations efforts to inform their research, datasets,
interventions, and outreach in surveys conducted in 2016 and
2017. These users and others have begun to leverage the injury
reports and dataset for transational research projects and to
inform future programs in agricultural health and safety,
including abrief report of agricultural injuries published by the
Upper Midwest Agricultural Safety and Health center in 2016
[28,41]. Collaborators from around the world have expressed
an interest to leverage the system and its dataset for other
programs and purposes.

Coding Injuries
Agricultural safety and health researchers have used a variety
of classification and coding schemesto identify and categorize

injury, illness, and disease associated with agricultural hazards,
but coding remains challenging for several key reasons. These
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challenges include difficulty in distinguishing occupational
from nonoccupational injuries; awide range of locationswhere
agricultural activities occur; many victims have anonagricultural
primary occupation; nonworkers are routinely exposed to
work-related hazards; children and seniorsare apart of thelabor
forcein production agriculture but are routinely excluded from
other hazardous occupations; and other occupational cohorts,
such as veterinarians, machinery service technicians, and
construction workers, perform work on farmsand ranches[39].

Not surprisingly, challenges surfaced during the development
of this system. Further complicating the design of the datainput
form was the need to meaningfully display the dataimmediately
after they had been reviewed and published to the site. The
following subsections provide detail into several of those key
components.

Customizable Email Alerts

Direct feedback and user survey results indicated a need for a
more streamlined notification of injuries occurring within users
sphere of interest. For example, a farm owner and employer
may only be interested in learning about injuries occurring in
his or her home state. Meanwhile, an ATV safety advocate may
want to receive ATV-related injuries occurring in multiple states
that involved victims under the age of 12 years. This feature
was built to address these needs as well as others not yet
identified. We further anticipate that this email alert feature will
enhance user adoption and retention across many other
stakeholder groupsinterested in aspecific state, region, country,
victim age group, injury agent (eg, ATVsor tractors), etc.

Interactive Map

Google Map API (application programming interface)/Marker
Clustering API service provides geo-location for addresses. The
AIN home page usesthis serviceto pin thelocations of incidents
on aglobal map (see Figure 2). Every published incident in the
current result set isrepresented asapin onthemap, and asingle
incident may have multiple reports linked to it. The location of
the pin on the map is determined by the location details of the
incident (eg, state, county, or city). Assearch resultsare refined,
the map is refreshed to zoom in on the locations of the current
search results. Full screen viewing is also available, and CRF
titles are hyperlinked to the report details page from the map
view.

Our team was further presented with a quandary of ethics
regarding the pinning of specific addresses on this interactive
map. After much discussion and advisement by our external
steering committee, the team opted to only display mapped pins
at the township/county level as the most granular, rather than
specific farm or home addresses.
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Figure2. Map view screenshot.
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One of the biggest values AIN bringsto agricultural safety and
health stakeholdersisthe ability to find cases pertinent to what
isof interest. AIN accomplishesthis by alowing usersto filter
the site’s published CRFs by relevant facets. For example, in a
few clicks of the mouse, a researcher can filter the reports to
only the ones that involved an ATV and/or incidents that
resulted in the death of ayouth. In addition to thesefilter facets,
free text search can be used to query for specific terminology
used within reports, which isalso useful when certain termsare
not available as predesignated filter options (eg, pumpkin patch,
Christmas tree, drone, or robotic).

Multiple Source | con

Another feature that was designed and integrated into thislatest
version was the icon indicating that multiple source types are
availablefor agiven CRF. When feasible, the team will collect
and enter follow-up reports providing additional relevant
information about the case (eg, sale of the farm, specifics of an
injury, or criminal charges). If afollow-up report from the same
source astheinitial report (eg, traditional media, social media,
obituary, personal interview, or police report) is entered, no
icon appears. If a follow-up report is entered of a different
source type, a silver icon appears with hover text Report has 2
unique sources. And if another follow-up report isentered from
athird source type, agold icon appears with hover text Report
has 3 unique sources. This allows users to quickly see which
CRFs have multiple source types.

http://formative.,jmir.org/2019/3/e13621/

Principal Findings

Systemssuch asAIN are not yet widespread. Similar processes,
collection methods, and datasets exist but are often for internal
use and may not reach public consumption for a year or more
after the original injury dates. The utility of the types of datain
this system appears to be most valuable when coded, loaded,
and disseminated widely soon after the actual injury event
occurred.

TheNationa Academiesof Sciences, Engineering, and Medicine
(NAS) issued a 2018 report titled A Smarter National
Surveillance System for Occupational Safety and Heath in the
21st Century[42]. The NASreport clearly defines and describes
5 guiding principles: (1) sustain strong leadership, (2) ensure
quality data, (3) protect data, (4) disseminate widely, and (5)
support the surveillance workforce. The AIN initiative hasbeen
focused on each of these principles with varying degrees of
priority, most of which are described in the sections above.
Under the advisement of an internationa steering committee,
this stakehol der-engaged initiative has strived to ensure quality
datathat iswell protected, when appropriate, and disseminated
widely to support the surveillance workforce and all agricultural
safety and health stakehol ders.

From the initial conception of thisinitiative in 2015, the team
chose to create a system that not only served our own internal
needs but also provided value for external collaborators and
agricultural safety and health stakeholders more broadly. With
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the initial quiet launch in 2015, the team saw surprising
adoption, including the promotion of AIN through the BLS
national officeto all US state’s data specialists. Sincethat time,
the BLS has registered accounts representing more than 25
different US states. We anticipate that with the inclusion of
more intuitive and more helpful features, such as the
customizable email alerts, this system will prove to be even
more valuableto user groups such asthe BL S that are interested
in specific data (eg, occupational -related fatalities occurring in
their US state). Future research in thisareawill include analyses
of these user groups’ interests and needs with regard to near
real-time injury report data.

Public agencies, such as the BLS, and many private
organizations, such as the Agricultural Safety and Health
Council of America, John Deere, Breeze Dairy Group, Maple
Ridge Dairy (see Figure 3), Rural Mutual Insurance, Zenith
Insurance, and M3 Insurance, support using AglnjuryNews to
augment existing information and to inform industry-driven
occupational safety initiatives. Furthermore, journalists have
become an increasingly valuable user group. In 2019, we
identified the first case of ajournalist finding AIN on her own
and crafting a story, unassisted [43]. We envision more
journalists using data from AIN to localize a story, either on a
tight deadline or as part of an enterprise/investigative piece.
AIN may ultimately be a self-sustaining initiative for industry
use, while a sofilling agap within amore comprehensive federal
agricultural injury surveillance program.

Future research can and should include foci on data collection
methods, further exploring additional sources of digital injury
reports and the semiautomation of their identification and
coding. During the 2018 user-/stakeholder-informed system
redesign project, the amount of granularity needed for reporting
these events increased substantially. Consequently, it is not
feasible to automatically fill all 30 or more form fields by text
analytic techniques in an accurate and cost-effective manner
from unstructured data sources. In other words, human
intervention is still needed for the data entry steps; however, it
is possible that human intervention will become less necessary
over time with the implementation of a new technique that is
being specifically developed for news articles known as the
Thompson Reuters Intelligence Tagging [44]. If the initiative
secures additional funding, we hope to minimize human
interaction in processing large amounts of reports to be as
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efficient and accurate as possible in data collection and
abstraction.

Furthermore, we anticipate that future work would include an
integration of health informatics techniques with sociocultural
analyses. In afuture study, we hope to calculate and target the
relatedness of articles and further explore options to retrieve
news articles that are highly correlated. This step will compile
reports that discuss the same event or el ementswithin the event
(eg, farm, victim name, or injury agent) over longer periods of
time. If successful, these methods could link articles released
before a fatality, such as nonfatal injuries that occurred to the
same person or on the same farm. This information could
indicate important trendsleading to the fatality. Articlesreleased
after the same fatality may report long-term results of the
incident such asthetribulations of raising an injured child, legal
actions taken, or the larger economic impacts of injuries and
fatalities (ie, thefatality resulted in having to sell thefarm). The
related news reports, once identified through their linkages,
could become a longitudinal account, albeit intermittent, that
may be harnessed asapowerful intervention for change. Before
developing algorithms, this correlation can be built out of sets
of articles known to be linked over time and explored through
textual analysis.

Text analysis is a common methodology in anthropology and
seeksto test or validate coding schemes to highlight important
patterns [45-50]. This process can be achieved with software
such as ATLASLi, but it isanticipated that these patternswould
beinitialy validated and analyzed manually. If successful, more
contextual accounts that explicate the patterns of injuries, near
misses, fatalities, and thelong-term effects of these events could
be a more potent behavioral intervention than statistical facts
[51-54].

Finally, experiential reports from initial users and data entry
specialists of AglnjuryNews are supported by research on fear
appeal effectiveness, suggesting that reading detailed news
accounts of actual childhood agricultural trauma events could
have a modifying effect on perspectives about children’s (<16
years) rolesin agricultural settings. Research should explore if
and how this Web-based tool and the data within could become
a novel approach for influencing farm parents and employers
to modify their behaviora intentionsregarding agricultural work
assignments for youth.
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Figure 3. Farm owner and manager searching AglnjuryNews for local injury reports.

Limitations

Limitations with news reports data are evident in publications
and our own preliminary findings[20,55]. Perhaps most notably,
media reports do not always collect enough detail, do not cover
al AFF fatalities, and cover even fewer storiesrelating to AFF
nonfatal injuries. There are also some gapsin collection efforts,
and thereisroom for improvement in interagency collaborations,
a topic of future research [56]. In addition, previous studies
have identified a discrepancy in the number of drowning
fatalities among youth as being poorly captured by news media
[25]. However, it is aso possible that news media reports may
be increasingly the best source of data we have when it comes
to current, up-to-date information and could serve as a content
pipeline for a readily available digital dataset that contains
circumstantial data surrounding an incident, follow-up
interviews, legal actions, community reactions, fate of thefarm,
and other details.

With respect to the usability testing of the preredesign version,
the sample of 8 undergraduate student participants is too low
to draw meaningful inferences regarding the prevalence of
usability problems among the key demographics of AIN.
However, given the diagnostic nature of the assessment, asmall
number of participantsis enough to captureinsightsto improve
the product and increasing the number of participants does not
necessarily yield better ROl because of diminishing returns

[57].
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Conclusions and I mplications for the Future

Theinnovation of thisinitiative isthe combination of capturing,
coding, and disseminating publicly available dataon agricultural
injuriesand fatalities, primarily mined from news mediareports
and coupled with relevant prevention materials. The collection
of thistype of datahas historically been limited to individuaistic
approaches, single-state or regionally focused, and is project
specific to satisfy the needs of afunder or to inform a state or
regional effort for use with targeted interventions,
communications, and the like. AIN, with a national focus, has
expanded an informatics-based, stakeholder-engaged approach
to collect and disseminate val uable information and injury data
to anyone with internet access.

Several significant implications may emanate from this
initiative: (1) the system was constructed with an
industry-agnostic application in mind and could be easily
adopted by other industries beyond AFF; (2) with the guidance
and support of the steering committee, we will continue to
explore self-sufficient system sustainability options and plan
to pilot at least one option by the end of 2020; (3) the initiative
engages new partners as agricultural safety advocates and will
likely open additional opportunities for collaboration with
industry  partners on other regional-, national-, or
international-level initiatives; (4) we expect thisline of research
to influence recommendations in the updated National
Occupational Research Agenda for AFF in terms of injury
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prevention and public-private partnerships, includingincreased  capacity to secure private-sector funds for interventions [58].

Acknowledgments

The authors would like to thank Marie Fleisner for assisting with manuscript editing and formatting. The authors also thank
advisors Barbara C Lee, Casper Bendixsen, Katherine Barnes, Marsha Salzwedel, Scott Heiberger, Melissa Ploeckelman, Josie
Rudolphi, and Barbara Marlenga. The authors would also like to thank the development team, including Adeel Aslam, John
Begotka, Julia Edbrooke, Evan Ellis, Jenna Kautza, Nicholas Johnson, Michael Klein, Matthew Podborny, Steven Tingum, Jesse
Richardson, Richard Duerr, Chris Kadolph, Ryan Frahm, and Shawn Halstead. I n addition, the authors thank the National Steering
Committee members Rebecca Adams, Glen Blahey, Jana Davidson, Vanessa Galvan, Frank Gasperini, Marcy Harrington, Tomi
Heimonen, Brandi Janssen, Bill Kriese, LisaL undy, Dennis Murphy, Kang Namkoong, Risto Rautiainen, Erika Scott, and Amanda
Wickman for providing valuable guidance. Finally, the authors also thank Stephen Oesch for his ongoing contributions to the
database.

Funding support was provided through the National Farm Medicine Center, the Marshfield Clinic Research I ndtitute, the Agricultural
Safety and Health Council of America (ASHCA), the Dean Emanuel Endowment, and the National Children’s Center for Rural
and Agricultural Health and Safety via the National Institute for Occupational Safety and Health (NIOSH; grant number 5U54
OH009568). Funding was aso provided by the Central States Center for Agricultural Safety and Health (CS-CASH) via
CDCI/NIOSH (grant number 2 U54 OH 010162 — 07), and through the Great Plains IDeA-CTR, Community Engagement and
Outreach KCA viathe National Institute of General Medical Sciences (grant number 1 U54 GM 115458).

Authors Contributions

All authors contributed to the conception or design of the work; BW led the project; JV |led the devel oper/technology team; BW,
TH, SG, ER, JV, KP, and DM collaborated on the acquisition, analysis, or interpretation of data for the work; BW and DJM
drafted the manuscript; all authors reviewed it critically for important intellectual content; TH, SG, KP, CB, MS, ES, KN, MAR,
RR, and DJM contributed throughout the development project, advising on aspects and system features within their areas of
expertise. All authors approved thefinal version to be submitted/published; and all authors agreed to be accountablefor all aspects
of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated
and resolved.

Conflictsof Interest
None declared.

References

1. Occupationa Safety and Health Administration. URL: https.//www.osha.gov/dsg/topics/agricultural operations [accessed
2019-01-28] [WebCite Cache ID 768gAvojD]

2. USBureau of Labor Statistics Latest Numbers. 2017. Number of Fatal Work Injuries by Employee Status, 2003—17 URL :
https.//www.bls.gov/iif/oshwc/cfoi/cfch0016.pdf [accessed 2019-01-20] [WebCite Cache ID 768gM 1E0C]

3. USBureau of Labor Statistics Latest Numbers. Injuries, I1Inesses, and Fatalities: Census of Fatal Occupational Injuries
(CFOI) - Current and Revised Data URL: https.//www.bls.gov/iif/oshcfoil.htm#charts [accessed 2019-01-20] [WebCite
Cache ID 768gREPG]]

4.  LeighJP, McCurdy SA, Schenker MB. Costs of occupational injuriesin agriculture. Public Health Rep 2001;116(3):235-248
[FREE Full text] [doi: 10.1093/phr/116.3.235] [Medline: 12034913]

5. Nationa Ag Safety Database: NASD. Childhood Agricultural Injuriesin the US - 2016 Fact Sheet URL: http://nasdonline.
org/7114/d002364/chil dhood-agricul tural -injuries-in-the-u-s-2016.html [accessed 2019-02-12] [WebCite Cache | D 768ghjbbi]

6.  HendricksKJ, Hard DJ. Working Youth on Forms. In: Proceedings of the National Youth Farm and Ranch Safety Symposium.
2014 Presented at: NY FRSS'14; October 27-28, 2014; Louisville, KY.

7.  Marshfied Clinic Research Institute. 2016 Fact Sheet: Childhood Agricultural Injuriesin the US URL: https://www.
marshfieldresearch.org/M edia/Defaul t/NFM C/PDFs/2016-Child-Ag-1njury-Fact-Sheet.pdf [accessed 2017-10-01] [WebCite
Cache ID 768gpOWzY]

8.  Goldcamp M, Hendricks KJ, Myers JR. Farm fatalities to youth 1995-2000: a comparison by age groups. J Safety Res
2004;35(2):151-157. [doi: 10.1016/j.jsr.2003.11.005] [Medline: 15178233]

9. Wright S, MarlengaB, Lee BC. Childhood agricultural injuries: an update for clinicians. Curr Probl Pediatr Adolesc Health
Care 2013 Feb;43(2):20-44. [doi: 10.1016/j.cppeds.2012.08.002] [Medline: 23395394]

10. ZaoshnjaE, Miller TR, Lee BC. Incidence and cost of nonfatal farm youth injury, United States, 2001-2006. JAgromedicine
2011 Jan;16(1):6-18. [doi: 10.1080/1059924X.2011.534714] [Medline: 21213160]

11. MarlengaB, Berg RL, Pickett W. National public health data systemsin the United States: applicationsto child agricultural
injury surveillance. J Rural Health 2018 Jun;34(3):314-321. [doi: 10.1111/jrh.12292] [Medline: 29350432]

http://formative.,jmir.org/2019/3/e13621/ JMIR Form Res 2019 | vol. 3| iss. 3 |e13621 | p.86
(page number not for citation purposes)


https://www.osha.gov/dsg/topics/agriculturaloperations
http://www.webcitation.org/768gAvojD
https://www.bls.gov/iif/oshwc/cfoi/cfch0016.pdf
http://www.webcitation.org/768gM1Eoc
https://www.bls.gov/iif/oshcfoi1.htm#charts
http://www.webcitation.org/768gREPGj
http://www.webcitation.org/768gREPGj
http://europepmc.org/abstract/MED/12034913
http://dx.doi.org/10.1093/phr/116.3.235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12034913&dopt=Abstract
http://nasdonline.org/7114/d002364/childhood-agricultural-injuries-in-the-u-s-2016.html
http://nasdonline.org/7114/d002364/childhood-agricultural-injuries-in-the-u-s-2016.html
http://www.webcitation.org/768ghjbbi
https://www.marshfieldresearch.org/Media/Default/NFMC/PDFs/2016-Child-Ag-Injury-Fact-Sheet.pdf
https://www.marshfieldresearch.org/Media/Default/NFMC/PDFs/2016-Child-Ag-Injury-Fact-Sheet.pdf
http://www.webcitation.org/768gpOWzY
http://www.webcitation.org/768gpOWzY
http://dx.doi.org/10.1016/j.jsr.2003.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15178233&dopt=Abstract
http://dx.doi.org/10.1016/j.cppeds.2012.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23395394&dopt=Abstract
http://dx.doi.org/10.1080/1059924X.2011.534714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21213160&dopt=Abstract
http://dx.doi.org/10.1111/jrh.12292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29350432&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Weichelt et &

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

Hopkins E, Field B. Purdue University. 2015. Purdue Report: Indiana Farm Fatalities Increased in 2014 URL : http://www.
purdue.edu/newsroom/rel eases/2015/Q4/purdue-report-indiana-farm-fatalities-increased-in-2014.html [accessed 2019-02-04]
[WebCite Cache ID 768gyCM 3G]

Lehtola CJ. lowa State University Digital Repository. 1992. An Investigation of Tractor-Related Farm Accidentsin lowa
During 1988-1990 URL : https:/lib.dr.iastate.edu/cqi/viewcontent.cgi ?article=11325& context=rtd

Riedel SM. Purdue University. Estimation of the Frequency, Severity and Primary Causative Factors Associated With
Injuriesand Fatalities I nvolving Confined Spacesin Agriculture URL : https://docs.lib.purdue.edu/dissertations/AA11510260/
Roy P. National Ag Safety Database. 1957. Selected Environmental and Human Factors Associated with the Incidence of
Accidentsto Farm People in Pennsylvania URL : https://tinyurl.com/y32acooe

Hohman ST. National Ag Safety Database. Determining Methodsfor Obtaining Farm Fatality Data URL : http://nasdonline.
0rg/1283/d001087/asae-technical -papers.html

The University of Sydney. 2017. Australian Farm Deaths & Injuries: Media Monitors Snapshot: January 1 - December 31,
2016 URL: http://sydney.edu.au/medicine/agheal th/upl oaded/Research%20Reports/Farm Related Injuries Report 2016
[accessed 2019-02-02] [WebCite Cache ID 768h8tPuA]

Gorucu S, Weichelt B, Pate ML. Fatal agricultural injuriesin Pennsylvania, 2015-2017: A comparative analysis of two
systems data collection methods and datasets. J Agric Saf Health 2019;25(2):53-61 [FREE Full text] [doi:
10.13031/jash.13165]

New-Aaron M, Semin J, Duysen EG, Madsen M, Musil K, Rautiainen RH. Comparison of agricultural injuries reported in
the media and census of fatal occupational injuries. J Agromedicine 2019 Jul;24(3):279-287. [doi:
10.1080/1059924X.2019.1593276] [Medline: 30890032]

Weichelt B, Gorucu S. Supplemental surveillance: areview of 2015 and 2016 agricultural injury data from news reports
on AglnjuryNews.org. Inj Prev 2019 Jun;25(3):228-235. [doi: 10.1136/injuryprev-2017-042671] [Medline: 29386372]
Keifer MC, Sandberg S, Reyes| A, Waring SC, Alexander BH, Gerberich SG. Surveillance of diseaseand injury in Wisconsin
dairy farmers and workers. J Agromedicine 2014 Jun 9;19(2):218-219. [doi: 10.1080/1059924X.2014.891436]
VanWormer JJ, Barnes KL, Waring SC, Keifer MC. Socio-environmental risk factors for medically-attended agricultural
injuriesin Wisconsin dairy farmers. Injury 2017 Jul;48(7):1444-1450. [doi: 10.1016/j.injury.2017.05.027] [Medline:
28551053]

The University of lowa. 2014 Sep. Trendsin Fatal Occupational Injuriesin Selected Agricultural Industries from the
Midwest Region of the Censusof Fatal Occupational Injuries (CFOI) 2005 - 2012 URL : https://gpcah.public-heal th.uiowa.edu/
wp-content/uploads/2015/03/CFOI _report_02112015.docx

Scott E, Hirabayashi L, Krupa N, Jenkins P. Emergency medical services pre-hospital care reports as a data source for
logging injury surveillance. J Agromedicine 2019 Apr;24(2):133-137. [doi: 10.1080/1059924X.2019.1572558] [Medline:
30676289

Baullinger J, Quan L, Bennett E, Cummings P, Williams K. Use of Washington state newspapers for submersion injury
surveillance. Inj Prev 2001 Dec;7(4):339-342 [FREE Full text] [doi: 10.1136/ip.7.4.339] [Medline: 11770665]

KicaJ, Rosenman KD. Multisource surveillance for non-fatal work-related agricultural injuries. JAgromedicine 2019 May
2:1-10. [doi: 10.1080/1059924X.2019.1606746] [Medline: 31044658]

Centersfor Disease Control and Prevention. Agriculture, Forestry and Fishing: Status of National Agriculture Injury Surveys
at NIOSH URL: https://www.cdc.gov/niosh/agforfish/aginjurysurv.html [accessed 2019-02-12] [WebCite Cache ID
768i5P2GF|

Marlenga B, Berg RL, Gallagher SS. News reports and their role in child agricultural injury prevention. J Agromedicine
2017;22(2):71-77. [doi: 10.1080/1059924X.2017.1282909] [Medline: 28107106]

Weichelt B, Salzwedel M, Heiberger S, Lee BC. Establishing a publicly available national database of US news articles
reporting agriculture - related injuriesand fatalities. Am JInd Med 2018 May 22 (forthcoming). [doi: 10.1002/ajim.22860]
[Medline: 29790197]

Patel K, Watanabe-Galloway S, Gofin R, Haynatzki G, Rautiainen R. Non-fatal agricultural injury surveillancein the United
States: areview of national-level survey-based systems. Am JInd Med 2017 Jul;60(7):599-620. [doi: 10.1002/ajim.22720]
[Medline: 28616885]

AglnjuryNews. AginjuryNews- Learn More URL : https://www.aginjurynews.org/L earnM ore/Index [accessed 2019-02-12]
[WebCite Cache ID 768icnjzX]

Abras C, Maloney-Krichmar D, Preece J. User-Centered Design. In: Bainbridge W, editor. Encyclopedia Of Human-computer
Interaction. Thousand Oaks, CA: Sage Publications; 2004.

Marcus A. User interface design's return on investment: examples and statistics. In: Bias RG, Mayhew DJ, editors.
Cost-Justifying Usability: An Update for the Internet Age. Second Edition. Amsterdam, Netherlands: Elsevier; 2005:17-39.
Lederer AL, Prasad J. Information systems software cost estimating: acurrent assessment. JInf Technol 1993 Mar;8(1):22-33.
[doi: 10.1177/026839629300800104]

Nielsen J, Phillips VL. Estimating the Relative Usability of Two Interfaces: Heuristic, Formal, and Empirical Methods
Compared. In: Proceedings of the INTERACT'93 and CHI'93 Conference on Human Factorsin Computing Systems. 1993
Presented at: CHI'93; April 24-29, 1993; Amsterdam, The Netherlands p. 214-221. [doi: 10.1145/169059.169173]

http://formative.jmir.org/2019/3/e13621/ JMIR Form Res 2019 | vol. 3| iss. 3 |e13621 | p.87

(page number not for citation purposes)


http://www.purdue.edu/newsroom/releases/2015/Q4/purdue-report-indiana-farm-fatalities-increased-in-2014.html
http://www.purdue.edu/newsroom/releases/2015/Q4/purdue-report-indiana-farm-fatalities-increased-in-2014.html
http://www.webcitation.org/768gyCM3G
https://lib.dr.iastate.edu/cgi/viewcontent.cgi?article=11325&context=rtd
https://docs.lib.purdue.edu/dissertations/AAI1510260/
http://nasdonline.org/712/d000506/selected-environmental-and-human-factors-associated-with-the.html
http://nasdonline.org/1283/d001087/asae-technical-papers.html
http://nasdonline.org/1283/d001087/asae-technical-papers.html
http://sydney.edu.au/medicine/aghealth/uploaded/Research%20Reports/Farm_Related_Injuries_Report_2016
http://www.webcitation.org/768h8tPuA
https://elibrary.asabe.org/abstract.asp?aid=50117
http://dx.doi.org/10.13031/jash.13165
http://dx.doi.org/10.1080/1059924X.2019.1593276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30890032&dopt=Abstract
http://dx.doi.org/10.1136/injuryprev-2017-042671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29386372&dopt=Abstract
http://dx.doi.org/10.1080/1059924X.2014.891486
http://dx.doi.org/10.1016/j.injury.2017.05.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28551053&dopt=Abstract
https://gpcah.public-health.uiowa.edu/wp-content/uploads/2015/03/CFOI_report_02112015.docx
https://gpcah.public-health.uiowa.edu/wp-content/uploads/2015/03/CFOI_report_02112015.docx
http://dx.doi.org/10.1080/1059924X.2019.1572558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30676289&dopt=Abstract
http://ip.bmj.com/cgi/pmidlookup?view=long&pmid=11770665
http://dx.doi.org/10.1136/ip.7.4.339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11770665&dopt=Abstract
http://dx.doi.org/10.1080/1059924X.2019.1606746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31044658&dopt=Abstract
https://www.cdc.gov/niosh/agforfish/aginjurysurv.html
http://www.webcitation.org/768i5P2GF
http://www.webcitation.org/768i5P2GF
http://dx.doi.org/10.1080/1059924X.2017.1282909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28107106&dopt=Abstract
http://dx.doi.org/10.1002/ajim.22860
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29790197&dopt=Abstract
http://dx.doi.org/10.1002/ajim.22720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28616885&dopt=Abstract
https://www.aginjurynews.org/LearnMore/Index
http://www.webcitation.org/768icnjzX
http://dx.doi.org/10.1177/026839629300800104
http://dx.doi.org/10.1145/169059.169173
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Weichelt et &

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

Albert W, Tullis T. Measuring the User Experience: Collecting, Analyzing, and Presenting Usability Metrics. Second
Edition. Burlington, MA: Morgan Kaufmann; 2013.

Brooke J. SUS - aquick and dirty usability scale. In: Jordan PW, Thomas B, Weerdmeester BA, McClelland AL, editors.
Usahility Evaluation In Industry. London: Taylor & Francis; 1996:189-194.

Sauro J. MeasuringU. 2011. Measuring Usability With the System Usability Scale (SUS) URL: https://measuringu.com/
sus [accessed 2019-01-30] [WebCite Cache ID 768]M27T1]

Murphy D, Gorucu S, Weichelt B, Scott E, Purschwitz M. Using multiple coding schemes for classification and coding of
agricultural injury. Am JInd Med 2019 Feb;62(2):87-98. [doi: 10.1002/ajim.22932] [Medline: 30561026]

Swenson R, Roiger B, Murillo A. Safely through the gate: exploring media coverage and journalists decisions on the flow
of farm safety stories. J Appl Commun 2018 Jun 1;102(2). [doi: 10.4148/1051-0834.1840]

Hunt A, Bender J. UMASH: Upper Midwest Agricultural Safety and Health Center. 2016. Spotlight: Ag Injury News
Clippings Database Characterizing Eventsin the Upper Midwest URL : http://umash.umn.edu/
spotlight-ag-injury-news-clippings-database/ [accessed 2019-02-12] [WebCite Cache ID 768jaORIl|]

National Academies of Sciences, Engineering, and Medicine. A Smarter National Surveillance System for Occupational
Safety and Health in the 21st Century. Washington, DC: The National Academies Press; 2018.

Scully T. Country Folks. Farm safety: Recent news URL: https://countryfolks.com/farm-safety-recent-news/

Refinitiv. Intelligence Tagging URL : https://www.refinitiv.com/en/products/intelligent-tagging-text-anal ytics/ [accessed
2019-01-24] [WebCite Cache ID 768jjkC6G]

Bernard HR. Research Methods in Anthropology: Qualitative and Quantitative Approaches. Third Edition. Walnut Creek,
CA: AltaMira Press; 2002.

Weber RP. Computer-aided content analysis: a short primer. Qual Sociol 1984 Dec;7(1-2):126-147. [doi:
10.1007/BF00987112]

Kohlbacher F. The use of qualitative content analysisin case study research. Forum Qual Soc Res 2005;7(1):21 [FREE
Full text] [doi: 10.17169/fgs-7.1.75]

Macnamara J. Media content analysis: its uses; benefits and best practice methodology. Asia Pacific Public Relat J
2005;6(1):1-34 [FREE Full text]

Lombard M, Snyder-Duch J, Bracken CC. Content analysisin mass communication: assessment and reporting of intercoder
reliability. Hum Commun Res 2002 Oct;28(4):587-604. [doi: 10.1111/j.1468-2958.2002.tb00826.X]

Riffe D, Lacy S, Fico F. Analyzing Media Messages: Using Quantitative Content Analysisin Research. Mahwah, NJ:
Lawrence Eribaum Associates; 1998.

Petraglia J. Narrative intervention in behavior and public health. J Health Commun 2007;12(5):493-505. [doi:
10.1080/10810730701441371] [Medline: 17710598]

Kreuter MW, Green MC, CappellaJN, Slater MD, Wise ME, Storey D, et al. Narrative communication in cancer prevention
and control: aframework to guide research and application. Ann Behav Med 2007 Jun;33(3):221-235. [doi:
10.1007/bf02879904] [Medline: 17600449]

Boswell C, Geddes A, Scholten P. The role of narratives in migration policy-making: a research framework. Br J Politics
Int Relat 2011 Jan 6;13(1):1-11. [doi: 10.1111/].1467-856X.2010.00435.X]

Martino ML, Onorato R, Freda MF. Linguistic markers of processing trauma experience in women's written narratives
during different breast cancer phases: implicationsfor clinical interventions. Eur JPsychol 2015 Nov;11(4):651-663 [FREE
Full text] [doi: 10.5964/ejop.v11i4.991] [Medline: 27247683]

Weichelt B, Bendixsen C. A review of 2016-2017 agricultural youth injuriesinvolving skid steersand acall for intervention
and trandlational research. J Agromedicine 2018;23(4):374-380. [doi: 10.1080/1059924X.2018.1501455] [Medline:
30230430]

Gorucu S, Weichelt B, Pate ML. Fatal agricultural injuriesin Pennsylvania, 2015-2017: comparative analysis of two systems
data collection methods and datasets. J Agric Saf Health 2019;25(2):53-61. [doi: 10.13031/jash.13165]

Nielsen J. Nielsen Norman Group. 2012. How Many Test Usersin a Usability Study? URL: https.//www.nngroup.com/
articles’how-many-test-users/ [accessed 2019-01-20] [WebCite Cache ID 768|HvwmZ]

Centers for Disease Control and Prevention. 2013. The National Occupational Research Agenda (NORA): Letter from
Manager, Manufacturing Sector Program URL : https://www.cdc.gov/niosh/nora/default.html [accessed 2019-02-12]
[WebCite Cache |ID 768IS3K by]

Abbreviations

AFF: agricultural, forestry, and fishing

AIN: AglnjuryNews

API: application programming interface

ATV: al-terrain vehicle

BLS: Bureau of Labor Statistics

CAIS: Childhood Agricultural Injury Surveillance

http://formative.,jmir.org/2019/3/e13621/ JMIR Form Res 2019 | vol. 3| iss. 3 |e13621 | p.88

(page number not for citation purposes)


https://measuringu.com/sus
https://measuringu.com/sus
http://www.webcitation.org/768jM2zTI
http://dx.doi.org/10.1002/ajim.22932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30561026&dopt=Abstract
http://dx.doi.org/10.4148/1051-0834.1840
http://umash.umn.edu/spotlight-ag-injury-news-clippings-database/
http://umash.umn.edu/spotlight-ag-injury-news-clippings-database/
http://www.webcitation.org/768jaORlI
https://countryfolks.com/farm-safety-recent-news/
https://www.refinitiv.com/en/products/intelligent-tagging-text-analytics/
http://www.webcitation.org/768jjkC6G
http://dx.doi.org/10.1007/BF00987112
http://nbn-resolving.de/urn:nbn:de:0114-fqs0601211
http://nbn-resolving.de/urn:nbn:de:0114-fqs0601211
http://dx.doi.org/10.17169/fqs-7.1.75
https://opus.lib.uts.edu.au/handle/10453/10102
http://dx.doi.org/10.1111/j.1468-2958.2002.tb00826.x
http://dx.doi.org/10.1080/10810730701441371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17710598&dopt=Abstract
http://dx.doi.org/10.1007/bf02879904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17600449&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-856X.2010.00435.x
http://europepmc.org/abstract/MED/27247683
http://europepmc.org/abstract/MED/27247683
http://dx.doi.org/10.5964/ejop.v11i4.991
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27247683&dopt=Abstract
http://dx.doi.org/10.1080/1059924X.2018.1501455
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30230430&dopt=Abstract
http://dx.doi.org/10.13031/jash.13165
https://www.nngroup.com/articles/how-many-test-users/
https://www.nngroup.com/articles/how-many-test-users/
http://www.webcitation.org/768lHvwmZ
https://www.cdc.gov/niosh/nora/default.html
http://www.webcitation.org/768lS3Kby
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Weichelt et &

CRF: Case Report Form

FTE: full-time employee

NAS: National Academies of Sciences, Engineering, and Medicine

NCCRAHS: National Children’s Center for Rural and Agricultural Health and Safety
NIOSH: National Institute of Occupational Safety and Health

ROI: return on investment

Edited by G Eysenbach; submitted 14.02.19; peer-reviewed by A Yoder, L McKenzie; comments to author 13.05.19; revised version
received 23.05.19; accepted 25.05.19; published 02.08.19.

Please cite as:

Weichelt B, Heimonen T, Gorucu S, Redmond E, Veechinski J, Pflughoeft K, Bendixsen C, Salzwedel M, Scott E, Namkoong K, Purschwitz
M, Rautiainen R, Murphy DJ

Redesigning a Sentinel Surveillance System for Collecting and Disseminating Near Real-Time Agricultural Injury Reports. System
Usability Sudy

JMIR Form Res 2019; 3(3):e13621

URL.: http://formative.jmir.org/2019/3/e13621/

doi:10.2196/13621

PMID: 31376278

©Bryan Weichelt, Tomi Heimonen, Serap Gorucu, Emily Redmond, Josef Vechinski, Kurt Pflughoeft, Casper Bendixsen, Marsha
Salzwedel, Erika Scott, Kang Namkoong, Mark Purschwitz, Risto Rautiainen, Dennis J Murphy. Originally published in IMIR
Formative Research (http://formative.jmir.org), 02.08.2019. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the origina work, first published in IMIR Formative Research, is properly cited. The
complete bibliographic information, alink to the original publication on http://formative.jmir.org, as well as this copyright and
license information must be included.

http://formative.,jmir.org/2019/3/e13621/ JMIR Form Res 2019 | vol. 3| iss. 3 |e13621 | p.89
(page number not for citation purposes)

RenderX


http://formative.jmir.org/2019/3/e13621/
http://dx.doi.org/10.2196/13621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31376278&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Romocki et al

Original Paper

Use of Short Messaging Service to Improve Follow-Up for
Abnormal Pap Test Results in Minority and Medically Underserved
Women in North Carolina: Questionnaire on Attitudes and
Acceptability

L aHoma Smith Romocki®, MPH, PhD; AndreaDesMarais’, MPH; Ledlie Cofie}, MA, MPH, PhD; Chelsea Anderson?,
MPH; Theresa Curington®, BSPH; Jennifer Susan Smith?, MPH, PhD

1Department of Public Health Education, North Carolina Central University, Durham, NC, United States

2Department of Epidemiology, Gillings School of Global Public Health, University of North Carolina at Chapel Hill, Chapel Hill, NC, United States
3Department of Health Education and Promotion, East Carolina University, Greenville, NC, United States

4School of Medici ne, Duke University, Durham, NC, United States

Corresponding Author:

LaHoma Smith Romocki, MPH, PhD
Department of Public Health Education
North Carolina Central University
1801 Fayetteville Street

Durham, NC, 27707

United States

Phone: 1 919 530 6404

Fax: 1919 530 7985

Email: [romocki@nccu.edu

Abstract

Background: An estimated onein eight cervical cancer cases are due to alack of follow-up care for abnormal Pap test results.
Low rates of completion of follow-up care particularly affect low-income minority women. The burden of cervical cancer could
be reduced through interventions that improve timely colposcopy follow-up and treatment of abnormal screening results. Mobile
communications via text messaging present a low-cost opportunity to increase rates of clinic return among women referred to
follow-up after obtaining abnormal screening results.

Objective:  Our aims were to determine the acceptability and feasibility of using text messaging to increase completion of
follow-up care following abnormal cervical cancer screening (Pap test) results and to examine factors that may affect the
acceptability and use of text messaging to increase communi cations between health care providers (HCP) and low-income minority
women.

Methods: The study participants were 15 low-income women who had undergone a Pap test within the preceding 12 months.
Semistructured interviews, including open- and closed-ended questions from avalidated questionnaire, were conducted by phone
or in person. Responses to closed-ended survey items were tabulated, and descriptive statistics were generated using Mi crosoft
Excel. Responses to the open-ended questions were coded and analyzed using NVivo 11 qualitative analysis software.

Results: Nearly al participants (14/15, 93%) were comfortable receiving a text message from an HCP stating that their Pap test
results were available (<40 years. 100%; 240 years. 86%). Over half (8/15; 53%) of the participants were comfortable receiving
atext message stating that their Pap test results were abnormal, although many preferred to receive such information viaa phone
call (6/15; 40%). Most participants (9/15; 60%) believed that receiving a text reminder would make them more likely to attend
their appointment. The preferred method for receiving areminder appeared to vary by age, with older women preferring telephone
reminders over text messaging reminders. Analysis of open-ended questions suggested that text messaging appeals to some
women due to its wide use and convenience for communicating with HCPs. However, women cited concerns about the
confidentiality of messages and barriers to understanding the messages, including the physical capacity to read and accurately
interpret the content of the messaging.

Conclusions: Most participantsindicated awillingnessto receive text messages from their HCPs about cervical cancer screening
results and believed that text messages were the best way to remind them of appointments for follow-up care. Potential concerns
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could be addressed by excluding explicit referencesto the nature of the appointment in the text messagein order to avoid disclosure
of sensitive health information to unauthorized individuals. Although text messaging seems promising to improve adherence to
timely follow-up, personal preferences should be considered by allowing patients to opt-out of text communications.

(IMIR Form Res 2019;3(3):€12675) doi:10.2196/12675

KEYWORDS

cervical cancer; Pap tests; abnormal results; text messaging; appointment reminders

Introduction

Cervical cancer mortality rates are significantly higher in
African American/black women than any other racial or ethnic
group in the United States[1,2]. This health disparity persists,
especidly in the South [3], despite evidence that black
non-Hispanic woman participate in primary cervical cancer
screening activities at approximately the same rates as white
non-Hispanic women [4]. Regular cotesting with Pap tests
(cytology) and oncogenic types of human papillomavirus (HPV),
the virus that causes cervical cancer, is the primary screening
method recommended to detect the presence of abnormal
precancerous lesions [5].

Inthe United States, recommended follow-up for abnormal Pap
resultsis completion of colposcopy with biopsy to confirm the
presence of a high-grade lesion requiring treatment (cervical
intraepithelial neoplasia, grade 2 or more severe, CIN2+),
followed by treatment of CIN2+ through outpatient procedures
such as loop electrosurgical excision procedure or cold cone
biopsy [6]. Progression to invasive cervical cancer (ICC) can
be prevented with the early detection of high-grade lesions and
adherenceto follow-up recommendationsfor further diagnostics
and treatment [6]. Thus, the burden of cervical cancer could be
significantly reduced through interventionsthat promotetimely
follow-up and treatment of women with abnormal Pap results

[71-

Standard clinical protocols require that patients are notified of
abnormal Pap results and referred to appropriate follow-up
colposcopy and treatment procedures. However, multiple and
complex factors may contribute to patient nonadherence to
recommended follow-up once patients are informed of their
abnormal screening results. Thesefactorsinclude patients’ lack
of the following factors: knowledge about HPV infection and
cervical cancer [8], understanding about the seriousness of an
abnormal Pap diagnosis [9], trust in heath care providers
(HCPs), health insurance, and family and social support [10,7].
Another important challengeistheinability to inform the patient
of an abnormal result in atimely fashion due to a disconnected
or changed phone number or an incorrect address to send or
forward screening results [11]. Any one of these factors may
lead a woman to miss or delay her follow-up care, increasing
her chances of a poor clinical outcome.

Racial and ethnic differences have been observed in follow-up
rates after an abnormal Pap test [12-15], in which African
American and Hispanic women were less likely to schedule
follow-up visits and receive follow-up care. In contrast, other
studies have shown differencesin follow-up rates between races
to be negligible or even nonexistent [16]. It is imperative that

https://formative.jmir.org/2019/3/e12675/

women at the greatest risk of cervical cancer receive follow-up
care after an abnormal Pap test or high-risk HPV test result to
reduce cancer disparities. This can be achieved by increasing
follow-up visitsin this higher risk population [5].

The rapid expansion of mobile communications may present a
low-cost opportunity to improve follow-up rates. Following an
abnormal Pap test result, patients who receive a reminder via
text message or short messaging service (SMS) may be more
likely to attend afollow-up visit. SM S interventions have been
shown to improve the rate of attendance at health care
appointments for surveyed populations [17] and may have a
similar impact as phone call and postal reminders[18-20]. With
respect to cervical cancer, aprior study reported on the use of
an SMSintervention to increase knowledge and encourage Pap
test screening in Korean American [21] and African American
women [22]. However, the feasibility of an SMS intervention
to improve follow-up rates for in-clinic colposcopy attendance
after an abnormal Pap test result has not been previously
explored. For such an intervention to be successful among
low-income and minority women, research is needed to
understand appropriate SMS-based content, messaging, and
context [23] and to determine the likelihood that such an
approach would be acceptable to this population of patients.

Therefore, the objective of this study wasto explorefactorsthat
may play a role in the use of text messaging as a mode to
increase communications between HCPs among low-income
and minority women who have undergone Pap tests as well as
the need to return to the clinic to prevent potential advanced
cancers.

Methods

Study Design

Participants were recruited from two clinics serving low-income
and minority populations—a free community-based clinic and
auniversity-based clinic—both of which arelocated in Durham,
North Carolina. Women were ligibleto participate in the study
if they were between the ages of 21 and 60 years and had
undergone a Pap test in the preceding 12 months. Participants
were recruited by collaborating HCPs who provided eligible
patients written information about the study and flyers with
contact information at the time of their clinic appointment.
Interested women signed forms giving permission for the
research team to contact them and were contacted by phonefor
study enrollment. Due to challenges in successfully enrolling
women through this process (eg, wrong telephone numbers,
failure of participants to reply to messages, and difficulty
scheduling appointments), the recruitment strategy was shifted
to screen, enrall, and interview patients before or immediately
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after examination by the HCP, unless patients preferred to be
contacted at a later time. The clinic provided a room where
interviews could be conducted confidentially. This approach
greatly reduced the loss between referral from the HCP and
successful study completion within the allotted study period.

Interviews

After the participants completed an informed consent,
semistructured interviews were conducted over the phoneor in
person, depending on the preference of the participant. The
58-item interview guide included items from a review of the
literature of SMS interventions and a validated questionnaire
exploring attitudes and knowledge about HPV and cervical
cancer. The combination of open- and closed-ended items
included topics on overall attitudes of patients about text
messaging practices, relationship with HCPs, preferences about
clinic and appointment reminders, and knowledge about cervical
cancer and HPV. Interviews were audio recorded and
transcribed.

Data Analyses

Responses to closed-ended survey items were tabulated, and
descriptive statistics were generated using Excel to report the
demographic data, texting practices, and preferences variabl es.
Responses to the open-ended questions were examined by two
experienced qualitative researchers during four stages of
analysis. Aspart of thefirst stage, transcripts were entered into
NVivo (version 11; NVivo qualitative data analysis software;
QSR International Pty Ltd),

https://formative.jmir.org/2019/3/e12675/
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aqualitative software analysis package, and organized to allow
each reader to efficiently access the same data while allowing
for separate sets of analyses. Second, each reader independently
read the origina transcripts line by line to identify general
themes or codes that emerged from the data using the memo
functions and other tools of the software. Third, the readers
compared their interpretations and refined themesthat could be
confirmed and systematically evidenced by the data. Fourth,
the coders agreed on afinal set of themes that appeared to be
the most relevant to the study participants based on the
frequency of appearance and richness of the evidence.

Results

Participants

The median age of the 15 participants was 34 years (range:
21-58 years). Most women were of African American race
(n=13, 87%), had at |east some college education (n=10, 57%),
and were unemployed (n=9, 60%). In addition, a majority had
health insurance (n=10, 67%), most through Medicaid, and
nearly al owned a cell phone (n=14, 93%).

Cell Phone Use

Of the 14 women who own a cell phone, 13 (93%) used text
messaging, with some differences seen in the frequency of use
according to age. All 10 women who had at least some college
education (100%) and most women with a high school degree
or less education (4/5, 75%) used their cell phone to send text
messages (Table 1).
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Table 1. Sociodemographic characteristics and cell phone utilization.

Romocki et d

Characteristic Overall (N=15) Age <40 years (N=8) Age 240 years (N=7) Fisher exact P value
Age (years), median (range) 34 (21-58) 24 (21-34) 50 (46-58) N/A2
Race, n (%) >.99
African American 13(87) 7(88) 6 (86)
White 2(13) 1(13) 1(14)
Education, n (%) >.99
Less than or high school degree 5(33) 3(38) 2(29)
Some college/college degree 10 (57) 5(63) 5(71)
Employed, n (%) 6 (40) 4.(50) 2(29) 61
Has health insurance, n (%) 10 (67) 5(63) 5(71) >.99
Owns acell phone, n (%) 14 (93) 7 (88) 7 (100) >.99
Cell phone use per day, n (%)b 001
<10 6 (43) 0 6 (86)
>10 8(57) 7 (100) 1(14)
Text messages received per day, n (%)b 20
<25 11 (79) 4.(57) 7 (100)
225 3(21) 3(43) 0
Text messages sent per day, n (%)° 46
<25 11 (85) 5(71) 6 (100)
225 2(15) 2(29) 0(0)
Reported phone uses, n (%)ond
Send text messages 13 (93) 7 (100) 6 (86) >.99
Find directions 10(72) 6 (86) 4 (57) .56
Take photos 13 (93) 7 (100) 6 (86) >.99
Check Facebook or Twitter 10(72) 7 (100) 3(43) .07

8N/A: not applicable.

BN=14 women who owned a cell phone (n=7 for women aged <40 years and n=7 for women aged =40 years).
®N=13, missing one response (n=7 for women aged <40 years and n=6 for women aged 240 years).

dMore than one choice could be selected.

Communication Preferences

Most women (n=14, 93%) indicated that they were comfortable
receiving text messages from their HCPs following primary
screening visits. Nearly all women in the study (n=14, 93%)
were comfortabl e receiving atext message from an HCP, stating
that their Pap test results are available. However, 75% (6/8) of
women aged <40 years and only 29% (2/7) of women aged =40
years were comfortable receiving a text message stating that
their Pap test results were abnormal (Table 2).

When offered a list of preferences for receiving information
about their abnormal Pap test results (including via phone, text,

https://formative.jmir.org/2019/3/e12675/

letter, or some other way), 6 (43%) of the 14 participants who
owned cell phones preferred to receive this information by
phone, 2 (14%) preferred text, and 6 (43%) stated no preference.

Nearly haf (7/15, 47%) of all participating women were
comfortable receiving a reminder via phone to come back to
the clinic for follow-up care after an abnormal Pap test, and
33% were comfortable receiving a reminder by text message.
Most participants (13/15, 87%) indicated that if they received
atext message from theclinic, they would bewilling to respond
to indicate that they had received the message (Table 2).
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Table 2. Women's communication preferences for test results overall and stratified by age. No significant relationships were found (using the Fisher

exact test).
Preference Overal (N=15), Age<40years(n=8), Age=40years(n=7), Fisher exact P vaue
n (%) n (%) n (%)
Comfortable receiving information that lab test results are available through:
Phone message 15 (100) 8 (100) 7 (100) >.99
Text message 13(87) 8 (100) 5(83) 20
Comfortable receiving a text message from a health care provider stating that Pap test resultsare:
Available 14 (93) 8 (100) 6 (86) 47
Abnormal 8 (53) 6 (75) 2(29) A3
Willing to respond to indicate that you had received atext 13 (87) 8 (100) 5(71) .20

message from the clinic

Attitudes About Communication Preferences

Analysis of open-ended questions provided useful details on
the benefits and barriers to using text messaging for
communicating with HCPs, receiving test results, and receiving
follow-up visit reminders (Table 3). Cited advantages of text
messaging included ease of use and convenience, especially to
receive notifications. For some women, texting was no different
than the current common practice of providing appointment
reminders by phone. However, several participants (particularly
older participants) reported barriersto text messaging, including
inconvenience (it is easier to call), lack of texting proficiency
(not comfortable with texting, texting too dowly, or
technologically challenged), difficulty in texting (diminished
physical ability), and a lack of confidence in their ability to
correctly understand and interpret the content of the text message
(often due to low literacy). Some participants felt that the text

message would be useless because they generaly ignore
unsolicited text messages from a source unknown to them.

Most participants also reported concerns over privacy and
confidentiality of health information communicated by text,
such as receiving a notification for a positive Pap test or for a
follow-up visit after a positive Pap test. Most participants were
concerned that family members, friends, coworkers, or strangers
could gain access to personal health information if the phone
was lost or left unattended or was used by others (eg, some
participants share their phone with family members). Some
participants were al so concerned about the potential of hackers
accessing their private health information. When probed to
explore what might alay their privacy concerns, participants
seemed open to discussing strategies such as encryption or
passwords, although some still expressed skepticism about the
ability of the clinic to safeguard the information.

Table 3. Emergent themes: attitudes about receiving text message remindersto return to the clinic to follow-up on abnormal cervical cancer test results.

Theme Response
Benefits
Convenience “Text just makesit easier to check and see, and then it would be helpful if the text contained anumber to call back.”
[PP14]
Notification “It’simpersonal, but just to text me to inform me to comein or your resultsis back, that’s notification.” [P7]
Barriers
Capacity totext (knowledge, “It'salot of text messages on here, but | don’t know how to pull it up on my phone. | just don’t know how to do

comfort, and ability) it” [P9]

“I"'m not atext person myself. To me—texting is for the younger generation. It takes more time to text than to just

call” [P3]

Physical limitations
can't dothat...” [P3]

Trust
[P10]

Confidentiality and privacy

“My hand get tired and | have carpal tunnel so | don’t messwith it...And then | have arthritisin my hands too, so
“| have seen some messages about different thingsbut like | said, if it was unsolicited, | didn’t pay it any attention.”

“Let’s say for example, | leave my phone sitting right here and | go to the bathroom, then all of a sudden, they de-

cided to text me and the text is gonna show up on my phone.” [P10]

“Some people don't have alock on their phone like | don't have alock on my phone.” [P12]
“It's hackers out there and...they go into you medical history and they can pull it up and see everything right there

on the phone.” [P8]

8p: participant.
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Discussion

In this study, we determined the feasibility and acceptability of
using text messaging to improve abnormal Pap test follow-up
in minority and medically underserved women in North
Carolina. Overall, most respondents seemed receptive to text
messaging reminders from their health care providers. Most
participants were open to receiving text message notifications
that their tests results were available as well as text message
reminders about the need to come back to the clinic for
follow-up appointments. More respondents preferred receiving
abnormal Pap test results by phone rather than by text, although
alarge proportion reported no preference.

Although most participants reported finding text messaging
easy to use and convenient, some participants reported barriers
to using text messages (such as comfort, knowledge, and
literacy) and concerns about the confidentiality of their private
health information. To addressissues of confidentiality, clinics
could minimize details in the message about the nature of the
test results or appointment. Personal preferences should be
considered in the use of thistechnology by allowing patientsto
opt-out of text communications. Incorrect contact information
is a challenge for health care ingtitutions to ensure adequate
follow-up, which might be addressed by verbal communication
or text message confirmation of the correct number while the
patient is still at the clinic for her screening appointment.

A strength of this study lies in the use of open-ended and
closed-ended items, which alowed the researchers to both
determinethe proportion of particular attitudes and collect more
detailed information on the benefits of using text messaging to
increase compliance with HCP instructions and guidelines as
well asthe challenges and barriersthat may need to be overcome
to maximizethe use of thistechnology in this population. Many
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cognitive and personal factors are associated with failure to
comply with recommended follow-up on abnormal results
[9-11], which represent broader contextual issues for
consideration. For example, one limitation of this study is that
we did not systematically collect data on previous experience
with abnormal Pap resultsto assess how these experiences might
affect current attitudes.

This study has other limitations. First, due to the small sample
size and the nature of the population enrolled (majority of
minority and medically underserved women in North Carolina),
participants’ opinions collected in this study may not reflect
those of a broader population. Second, although the focus of
the study was to determine the acceptability of text messaging
among women who had aready undergone primary screening,
the importance attributed to the use of al mobile phone apps,
including social mediaplatforms (ie, Facebook) particularly for
younger women who are more accustomed to thesetechnol ogies,
was not examined. Third, further research is needed to study
the effects of such apps on secondary and tertiary prevention
activities.

Successful follow-up care and treatment of women with
abnormal Pap test results are important for preventing ICC.
Reminders are useful tools, which have shown to improve
regular screening practicesand may allow health care providers
to improve adherence to follow-up recommendations. Mobile
phones are ubiquitous and provide a convenient and low-cost
approach to improve adherence rates. Further research in an
actual intervention study is needed to assess the feasibility and
effectiveness of SMS approaches to improve adherence to
follow-up care among high-risk women with abnormal cervical
cancer screening results. A tria is in development to evaluate
the effect of atext message intervention on increasing follow-up
completion.
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Abstract

Background: Although we know that many young people watch online pornography and engage in sexting, there is limited
literature examining their needs in relation to information on these highly sensitive and complex issues. Online resources exist;
however, we can find no evidence of any of them having been formally tested for usability within the target population.
Objective: Thisstudy aimed to test the usability of aresource about online pornography and sexting among young people.
Methods: Semistructured interviews were conducted with 17 participants aged 15 to 29 years.

Results: We found that the SCOPE resource was perceived as trustworthy and credible because of its evidence-based content,
nonjudgmental tone, and balanced perspectives. Multimedia and video content enhanced the layout and usability of the resource;
however, content rel evance could be improved by targeting age and devel opmental stages. Participantsidentified resource sections
such as Real Stories from young people as relevant and engaging. However, they raised issues with the trandlation of formative
research findings relating to these storiesinto their final presentation.

Conclusions: Our findings suggest that young people prefer online resources about complex issues, such as online pornography
and sexting, if they are balanced in content and tone. Most importantly, in the context of responding to complex and sensitive
issues such as these, co-design methods can ensure that young people are central to the devel opment of resources and avoid gaps
in trandating research into practice. In the context of limited literature focusing on the usability of online resources about these
topics, this paper providesimportant insights for public health practitioners working in this emerging space.

(JMIR Form Res 2019;3(3):€12824) doi:10.2196/12824

KEYWORDS
adolescent; pornography; health promotion; internet; sex education

Introduction

Background

Researchers and communities have raised concerns about the
high prevalence of exposure to online pornography among
young people [1] as well as the relatively high incidence of
sharing of personal sexually explicit imagery (sending nudes
or sexting) [2]. Although public health research in this areais

http://formative.jmir.org/2019/3/e12824/

increasing [1,2], evidence about the effects of engagement with
new sexual media remains mixed [3]. Studies have shown that
young people are frequently exposed to sexual risk behaviors,
gender stereotypes, and inequality when they view pornography
[4]. Viewing pornography has been shown to be associated with
early age of first sex, condomless sex, sexist attitudes, and
aggression [3]. For example, alarge (n=4564) survey of young
people aged 14 to 17 yearsfound that boyswho regularly watch
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online pornography were significantly more likely to express
negative gender attitudes [5]. Studies are yet to describe the
direction or strength of these associations to be able to identify
acausal relationship between pornography and harm [6,7].

Someliterature even suggeststhat young people may experience
pornography as an important source of education and exploration
in the context of limited alternative education about sex [8,9].
Similarly, while sharing sexually explicit images, sometimes
referred to as sexting or sending nudes, has been shown to be
common among young people [10,11] and nonconsensual
sharing or technology-facilitated violence has been shown to
have damaging health consequences[12], some studies suggest
that young people may see consensual sharing of images as a
normal and even positive part of their sexual lives rather than
as inherently risky behavior [2,13]. Pornography and sexting
are complex and sensitive topics with limited consensus on the
best practicefor researching and responding to theissues[6,14].
Although the effects are still being investigated, experts and
young people have expressed a need for specific online health
resourcesto address unmet education needs around these topics
[15].

Extensive literature has shown that online health promotion
approaches are most successful if they are tailored,
nonjudgmental, and responsive to young people’s information
needs [16]. Engaging with target users in the development and
testing of resources can enhance the relevance of the resource
[16,17]. In terms of usability, studies also suggest that young
people prefer interactive content, opportunities to engage with
other young peopl e, and easy-to-navigate resources without too
much text [18]. Although alarge body of evaluative studies of

http://formative.jmir.org/2019/3/e12824/

Daviset a

sexua health websites exists[19], few studies have specifically
evaluated the relevance and usability of heath websites
addressing pornography and the sharing of sexually explicit
mediaimagesfor young people. Thisisan important stepin the
development process for evidence-based resources.

SCOPE Website Development

In late 2015, the Burnet Institute received a small grant from a
philanthropic foundation to devel op an online resource focused
on technology and relationships. Consistent with the best
practice health promotion theory, we conducted formative
research with atarget audience of young people aged 15 to 29
years from Australia [14]. The findings of the research led us
to develop a website, predominantly focused on the issues of
managing personal sexually explicit imagery, pornography use,
and general online issues, including cyberbullying (Figure 1).
The website included 3 sections: an information page on each
of the topics listed above, a resources section with links to
services and other sites, and a red stories page with
user-generated content about the issues. On the basis of
participant feedback, we used sex-positive, nonjudgmental
language and integrated user-generated stories from young
people relevant to the key topics to enhance the credibility and
relevance of the information. We also provided information
about the services and laws relevant to the topics (ie, laws
related to distributing persona sexually explicit imagery in
Australia) [14]. Thewebsite was developed asaminimum viable
product with which to conduct usability and content testing with
the target audience before further implementation and
evaluation. After the website was devel oped, we planned asmall
formative evaluation to test the website's usability, relevance,
and acceptability before any scale up.
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Figure 1. SCOPE Online Resource home page.

s(op REAL LIFE STORIES | RESOURCES | THE TEAM /| CONTACT
Secial Connectivity
Cistrm P e e [ v imi

Burnet Institute

Mndical Reseasch. Practical Action,

This Study Methods

Thisstudy investigated the relevance, usability, and acceptability Participants
of the SCOPE website among its target audience. Insights are P
intended to inform development of future online health Theeligible participantswere aged 15to 29 yearsand livingin
promotion interventions, with particular applicationtowebsites  Australia
and resources about sexually explicit media and young people.

Recruitment

Convenience sampling methods guided our recruitment of
participants using paid advertisements on Facebook and a post
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from the Burnet Institute Facebook account. Potential
participants were invited to contact the research team via an
online contact form or email if interested. Participantsweretold
that the interview involved exploring a website and talking to
researchers about their opinions and feedback as they explored
the content. They were advised that the interviewers were not
involved in the website development. The Monash University
Human Research Ethics Committee approved the research, and
participants consented to the publication of anonymized data.

Procedure

Following consent, participantswere sent aunique link to access
a private, secure chat room where they met the researcher at a
prearranged time for the interview. Participants were invited to
take part in one-on-one, semistructured interviews through
Atlassan HipChat, an online text-based chatroom tool.
Interviews involved the researcher guiding the participant
through predefined sections of the website and asking
semistructured interview questions about each aspect of the
website usahility, including layout, language, platform, and
content relevance. The participants were specifically directed
to access the home page, real stories page, online pornography
page, and sexting pages of the website. They were asked to
explore and read the content and aert theinterviewer when they
were ready to discuss each section. Interviews ranged from 45
to 60 min, and the participants were reimbursed with a Aus $20
gift voucher.

Therationale for using online interview methods included that
we wanted to engage with participants in real time as they
explored the resource to capture their thoughts and opinions.
We also wanted to guide them through specific content on the
website and ask relevant questions immediately after they had
engaged with the section and to reduce socia desirability bias.
Using atraditional postexposure survey would not have enabled
thistype of engagement. Furthermore, we were concerned that
an in-person guided exposure and face-to-face interview may
not allow participants to be open and honest about these
sensitiveissues or offer their opinions. Young peoplearedigital
natives who communicate frequently via online platforms. In
this context, conducting qualitative interviews in private
chatrooms has previously been shown to be an acceptable and
convenient method of eliciting meaningful data on sensitive
topics from young people, with some limitations [20-24]. For
example, conducting online interviews with young people can
increase their likelihood of signing up; however, building a
rapport can be more difficult, and participants can withdraw
fromtheinterview simply by not answering. [20]. Despitethese
limitations, the method is particularly effective for testing
website content because participants have alevel of anonymity
and separation from researchers, allowing them to explore the
websitein an organic setting (their own device and at their own
pace) and to be open and honest about sensitive topics such as

pornography.
Data Analysis

Deidentified transcripts were analyzed thematically using QSR
International NVivo software. Framework analysis methodol ogy
guided a deductive thematic analysis, and additional themes
were inductively coded as they emerged [25]. Framework
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analysis has been identified as an ideal qualitative method for
interpreting data specific to public health policy or practice[25].
The analytical framework for this study was refined by AD
based on the process of familiarization, which involves a
preliminary review of the entire dataset in rel ation to answering
the key research question: How does the target audience
perceive the usability of the online resource? The framework
included 3 key nodes: relevance, usability, and acceptability.
Each included 2 subnodes: barriers and enablers. Researcher
AD deductively coded the entire dataset. Subthemes were
inductively identified asthey emerged across each of the nodes.
Researcher CW cross coded a sample of transcripts.
Discrepancies in interpretation or coding were discussed and
resolved before finalization of analysis.

Results

Participant Characteristics

A total of 17 young people participated in the interviews.
Participants’ age range was 15 to 27 years with an average age
of 21 years. Overall, 15 participantsidentified as female and 2
identified as male. All participants were living in the greater
Melbourne region. In total, 3 participants were till attending
secondary school, 10 were university undergraduate students,
and 4 had completed abachel or’sdegree or postgraduate degree.

Resour ce Usability

The 3 themesidentified acrossthe datarelating to the resources
usability are reported below and include responding to sensitive
health issues, trandating formative findings into acceptable
content, and who are young people?—creating acceptable and
accessible content.

Responding to Sensitive | ssues: Balance, Tone, and
Credibility

Creating content and a tone that is responsive to the sensitive
and complex nature of these issues was perceived as the most
important aspect of the SCOPE website's acceptability. For
instance, information about pornography and sharing of sexual ly
explicit imagery wasidentified as balanced and nonjudgmental.
This was perceived to be in contrast to fear-based or
values-based resources on issues such as pornography and
sharing of sexually explicit images. As participants stated:

Some [websites] are very obviously politically
motivated or have some sort of agenda, and provide
either falsefactsor twisted factsto suit their message.
Some websites can present things in an “ objective’
way but obscure the context to fit their politics—it
can take more skill and digging to figure this out. |
think being aware of a website's agenda is something
useful when gathering info. [P11]

Astheresponses demonstrate, participantswerecritical of other
resources perceived to be judgmental or motivated by social or
political agendas. There was a sense of relief that SCOPE
acknowledged that many people use pornography and that this
was not negatively framed:

The fact that they mention that porn isn't a bad thing
is a breath of fresh air since growing up porn has
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been viewed as a bad thing...it doesn’'t sound cheesy
or lecture-y. [P14]

On the basis of their concerns about biased or values-based
information, several participants mentioned the importance of
credibility. Onefeature of the SCOPE website that participants
noted madeit appear trustworthy wasthe use of linked citations
to substantiate information and the provision of secondary
research related to the topics. However, research links were not
provided for every piece of information across the sections. In
the context of sensitive and politicized issues, providing direct
accessto research acrossall content would improve acceptability
as this participant stated:

The first thing | wanted to read is the research it

mentions—it'd be good to have a link to that (sorry

I’m so obsessed with credibility!!). [P3]
The website was perceived to be visualy responsive to the
sensitive nature of the issues. For instance, images were
suggestive of the topic but displayed a level of subtlety. For
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example, as shown in Figure 2 below, the Online Pornography
page images show a person on a phonein bed and awater hose.
These are suggestive—without showing explicit images. This
enabled participants with various experiences and backgrounds
to engage without feeling uncomfortable. As this participant
commented:

| like the top photo, it's not too revealing, even the
wording is subtle which is good for reading in public
[P14]

Participants appeared conscious of their positioning as young
people in relation to the tone and language of the resource.
According to the participants, the language used throughout the
website was clear and accessible without being childish or
patronizing. Thisis explained here by a participant who said:

It's very suited to young people. It's easy to
understand, but a step up from language you would
use with a child. [P4]
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Figure 2. SCOPE Online Resource-Online Pornography page.
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Trandlating Formative Findings | nto Acceptable Content

On the basis of findings from formative research, the Real
Stories page illustrated in Figure 3 was marketed as
user-generated content about young peopl€'s experiences with
technology. Young people were invited to send in their stories
viathe website or social media. The aim of the content was to
reduce shame about negative experiences and encourage
awareness among other young people. In this study, we wanted
to understand if the Real Stories section was usable and
acceptable. Our participants reported that including real stories
from other young peopl e hel ped to acknowledge the compl exity
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of the issues. Participants appreciated that the stories did not
attempt to simplify theissues by acknowledging the complexity
of young peopl€’s online experiences. The stories raised issues
as part of abroader discussion of harm reduction rather than as
warning or moralistic messages. Their comments al so reflected
a sense of frustration around advice they had encountered
elsewhere to restrict online use by logging off as a response to
these concerns. Asthis participant suggested:

The story was good because it wasn't just black and
white, like it's a hard decision to make and it’s not
that easy just logging off. [P14]
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Figure 3. SCOPE Online Resource-Real Stories page.
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Although the website presented stories from young peopl e that
were real, stock images were used in place of an actua
biographical profile picture to protect the anonymity of young
people who shared their stories. A number of participants also
raised concerns about the page because they felt it was unclear
if the stories and people were real, which reduced their trust in
the content overall. Participants' critical medialiteracy reduced
their acceptance of the Rea Stories page, which was a key
aspect of the website. Asthis participant stated:

| just clicked through to one though and it was like a
cautionary tale of sharing photos on the internet with
people you haven't met. It uses a stock image photo
next to the story, so I’'m not sure if it is real? Young
people are very aware of reverse-image searching
on Google. All of themuse Shutterstock photos, which
shows like Catfish teach young people how to discern
pretty quickly (sic). And also the site links to Catfish
itself, so it seems a hit of a contradiction...So any
story about a young person that purports to be real,
alongside a photo that’s a stock image, may not be
successful...| am skeptical of the website being hel pful
for info if the stories are not genuine. [P1]

Despite their concerns about the presentation of Real Stories,
most considered including real stories from young people as
enhancing the acceptability and relevance of the resource.
However, many identified barriersto actually sharing their own
stories on platforms such as this. These included, being
retraumatized by telling their story and experiencing
embarrassment—regardless of the website’'s commitment to
anonymity. Participants reported that they would a so be unlikely
to share the content on social media between friends because
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of the sensitive nature of the topics. As these participants
reflected:

| think it can be very embarrassing and | would
always have the fear that someone could identify me
through the story. It can also be a very sensitive topic
and people might not be confident/ready to sharewith
theworld. [P2]

| suppose anonymity and embarrassment! | don’t
think any young person wants everyone at school or
community to know their embarrassing story. That's
why so many of these stories are told in hindsight,
which is a shame cause teenagers could probably
benefit from knowing they're not alone from their
own peers rather than adults. That said, | wouldn’t
feel comfortable submitting my story because I'm
naturally shy, and | also generally worry about safety
and so on. [P11]

Partici pant responsesto the section highlight potential challenges
totrandating users’ needs and wantsinto relevant and acceptable
content. Participants’ concerns about the disingenuous nature
of the real stories content because of the use of stock images
and their own reservations around sharing personal stories
highlight potential impacts on audience engagement when an
idea developed in formative research stages does not fully
translate into acceptable content.

Who Are Young People? Creating Acceptable and
Accessible Content

To understand the acceptability of the website, we asked
participants who they thought it was aimed at and who would
useit. Although some participants saw the website as personally
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relevant, many identified people younger than them as the
intended audience. They perceived groups of preteen young
people, asmore naive, less experienced, and in need of thistype
of information, asisillustrated in the exchange below. Others
said that the website looked like something “my mother would
send to me” (P7), which suggested that adults might be more
concerned about these issues than young people themselves:

Do you think that this information would be relevant
for young people? [Interviewer]

Yeah young people, probably pre-teen like year 7-10
(sic). [P14]

Ok, why that age group? [Interviewer]

because we're already aware of these issues, some

of use face them on a daily basis, or at least hear

about them. Like personally it's common-sense—some

of these i ssues you should know what you should and

shouldn’t do (sic). [P14]
Assavvy users of online content, our userswere highly critical
of accessibility of the website. Although the home page layout
supported easy navigation, the online pornography and sexting
pages could beimproved through interactivity, links, and videos
at the top of the page and by reducing the amount of text. As
participants explained:

I’msceptical that young peoplewould read that much
text so maybe the images/buttons/videos could be
moved to break it up into smaller bits. [P1]

| think the paragraphs need to be broken up using
maybe subtitles? (sic) Just to make specific
information easy to access. [P2]

It still seems like a bit of a lecture—maybe make it
interactive and fun, that is, competitions/videos/etc
the personal stories would probably be the best
though—more relatable. [P14]

Discussion

Principal Findings

The overall results of our interviews suggest that the resource
was perceived as trustworthy and credible because of its
evidence-based content, nonjudgmental tone, and balanced
perspectives. The resource was also perceived as relevant
overall; however, there was a perception that the topicsincluded
were more relevant to younger participants and that the Real
Stories section was disingenuous. The usability of the resource
could be improved by targeting content by age and
developmental stages, reduced text, headlines to communicate
key points, and increased audiovisual assets. Although the
conceptual framework underpinning the resource was perceived
as usable, results suggest that issues in the final design of the
resource could be improved to enhance overall efficacy.

Respondents were aware of the polarized nature of pornography
and sexting and were skeptical of information provided without
evidence or balanced narratives. Thisis consistent with research
that suggests that young people have an interest in sexuality
and respond best to environments that encourage trust and
opennessand rely on evidence rather than moralistic undertones
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[26]. However, relying solely on evidence is challenging when
dealing with emerging public health issues such as online
pornography, where evidence is still being developed [7]. Our
results suggest that this may be overcome by providing young
people with the best available information, including on why
thereislack aof consensusin evidence, and providing opposing
views and discussion points to help them make their own
informed decisions.

Potentially overexposing young people to information is often
perceived asabarrier to providing sexual health education [27].
This has been shown to be of particular concern in relation to
online pornography, as adultsfear conversations or information
that may encourage their child to seek out the content [28].
Using informative headlines with expandable information
sections (progressive disclosure) could mitigate thisrisk, while
engaging audiences with various developmental stages and
information needs. Presenting information in this way would
simultaneously meet the needs of young audiences by
decluttering and simplifying information for quick and easy
access.

Importantly, the findings remind usthat although young people
share commonalities, they are not a homogenous group, and
this should be considered in the devel opment of health education
resources. Furthermore, although the target audience for the
SCOPE resource was Australians aged 15 to 29 years,
respondents often referred to the importance of this type of
resource for younger ages. This could be explained by the
literature that suggeststhat young peopletypically underestimate
the impact of pornography on themselves compared with other
people [29]. However, it could also be the case that as
respondents pointed out, younger children (10-14 years) are
engaging in these behaviors or exposed to the content with little
support. This explanation supports the need for research to
consider how to develop resources that sensitively meet the
information needs of younger children on these topics.

Interestingly, our results demonstrated gaps in trandating
findings from the participatory development research into the
resource. For example, a key finding from the development
research was that young people wanted to engage with real
stories to learn from other young people’'s experience [14].
However, in practice, the trandation of these findings into a
Real Sories section resulted in concerns about credibility.
Furthermore, our participants identified a range of barriers to
submitting their own stories. Responses indicated practical
guidancefor how to improve credibility, such as not using stock
images of young people to illustrate anonymous stories.
Participants' skepticism highlights broader issues with
traditional research methods for intervention design, including
phased research that involves audiences in formative design
and content testing rather than as co-designers of the materials
throughout the process. Our findings support the move toward
iterative co-design methodologies that engage audiences as
expertsor co-designersto ensure the conceptualization of issues,
ideation of approachesto addressthem, and design of resources
that align with their needs and wants [30]. These methods are
particularly relevant to devel oping interventions on topicswhich
are sensitive, complex, and still emerging such as online
pornography and sharing of sexually explicit images.
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Limitations

Our study has severa limitations. Our recruitment strategy
utilized social media advertising, meaning that we attracted
those with social media experience and potentialy those
interested in thetopic; it is possible that these perspectivesvary
from those who do not use social mediabut who are till at risk
of other technology-related harms. Our sample was heavily
skewed toward female participants. This is consistent with
sexual health research more broadly, where engagement with
male respondents has been challenging [4,31,32]. Interviews
were conducted online rather than in person, excluding the
opportunity to observe participants’ body language and tone.
Despite these limitations, the data collection method appeared
to provide opportunities for participants to engage with the
topics and the content in an anonymous forum. The insights
provided suggest that the methods are useful for conducting
usability testing of health education resources, particularly those
aiming to reach young people, and thus provides important
insights relevant to an emerging area of health promotion
research and practice.
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Conclusions

A range of service providers and organizations are developing
resourcesto respond to growing concerns of theimpacts of new
sexual media—such as pornography and sharing of sexually
explicit images among young people. However, within
resource-constrained environments, content testing for usability,
relevance, and acceptability are not frequently conducted.
Small-scale studies testing websites before scale-up activities
can inform future research and development. Our study
illustrates the importance of providing balanced and
nonjudgmental perspectives when engaging with young people
on theseissues. However, it also showslimitationsto formative
research translation and creating content aimed at all young
people rather than diverse groups. Most importantly, in the
context of responding to emerging, complex, and sensitive
issues, co-design methods can ensure that young people are
central to the development of resources to meet their needsand
avoid gaps in the context of emerging evidence and practice.

1. LimMS, AgiusPA, Carrotte ER, VellaAM, Hellard ME. Young Australians' use of pornography and associations with
sexual risk behaviours. Aust N Z J Public Health 2017 Aug;41(4):438-443. [doi: 10.1111/1753-6405.12678] [Medline:

28664609]

2. LimMS, VellaAM, Horyniak DR, Hellard ME. Exploring attitudes towards sexting of young people: a cross-sectional
study. Sex Health 2016 Dec;13(6):530-535. [doi: 10.1071/SH16029] [Medline: 27712613]

3. LimMS, Carrotte ER, Hellard ME. The impact of pornography on gender-based violence, sexual health and well-being:

what do we know? J Epidemiol Community Health 2016 Jan;70(1):3-5. [doi: 10.1136/jech-2015-205453] [Medline:
26022057]

4. DavisAC, Carrotte ER, Hellard ME, Lim MS. What behaviors do young heterosexual Australians see in pornography? A
cross-sectional study. J Sex Res 2018;55(3):310-319. [doi: 10.1080/00224499.2017.1417350] [Medline: 29333877]

5. Stanley N, Barter C, Wood M, Aghtaie N, Larkins C, Lanau A, et a. Pornography, sexual coercion and abuse and sexting
in young people's intimate rel ationships: a European study. J Interpers Violence 2018 Oct;33(19):2919-2944. [doi:
10.1177/0886260516633204] [Medline: 26951609]

6.  Peter J, Vakenburg PM. Adolescents and pornography: areview of 20 years of research. J Sex Res 2016;53(4-5):509-531.
[doi: 10.1080/00224499.2016.1143441] [Medline: 27105446]

7.  Spisék S. ‘Everywherethey say that it's harmful but they don’t say how, so I'm asking here': young people, pornography
and negotiationswith notions of risk and harm. Sex Educ 2015 Sep 25;16(2):130-142. [doi: 10.1080/14681811.2015.1080158]

8. DavisA, Carrotte E, Hellard M, Temple-Smith M, Lim M. Pornography as a source of education about sex and sexuality
among a sample of 15-29 year old Australians. J Sex Med 2017 May;14(5):e272. [doi: 10.1016/j.jsxm.2017.04.685]|

9.  Albury K. Porn and sex education, porn as sex education. Porn Stud 2014 Mar 21;1(1-2):172-181. [doi:
10.1080/23268743.2013.863654]

10. Klettke B, Hallford DJ, Mellor DJ. Sexting prevalence and correlates: a systematic literature review. Clin Psychol Rev
2014 Feb;34(1):44-53. [doi: 10.1016/j.cpr.2013.10.007] [Medline: 24370714]

11. Walker S, Sanci L, Temple-Smith M. Sexting: young women's and men's views on its nature and origins. J Adolesc Health
2013 Jun;52(6):697-701. [doi: 10.1016/j.jadohealth.2013.01.026] [Medline: 23587784]

12.  Powell A, Henry N. Blurred lines? Responding to ‘ sexting’ and gender-based violence among young people. Child Aust
2014 May 21;39(2):119-124. [doi: 10.1017/cha.2014.9]

13. RiceC, Watson E. Girls and sexting: the missing story of sexual subjectivity in a sexualized and digitally-mediated world.
In: Coffey J, Budgeon S, Cahill H, editors. Learning Bodies: The Body in Youth and Childhood Studies. Singapore: Springer;
2016:141-156.

14.

http://formative.jmir.org/2019/3/e12824/

Wright CJ, Davis AC, VellaAM, McGrath-Lester R, Lim MS. Young peopl€e's needs and preferences for health resources
focused on pornography and sharing of sexually explicit imagery. Public Health Res Pract 2019 (forthcoming).

JMIR Form Res 2019 | vol. 3| iss. 3 112824 | p.106
(page number not for citation purposes)


http://dx.doi.org/10.1111/1753-6405.12678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28664609&dopt=Abstract
http://dx.doi.org/10.1071/SH16029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27712613&dopt=Abstract
http://dx.doi.org/10.1136/jech-2015-205453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26022057&dopt=Abstract
http://dx.doi.org/10.1080/00224499.2017.1417350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29333877&dopt=Abstract
http://dx.doi.org/10.1177/0886260516633204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26951609&dopt=Abstract
http://dx.doi.org/10.1080/00224499.2016.1143441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27105446&dopt=Abstract
http://dx.doi.org/10.1080/14681811.2015.1080158
http://dx.doi.org/10.1016/j.jsxm.2017.04.685
http://dx.doi.org/10.1080/23268743.2013.863654
http://dx.doi.org/10.1016/j.cpr.2013.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24370714&dopt=Abstract
http://dx.doi.org/10.1016/j.jadohealth.2013.01.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23587784&dopt=Abstract
http://dx.doi.org/10.1017/cha.2014.9
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Daviset a

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Mattebo M, Larsson M, Tydén T, Haggstrom-Nordin E. Professionals' perceptions of the effect of pornography on Swedish
adolescents. Public Health Nurs 2014;31(3):196-205. [doi: 10.1111/phn.12058] [Medline: 24720654]

Bowring AL, Wright CJ, Douglass C, Gold J, Lim MS. Features of successful sexual health promotion programs for young
people: findings from areview of systematic reviews. Health Promot J Austr 2018 Dec;29(1):46-57. [doi: 10.1002/hpja.3]
[Medline: 29700941]

Wright CJ, Leinberger K, Lim MS. Challenges to trandating new media interventions in community practice: a sexual
health SM S program case study. Health Promot J Austr 2016 Apr;27(1):70-73. [doi: 10.1071/HE15057] [Medline: 26480819]
Reen GK, Muirhead L, Langdon DW. Usability of health information websites designed for adolescents: systematic review,
neurodevelopmental model, and design brief. J Med Internet Res 2019 Apr 23;21(4):€11584 [FREE Full text] [doi:
10.2196/11584] [Medline: 31012856]

RogersMA, Lemmen K, Kramer R, Mann J, Chopra V. Internet-delivered health interventions that work: systematic review
of meta-analyses and evaluation of website availability. JMed Internet Res 2017 Dec 24;19(3):e90 [FREE Full text] [doi:
10.2196/jmir.7111] [Medline: 28341617]

Barratt MJ. The efficacy of interviewing young drug usersthrough online chat. Drug Alcohol Rev 2012 Jun;31(4):566-572.
[doi: 10.1111/j.1465-3362.2011.00399.x] [Medline: 22168668]

Stieger S, Goritz AS. Using instant messaging for internet-based interviews. Cyberpsychol Behav 2006 Oct;9(5):552-559.
[doi: 10.1089/cpb.2006.9.552] [Medline: 17034322]

ElzaD, AnnBritt E. Interviews with young people using online chat. In: Quigley M, editor. Encyclopedia of Information
Ethics and Security. Hershey, Pennsylvania: 1GI Global; 2007:403-410.

Gruber T, Szmigin |, Reppel AE, Voss R. Designing and conducting online interviews to investigate interesting consumer
phenomena. Qual Market Res Int J 2008 Jun 13;11(3):256-274. [doi: 10.1108/13522750810879002]

Salmons J. Qualitative Online Interviews. London: Sage Publications; 2014.

Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework method for the analysis of qualitative datain
multi-disciplinary health research. BMC Med Res Methodol 2013 Sep 18;13:117 [FREE Full text] [doi:
10.1186/1471-2288-13-117] [Medline: 24047204]

Carmody M, Ovenden G. Putting ethical sex into practice: sexual negotiation, gender and citizenship in the lives of young
women and men. J Youth Stud 2013 Sep;16(6):792-807. [doi: 10.1080/13676261.2013.763916]

Peter CR, Tasker TB, Horn SS. Parents’ attitudes toward comprehensive and inclusive sexuality education: beliefs about
sexual health topics and forms of curricula. Health Educ 2015 Jan 5;115(1):71-92. [doi: 10.1108/HE-01-2014-0003]
Zurcher JD. Exploring descriptive norms of parent-child communication about pornography among parents of
middle-schoolersin the US. J Child Media 2017 Apr 4;11(4):381-398. [doi: 10.1080/17482798.2017.1312471]

Peter J, Valkenburg PM. Adolescents exposure to sexually explicit internet material and notions of women as sex objects:
ng causality and underlying processes. JCommun 2009 Sep 28;59:407-433. [doi: 10.1111/].1460-2466.2009.01422 ]
EylesH, Jull A, Dobson R, Firestone R, Whittaker R, Te Morenga L, et a. Co-design of mhealth delivered interventions:
a systematic review to assess key methods and processes. Curr Nutr Rep 2016 Jul 4;5(3):160-167. [doi:
10.1007/s13668-016-0165-7]

RichtersJ, Badcock PB, Simpson JM, Shellard D, Rissel C, de Visser RO, et a. Design and methods of the second Australian
study of health and relationships. Sex Health 2014 Nov;11(5):383-396. [doi: 10.1071/SH14115] [Medline: 25376992]
Smith AM, Rissel CE, Richters J, Grulich AE, de Visser RO. Sex in Australia: the rational e and methods of the Australian
study of health and relationships. Aust N Z JPublic Health 2003;27(2):106-117. [doi: 10.1111/j.1467-842X.2003.tb00797.X]
[Medline: 14696700]

Edited by G Eysenbach; submitted 14.11.18; peer-reviewed by D Smahel, R Kretschmann; comments to author 03.04.19; revised
version received 24.05.19; accepted 18.06.19; published 13.08.19.

Please cite as:

Davis AC, Wright CJC, Temple-Smith MJ, Hellard ME, Lim MSC

A Health Education Website Developed to Meet Young People's Information Needs About Web-Based Pornography and Sharing of
Sexually Explicit Imagery (SCOPE): Usability Sudy

JMIR Form Res 2019; 3(3):€12824

URL: http://formative.jmir.org/2019/3/e12824/

doi:10.2196/12824

PMID: 31411140

©Angela C Davis, Cassandra JC Wright, Meredith J Temple-Smith, Margaret E Hellard, Megan SC Lim. Originally published
in IMIR Formative Research (http://formative.jmir.org), 13.08.2019. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,

http://formative.jmir.org/2019/3/e12824/ JMIR Form Res 2019 | vol. 3| iss. 3 |e12824 | p.107

(page number not for citation purposes)


http://dx.doi.org/10.1111/phn.12058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24720654&dopt=Abstract
http://dx.doi.org/10.1002/hpja.3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29700941&dopt=Abstract
http://dx.doi.org/10.1071/HE15057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26480819&dopt=Abstract
http://www.jmir.org/2019/4/e11584/
http://dx.doi.org/10.2196/11584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31012856&dopt=Abstract
http://www.jmir.org/2017/3/e90/
http://dx.doi.org/10.2196/jmir.7111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28341617&dopt=Abstract
http://dx.doi.org/10.1111/j.1465-3362.2011.00399.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22168668&dopt=Abstract
http://dx.doi.org/10.1089/cpb.2006.9.552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17034322&dopt=Abstract
http://dx.doi.org/10.1108/13522750810879002
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-13-117
http://dx.doi.org/10.1186/1471-2288-13-117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24047204&dopt=Abstract
http://dx.doi.org/10.1080/13676261.2013.763916
http://dx.doi.org/10.1108/HE-01-2014-0003
http://dx.doi.org/10.1080/17482798.2017.1312471
http://dx.doi.org/10.1111/j.1460-2466.2009.01422.x
http://dx.doi.org/10.1007/s13668-016-0165-7
http://dx.doi.org/10.1071/SH14115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25376992&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-842X.2003.tb00797.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14696700&dopt=Abstract
http://formative.jmir.org/2019/3/e12824/
http://dx.doi.org/10.2196/12824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31411140&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Daviset a

distribution, and reproduction in any medium, provided the original work, first publishedin IMIR Formative Research, isproperly
cited. The complete bibliographic information, a link to the original publication on http://formative.jmir.org, as well as this
copyright and license information must be included.

http://formative.jmir.org/2019/3/e12824/ JMIR Form Res 2019 | vol. 3| iss. 3 |€12824 | p.108
(page number not for citation purposes)

RenderX


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

JMIR FORMATIVE RESEARCH Henriksen et al

Original Paper

Validity of the Polar M430 Activity Monitor in Free-Living
Conditions: Validation Study

André Henriksen!, MSc, MBA; Sameline Grimsgaardl, MPH, MD, PhD; Alexander Horsch?, Dr rer nat, Dr med
habil; Gunnar Hartvigsen®, MSc, PhD; Laila Hopstock®, RN, MSc, PhD

1Department of Community Medicine, UiT The Arctic University of Norway, Tromsg, Norway
2Department of Computer Science, UiT The Arctic University of Norway, Tromsg, Norway

Corresponding Author:

André Henriksen, MSc, MBA
Department of Community Medicine
UiT The Arctic University of Norway
Postboks 6050 Langnes

Tromsg, 9037

Norway

Phone: 47 77645214

Email: andre.henriksen@uit.no

Abstract

Background: Accelerometers, often in conjunction with heart rate sensors, are extensively used to track physical activity (PA)
in research. Research-grade instruments are often expensive and have limited battery capacity, limited storage, and high participant
burden. Consumer-based activity trackers are equipped with similar technology and designed for long-term wear, and can therefore
potentially be used in research.

Objective: We aimed to assess the criterion validity of the Polar M430 sport watch, compared with 2 research-grade instruments
(ActiGraph and Actiheart), worn on 4 different locations using 1- and 3-axis accelerometers.

Methods: A tota of 50 participants wore 2 ActiGraphs (wrist and hip), 2 Actihearts (upper and lower chest position), and 1
Polar M430 sport watch for 1 full day. We compared reported time (minutes) spent in sedentary behavior and in light, moderate,
vigorous, and moderate to vigorous PA, step counts, activity energy expenditure, and total energy expenditure between devices.
We used Pearson correlations, intraclass correlations, mean absolute percentage errors (MAPES), and Bland-Altman plots to
assess criterion validity.

Results: Pearson correlations between the Polar M430 and all research-grade instruments were moderate or stronger for vigorous
PA (r range .59-.76), moderate to vigorous PA (r range .51-.75), steps (r range .85-.87), total energy expenditure (r range .88-.94),
and activity energy expenditure (r range .74-.79). Bland-Altman plots showed higher agreement for higher intensities of PA.
MAPE was high for most outcomes. Only total energy expenditure measured by the hip-worn ActiGraph and both Actiheart
positions had acceptable or close to acceptable errors with MAPES of 6.94% (ActiGraph, 3 axes), 8.26% (ActiGraph, 1 axis),
14.54% (Actiheart, upper position), and 14.37% (Actiheart, lower position). The wrist-worn ActiGraph had a MAPE of 15.94%
for measuring steps. All other outcomes had a MAPE of 22% or higher. For most outcomes, the Polar M430 was most strongly
correlated with the hip-worn triaxial ActiGraph, with a moderate or strong Pearson correlation for sedentary behavior (r=.52)
and for light (r=.7), moderate (r=.57), vigorous (r=.76), and moderate to vigorous (r=.75) PA. In addition, correlations were
strong or very strong for activity energy expenditure (r=.75), steps (r=.85), and total energy expenditure (r=.91).

Conclusions: The Polar M430 can potentially be used as an addition to established research-grade instruments to collect some
PA variables over a prolonged period. However, due to the high MAPE of most outcomes, only total energy expenditure can be
trusted to provide close to valid results. Depending on the variable, the Polar M430 over- or underreported most metrics, and
may therefore be better suited to report changes in PA over time for some outcomes, rather than as an accurate instrument for
PA statusin a population.

(IMIR Form Res 2019;3(3):€14438) doi:10.2196/14438
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Introduction Methods
Background Sample

Lack of physical activity (PA) is the fourth-leading risk factor
for global mortality, and the World Health Organization
recommends at least 150 minutes weekly of moderate-intensity
PA (eg, 30 minutes of moderate PA, 5 times per week) or 75
minutes weekly of vigorous-intensity PA for adults, and 60
minutes weekly of moderate to vigorous PA (MVPA) for
children and adolescents [1]. However, worldwide, these
recommendations are not reached by 80% of adolescents and
31% of adults (ranging from 17% in Southeast Asiato 43% in
the eastern Mediterranean and the Americas) [2]. Two national
reports from the Norwegian Directorate of Health show that, in
the Norwegian popul ation, these recommendation were reached
by only 20% in 2009 [3] and 32% in 2015 [4].

Accelerometers and combined sensing (ie, accel erometers and
heart rate) are used to track PA. Research-grade instruments
are often expensive and have limited battery capacity, limited
storage, and high participant burden. Consumer-based activity
trackers, on the other hand, are designed for long-term wear,
equipped with similar technol ogies, generally cheaper, and less
intrusive, and can potentially track PA for research purposes.

Consumer-based activity trackers are increasingly being
evaluated for usein research. Recent examplesincludesLawrie
et al [5] and Beukenhorst et a [6], who included smart watches
intheir research protocols. The mgjor limitation of these devices
is the limited knowledge of device validity. Due to the rapid
growth of new devices, high-quality validation studies of
emerging modelsare needed [ 7]. Specifically, to our knowledge,
no validation study on the Polar M430 has been conducted to
date. Most previous validation studies have compared multiple
consumer deviceswith 1- or 2-criterion instruments (eg, [8,9]).
In this study, we compared 1 consumer device with multiple
criteria, placed on multiple locations, and analyzing 1 and 3
axes of the accelerometer.

Objective

Theaim of thisstudy wasto assessthe criterion validity of time
(in minutes) spent in various PA intensity zones, step counts,
and energy expenditure (EE) between the Polar M430 and 2
extensively used research-grade instruments (ActiGraph and
Actiheart) worn on 4 different locations using uniaxial and
triaxial measurements in free-living conditions. We used
multiple criteria because we wanted to show how the choice of
criterion and placement affects outcomes. The ActiGraph can
be considered areference standard for PA intensity infree-living
people, but because the Actiheart also has a heart rate sensor,
it can be an attractive alternative in many cases.

http://formative.,jmir.org/2019/3/e14438/

We recruited 50 participants, who were eligible for inclusion if
they were 18 years of age or older with normal physical
function. We used convenience sampling to maximize ranges
for weight, height, body massindex, age, and sex.

Instruments

The Polar M430 (Polar Electro Oy, Kempele, Finland), released
in 2017, is a sport watch with a 6-ight-emitting diode
wrist-based optical heart rate sensor and a 50-Hz triaxia
accelerometer for tracking PA. It weighs 51 g, with 20 days of
battery life.

ActiGraphwGT3X-BT (ActiGraph LLC, Pensacola, FL, USA)
isa19-g triaxia accelerometer with a 30- to 100-Hz sampling
rate, to be worn on the wrist, hip, ankle, or thigh, with 25 days
of battery life. ActiGraph has been previoudly validated for
sedentary behavior [10-12], PA intensity for both uniaxial [12]
and triaxial [13] acceleration, step counting [14], and EE [15].

The Actiheart (CamNtech Ltd, Cambridge, UK) is a 10-g
uniaxial accelerometer with 32-Hz sampling rate and additional
electrocardiography with 128-Hz sampling rate, to be worn on
the chest, with 21 days of battery life. The Actiheart is
extensively used to measure EE, and has been shown by Brage
et al to produce valid estimations for EE both in laboratory
settings [16] and under free-living conditions [17].

Procedure

We used self-reported information on height, weight, age, sex,
and dominant hand to initialize the devices. The Polar M430
and an ActiGraph (attached with an elastic band) were placed
on the wrist of the nondominant hand. One ActiGraph was
placed on the right hip (attached with an elastic band). One
Actiheart was placed approximately at the level of the second
intercostal space at the sternum (medial part) and to the left
(latera part). The second Actiheart was placed approximately
at the level of thefifth intercostal space at the sternum (medial
part) and to the left (lateral part). The Actihearts were attached
with 2 Red Dot 2238 electrodes (3M, St Paul, MN, USA) each.
Table 1 [18] givesthe setup used for all instruments and Figure
1 shows the placement of each instrument.

Devices were attached by 1 of 2 researchers after agreement of
method in accordance with manufacturer recommendations.
Participants were instructed to wear al instruments at all times
except for temporarily removing the ActiGraph for showering
and water activities. Participantswore all instrumentsfor 1 full
day (24 hours). We collected data in May 2018. Participants
received written and oral instructions on how to wear the
devices. All participants signed an informed consent form.
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Table 1. Device setup and output variables.

Henriksen et d

Variables Instrument
ActiGraph Actiheart Polar M430
Hardware and setup
Epoch length (lowest available) 10s 15s 24h
Accelerometer sample rate 100 Hz 32Hz 50 Hz

Wear location Nondominant wrist, right hip

Parameters
Software for setup and download ~ ActiLife6.13.3

Software for analysis QCAT¥ActiLife

Device model wWGT3X-BT
Device firmware version 192
Output variables

Sitting or sedentary behavior Yes

Light physical activity Yes
Moderate physical activity Yes
Vigorous physical activity Yes
Activity energy expenditure Yes

Total energy expenditure No

Steps Yes

Height, weight, sex, age, wear location

Chest (V5), chest (V) Nondominant wrist

Height, weight, sex, age  Height, weight, sex, age, wear location

Actiheart 4.0.122 Polar Flow [18]
QCAT/Actiheart Polar Flow
4 2P

H90.65 11.34

Yes Yes

Yes Yes

Yes Yes

Yes Yes

Yes No

Yes Yes

No Yes

3QCAT: Quality Control and Analysis Tool.

Figure 1. Instrument placement and Polar M430 illustrations.

_

Variable Creation

Using the proprietary software of ActiGraph and the Actiheart,
we exported activity countsinto comma-separated valuesfiles,
using thelowest possible epoch setting, that is, 10- (ActiGraph)
and 15- (Actiheart) second epochs. From the ActiGraph, triaxial
(vertical, horizontal, lateral) counts and steps per epoch were
exported. From the Actiheart, uniaxia (vertical) counts were
exported. We extracted precal culated variables from the Polar
M430 from Polar Flow directly. Table 1 details the software
and epochs.

http://formative.,jmir.org/2019/3/e14438/

RenderX

Due to no agreed-upon cut points for calculating PA intensity
from the wrist-worn ActiGraph in adults, we applied a
conversion function provided by ActiLife version 6.13.3 (after
ActiLife export; ActiGraph) to the wrist-worn ActiGraph data
before further analysis (Multimedia Appendix 1).

Exported comma-separated values files with epoch data were
imported into the custom-made Quality Control and Analysis
Tool (QCAT) developed at UIT The Arctic University of
Norway and Technical University of Munich. We converted
activity counts into 60-second epochs before doing further
analysis. We used counts per minute (CPM) to calculate minutes
in the various PA intensity zones, using several algorithms. By
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using QCAT, datafrom ActiGraph and Actiheart were analyzed
by the same program and comparable variables were created.
Weincluded only valid days, apriori defined asall instruments
worn at least 10 hours per day [19], in the analysis. We
identified nonwear time using the triaxial wear-time algorithm
of Hecht et al [20]. Multimedia Appendix 2 shows correlations
between QCAT and ActiLife.

For the ActiGraph data (wrist and hip), we calculated 5 PA
intensity zones using cut points defined by Freedson et a [12]
and Matthews et a [21], using only the vertical axis. In addition,
we used a combination of the methods of Sasaki et a [13],
Kozey-Keadle et a [10], and Peterson et a [11] to generate the
same PA intensity zones using all 3 axes, or vector magnitude
(VM). To our knowledge, there are no agreed-upon cut points
for chest-based PA countsin adultsusing an Actiheart. However,
we used cut points identified in a study by Schrack et a [22].
We combined minutes spent in vigorous and very vigorous
intensity into 1 variable. Table 2 gives an overview of each cut
point set.

As QCAT does not support EE calculation, we calculated this
variable from the proprietary software tools ActiLife and
Actiheart. We calculated EE from ActiLife using the Freedson
combination 1998 formula (Freedson et al [12] plus Williams
work-energy equation) for uniaxial calculation and the Freedson
VM3 combination 2011 formula (Sasaki et al [13] plusWilliams
work-energy equation) for triaxial calculation. We analyzed

Table 2. Alternative cut-point sets for physical activity intensity zones.

Henriksen et d

nonwear time using the default Troiano [ 23] settings. Actiheart
uses a branched model where recorded activity and heart rate
from the electrocardiogram are used together to improve EE
calculations [24].

While the Actiheart reports resting EE (REE), activity EE
(AEE), diet-induced thermogenesis, and total EE (TEE), the
ActiGraph reports only AEE, and the Polar M430 reports only
TEE. Since Actiheart used the Schofield equation [25] when
calculating REE, we used the same equation to convert between
AEE and TEE for the Polar M430 and the Actiheart.
Furthermore, we subtracted or added, respectively, 10% of TEE
to account for diet-induced thermogenesis.

The Polar M430 exports datafor TEE, steps, and 5 PA intensity
zones: minutesin (1) rest, (2) sitting, (3) low-intensity PA, (4)
medium-intensity PA, and (5) high-intensity PA. We did not
know the algorithm used by Polar to assign PA in 1 of these 5
categories, but we used the following conversion between the
Polar M430 and other instruments: sitting = sedentary, low =
light, medium = moderate, and high = vigorous + very vigorous
PA. We did not use “minutesin rest” from the Polar M430. We
compared steps only between the Polar M430 and the 2
ActiGraph locations, as this variable is not available in the
exported Actiheart data. We did not compare heart rate outcomes
inthisanalysis, asour aim wasto investigate PA measures. We
will address heart rate measures in a separate analysis.

Intensity zone ActiGraph uniaxial CPM?2 ActiGraph triaxial CPM vector magnitude Actiheart CPM
Sedentary <99 <149 <10

Light 100-1951 150-2689 11-95
Moderate 1952-5724 2690-6166 96-234
Vigorous 5725-9498 6167-9642 2235

Very vigorous >9499 29643 N/AP

8CPM: counts per minute.
BN/A: not applicable.

Statistical Analysis

Weinvestigated Polar M430 validity for thefollowing variables:
sedentary behavior minutes per day, light PA minutes per day,
moderate PA minutes per day, vigorous PA minutes per day,
MV PA minutes per day, steps per day, AEE per day, and TEE
per day. We used the Shapiro-Wilk test to test normality. We
calculated and compared Pearson and Spearman correlations,
with and without bootstrapping. Finally, we used the Pearson
correlation coefficient, with bootstrapping, to assess the
association between all instrument outcomes.

We used correlation cutoffs suggested by Evans[26]: very weak,
lessthan .2; weak, .2-.4; moderate, .4-.6; strong, .6-.8; and very
strong, greater than .8. We aso calculated the intraclass
correlation coefficient (ICC) to test agreement between
instruments (absolute agreement, 2-way random, and single
measures), which isnot indicated by Pearson. We used the 95%
confidence intervals of the |CC estimate to indicate poor (<.5),

http://formative.,jmir.org/2019/3/e14438/

moderate (.5-.75), good (.75-.9), and excellent (>.9) agreement
[27]. Mean absolute percentage error (MAPE) was used to
calculate measurement error between devicesfor each outcome.
There is no agreed-upon cutoff for MAPE, but previous
validation studies have used a MAPE of less than 5% [9] or
10% [28,29] to indicate low error.

We aso used Bland-Altman plots to assess the agreement
between instrument outcomes [30]. Bland-Altman limits of
agreement (LoA) indicate the mean difference between 2
instruments, when comparing the mean for each outcome. A
positive mean value indicates an overreporting from the Polar
M430. The width of the upper and lower LoA indicates the
agreement between instruments, where a narrower range
indicates a higher agreement.

For each variable, we present (as a figure or multimedia
appendix) a scatterplot and a Bland-Altman plot for each
criterion. In the scatterplot, the blue straight line shows the fit
line for the Pearson correlations. The black dashed line shows

JMIR Form Res 2019 | vol. 3| iss. 3 |e14438 | p.112
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

how a perfect correlation and agreement would appear, and can
be used, together with the | CC, to see how much the Polar M430
over- or underreported the variables. In the Bland-Altman plot,
the blue line indicates the mean difference between the Polar
M430 and each criterion. Red lines show the upper and lower
LoA.

Finally, we performed sensitivity and specificity teststo evaluate
the ability of the Polar M430 to identify a target of 10,000
steps/day [31]. We did not report sensitivity and specificity for
the recommended 30 minutes of MVPA per day, because the
Polar M430 recorded at least 30 minutes of MVPA for al
participants. All statistical analysis were performed using R
version 3.5.3 (R Foundation).

Ethics Approval and Consent to Participate

The Norwegian regional committees for medical and health
research ethics reviewed the study (2019/557/REK nord). All
participants gave informed and written consent. This study was
conducted in accordance with the 1964 Declaration of Helsinki
and its later amendments.

Table 3. Participant characteristics (N=50).

Henriksen et d

Results

Participant Demographics and Wear Time

Table 3 presents participants’ height, weight, body massindex,
age, and sex.

All ActiGraphs had a wear time of at least 10 hours and were
included in the analysis. Recording on 1 Actiheart in the upper
position failed, and we excluded it from the analysis. Two
Actiheartswereincorrectly initialized and were excluded from
the TEE and AEE analyses. Although 7 Actiheartsin the upper
position and 5 Actiheartsin the lower position had less than 10
hours of wear time, we did not exclude these because the
participants informed us that they did not remove the device
and manua review of the activity data indicated
misclassification of nonwear and sleep.

Polar M430 Validity and Agreement

Multimedia Appendix 3 shows al outcomes for al criteria.
Table 4 gives an overview of group datafor all variables from
the Polar M430. The tablesin Multimedia Appendix 4 present
all outcomes and group variables for each variable and all
criteria

Variable Vaue Range
Height (cm), mean (SD) 173.7 (10.1) 152-193
Weight (kg), mean (SD) 75.3 (16.4) 49-125
Body massindex (kg/m?), mean (SD) 24.7(36) 19.0-33.6
Age (years), mean (SD) 45.1(15.5) 19-74
Females, n (%) 24 (48) N/AZ

8N/A: not applicable.

Table 4. Dataof exported variables from the Polar M430 (N=50).
Variable Value
Sedentary behavior (minutes), mean (SD) 500.61 (110.78)
Light physical activity (minutes), mean (SD) 308.45 (96.40)
Moderate physical activity (minutes), mean (SD) 98.10 (48.71)
Vigorous physical activity (minutes), mean (SD) 25.55 (37.27)
Moderate to vigorous physical activity (minutes), mean (SD) 123.65 (67.50)
Total energy expenditure (kcal), mean (SD) 2591.5(619.1)
Activity energy expenditure (kcal), mean (SD) N/AZ
Steps, n (%) 13,426 (4775)

3N/A: not applicable.

Sedentary Behavior

Only the hip-worn ActiGraph VM gave a moderate Pearson
correlation with the Polar M430. The remaining criteriagave a
weak or very weak correlation. All 1CC agreements were poor.
The Bland-Altman LoA indicated underreporting of sedentary
behavior by the Polar M430 compared with the hip-worn
ActiGraph, and overreporting of the remaining criteria. All

http://formative.,jmir.org/2019/3/e14438/

MAPEswerehigh. Table A in Multimedia Appendix 4 provides
detailsof al criteria. MultimediaAppendix 5 gives correlations
and Bland-Altman plots for the Polar M430 against each
criterion.

Light Physical Activity
The hip-worn ActiGraph and both Actihearts gave a strong
Pearson correlation with the Polar M430. The highest ICC
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agreement was shown for the hip-worn ActiGraph CPM, with
a poor to moderate ICC. The Bland-Altman LoA indicated an
overreporting of light PA by the Polar M430 compared with
the hip-worn ActiGraph CPM and both Actihearts, and an
underreporting for theremaining criteria. All MAPEswere high.
Table B in Multimedia Appendix 4 provides details of all
criteria. Multimedia Appendix 6 gives correlations and
Bland-Altman plots for the Polar M430 against each criterion.

M oder ate Physical Activity

All criteria except the Actiheart in the upper position gave a
moderate Pearson correl ation with the Polar M430. The highest
ICC agreement was shown for the Actiheart in the lower
position, with a poor to moderate |CC. The Bland-Altman LoA
indicated an overreporting of moderate PA by the Polar M430
compared with the hip-worn ActiGraph CPM and both
Actihearts, and an underreporting for the remaining criteria. All
MAPEswere high. Table Cin Multimedia Appendix 4 provides
detailsof al criteria. MultimediaAppendix 7 givescorrelations
and Bland-Altman plots for the Polar M430 against each
criterion.

Vigorous Physical Activity

The hip-worn ActiGraph gave astrong Pearson correlation with
the Polar M430. The wrist-worn ActiGraph reported 0 minutes
invigorous PA and weretherefore excluded from analysis. The

Henriksen et d

Actiheart in the upper and lower position gave a strong and
moderate correlation, respectively. The highest |CC agreement
was shown for the hip-worn ActiGraph VM, with apoor to good
ICC. The Bland-Altman LoA indicated an overreporting of
vigorous PA by the Polar M430 compared with the hip-worn
ActiGraph, and an underreporting for both Actihearts. All
MAPEswere high. Table D in Multimedia Appendix 4 provides
detailsof al criteria. Multimedia Appendix 8 gives correlations
and Bland-Altman plots for the Polar M430 against each
criterion.

M oder ate to Vigorous Physical Activity

All criteria, regardless of cut points and number of axes
considered, gave a moderately or strongly significant Pearson
correlation when comparing MVPA for the Polar M430. The
hip-worn ActiGraph VM had the strongest correlation. The
highest | CC agreement was shown for the Actiheart in the lower
position, with a poor to good ICC. The Bland-Altman LoA
indicated an overreporting of MVPA by the Polar M430
compared with the hip-worn ActiGraph, aminor underreporting
for the Actiheart in the upper position, and an underreporting
for the wrist-worn ActiGraph and the Actiheart in the lower
position. All MAPEs were high. Table E in Multimedia
Appendix 4 providesdetails of al criteria. Figures 2 and 3 show
correlations and Bland-Altman plots, respectively, for the Polar
M430 against each criterion.

Figure2. Correlation between the Polar M430 and all criterion measures for moderate to vigorous physical activity (MVPA). CPM: counts per minute;

ICC: intraclass correlation coefficient; VM: vector magnitude.
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Figure 3. Bland-Altman plots for the Polar M430 and each criterion measure for moderate to vigorous physical activity (MVPA). Numbers are mean
difference and upper and lower limits of agreement (95% CI). CPM: counts per minute; VM: vector magnitude.
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All criteriashowed a strong and significant Pearson correlation
for AEE, where the wrist-worn ActiGraph VM was marginally
stronger than the other criteria. |CC agreement was highest for
the hip-worn ActiGraph VM with amoderateto good agreement.
The Bland-Altman LoA showed an overreporting of AEE by
the Polar M430 compared with the hip-worn ActiGraph and an
underreporting for the wrist-worn ActiGraph and both
Actihearts. All MAPEs were high. Table F in Multimedia
Appendix 4 providesdetailsof al criteria. Multimedia Appendix
9 gives correlations and Bland-Altman plotsfor the Polar M430
against each criterion. Multimedia Appendix 10 gives a
combined plot for AEE and TEE.
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Mean MVPA (min)

Mean MVPA (min)

Total Energy Expenditure

All criteria showed a very strong and significant Pearson
correlation for TEE. The correlation for wrist-worn ActiGraph
CPM was marginaly stronger than other ActiGraphs. ICC
agreement was highest for the hip-worn ActiGraph VM, with
good to excellent agreement. The Bland-Altman LoA showed
an overreporting of TEE by the Polar M430 compared with the
hip-worn ActiGraph, and an underreporting for remaining
criteria. The hip-worn ActiGraph had an acceptable MAPE of
6.94% (VM) and 8.26% (CPM). the remaining criteria had a
high MAPE. Table G in MultimediaAppendix 4 providesdetails
of all criteria. ActiGraph does not report TEE, and group data
are therefore not available. Figures 4 and 5 show correlations
and Bland-Altman plots, respectively, for the Polar M430
against each criterion.
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Figure4. Correlation between the Polar M430 and each criterion measure for total energy expenditure (TEE). CPM: counts per minute; | CC: intraclass

correlation coefficient; VM: vector magnitude.
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Figure 5. Bland-Altman plots for the Polar M430 and each criterion measure for total energy expenditure (TEE). Numbers are mean difference and
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Steps

There was a very strong significant, and approximately equal,
correlation between the Polar M430 and both the wrist-worn
and hip-worn Acti Graph when measuring steps. | CC agreement
was moderate to good for both locations. The Bland-Altman
plot showed that the Polar M430 overreported steps for both
placements of the ActiGraph, but at a higher rate on the
hip-worn ActiGraph. Both MAPEswere high, but the hip-worn
ActiGraph had the lowest MAPE. Table H in Multimedia
Appendix 4 provides details of all criteria. Figure 6 shows

Henriksen et d

correlations and Bland-Altman plotsfor the Polar M430 against
both criteria

Sensitivity (true-positive) analysis showed that the Polar M430,
compared with the hip-worn ActiGraph, identified all casesin
which a participant achieved 10,000 steps/day. For the
wrist-worn ActiGraph, sengitivity was .94. Specificity, the ability
of the Polar M430 to correctly identify those not achieving the
10,000 step/day target was .43 for the hip-worn ActiGraph and
.71 for the wrist-worn ActiGraph.

Figure6. Correlationsand Bland-Altman plotsfor the Polar M430 and the wrist-worn and hip-worn ActiGraph for steps. Numbersin the Bland-Altman

plots are mean difference and upper and lower limits of agreement (95% Cl).
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Discussion

Principal Findings

We have shown how the available variables correlate and agree
between the Polar M430 and 6 different combinations of device,
placement, and number of accelerometer axes. For most
outcomes, the Polar M430 showed the strongest correlation
with the hip-worntriaxial ActiGraph (VM). Similarly, agreement
was most often highest (or amost as high) when we compared
the Polar M430 with this criterion. Exceptions are MVPA and
moderate PA, wherethe Actiheart in the lower position showed
a somewhat higher agreement.

A previous study by Tudor-Locke et a [32] showed that the
hip-worn ActiGraph had a higher accuracy for step counting
than the wrist-worn ActiGraph in laboratory settings. Under
free-living conditions, the same study showed that the ActiGraph
detected more steps when placed on the wrist. It is therefore
possible to conclude that, although our study showed that the

http://formative.,jmir.org/2019/3/e14438/
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wrist-worn ActiGraph had a higher correlation, higher
agreement, and lower MAPE, thetrue step counts may be closer
to the numbers reported by the hip-worn ActiGraph. Similarly,
studies comparing how wear location affected PA intensity [33]
and EE [34,35] outcomes showed that the hip-worn ActiGraph
is more accurate than the wrist-worn ActiGraph.

When compared with the hip-worn ActiGraph VM, the Polar
M430 had avery strong correlation for TEE and steps, a strong
correlation for AEE, MVPA, light PA, and vigorous PA, and a
moderate correlation for sedentary behavior and moderate PA.
Bland-Altman plots showed that the mean agreement was higher
for higher intensities of PA, with underreporting by the Polar
M430 for sedentary behavior and light PA, and overreporting
for the remaining variables. Sensitivity analysis also indicated
that the Polar M430 overreported the number of steps. However,
MAPE was high for most variables, and only TEE had an
acceptable MAPE of 6.9%. Multimedia Appendix 11 and
Multimedia Appendix 12 give correlations and Bland-Altman
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plots, respectively, for the Polar M430 and the hip-worn
ActiGraph VM for all variables.

MVPA was strongly correlated for al criteria except 1 (ie,
wrist-worn ActiGraph VM), and al criteria gave a strong
correlation for AEE and a very strong correlation for TEE and
steps. For the hip-worn ActiGraph, most outcomes showed a
stronger correlation when using the triaxial variable than the
uniaxial variable. For all criteria, all correlations for TEE were
stronger and all MAPEs were smaller than for AEE. This is
expected, as REE constitutes between 60% and 75% of TEE
[36]. Except for sedentary behavior and moderate PA, outcomes
were similar for the upper and lower position of the Actiheart.
Thisisin accordance with a previous study by Brage et al [37],
in which position did not affect outcome significantly.

Comparison With Previous Studies

We identified 12 previous studies that compared wrist-worn
Polar deviceswith an objective criterion measure for measuring
steps, PA intensity, and EE. These studies tested 5 different
Polar models: the Polar Loop (released in 2013), Polar V800
(released in 2014), Polar A300 (released in 2015), Polar A360
(released in 2015), and Polar M600 (released in 2016). We
found no studies on the Polar M430 (released in 2017). The
validity of EE, steps, and PA intensity levels for the Polar
devices in these studies varied, and correlations ranged from
weak to strong, depending on the study setting (laboratory vs
free-living), device, and criterion measure.

We found 3 previous Polar validation studies on EE in
laboratory settings showed a very weak to weak Pearson
correlation for the Polar Loop (r range .02-.3) [38] and Polar
A360 (r=.28) [39], and a very strong correlation for the Polar
V800 (r range .63-.85) [28]. In free-living study participants,
the Polar Loop [40], Polar A300 [41], and Polar V800 [42],
showed a very strong (r=.9), strong (r=.83), and weak to
moderate (r range .34-.69) correlation, respectively, for EE.

We found 3 studies on PA intensity levels in free-living
populations showed poor agreement for the Polar A300
(ICC=.36) [41], strong to very strong Pearson correlation for
the Polar V800 (r range .84-.93) [42], and moderate Spearman
correlation and poor agreement for MVPA on the Polar M600
(p=.53, 1CC=.38) [43]. We found no studies comparing PA
intensity levels conducted in laboratory settings.

A total of 5 studies compared stepsin laboratory settings. The
Polar Loop was tested in 4 studies, where Wahl et a (r range
.06-.83) [38], Wang et al (correlation not given) [44], and
Fokkema et al (r range .08-.26) [9], showed low validity for
steps, with ahigher validity for higher walking speedsin 1 study
(Wahl et al [38]). An et a [45], on the other hand, found higher
validity for thisdevice (r range .4-.7). Bunn et a [46] tested the
Polar A360 and aso found it to have low validity (r range —24
to .49). In addition, 4 studies compared steps in free-living
populations. The Polar Loop showed a strong to very strong
Pearson correlation (r range .7-.89) [47], the Polar A300 showed
avery strong correlation (r=.99) [41], the Polar V800 showed
avery strong correlation (r range .89-.92) [42]), and the Polar
M 600 showed good agreement (ICC=.7) and astrong Spearman
correlation (p=.85) [43].

http://formative.,jmir.org/2019/3/e14438/
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The results from previous studies showed that the validity of
Polar devices, ranging from the Polar Loop, released in 2013,
to the Polar M600, released in 2016, was highly dependent on
the study setting. Studies conducted in free-living populations
seem to agree that EE was reasonably valid, but not always.
Our study also showed a strong correlation for AEE and avery
strong correlation for TEE, for some criteria. The correlations
for MVPA were stronger in our study than in all other studies.
Results from previous research on step counting in free-living
populations showed similar strong correlations to those found
in our study.

With the exception of the Polar L oop, there arealimited number
of studies for each device. For al other devices, only 1 or 2
studies were available for a given device, and at most 1 per
devicein free-living populations. In addition, previous studies
used a range of criteria, and as we found in our study,
correl ations between the Polar M430 and each criterion can be
very different depending on which criterion is used for
comparison. It istherefore difficult to compare our resultswith
previousvalidation studies. However, because al of the previous
validation studies were conducted on older devices, it is
reasonable that our results showed stronger correlations and
higher agreements, as modern devices are likely to be more
accurate than older devices.

Other studies on non-Polar consumer-based activity trackers
generally agreed that the validity of step was high, but validity
for EE was lower. In a 2015 systematic review, Evenson et a
[48] concluded that, for consumer-based activity trackers such
as Jawbone and Fitbit, validity of steps was high, but validity
for EE was lower. Similarly, Feehan et al [49] systematically
reviewed Fithit devices and found that validity for EE was low,
but validity for measuring steps was higher. Bunn et al [50]
systematically reviewed validation studies testing devices by
Fitbit, Garmin, Apple, Misfit, Samsung Gear, TomTom, and
Lumo, and found a tendency for devices to underestimate EE
and steps, but step validity was higher at higher intensities. This
ispartly in contrast to our study. Compared with step counting,
TEE showed higher correlations for all ActiGraph outcomes.
For AEE, on the other hand, step counting was more strongly
correlated.

Strengthsand Limitations

The strengths of this study include the large sample size, with
awide range for participant weight, height, body mass index,
and age. We compared the Polar M430 against multiplecriterion
measures, showing that the outcomes were highly dependent
on instrument type and placement. Furthermore, we used 1 tool
(QCAT) to convert al activity counts into PA intensity
variables, thereby limiting the number of unknownsintroduced
when using multiple software packages.

Limitations are mainly related to uncertainties in cutoffs and
conversions. We compared TEE and AEE between instruments
because the Polar M430 did not report AEE and the ActiGraph
did not report TEE. We used the same algorithm for adding and
removing REE, but since we did not know how Polar calculates
REE, we did not know the conversion’s accuracy. No
agreed-upon cut points for PA intensity exist for the Actiheart
or the wrist-worn ActiGraph, so the accuracy of related
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outcomeswas a so somewhat uncertain. Wedid not individually
calibrate Actiheart devices, which could have given a more
accurate EE measure. Finally, the Hecht 2009 nonwear time
algorithm was not created for uniaxial accelerometer CPM. This
likely caused misclassification between nonwear time and
sedentary behavior, and lower correlation for this outcome.

Conclusion

Thisfirst validation study of the Polar M430 indicated higher
validity for MVPA, steps, and EE than with previous Polar
devices. The Polar M430 can potentially be used as an addition
to established research-grade instruments to collect some PA
variables over a prolonged period. Depending on the variable,

Henriksen et d

the Polar M430 over- or underreported most metrics and may
therefore be better suited to report changesin PA over time for
some outcomes, rather than as an accurate instrument for PA
statusin apopulation. Dueto the high MAPE of most outcomes,
only TEE or activity tracking in large samples can be trusted
to provide close to valid results. Before using any consumer
activity tracker or smart watch in research, we suggest piloting
the selected device in the population under study. In a future
study, we will attempt to create a function for converting Polar
M430 reported steps, MVPA, and EE into the ActiGraph
hip-worn VM equivalent, in order to determine whether such
an approach can be used to better track PA statusin apopulation
over time.
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Correlations and Bland-Altman plots for the Polar M430 and each criterion measure for moderate physical activity. Numbersin
the Bland-Altman plots are mean difference and upper and lower limits of agreement (95% ClI).
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Multimedia Appendix 8

Correlations and Bland-Altman plots for the Polar M430 and each criterion measure for vigorous physical activity. Numbersin
the Bland-Altman plots are mean difference and upper and lower limits of agreement (95% ClI).
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Multimedia Appendix 9
Correlations and Bland-Altman plots for the Polar M430 and each criterion measure for activity energy expenditure. Numbers
in the Bland-Altman plots are mean difference and upper and lower limits of agreement (95% Cl).
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Multimedia Appendix 10
Combined scatterplots for energy expenditure with Pearson correlations and intraclass correl ationsfor activity energy expenditure
and total energy expenditure.
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Multimedia Appendix 11
Correlations for the Polar M430 and hip-worn triaxial ActiGraph for al variables.
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Multimedia Appendix 12
Bland-Altman plots for the Polar M430 and hip-worn triaxial ActiGraph, for all variables. Numbers are mean difference and
upper and lower limits of agreement (95% Cl).

[PNG File, 31KB - formative v3i3e14438 appl2.png |

References

1.  Globa Recommendationson Physical Activity for Health. Geneva, Switzerland: World Health Organization; 2010. URL:
https.//www.who.int/dietphysi cal activity/global-PA-recs-2010.pdf [accessed 2019-08-12]

2. Halal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U, Lancet Physical Activity Series Working Group.
Global physical activity levels: surveillance progress, pitfalls, and prospects. Lancet 2012 Jul 21;380(9838):247-257. [doi:
10.1016/S0140-6736(12)60646-1] [Medline: 22818937]

3. Fysisk aktivitet blant voksne og eldre i Norge Resultater fraen kartlegging i 2008 og 2009. Report NolS-1754. Oslo,
Norway: Helsedirektoratet; 2009. URL: https://www.hel sedirektoratet.no/rapporter/fysi sk-aktivitet-kartleggingsrapporter/
Fysi sk%20aktivitet%20bl ant%20voksne%2009%20el dre.pdf [accessed 2019-08-12]

4.  Fysisk aktivitet og sedat tid blant voksne og eldre i Norge-Nasjonal kartlegging 2014-2015. Report No. 1S-2367. Oslo,
Norway: Helsedirektoratet; 2015. URL: https://hel sedirektoratet.no/L ists/Publikasjoner/Attachments/991/

Fysi sk%20aktivitet%2009%20sedat%20ti d%20bl ant%620vok sne%2009%20e dre%620i %620N orge%6202014- 15. pdf [accessed
2019-08-12]

5.  LawrieS,DongY, SteinsD, XiaZ, Esser P, Sun S, Smart Watch Activity Feedback Trial Committee (SWAFT). Evaluation
of a smartwatch-based intervention providing feedback of daily activity within a research-naive stroke ward: a pilot
randomised controlled trial. Pilot Feasibility Stud 2018;4:157. [doi: 10.1186/s40814-018-0345-x] [Medline: 30323946]

6. Beukenhorst AL, Parkes MJ, Cook L, Barnard R, van der Veer SN, Little MA, et al. Collecting symptoms and sensor data
with consumer smartwatches (the Knee OsteoArthritis, Linking Activity and Pain Study): protocol for alongitudinal,
observational feasibility study. IMIR Res Protoc 2019 Jan 23;8(1):€10238 [ FREE Full text] [doi: 10.2196/10238] [Medline:
30672745]

7. Henriksen A, Haugen MM, Woldaregay AZ, Muzny M, Hartvigsen G, Hopstock LA, et al. Using fitness trackers and
smartwatches to measure physical activity in research: analysis of consumer wrist-worn wearables. J Med Internet Res
2018 Mar 22;20(3):e110 [FREE Full text] [doi: 10.2196/jmir.9157] [Medline: 29567635]

8.  Ferguson T, Rowlands AV, Olds T, Maher C. The validity of consumer-level, activity monitorsin healthy adults worn in
free-living conditions: a cross-sectional study. Int JBehav Nutr Phys Act 2015;12:42 [FREE Full text] [doi:
10.1186/s12966-015-0201-9] [Medline: 25890168]

9. FokkemaT, Kooiman TIM, Krijnen WP. Reliability and validity of ten consumer activity trackers depend on walking
speed. Med Sci Sports Exerc 2017 Apr;49(4):793-800. [doi: 10.1249/M SS.0000000000001146] [Medline: 28319983]

http://formative.jmir.org/2019/3/e14438/ JMIR Form Res 2019 | vol. 3| iss. 3 |e14438 | p.120
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=formative_v3i3e14438_app7.png&filename=c2363799a63f08ed02df848afaa5e4d6.png
https://jmir.org/api/download?alt_name=formative_v3i3e14438_app7.png&filename=c2363799a63f08ed02df848afaa5e4d6.png
https://jmir.org/api/download?alt_name=formative_v3i3e14438_app8.png&filename=8f1a0eeba41ed854cd3d078b4bc5d2bb.png
https://jmir.org/api/download?alt_name=formative_v3i3e14438_app8.png&filename=8f1a0eeba41ed854cd3d078b4bc5d2bb.png
https://jmir.org/api/download?alt_name=formative_v3i3e14438_app9.png&filename=27904e40b0bf6c248ba3ceb4ba732ca1.png
https://jmir.org/api/download?alt_name=formative_v3i3e14438_app9.png&filename=27904e40b0bf6c248ba3ceb4ba732ca1.png
https://jmir.org/api/download?alt_name=formative_v3i3e14438_app10.png&filename=f4796692167d4ad31d2f1a1719fddf8e.png
https://jmir.org/api/download?alt_name=formative_v3i3e14438_app10.png&filename=f4796692167d4ad31d2f1a1719fddf8e.png
https://jmir.org/api/download?alt_name=formative_v3i3e14438_app11.png&filename=1bea07d1cd68b843c57b484839af2980.png
https://jmir.org/api/download?alt_name=formative_v3i3e14438_app11.png&filename=1bea07d1cd68b843c57b484839af2980.png
https://jmir.org/api/download?alt_name=formative_v3i3e14438_app12.png&filename=3393f7d9a3dc38f80461d1f54f4b1de1.png
https://jmir.org/api/download?alt_name=formative_v3i3e14438_app12.png&filename=3393f7d9a3dc38f80461d1f54f4b1de1.png
https://www.who.int/dietphysicalactivity/global-PA-recs-2010.pdf
http://dx.doi.org/10.1016/S0140-6736(12)60646-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22818937&dopt=Abstract
https://www.helsedirektoratet.no/rapporter/fysisk-aktivitet-kartleggingsrapporter/Fysisk%20aktivitet%20blant%20voksne%20og%20eldre.pdf
https://www.helsedirektoratet.no/rapporter/fysisk-aktivitet-kartleggingsrapporter/Fysisk%20aktivitet%20blant%20voksne%20og%20eldre.pdf
https://helsedirektoratet.no/Lists/Publikasjoner/Attachments/991/Fysisk%20aktivitet%20og%20sedat%20tid%20blant%20voksne%20og%20eldre%20i%20Norge%202014-15.pdf
https://helsedirektoratet.no/Lists/Publikasjoner/Attachments/991/Fysisk%20aktivitet%20og%20sedat%20tid%20blant%20voksne%20og%20eldre%20i%20Norge%202014-15.pdf
http://dx.doi.org/10.1186/s40814-018-0345-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30323946&dopt=Abstract
http://www.researchprotocols.org/2019/1/e10238/
http://dx.doi.org/10.2196/10238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30672745&dopt=Abstract
http://www.jmir.org/2018/3/e110/
http://dx.doi.org/10.2196/jmir.9157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29567635&dopt=Abstract
http://www.ijbnpa.org/content/12//42
http://dx.doi.org/10.1186/s12966-015-0201-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25890168&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000001146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28319983&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Henriksen et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.
27.

28.

29.

30.

31.

32.

33.

Kozey-Keadle S, Libertine A, Lyden K, Staudenmayer J, Freedson PS. Validation of wearable monitors for assessing
sedentary behavior. Med Sci Sports Exerc 2011 Aug;43(8):1561-1567. [doi: 10.1249/M SS.00013e31820cel74] [Medline:
21233777)

Peterson NE, Sirard JR, Kulbok PA, DeBoer MD, Erickson JM. Validation of accelerometer thresholds and inclinometry
for measurement of sedentary behavior in young adult university students. Res Nurs Health 2015 Dec;38(6):492-499 [ FREE
Full text] [doi: 10.1002/nur.21694] [Medline: 26444969]

Freedson PS, Melanson E, Sirard J. Calibration of the Computer Science and Applications, Inc. accelerometer. Med Sci
Sports Exerc 1998 May;30(5):777-781. [Medline: 9588623]

Sasaki JE, John D, Freedson PS. Validation and comparison of ActiGraph activity monitors. J Sci Med Sport 2011
Sep;14(5):411-416. [doi: 10.1016/j.jsams.2011.04.003] [Medline: 21616714]

Lee JA, Williams SM, Brown DD, Laurson KR. Concurrent validation of the Actigraph gt3x+, Polar Active accelerometer,
Omron HJ-720 and Yamax Digiwaker SW-701 pedometer step counts in lab-based and free-living settings. J Sports Sci
2015;33(10):991-1000. [doi: 10.1080/02640414.2014.981848] [Medline: 25517396]

McMinn D, Acharya R, Rowe DA, Gray SR, Allan JL. Measuring activity energy expenditure: accuracy of the GT3X+
and Actiheart monitors. Int J Exerc Sci 2013;6(3):217-229.

Brage S, Brage N, Franks PW, Ekelund U, Wareham NJ. Reliability and validity of the combined heart rate and movement
sensor Actiheart. Eur J Clin Nutr 2005 Apr;59(4):561-570. [doi: 10.1038/sj.6jcn.1602118] [Medline: 15714212]

Brage S, Westgate K, Franks PW, Stegle O, Wright A, Ekelund U, et al. Estimation of free-living energy expenditure by
heart rate and movement sensing: a doubly-labelled water study. PLoS One 2015;10(9):€0137206. [doi:

10.1371/journal .pone.0137206] [Medline: 26349056]

Polar Flow. Kempele, Finland: Polar Electro Oy; 2018. URL: https./flow.polar.com [accessed 2019-08-08]

Troiano RP, Berrigan D, Dodd KW, Mésse LC, Tilert T, McDowell M. Physical activity in the United States measured by
accelerometer. Med Sci Sports Exerc 2008 Jan;40(1):181-188. [doi: 10.1249/mss.0b013e31815a51b3] [Medline: 18091006]
Hecht A, MaS, Porszasz J, Casaburi R, COPD Clinical Research Network. Methodol ogy for using long-term accel erometry
monitoring to describe daily activity patternsin COPD. COPD 2009 Apr;6(2):121-129 [FREE Full text] [doi:
10.1080/15412550902755044] [Medline: 19378225]

Matthews CE, Chen KY, Freedson PS, Buchowski MS, Beech BM, Pate RR, et al. Amount of time spent in sedentary
behaviorsin the United States, 2003-2004. Am J Epidemiol 2008 Apr 1;167(7):875-881 [FREE Full text] [doi:
10.1093/aje/kwm390] [Medline: 18303006]

Schrack JA, Leroux A, Fleg JL, Zipunnikov V, Simonsick EM, Studenski SA, et a. Using heart rate and accelerometry to
define quantity and intensity of physical activity in older adults. J Gerontol A Biol Sci Med Sci 2018 Apr 17;73(5):668-675
[FREE Full text] [doi: 10.1093/gerona/gly029] [Medline; 29509832]

Troiano RP. Large-scale applications of accelerometers: new frontiers and new questions. Med Sci Sports Exerc 2007
Sep;39(9):1501. [doi: 10.1097/mss.0b013e318150d42¢€] [Medline: 17805080]

Brage S, Brage N, Franks PW, Ekelund U, Wong M, Andersen LB, et a. Branched equation modeling of simultaneous
accelerometry and heart rate monitoring improves estimate of directly measured physical activity energy expenditure. J
Appl Physiol (1985) 2004 Jan;96(1):343-351 [FREE Full text] [doi: 10.1152/japplphysiol.00703.2003] [Medline: 12972441]
Schofield WN. Predicting basal metabolic rate, new standards and review of previous work. Hum Nutr Clin Nutr 1985;39
Suppl 1:5-41. [Medline: 4044297]

Evans JD. Straightforward Statistics for the Behavioral Sciences. Pacific Grove, CA: Brooks/Cole Publishing; 1996.

Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J Chiropr
Med 2016 Jun;15(2):155-163 [FREE Full text] [doi: 10.1016/j.jcm.2016.02.012] [Medline: 27330520]

Roos L, Taube W, Beeler N, Wyss T. Validity of sportswatches when estimating energy expenditure during running. BMC
Sports Sci Med Rehabil 2017;9:22 [FREE Full text] [doi: 10.1186/s13102-017-0089-6] [Medline: 29296281]

Nelson MB, Kaminsky LA, Dickin DC, Montoye AHK. Validity of consumer-based physical activity monitorsfor specific
activity types. Med Sci Sports Exerc 2016 Aug;48(8):1619-1628. [doi: 10.1249/M SS.0000000000000933] [Medline:
27015387]

Bland JM, Altman DG. Measuring agreement in method comparison studies. Stat Methods Med Res 1999 Jun;8(2):135-160.
[Medline: 10501650]

Tudor-Locke C, Craig CL, Brown WJ, Clemes SA, De Cocker K, Giles-Corti B, et al. How many steps/day are enough?
For adults. Int J Behav Nutr Phys Act 2011;8:79 [FREE Full text] [doi: 10.1186/1479-5868-8-79] [Medline: 21798015]
Tudor-Locke C, Barreira TV, Schuna JM. Comparison of step outputs for waist and wrist accel erometer attachment sites.
Med Sci Sports Exerc 2015 Apr;47(4):839-842. [doi: 10.1249/M SS.0000000000000476] [Medline: 25121517]

EllisK, Kerr J, Godbole S, Staudenmayer J, Lanckriet G. Hip and wrist accel erometer algorithms for free-living behavior
classification. Med Sci Sports Exerc 2016 May;48(5):933-940 [FREE Full text] [doi: 10.1249/M SS.0000000000000840]
[Medline: 26673126]

Hildebrand M, Hansen BH, Ekelund U. Age group comparability of raw accelerometer output from wrist- and hip-worn
monitors. Med Sci Sports Exerc 2014 Sep;46(9):1816-1824. [doi: 10.1249/M SS.0000000000000289] [Medline: 24887173]

http://formative.jmir.org/2019/3/e14438/ JMIR Form Res 2019 | vol. 3| iss. 3 |e14438 | p.121

(page number not for citation purposes)


http://dx.doi.org/10.1249/MSS.0b013e31820ce174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21233777&dopt=Abstract
http://europepmc.org/abstract/MED/26444969
http://europepmc.org/abstract/MED/26444969
http://dx.doi.org/10.1002/nur.21694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26444969&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9588623&dopt=Abstract
http://dx.doi.org/10.1016/j.jsams.2011.04.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21616714&dopt=Abstract
http://dx.doi.org/10.1080/02640414.2014.981848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25517396&dopt=Abstract
http://dx.doi.org/10.1038/sj.ejcn.1602118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15714212&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0137206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26349056&dopt=Abstract
https://flow.polar.com
http://dx.doi.org/10.1249/mss.0b013e31815a51b3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18091006&dopt=Abstract
http://europepmc.org/abstract/MED/19378225
http://dx.doi.org/10.1080/15412550902755044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19378225&dopt=Abstract
http://aje.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=18303006
http://dx.doi.org/10.1093/aje/kwm390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18303006&dopt=Abstract
http://europepmc.org/abstract/MED/29509832
http://dx.doi.org/10.1093/gerona/gly029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29509832&dopt=Abstract
http://dx.doi.org/10.1097/mss.0b013e318150d42e
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17805080&dopt=Abstract
http://jap.physiology.org/cgi/pmidlookup?view=long&pmid=12972441
http://dx.doi.org/10.1152/japplphysiol.00703.2003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12972441&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4044297&dopt=Abstract
http://europepmc.org/abstract/MED/27330520
http://dx.doi.org/10.1016/j.jcm.2016.02.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27330520&dopt=Abstract
https://bmcsportsscimedrehabil.biomedcentral.com/articles/10.1186/s13102-017-0089-6
http://dx.doi.org/10.1186/s13102-017-0089-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29296281&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000000933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27015387&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10501650&dopt=Abstract
http://www.ijbnpa.org/content/8//79
http://dx.doi.org/10.1186/1479-5868-8-79
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21798015&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000000476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25121517&dopt=Abstract
http://europepmc.org/abstract/MED/26673126
http://dx.doi.org/10.1249/MSS.0000000000000840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26673126&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000000289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24887173&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Henriksen et al

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

EllisK, Kerr J, Godbole S, Lanckriet G, Wing D, Marshall S. A random forest classifier for the prediction of energy
expenditure and type of physical activity from wrist and hip accelerometers. Physiol Meas 2014 Nov;35(11):2191-2203
[FREE Full text] [doi: 10.1088/0967-3334/35/11/2191] [Medline: 25340969]

Poehlman ET. A review: exercise and its influence on resting energy metabolism in man. Med Sci Sports Exerc 1989
Oct;21(5):515-525. [Medline: 2691813]

Brage S, Brage N, Ekelund U, Luan J, Franks PW, Froberg K, et a. Effect of combined movement and heart rate monitor
placement on physical activity estimates during treadmill locomotion and free-living. Eur J Appl Physiol 2006
Mar;96(5):517-524. [doi: 10.1007/500421-005-0112-6] [Medline: 16344938]

Wahl Y, Diking P, Droszez A, Wahl P, Mester J. Criterion-validity of commercially available physical activity tracker to
estimate step count, covered distance and energy expenditure during sports conditions. Front Physiol 2017;8:725 [FREE
Full text] [doi: 10.3389/fphys.2017.00725] [Medline: 29018355]

Boudreaux BD, Hebert EP, Hollander DB, Williams BM, Cormier CL, Naquin MR, et al. Validity of wearable activity
monitors during cycling and resistance exercise. Med Sci Sports Exerc 2018 Mar;50(3):624-633. [doi:

10.1249/M SS.0000000000001471] [Medline: 29189666]

Brooke SM, An H, Kang S, Noble JM, Berg KE, Lee J. Concurrent validity of wearable activity trackers under free-living
conditions. J Strength Cond Res 2017 Apr;31(4):1097-1106. [doi: 10.1519/JSC.0000000000001571] [Medline: 27465631]
Boeselt T, Spielmanns M, Nell C, Storre JH, Windisch W, MagerhansL, et al. Validity and usability of physical activity
monitoring in patients with chronic obstructive pulmonary disease (COPD). PL0S One 2016;11(6):€0157229 [ FREE Full
text] [doi: 10.1371/journal.pone.0157229] [Medline: 27305105]

Hernandez-Vicente A, Santos-Lozano A, De Cocker K, Garatachea N. Validation study of Polar V800 accelerometer. Ann
Transl Med 2016 Aug;4(15):278 [FREE Full text] [doi: 10.21037/atm.2016.07.16] [Medline: 27570772]

Degroote L, De Bourdeaudhuij I, Verloigne M, Poppe L, Crombez G. The accuracy of smart devicesfor measuring physical
activity in daily life: validation study. IMIR Mhealth Uhealth 2018 Dec 13;6(12):€10972 [FREE Full text] [doi:
10.2196/10972] [Medline: 30545810]

Wang L, LiuG, Wang Y, Li Q, Yi J, Inoue Y. Evaluation on Step Counting Performance of Wristband Activity Monitors
in Daily Living Environment. |[EEE Access 2017;5:13020-13027. [doi: 10.1109/ACCESS.2017.2721098]

AnH, Jones GC, Kang S, Welk GJ, Lee J. How valid are wearable physical activity trackers for measuring steps? Eur J
Sport Sci 2017 Apr;17(3):360-368. [doi: 10.1080/17461391.2016.1255261] [Medline: 27912681]

Bunn JA, Jones C, Oliviera A, Webster MJ. Assessment of step accuracy using the Consumer Technology Association
standard. J Sports Sci 2019 Feb;37(3):244-248. [doi: 10.1080/02640414.2018.1491941] [Medline: 29958058]

Simunek A, Dygryn J, Gaba A, Jakubec L, Stelzer J, Chmelik F. Validity of Garmin Vivofit and Polar Loop for measuring
daily step countsin free-living conditionsin adults. Acta Gymnica 2016 Sep 30;46(3):129-135. [doi: 10.5507/a9.2016.014]
Evenson KR, Goto MM, Furberg RD. Systematic review of the validity and reliability of consumer-wearable activity
trackers. Int JBehav Nutr Phys Act 2015;12(1):159 [FREE Full text] [doi: 10.1186/s12966-015-0314-1] [Medline: 26684758]
Feehan LM, Geldman J, Sayre EC, Park C, Ezzat AM, Yoo JY, et a. Accuracy of Fitbit devices: systematic review and
narrative syntheses of quantitative data. IMIR Mhealth Uhealth 2018 Aug 09;6(8):€10527 [FREE Full text] [doi:
10.2196/10527] [Medline: 30093371]

Bunn JA, Navalta JW, Fountaine CJ, Reece JD. Current state of commercial wearable technology in physical activity
monitoring 2015-2017. Int J Exerc Sci 2018;11(7):503-515 [FREE Full text] [Medline: 29541338]

Abbreviations

AEE: activity energy expenditure

CPM: counts per minute

EE: energy expenditure

I CC: intraclass correlation coefficient
LoA: limits of agreement

M APE: mean absol ute percentage error
MVPA: moderate to vigorous physical activity
PA: physical activity

QCAT: Quality Control and Analysis Tool
REE: resting energy expenditure

TEE: total energy expenditure

VM: vector magnitude

http://formative.jmir.org/2019/3/e14438/ JMIR Form Res 2019 | vol. 3| iss. 3 |e14438 | p.122

(page number not for citation purposes)


http://europepmc.org/abstract/MED/25340969
http://dx.doi.org/10.1088/0967-3334/35/11/2191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25340969&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2691813&dopt=Abstract
http://dx.doi.org/10.1007/s00421-005-0112-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16344938&dopt=Abstract
https://dx.doi.org/10.3389/fphys.2017.00725
https://dx.doi.org/10.3389/fphys.2017.00725
http://dx.doi.org/10.3389/fphys.2017.00725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29018355&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000001471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29189666&dopt=Abstract
http://dx.doi.org/10.1519/JSC.0000000000001571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27465631&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0157229
http://dx.plos.org/10.1371/journal.pone.0157229
http://dx.doi.org/10.1371/journal.pone.0157229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27305105&dopt=Abstract
http://dx.doi.org/10.21037/atm.2016.07.16
http://dx.doi.org/10.21037/atm.2016.07.16
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27570772&dopt=Abstract
https://mhealth.jmir.org/2018/12/e10972/
http://dx.doi.org/10.2196/10972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30545810&dopt=Abstract
http://dx.doi.org/10.1109/ACCESS.2017.2721098
http://dx.doi.org/10.1080/17461391.2016.1255261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27912681&dopt=Abstract
http://dx.doi.org/10.1080/02640414.2018.1491941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29958058&dopt=Abstract
http://dx.doi.org/10.5507/ag.2016.014
http://www.ijbnpa.org/content/12/1/159
http://dx.doi.org/10.1186/s12966-015-0314-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26684758&dopt=Abstract
http://mhealth.jmir.org/2018/8/e10527/
http://dx.doi.org/10.2196/10527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30093371&dopt=Abstract
http://europepmc.org/abstract/MED/29541338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29541338&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Henriksen et al

Edited by G Eysenbach; submitted 22.04.19; peer-reviewed by P Dilking, L Feehan; comments to author 14.05.19; revised version
received 01.07.19; accepted 07.07.19; published 16.08.19.

Please cite as:

Henriksen A, Grimsgaard S, Horsch A, Hartvigsen G, Hopstock L

Validity of the Polar M430 Activity Monitor in Free-Living Conditions: Validation Sudy
JMIR Form Res 2019; 3(3):€14438

URL.: http://formative.jmir.org/2019/3/e14438/

doi:10.2196/14438

PMID: 31420958

©André Henriksen, Sameline Grimsgaard, Alexander Horsch, Gunnar Hartvigsen, LailaHopstock. Originally publishedin IMIR
Formative Research (http://formative.jmir.org), 16.08.2019. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the origina work, first published in IMIR Formative Research, is properly cited. The
complete bibliographic information, a link to the origina publication on http://formative.jmir.org, as well as this copyright and
license information must be included.

http://formative.jmir.org/2019/3/e14438/ JMIR Form Res 2019 | vol. 3| iss. 3 |e14438 | p.123
(page number not for citation purposes)

RenderX


http://formative.jmir.org/2019/3/e14438/
http://dx.doi.org/10.2196/14438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31420958&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Wilroy et a

Original Paper

An E-Learning Program for Increasing Physical Activity Associated
Behaviors Among People with Spinal Cord Injury: Usability Study

Jereme D Wilroy™?, PhD; Kathleen A Martin Ginis***®, PhD; James H Rimmer?, PhD; Huacong Wen"’, M Sc; Jennifer
Howell?, BSc; Byron Lai?, PhD

1Department of Physical Medicine & Rehabilitation, University of Alabamaat Birmingham, Birmingham, AL, United States

2UAB/L akeshore Research Collaborative, School of Health Professions, University of Alabama at Birmingham, Birmingham, AL, United States
3Department of Medicine, Division of Physical Medicine & Rehabilitation, University of British Columbia, Vancouver, BC, Canada

4School of Health & Exercise Sciences, University of British Columbia, Kelowna, BC, Canada

SInternational Collaboration on Repair Discoveries, University of British Columbia, Vancouver, BC, Canada

SCentre for Chronic Disease Prevention and Management, University of British Columbia, Kelowna, BC, Canada

7Department of Physical Therapy, School of Health Professions, University of Alabama at Birmingham, Birmingham, AL, United States

Corresponding Author:

Jereme D Wilroy, PhD

Department of Physical Medicine & Rehabilitation
University of Alabama at Birmingham

1717 6th Avenue South

Birmingham, AL, 35233

United States

Phone: 1 205 934 9754

Email: jdwilroy @uab.edu

Abstract

Background: The majority of people with spinal cord injury (SCI) in the United States are not meeting the recommended
guidelinesfor regular physical activity. Behavior change techniques (eg, goa setting and action planning) that are framed within
the principles of the socia cognitive theory (self-efficacy and self-regulation) have the potential to enhance physical activity
behavior.

Objective: Theaim of the study wasto develop and test the usability of an electronic learning (e-learning) program for improving
socia cognitive factors related to physical activity behavior among people with SCI.

Methods: The program was created through an iterative process of development and refinement, using a modification of a
similar methodology used to devel op evidence-informed guidelinesin health promotion for people with disabilities (Guidelines,
Recommendations, and Adaptations Including Disability; GRAIDs framework). The study included 4 phases: (1) initial product
creation, (2) nationa survey, (3) expert review, and (4) usability testing. Usability testing included both quantitative and qualitative
data collection and analyses.

Results. The review of the program by an expert panel (n=5) and the results from a national survey (n=142) led to severa
refinements. Usability testing demonstrated that the program could be completed in a timely manner (<30 min). Participants
reported 5 themes: (1) the program improves socia cognitions related to physical activity participation; (2) reflection of physical
activity behavior; (3) positive perceptions of the quality of the program; (4) positive perceptions of the program operation and
effectiveness; and (5) recommendations for improvement. Each item was incorporated into a revised program version 1.0.
Conclusions; This study incorporated an evidence-based framework for developing a brief 30-min e-learning program for
increasing the physical activity behavior among peoplewith SCI. The Exercise Strategies Through Optimized Relevant Interactive
E-learning Storytelling (e-STORIES) program could be completed in atimely manner and was reported by participants asvaluable
and useful for enhancing intent-to-perform physical activity in individuals with SCI. The program has the potential to be applied
in avariety of settings, but feasibility testing is required before implementing in alarger trial.

(IMIR Form Res 2019;3(3):€14788) doi:10.2196/14788
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Introduction

Background

Regular physical activity participation is a core component of
the postrehabilitative care among peoplewith spinal cord injury
(SCI). Over 30 years of research hasindicated that people with
SCI can increase one or more aspects of their physical and
mental health through participation in physica activity [1,2].
Physical activity participation can further reduce the risk of
chronic disease [ 3] and other secondary medical conditions[4].
Nevertheless, reports have indicated that the majority of people
with SCI do not participate in sufficient amount of leisure-time
physical activity (LTPA) to achieve health benefits [5-7].

Individuals with SCI are often overwhelmed by a multitude of
barriers [8] that prevent them from participating in LTPA (ie,
scheduled activity done in their free time, such as exercise or
sport). These barriers can include the lack of transportation,
time, and knowledge and the psychological factors such aslack
of intrinsic motivation and negative attitudes or beliefs [8].
Negative perceptions can include the belief that the society does
not perceive people with SCI as capable of participating in
LTPA, that engaging in exercise can cause pain or injury, or
that preinjury physical activities are no longer available. These
challenges support the need to develop convenient educational
programs that can effectively increase the LTPA behavior
among individuals with SCI.

Interventions aimed at increasing LTPA in people with
neurological disabilities have been found to be more effective
when framed within a theory of behavior change [9]. In
particular, the socia cognitive theory (SCT) is an established
and commonly applied theory for promoting physical activity
among people with disabilities [2,10]. A strength of SCT over
other models of health behavior is that it specifies predictors
and principlesthat can be used for informing, enabling, guiding,
and motivating individuals to independently modify (ie,
self-regulate) their health behaviors [11]. Specific SCT-based
techniques that can be utilized by LTPA promotion programs
for persons with SCI include coping with barriers, monitoring
behavior, setting goals, and action planning [9,12-14].

One method that may be effective for communicating physical
activity information is through story-based communications
[15-18]. Perrier et a [16] have suggested that aspects of
narrative inquiry may explain LTPA behavior among people
with SCI, in addition to the theory-based determinants.
Story-based communications capitalize on the narrative tradition,
whereby people are recognized as story-telling beingswho make
sense of their lifeeventsand lives by hearing and sharing stories
[19,20]. Although a story is characterized by persona
communication (ie, what is actually being told by a person),
narrative differsinsofar asit is characterized by the properties,
such as themes or structures, that comprise the stories [20].

Preliminary data suggest that storytelling might be an effective
strategy for conveying physical activity information to people
with SCI [18,21]. Furthermore, qualitative inquiry suggeststhat
storytelling may be more effective when it is tailored to the
individual’s narrative style [16]. Within the context of SCI and
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physical activity, narrative style refers to how a person with
SCI perceives LTPA impacting their personal life story. Using
narratives first developed by Arthur Frank [20], 3 key narrative
styles have been identified and adapted to the narrative inquiry
with regard to SCI and LTPA [16,17]: (1) chaos narrative (lack
of future and focus on preinjury LTPA), (2) restitution or cure
narrative (LTPA asameansto restore former self), and (3) quest
narrative (LTPA asan opportunity for social involvement, health
benefits, and enjoyment postinjury). The goal of incorporating
these narrative stylesinto astoried communication about LTPA
is to connect with individuals with SCI who identify with a
particular narrative, and to thereby promote examination of their
own thoughts concerning their LTPA behavior [16]. However,
these narratives have not yet been embedded and tested within
a story-based, electronic learning (e-learning) program
developed for people with SCI.

E-learning technol ogies, combined with health behavior theory
and narrative style, have the potential to provide educational
opportunitiesto teach people how to overcome barriersto LTPA.
E-learning authoring software (eg, Articulate 360) can be used
to deliver easily accessible, interactive, and personalized
educational programs. With the guidance of a narrative,
individuals can be the narrators of their own e-learning storyline
that adapts to their responses from programmed questions and
queries. E-learning narratives can be combined with behavior
change activities and engaging, visually attractive content (eg,
text, pictures, audio, animation, and video) to modify SCT
determinants, enhancing the likelihood of anindividual engaging
in LTPA. Although there are long-term behavioral coaching
programs that can increase engagement in LTPA [2], there are
limited educational programs that are short in duration and can
be implemented in time-sensitive settings (eg, clinic waiting
rooms) or disseminated on anational level.

Objective

The aim of this study was to develop and test the usability of a
brief e-learning program that embedded SCI narratives in a
story-based approach, with the goa of improving SCT constructs
that are related to LTPA. Program development included
immersive involvement by people with SCI and input from an
expert panel of researchers. This paper describes the
devel opment and usability of the program e-STORIES (Exercise
Strategies Through Optimized Relevant Interactive E-learning
Storytelling).

Methods

Overview

The e-STORIES development process was adapted from the
Guidelines, Recommendations, and Adaptations Including
Disahility (GRAIDs) framework [22]. GRAIDs was chosen as
a guiding framework as it is a systematic series of steps for
developing or modifying health promotion programs or
guidelines for people with disabilities and has been used to
develop at least 11 programs thus far [22]. Following this
framework, the e-STORIES program was devel oped through 4
phases. (1) a review of the literature to inform initial
development, (2) a national survey of people with SCI, (3) an
expert panel that reviewed and vetted the content material, and
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(4) usability tests among a sample of people with SCI. These
phases went through an iterative research and development
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process of develop, feedback, revise, and repeat (see Figure 1).

Figure 1. Research and development processfor spinal cord injury Exercise Strategies Through Optimized Relevant I nteractive E-learning Storytelling

program.

Research and development funnel

Initial
product
creation

k"

Phase 3:
Expert
review

Phase 4: Usability testing

Phase 1: Initial Product Creation

Initial development of the computer-based program involved 4
elements. literature review, storyboard creation, theory and
intervention alignment, and creation of the infrastructure for
the program.

Literature Review

A systematic review of peer-reviewed publications was
conducted using the search terms: “spinal cord injury” AND
“physical  activity” AND “behavior change AND
“self-management.” The study inclusion criteriaincluded studies
that were (1) peer-reviewed, (2) conducted within the past 2
years (2016-2018), (3) classified as a review paper, and (4)
indexed in PubMed, Cumulative Index to Nursing and Allied
Health Literature, or Scopus. The search for review papers
returned atotal of 10 articlesand no duplicates. After screening
these articles for eligibility criteria there was only 1 article
remaining. Other articles were removed owing to not being a
systematic review or not targeting SCI population.

The single systematic review of physica activity
self-management interventions for people with SCI was used
to identify behavioral LTPA interventions and strategies to aid
in content development for the e-STORIES program [23]. This
report identified 31 unique studies published from 1980 to 2015.
Onthe basis of the review of these studies and the consideration
of the SCT constructs, the project team incorporated into the
e-STORIES program, the behavior change techniques [12] of
goal setting, problem solving, and action planning. After the
completion of the storyboard and the basic infrastructure for
the e-learning product, the behavior change techniques and
narratives were incorporated to generate program version 0.1.
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Storyboard Creation

The first stage of development was to create a storyboard that
outlined the flow of the program, content suggestions, and
scripts, aswell as naming the project and designing alogo. The
storyboard displayed the flow of the e-learning intervention and
whether the information would be delivered by audio, text,
pictures, animation, video, or some combinations of these media.
The storyboard al so helped with the construction of the pathways
for tailored survey responses (ie, the flow of the program would
adapt, based on a participant’s responses, to items related with
confidence and self-regulatory strategies such as goal setting
or planning).

Theory and | ntervention Alignment

SCT is based on the interplay between the behavioral factors,
personal factors, and environmental factors [24]. The
intervention was framed within SCT such that the intervention
content was designed to target, and improve, the SCT constructs
of self-efficacy, self-regulation, and outcome expectations. This
was achieved by providing the participants with activities that
taught them how to set Specific Measurable, Achievable,
Relevant, Time goals, action plan, problem-solving barriers
(targets self-regulation constructs of SCT), identify true and
false outcomes of LTPA (targets outcome expectations), and
view video content of otherswith SCI performing LTPA (targets
vicarious experience).

Program Infrastructure

Storyline 360, developed by Articulate Global Inc, is an
e-learning authoring tool that was used to creaste thee-STORIES
program. This software allowed the program to be interactive
and instructional through multimedia that included digital
movies, pictures, sound files, animation, graphics, and other
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electronicfiles. After astory board was created, the basic outline
of the program was developed in Articulate’s Storyline 360.
The outline included (1) program introduction, (2) assessment
of theory constructs, (3) LTPA behavior change activities, and
(4) printed copy of the participant’s results.

Phase 2: National Survey

The second phase of the study included a survey of individuals
with SCI that was delivered on the Web using Qualtrics. The
survey aimed to collect descriptive information on the physical
activity readiness and identification with SCI narrativesrelated
to LTPA, to inform and revise the program. Participants were
asked to indicate which of the following best described their
current level of physical activity: (a) Yes, | have been doing
LTPA regularly for more than 6 months; (b) Yes, | have been
doing LTPA regularly for less than 6 months; (c) No, but |
intend to start doing LTPA regularly in the next 30 days; (d)
No, but | intend to start doing LTPA regularly in the next 6
months; or (€) No, and | do NOT intend to start doing LTPA
regularly in the next 6 months [6].

A description of each of the three SCI LTPA narrative styles
was developed from the literature [16,20]: (1) LTPA is not
important to me and it reminds me of how | am not able to do
things like before my SCI (chaos); (2) LTPA helps to improve
function and maintain my physical health for a potentia cure
(cure); or (3) LTPA helps methrough life and hel ps me connect
with others similar to me (quest). The survey ended with 2
open-ended questionsthat asked participantsfor desired features
and messages: (1) What do you think should be included in an
educational program that aims to increase physical activity
among people with SCI? and (2) What would you tell another
person with an SCI if you were trying to help them become
more physically active?

Participants

People with SCI were recruited through one of 12 SCI-related
support groups or organization pageson asocia mediaplatform.
The eligibility criteriaincluded participantswho (1) were aged
18 yearsor above, (2) had adiagnosis of SCI, (3) had the ability
to use hands and arms to exercise, and (4) had the ability to
converse in English and complete the survey forms.

Analyses

Using a measure of physical activity readiness, participants
were categorized as physical activity nonintenders, intenders,
or actors [25], to assess the differences of physical activity
readiness among the SCI narratives[6,25]. Thishypothesiswas
based on previous literature [17,21], and if true, one
programming strategy could involve grouping the physical
activity readiness with SCI narratives. Fisher exact test was
used to assess the differencesin categorical variables (sex, injury
level, and physical activity readiness) by narrative groups.
Owing to the nonnormal distribution of the numerical variables
(age and years since injury), Kruskal-Wallis test was used to
examine the differences in age and years since injury by
narrative groups. SAS version 9.4 was used for statistical
analysis and statistical significance was set apriori at P<.05.
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Phase 3: Expert Panel Review

An expert panel reviewed each component of the e-learning
program for quality and accuracy using Articulate’s 360 Review,
which alowed them to review the program online and add
comments. The panel included an exercise psychologist, an
exercise physiologist, arehabilitation scientist, an information
specialist, and aclinician who had several decades of experience
in exercise research in SCI. After completing the review, each
expert provided a summary of suggested revisions. This
feedback led to several revisions, including textual, audio, and
video changes and adding features to better guide participants.
This phase included program versions 0.2 and 0.3.

Phase 4: Usability Testing

Study Design

The usability testing incorporated a nested mixed-methods
design (quantitative+qualitative), where the qualitative
component was embedded within aprimarily quantitative study
design. In other words, the usability study included aqualitative
interview within adesign that emphasi zed the core fundamentals
of usability testing. Quantitative and qualitative aspects were
treated with equal value. On the basis of the best practice
recommendations for usability testing [26], a mixed-methods
design was chosen to provide a comprehensive evaluation of
usability in 4 core areas: effectiveness, efficiency, satisfaction,
and usefulness.

Belief systemsin the mixed-methods studies are critical asthey
influence all aspects of a study, including the design, analyses,
and even the presentation of the results [27]. Separate belief
systems (ie, philosophical assumptions) guided each method of
this study until data were interpreted within the discussion,
which allowed the research team to adhere fully to the quality
and rigor demanded by both methods. Thisapproach wasaligned
with the paradigm of dialectical pluralism [28]. Dialectical
pluralism is a metaparadigm that calls for the use of separate
belief systems for both the quantitative and qualitative aspects
of amixed-methods study, particularly when the study aimsto
give equal emphasis to both methods. The quantitative study
components aligned with the positivist perspective: reality and
knowledge are singular and, thus, every event within the world
can be scientifically quantified. For example, statistically
significant results inform us of an event that has occurred. The
qualitative study component was underpinned by an
interpretivist philosophical approach: reality is multiple and
subjective (ie, ontological relativism) and knowledgeissocially
constructed (epistemological subjectivism) [29]. For example,
the research team acknowledged that the qualitative results
would be created through the interaction of the interviewer and
interviewee. Therefore, the interviewer did not ask questions
asablind observer. Instead, the interviewer understood that the
participants’ responses could be probed with additional
follow-up questions to create a richer dataset (based upon the
insight of the interviewer).

Recruitment

Thisstudy aimed to enroll 12 inactive people with SCI to satisfy
the best practice recommendations for usability testing [26].
People were €eligible if they were (1) aged 18 years or above,
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(2) diagnosed with an SCI, (3) achieving less than 60 min of
moderate or vigorous intensity exercise per week, (4) able to
speak and understand English, and (5) able to operate a
computer. This project was approved by the Institutional Review
Board of the university. Before the enrollment, written consent
was obtained from each participant.

Procedure

Participants were briefed about the study and provided the
written consent forms. After obtaining the consent, participants
demographics and clinica characteristics were recorded.
Participants were then instructed to complete 16 usability tasks
which involved navigating through and completing the entirety
of the program and responding to the interactive questions. A
research assistant took written notes while observing the
participants perform the usability tasks and recorded the time
taken by the participants to complete the entire e-learning
program (all tasks). This was followed by a one-on-one
interview conducted in a private and comfortabl e setting within
the research laboratory. Examples of the interview questions
included: “Describe to me some positive experiences of the
program,” “ Describe to me some negative experiences or issues
you experienced with the program,” and “Tell me your overall
thoughts about the program.” The interview was recorded by
an audio device, which was later transcribed for qualitative
analysis.

Measures

Usahility was defined in terms of effectiveness (ie, the ease at
which individuals can usethe product), efficiency (ie, the speed
at which an individual can accurately complete a task),
usefulness (ie, the extent a product can enable the users to
achieve their goals and the willingness to use the product), and
satisfaction (ie, the users perceptions and opinions of the
product). Usefulness and satisfaction were explored through
gualitative means, whereas effectiveness and efficiency were
examined through quantitative metrics.

Effectiveness

Effectiveness was measured as the number of slides on which
participants experienced an issue or problem, divided by the
total slides that were completed without issues, which resulted
in a single percentage value. The research team set an a priori
benchmark of acceptable effectiveness at 90% [26].

Relative Efficiency

Relative efficiency was measured by the time required to
complete the entire module, which included the 16 tasks. The
research team established abenchmark of acceptabl e efficiency
at 30 min, which was 8 min longer than it took the lead
researcher to complete the module. The program was devel oped
to be brief so that it could be used during clinic visits (eg,
waiting periods) or a a baseline visit for someone starting an
exercise intervention.

Usefulness and Satisfaction

Researchers assessed the usefulness and satisfaction through
participants' qualitative feedback from the face-to-face
interviews. Each interview included open-ended questions that
sought to gain insight into the participants’ overall perceptions
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of themodule, their likes and dislikes regarding modul e features
and content, whether they would use the module if it was
provided to them in the clinic, and whether they perceived the
information as valuable. One member of the research team
conducted the interviews. The interviewer had 2 years of
experience with qualitative research that involved usability
testing of exercise technology.

Analysis

Participant characteristics and quantitative usability data were
descriptively reported. Qualitative data were analyzed using
latent deductive thematic analysis (ie, a thematic analysis
process was used in which data were analyzed with the intent
of developing a surface level description of the 4 core areas of
usability) [30]. Thematic analysis was conducted by 2
researchers who were guided by the 6 steps proposed by Braun
and Clarke [31]. First, the analystsindependently read through
the transcribed interviews and listened to the verbal recordings
when the meaning of the written text was ambiguous
(familiarization). Second, the analysts generated initial codes
from segments of thetranscribed interviews. Third, the analysts
refined these codes into fewer subthemes and repeated this
process for each transcription. Fourth, the analysts then met to
review their subthemes, which they then integrated and refined
into a single set of themes. Fifth, the analysts then defined and
named each of these themes. Sixth, the resultant themes were
reported. To enhance the quality of these data, the analysts
functioned together as critical friends [32,33] and conducted
the analysis within the aforementioned interpretivist
philosophical approach. Both analysts had training and
experiencein the mixed-methods research and exercisetraining
for people with SCI. One analyst was the principal investigator
who was aphysically active person living with SCI and believed
in the value of LTPA. The other analyst had a background in
adapted physical activity.

Results

A total of 154 people with SCI contributed to the devel opment
of the program. The national survey was completed by 142
participants, and 12 people enrolled in and completed the
usability testing.

National Survey

Participant characteristics for the national survey are shown in
Table 1. Data for age and years since injury were comparable
with national estimates, but there was a dlightly higher
representation of females than that which has been reported
nationally [34]. There were 61.3% (87/142) participants that
identified with the cure narrative, 30.2% with quest narrative,
and 8.5% with the chaos narrative. Thefinding that the majority
of the sample identified with a cure narrative is in line with
previousresearch [17]. Fisher exact test indicated no significant
differences (P=.18) in physical activity readiness across the
narrative groups. The open-ended questionswere compiled into
alist and redundancies removed to provide alist of suggestions
to include in the program. Overall, the analysis of the national
survey data resulted in the addition of video content of active
people with SCI who shared their stories, videos of adapted
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exercisesand sports, and emphasis of health benefitsassociated  with LTPA.

Table 1. Resultsof national survey (N=142).

Characteristics Values
Age (years), mean (SD) 42 (14)
Years since injury (years), mean (SD) 12 (12)
Gender® n

Mae 71

Female 55
Leve of injury, n

Paraplegia 91

Tetraplegia 51
Narratives, n

Cure 87

Quest 43

Chaos 12
Physical Activity readiness, n

Actor 115

Intender 22

Nonintender 5

8Data from 16 participants are unreported.

Expert Panel

The following summarizes the revisions completed after the
expert review: astatement about pain and exercising asaperson
with SCI was changed; some videoswerere-recorded to improve
quality; volume was increased on several audio clips;, minor
text edits were made; option was added in narratives for
participants to use their own words or phrase; and exampl es of
goals and next steps were provided.

Table 2. Participant demographics of usability study (N=12).

Usability Study

Usahility testing of program version 0.4 led to several minor
revisionsthat wereincorporated withinthefinal program version
1.0. In total, participants experienced 29 usability issues. The
issueswererelated to (1) operating action prompts during atask
(24129, 83% of issues), (2) operation errors (abroken navigation
button that linked to the previous page; 2/29, 7% of issues), (3)
verbal clarity (2/29, 7% of issues), and (4) video resolution
(729, 3% of issues). Table 2 provides demographics for
participants in the usability study.

Characteristics Vaues
Age (years), mean (SD) 53 (11)
Years sinceinjury (years), mean (SD) 23(13)
Gender, n

Male 8

Female 4
Level of injury, n

Paraplegia 1

Tetraplegia 0
Effectiveness Efficiency

The mean effectiveness score was 86% (SD 10%; 95% Cl
80%-91%). This value was dlightly lower than our a priori
benchmark of 90%, indicating that minor changeswererequired
to reduce operation issues.

http://formative.,jmir.org/2019/3/e14788/

The mean timeto complete the program was 28 min 20 seconds
(SD 6 min 45 seconds; 95% CI 25 mins 43 seconds to 33 min
3 seconds), which was lower than our apriori benchmark of 30
min.
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Usefulness and Satisfaction

The analysts identified 5 themes regarding the usability of the
program: (1) the program promoted reflection/introspection of
physical activity behavior; (2) the program improved social
cognitions related to physical activity participation; (3) the
participants had positive perceptions of the quality of the
program; (4) the participants had positive perceptions of
program operation and effectiveness; and (5) participant
recommendations for improvement. These themes and their
subthemes and supporting quotes are shown in Table 3.

Participants reported that the program promoted valuable
thoughts of self-reflection regarding physical activity behavior.
The program provided relevant and encouraging information
to establish reasonable outcome expectations of LTPA and to
progress from a focus on the injury to resuming normal daily
activities as reported by participant 1: “It definitely gets you
from being focused on the actual injury to getting back intolife,
getting that groove back into life”

Partici pants reported that the program improves social cognitions
related to physical activity participation such as self-regulation.

http://formative.,jmir.org/2019/3/e14788/

Wilroy et a

The program increased the participants' confidenceto plan and
schedule PA through behavior change techniques that included
goal setting, demonstration of the behavior, and how to plan
physical activity around barriers that prevent participation.
Participants further noted that the content provided meaningful
and relevant information, with an uplifting and motivating tone:

It getsyou to thinking. It getsyou out of the doomand
gloom process, and into the hopeful ness, the looking
forward to...And that's why | seeit as being a major
help in that area. [Participant 2]

Participantsreported high levels of satisfaction with the program
design, including the animations and general flow of the slides.
Participants further described the program as self-explanatory,
intuitive, easy to operate, and engaging. However, the
participants also had recommendations for improving the
usability of the program. Participants noted that minor changes
in the form of visua cues or instructional prompts and a back
button could assist navigation and clarity in areas of the program
that caused confusion.
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Table 3. Qualitative results of usability study.

Wilroy et a

Themes and subthemes

Supporting quotes

The program promoted reflection/introspection of physical activity behavior

The program provided relevant and encouraging information that fos-
tered thoughts of hope

The program provided valuable suggestions to progress from afocus
on the injury to resuming normal daily activities

"It gets you to thinking. It gets you out of the doom and gloom process,
and into the hopefulness, the looking forward to...And that'swhy | see
it as being amajor help in that area."[Participant 002]

“It definitely gets you from being focused on the actual injury to getting
back into life, getting that groove back into life” [Participant 001]

The program improves social cognitionsrelated to physical activity participation

The program enhanced participants’ intentions to plan and schedule
physical activity.

Goal setting and vicarious experiences were memorable techniques
that were learned from the program

Positive perceptions of the quality of the program

The content provided information that was meaningful and relevant to
theindividua

Participants were satisfied with the program design

Perceived as a valuable tool to enhance physical activity behavior for
people with acute spinal cord injury

The content had a tone that was uplifting and motivating

Positive perceptions of program operation and effectiveness

The program was self-explanatory and intuitive

The program was easy to operate

The program was engaging

Recommendations for improvement

Improve visual cues/prompts to assist navigation

Enhance the definition of the different types of exerciseintensitiesand
the action prompts

Provide the ability to go back to a previous screen

“It was very valuable because, like | said, I'm going to apply thisto my
everyday life from now on, and I'm going to start setting more planned
goals and put them into motion.” [Participant 009]

“| think the positive iskindarelaying how you would go about obtaining
agoal, likethe time aspect of it. Set it 10 minutes per day, 30 days. And,
the stories about the spina cord injuries. Just seeing somebody else
overcome the journey you've already been on.” [Participant 005]

“It'sreally anew day about spinal cord injury, and it show alot about
peer support when you're aspinal cord injury. It shows alot about activ-
ities, it shows about peoplewho've had traumain their lifeand who have
overcome the trauma, and they're living a very high functiond life.”
[Participant 002]

“That was awesome and | liked the way he told his story about what
happened to him. Some of the drawings and the way they did, | thought
that was pretty good. The animation, theway they did that. | thought that
was good.” [Participant 013]

“Just that, | think, it would be beneficial for anyone with a spinal cord
injury to participatein it or seeit, especially somebody newly injured.”
[Participant 008]

“Very uplifting. | loved the manner in which theinformation was present-
ed. It was very positive. It was motivating.” [Participant 008]

“It kind of explained what it wanted you to do. You just clicked on it
and it told you.” [Participant 011]

“1 guess with the mouse, with the clicking...The mouse helped me navi-
gate through it easier and stuff, instead of using the pad.” [Participant
001]

“It'squiteinteractive, and well thought out | will say. It'seasy to navigate
and keepsyou into it. So, it's very much needed for alot of peopleto get
back into feeling the need for this type of program.” [Participant 009]

“The navigation was not bad, but it'sjust...do | click on thebox or do |
move it? So that was alittle confusing.” [Participant 001]

“The only negative | had was the calculation of the mild to moderate
when it changed it from. | entered 30 and it went to 90. It'sjust alittle
confusing...Yeah. A different color on the words mild, moderate, heavy.
Maybe put themin bold. A different font. Just something to makeit stand
out so that it's emphasized...Potentially lead with: “You're going to be
asked about three different levels of exercise,” so that you know ahead
of timethat you'll be asked the samething threetimesjust differentiating
mild, moderate, and heavy.” [Participant 008]

“WEell not being able to go back to the previous screen if | messed up. |
even tried to click next onetime and it didn't work either. So that was a
negative.” [Participant 006]

http://formative.,jmir.org/2019/3/e14788/
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Description of Exercise Strategies Through Optimized
Relevant Interactive E-learning Storytelling Version
1.0

Thefinal program versionincluded atotal of 41 slides (examples
shown in Figure 2). The program further contained 16
interactivetasks, 12 videos, and a summary print-out (seevideo
of full program in Multimedia A ppendix 1). The program begins
with an introduction, which includes animated videos and a
description of acquiring an SCI, discussion of why exerciseand
planning is important, introduction of program coach, and
information about how to maximize the program. Next section
of the program includes some questions concerning LTPA

Wilroy et a

behavior, LTPA self-efficacy, and self-regulatory efficacy. Once
completed, the program guides the participants through several
activities, including selecting a narrative, debunking myths
about exercise and SClI, identifying an intrinsic motivation for
LTPA, setting a goal for LTPA with a plan for the next step,
and matching common barriers to exercise with solutions. The
participant then views a video that includes people with SCI
sharing their stories and exercising at a recreationa facility.
Finally, a print-out summarized each participant’s learning
module, which included their physical activity goalswith anext
step, primary motivation for exercise, LTPA narrative, and
reported moderate-to-vigorous LTPA minutes.

Figure 2. Screenshots of spinal cord Exercise Strategies Through Optimized Relevant Interactive E-learning Storytelling injury program.

FIND YOUR WHY SMART Goals for Exercise

1

| am passionate about...
| What is something that you enjoy?

2

This is something that
gives you energy or that
you look forward to.

and one day 1 will...
What do you wish to achieve?

Discussion

Principal Findings

This project incorporated an evidence-based framework for
developing and testing a storied e-learning program to increase
physical activity among people with SCI. Usability testing
demonstrated that people could independently complete the
programin atimely manner and that the program was perceived
as valuable and useful for improving confidence to engage in
physical activity and associated self-regul ating behaviors among
people with SCI. Usability testing identified minor operation
issues that wererectified in thefinal version of thee-STORIES
program.

http://formative.jmir.org/2019/3/e14788/
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OTHERS HAVE MADE IT EASIER TO EXCEL IN LIFE...

A strength of this project was the high value placed on
stakeholder feedback. Development of the program included
input from over 150 participants with SCI. Such feedback
informed critical development decisions, including the decision
to not tailor the presentation of the SCI narratives based on the
participant’s physical activity readiness and to halt further
usability testing. Given that usability testing can be defined in
several ways, the determination of an endpoint for usability
testing is often a difficult task [35]. In this study, the research
team found that a synthesis of both the quantitative and
qualitative findings was useful in deciding to halt usability
testing. Although several usability issues were identified from
the quantitative data (particularly the engagement tasks),
participants reported favorable perceptions of the program.
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Furthermore, participants reported that the issues they
experienced could be remedied by minor visual enhancements
to facilitate navigation, versus changes in program content or
information.

Statistical analysis of the resultsfrom the national survey (phase
2) did not support tailoring the presentation of SCI narratives
based on the participant’s physical activity readiness. Findings
demonstrated no significant differences among the SCI
narratives and the physical activity readiness. However, only
8.3% (12/142) of the peopleidentified with the chaos narrative,
which likely affected the analyses. This finding is consistent
with previous research which reported that |ess people with SCI
identified with the chaos narrative when compared with the cure
and quest narrativesin LTPA studies[16,17]. Nevertheless, the
qualitative results indicated that people with SCI found the
content relatable and viewing narratives seemed to encourage
introspection, or self-examination of thoughts, of LTPA.

Although usability results suggested that the e-STORIES
program could potentialy improve self-efficacy and
self-regulatory skills to perform physical activity, further
research is required to explore whether the program can be
successfully implemented in pragmatic, real-world settings.
One such setting is within the waiting area of a rehabilitation
hospital for SCI patients, where the patient could discuss the
e-STORIES results with their physician, as people with SCI
perceive doctors as a trusted and credible source of PA
information [36]. In addition, several of the participants who
completed the usability study indicated that the program was
ideal for individuals with newly acquired SCI, so another
potential setting could be inpatient clinics for people with SCI.
Given that all but one participant of the usability study had SCI
for 11 or more years since the time of injury, it would be
beneficial to test the program among people with recently
acquired SCI. A strength of the e-learning program is its
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potential to reach a broader sample of people with SCI, as
e-STORIES could be disseminated globaly through
internet-distribution channels such as the National Center on
Health, Physical Activity and Disability. Finally, the e-learning
program could be utilized as a supplementary behavior change
tool in an exercise training regime.

Limitations

This project had a few limitations. Although the sample size
for usability testing met 1 minimum recommendation, the
sample limited our understanding of usability within various
subgroups of people with SCI. Only people with paraplegia
enrolled in the study, and these individuals were, on average,
middle-aged. This limitation supports the need to test the
program with larger heterogeneous samples of peoplewith SCI,
particularly individuals who are in the acute or subacute stage
postinjury, aperiod when the program could be highly valuable
as noted by several study participants. Another limitation was
the low number of individuals in the chaos narrative, reducing
the power to detect differences in readiness among the
narratives. Finaly, although only 3 narratives were presented
in the program (cure, quest, and chaos), it is important to note
that there have been several other narratives concerning LTPA
among people with SCI in the literature [37], such as exercise
ismedicine and exerciseis progressive redemption, which were
not presented in this study.

Conclusions

e-STORIES is a brief, online program developed through an
iterative process that was informed by the life experiences of
more than 150 people with SCI, including the creator of the
program (JW). The usability study demonstrated that people
with SCI perceived the e-STORIES program as val uabl e, useful,
effective, and of high quality. However, feasibility testing is
required before the implementation of the program in a larger
trial.
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Abstract

Background: Whiplash is a health and economic burden worldwide. Contributing to this burden is poor guideline adherence
and variable management by health care professionals (HCPs). Web-based tools that facilitate clinical pathways of care are an
innovative solution to improve management.

Objective: The study aimed to develop, implement, and eval uate a Web-based tool to support whiplash management following
arobust process.

Methods: Thisstudy followed thefirst 3 processes of aresearch translation framework (ideageneration, feasibility, and efficacy)
toinform the devel opment, implementation, and eval uation of awebsite that supports HCPsin whiplash management. Development
followed the idea generation and feasibility processes to inform the content, design, features, and functionality of the website.
This involved stakeholder (eg, industry partners, website developers, and HCPs) consultations through face-to-face meetings,
surveys, and focus group discussions. |mplementation followed the feasibility process to determine the practicality of thewebsite
for clinical use and the most effective strategy to promote wider uptake. Implementation strategies included classroom education,
educational meetings, educational outreach, reminders, and direct phone contact. The analysis of website use and practicality of
implementation involved collection of website metrics. Evaluation followed the feasibility and efficacy processes to investigate
the acceptability and extent to which the website assisted HCPs in gaining knowledge about whiplash management. Surveyswere
conducted among student, primary, and specialist HCPs to explore ease of access, use, and satisfaction with the website, as well
as self-rated improvements in knowledge of risk assessment, management, and communication between HCPs. Website logs of
specialist management decisions (eg, shared care, specialist care, and referred care) were also obtained to determine actual
practice.

Results. The development process delivered an interactive, user-friendly, and acceptable website, My Whiplash Navigator,
tailored to the needs of HCPs. A total of 260 registrations were recorded from June 2016 to March 2018, including 175 student,
65 primary, and 20 specialist HCPs. The most effective implementation strategies were classroom education for students (81%
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uptake, 175/215) and educational meetings for primary HCPs (43% uptake, 47/110). Popular pages visited included advice and
exercises and risk assessment. Most HCPs agreed that their knowledge about risk management (79/97, 81%) and exercises (85/97,
88%) improved. The specialists most common management decision was shared care, an improvement from a previous cohort.
Areas to improve were navigation and access to outcome measures.

Conclusions: A robust process resulted in an innovative, interactive, user-friendly, and acceptable website, the My Whiplash
Navigator. |mplementation with HCPs was best achieved through classroom education and educational meetings. Evaluation of
the website showed improved knowledge and practice to be more consistent with arisk-based clinical care pathway for whiplash.
The positive results provide sufficient evidence to scal eimplementation nationally and involve other target markets such as people

with whiplash, insurers, and insurance regulators.

(IMIR Form Res 2019;3(3):€12216) doi:10.2196/12216

KEYWORDS

primary health care; whiplash injuries; clinical decision support; clinical pathways; rehabilitation

Introduction

Background

Whiplash-associated disorders (WAD) remain a huge health
and economic burden internationally [1-3], with 50% of people
experiencing persistent pain and disability [4-6]. One possible
contributor to this burden is that WAD guidelines are
inconsi stently applied by health care professionals (HCPs) [7,8].
Inconsistent and costly practices include high rates of imaging,
excessive use of passive treatments, and delayed and poorly
directed specialist referral [8-13]. These practices persist despite
extensive and strategic guideline implementation [14-16],
highlighting the need for adopting other strategies to promote
guideline-based care.

Clinical pathways of care are a promising strategy to improve
HCP practice by incorporating guideline recommendationsinto
health care processes[17]. A clinical pathway of carefor WAD
was developed that uses risk assessment [18,19] and
guideline-based treatments matched to the risk of nonrecovery
[20]. People at low risk require lessintensive treatment and are
provided with existing guideline-based resources[21,22]. People
at medium and high risk of nonrecovery are referred early to
HCPs who speciadlize in WAD (specialist HCPs), as
recommended by WAD guidelines [21]. The specialist HCP
more thoroughly assesses the physical and psychological factors
associated with nonrecovery. This model of care has been
successfully implemented in people with low back pain [23]
but is yet to be tested and implemented in people with WAD.

Web-based tool s such as computerized decision support systems
are one of the most effective strategies to support the
implementation of clinical pathways and guidelines, thereby
improving HCP practice [24-26]. In musculoskeletal health,
thesetools are used to provide clinical information, guidetriage,
and match patientsto appropriate resources and treatments[27].
Thesetoolsare shown to be effectivein improving HCP practice
in the management of conditions such as hypertension, diabetes,
and osteoarthritis [28,29]. The positive results in other
conditions suggest that a Web-based tool might also be an
effective strategy to support the WAD clinical pathway of care.

To be effective, Web-based tools need to be developed and
implemented using a robust process that ensures maximum
uptake by users. Research trandlation frameworks describe a

http://formative.,jmir.org/2019/3/e12216/

process from idea generation right through to implementation,
evaluation, and then monitoring. For most innovations, such
frameworks are followed over decades until an innovation is
fully implemented and operational. Although severa
frameworks exist to guide the process [30], the New South
Wales (NSW) Trandational Research Framework was applied
to devel op a suitable Web-based tool for HCPswithin the NSW
and similar Queensland (QL D) health schemes[31]. Important
initial steps of the framework are idea generation, feasibility,
and efficacy [31]. Idea generation involves an integrated,
multidisciplinary, collaborative approach to develop an
innovative intervention [31]. Feasibility determines acceptability
and viability of the intervention before further testing and
attempts to answer the question of whether the intervention is
practical to implement [31]. Implementation strategies known
to change practice [14,16,32-35] may be used in this step to
determine the practicality of implementing the intervention.
During both idea generation and feasibility, stakeholder
engagement is crucial to ensure suitability and acceptability of
the intervention [31]. Finally, efficacy assesses whether the
intervention can deliver expected outcomes under best
circumstances. Results of theseinitial stepsgather useful insights
to inform further improvements and determine the capacity of
theintervention to be successfully scaled up for greatest impact.

Process evaluation is an essential methodology that is used to
evaluate the change process at each stage of intervention
development and implementation [36,37]. This methodology
assesses elements such as reach, effectiveness, and influencing
factorsto optimize the design and eval uation of theintervention
[36,37]. Interventions developed following similar processes
have been successful in delivering acceptabl e, easy-to-use, and
effective Web-based tools for conditions such as rheumatoid
arthritis [38], obesity [39], and cancer [40].

Objective
This study used process evaluation methodology to report on

the development, implementation, and evaluation of a
Web-based tool to support HCPs in the management of WAD.
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Methods

Design
Thisstudy followed the stages of development, implementation,
and evaluation, incorporating the first 3 processes of the NSW

Bandong et &

Translational Research Framework [31] within each stage
(Figure 1). The study involved both quantitative and qualitative
methodol ogies. Ethics approval was provided by the University
of Sydney (2015-444) and Griffith University (2015-707)
Human Research Ethics Committees.

Figurel. Process diagram summarizing the key stages, research translation process, and target markets to deliver the My Whiplash Navigator website.

WAD: whiplash-associated disorder.

website?

Development

website developer)

*|dea generation: What form of innovation could assist WAD ma nagementi?\

sFeasibility (suitability): Is the websitesuitable foruse by the target
markets? What are the key content, features and functionality of the

sTarget markets: researchers, health care professionals (student, primary,
specialist), people with WAD, industry partners (insurance regulators,

J

people with WAD

sHow was the website delivered? What implementation strategies were \1
employed to deliver the website?

sFeasibility {practicality): Is the website practical to implement? Whatis the
extent of engagement and use ofthe website?

sTarget markets: health care professionals (student, primary, specialist),

J

possible circumstances?

sFeasibility (acceptability): Is the website acceptable to the target markets?
sEfficacy: Can the website deliver expected cutcomes under the best

sTarget markets: health care professionals (student, primary, specialist)

Development

The aim of the development stage was to deliver a suitable
website to support HCPs in WAD management. During this
stage, the idea generation and feasibility processes of the
framework were followed.

The idea generation process first involved stakeholder
consultation. Initial consultations between researchersfromthe
University of Sydney and University of Queensland identified
key stakeholders, including industry partners, primary HCPs,
specidist HCPs, and people with WAD. Second, face-to-face
meetingswere held with industry partners, the compul sory third
party (CTP) insurance regulators (ie, NSW State Insurance
Regulatory Authority and QLD Motor Accident Insurance
Commission). Third, a survey (idea generation questionnaire)

http://formative.,jmir.org/2019/3/e12216/
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was conducted among primary and specialist HCPs and people
with WAD to exploretheir perspectives about existing and ideal
WAD resources. Primary and specialist HCPs and people with
WAD were invited from our existing research databases. The
survey was administered using the Research Electronic Data
Capture (REDCap) tool hosted at the University of Sydney [41].
Participants rated their opinions on current resources using a
5-point Likert scale (1=strongly disagree to 5=strongly agree),
and data were analyzed using descriptive statistics. The final
step involved selecting and then consulting with a vendor who
had experiencein building interactive health education websites.
A transparent tendering process was followed to select asuitable
vendor to design the website.
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The feasibility process in the development stage involved
face-to-face meetings with industry partners and website
designers, followed by focus groups discussions among primary
and specialist HCPs. A total of 20 work-in-progress meetings
were held over 8 months to develop the website, involving 4
policy makers, 8 researchers, 6 clinicians, and 4 website
designers. Discussions included design concepts, content,
functionality, maintenance and support, milestones, and
administration. The researchers had input to the content and
sought feedback from key experts during this process. The
vendor’s role was to ensure the content was adapted to be
suitable for website and target market use.

A total of 6 semistructured focus group discussions were
conducted among primary and specialist HCPs to explore
perceptions on ideal features, functionality, and content that
would facilitate HCP uptake and use. The discussionswererun
by 2 members of the research team, who were guided by a set
of key questions (Multimedia Appendix 1). Proceedings were
audio-recorded, transcribed verbatim, and analyzed thematically
[42]. Focus group methods have been described in detail
elsewhere [43,44].

Before implementation, the website was piloted with 5 HCPs
to test the website features and functionality, resolve issues,
and further refine the website.

I mplementation

Theaim of theimplementation stage was to determine the most
effective and feasible strategy that could inform future scalable
implementation of the website before public release. At this
stage, the feasibility process of the framework was followed to
also evaluate the practicality of the website. Target markets for
this stage were students and primary and specialist HCPs,
ensuring a range of clinical experience from novice to
experienced HCPs.

Student HCPswere engaged through classroom education. The
website was integrated as alearning resource in a unit of study
for physiotherapy students at the University of Sydney (n=215).
Key components of the educational module included standard
assessment for WAD, risk assessment, provision of treatments
for people with WAD at low risk of nonrecovery, and timely
and appropriate referral to specialist HCPsfor peoplewith WAD
at medium and high risk of nonrecovery.

Primary HCPs were engaged through educational courses,
educational outreach, and reminders. Wetargeted 3 professional
development courses in WAD that were conducted by the
Australian Physiotherapy Association over a 12-month period.
A total of 110 physiotherapists attended these courses. The key
features and components of the website were explained and
integrated into the WAD educational modules. In addition, the
website was promoted through 4 conference presentations.
Primary HCPs who attended the courses and consented to
participate were followed up with educational outreach, either
face-to-face or over the phone, and provided with standard
educational packages. In addition, reminderswere sent through
socia media (eg, Facebook) and regular newsletters.

Specialist HCPs (n=20) were engaged through 2 targeted
educational workshops. The content of the first educational

http://formative.,jmir.org/2019/3/e12216/
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workshop was based on results of a qualitative study, focusing
on therole of specialist HCPs, management decisionsfor people
with WAD a medium and high risk of nonrecovery, and
effective communication with primary HCPs[43]. Key features
and use of the website that facilitate the above were aso
discussed during the educational workshop. A follow-up
face-to-face meeting was conducted after 6 months to address
issues such as access to certain resources and documentation
of management decisions.

Anaysis of website use and the practicality of website
implementation involved assessment of reach and extent of
engagement by HCPs. Website traffic and trends (eg, registered
users, total visits, total page views, and top landing pages) were
collected through Google analytics and built-in website reports.

Evaluation

The aim of the eval uation stage was to investigate acceptability
and preliminary efficacy of the website among HCPs. The
framework processes followed were feasibility and efficacy.
Thiswas achieved by inviting all HCPsregistered on the website
to compl ete an eval uation questionnaire and determining actual
practice through website logs.

The feasibility process in the evaluation stage assessed
acceptability of the website by students and primary and
specialist HCPs. The evaluation questionnaire asked questions
regarding ease of access, use, and satisfaction with the website.
At least 10 website users were necessary to obtain enough data
for evaluation. This number was determined a priori and based
on available evidence and previous studies that explored
usability of Web-based resources for management of other
conditions [38,45,46].

Efficacy was evaluated by measuring the extent to which the
website assisted HCPsin gaining knowledge of key components
of WAD management. Students and primary and specialist
HCPs were asked about their self-rated improvement in
knowledge of risk assessment and management of people with
WAD at low risk and those at medium and high risk of
nonrecovery. Furthermore, primary and specialist HCPs were
asked about their opinion whether the website facilitated
communication between HCPs. Thisitem was specifically asked
to primary and specialist HCPs, given their accessto thewebsite
feature that allows documentation of management decisionsin
patient care. Actual practice was documented by reviewing
website logs of decisions made by specialist HCPs.

Close-ended questions were rated using a 5-point Likert scale
(1=strongly disagreeto 5=strongly agree). Open-ended questions
explored opinions on the best features of the website, barriers
to use, and suggestions for further improvement. Survey data
were analyzed using descriptive statistics, and responses to
open-ended questions were grouped into common categories.

Results

Development

The stakeholder consultation generated ideas that informed
website design and implementation. Key features and content
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of the website were identified successively as a result of the
consultation process.

Researchers and CTP insurance regul ators determined that the
website should assess the risk of nonrecovery and facilitate
risk-based management. The clinical prediction rule (CPR)
developed by researchers from the University of Queensland
[18,19] was agreed to be used and automated on the website.
Concurrently, consultation between researchers from the
University of Sydney and CTP insurance regulators had
developed a decision matrix for specialist HCPsto assist in the
management of people with WAD at medium and high risk of
nonrecovery. The decision matrix included 3 management
decisions: (1) shared care (ie, continued treatment with the
primary HCP monitored by a specialist), (2) specialist care (ie,
direct treatment from specialist), and (3) referred care (ie,
referral to other disciplines).

Researchers and CTP insurance regulators further identified
that the website should consolidate evidence-based and
risk-based resources for people with WAD and HCPs. Before
the development of the website, patient versions of the WAD
guidelines, educational and exercise videos, factsheets, and
booklets were previously developed by the CTP insurance
regulators with extensive involvement of people with WAD.
Resourcesfor HCPswho manage people at |ow risk were based
on the most recent WAD guidelines and were available in
various formats (eg, booklets, factsheets, and videos) [21,22].
Resources for HCPs who manage people at medium and high
risk were to facilitate referral to specialist HCPs and assist in
further assessment of physical and psychological factors.

The idea generation survey was returned by 94 HCPs (94/671,
14.0%) and 26 people with WAD (26/50, 52%). About half of
the HCPs (53/94, 56%) and most of the people with WAD
(25/26, 96%) surveyed had not seen the existing WAD
resources. When these resources were shown to them, most
HCPs (59/94, 63%) and peoplewith WAD (21/26, 81%) agreed
that these would help WAD management and applied to their
injury (Table 1). In addition, the majority of the people with
WAD who completed the survey agreed that they would
appreciate access to the resources. About half of the HCPs
(50/94, 53%) also indicated that a website would be the best
platform to facilitate access to the resources.

http://formative.,jmir.org/2019/3/e12216/
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Results of the focus group discussions, attended by 28 HCPs
(16 primary and 12 specialist HCPs), endorsed some key
features of the website and informed the types of resourcesthat
were added to the website (Multimedia Appendix 2). Themes
that were generated can be broadly categorized asthoserelating
to risk assessment, management of people at low risk of
nonrecovery, and management of people at medium and high
risk of nonrecovery. For example, HCPs suggested that if risk
assessment was to be automated on the website, then guidance
on what to say to people at different risk levels should be
provided. In the low risk section of the website, primary HCPs
suggested downloadable and customizable exercise sheets be
provided. Inthe high-risk section of the website, primary HCPs
indicated that a database of specialist HCPs incorporated into
the website would facilitate the referral process. Finaly,
specialist HCPs suggested accessible and downloadable
psychological screening tools (eg, Depression, Anxiety and
Stress Scale [47], and Pain Catastrophizing Scale [48]) and
other outcome measures (eg, Self-report L eeds Assessment of
Neuropathic Symptoms and Signs pain scale [49], and Central
Sensitization Inventory [50]) as well as incorporating a
mechanism to document management decisions and
communicate with primary HCPs. These results were
considered, and the website incorporated content that provided
suggestions on communicating risk level, downloadable
resources (eg, screening tools, exercise sheets, and outcome
measures) and a database of specialist HCPs.

The vendor consultation resulted in the delivery of an
interactive, user-friendly website, the My Whiplash Navigator
(Figure 2). Within the website, 3 sections were developed:
patient, health care practitioner, and specialist practitioner. Each
section was developed with the target market considered and
the key components of WAD management embedded (ie, risk
assessment and risk-based management; Multimedia Appendix
3). The patient section guides peoplewith WAD through various
steps within the clinical pathway, including risk assessment,
and provides accessto useful information, advice, and exercises.
The health care practitioner section comprises guideline-based
resources to assist in WAD management, particularly
management of people at low risk and referral of those at
medium and high risk of nonrecovery. The specialist practitioner
section was designed to assist the specialist in making
appropriate decisions for people who are at medium and high
risk of nonrecovery.

JMIR Form Res 2019 | vol. 3| iss. 3 €12216 | p.141
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Bandong et &

Table 1. Perceptions of health care professionals (N=94) and people with whiplash-associated disorder (N=26) about available resources on whiplash

before the project.
Target group Strongly disagree/disagree, n (%) Neutral, n (%) Strongly agree/agree, n (%)
Health care professionals
Factsheet
Helpful in WA D? management 12(13) 26 (28) 56 (60)
Would use the resource in practice 19 (20) 20 (21) 55 (59)
Educational video
Helpful in WAD management 9(10) 23 (25) 62 (66)
Would use the resource in practice 22 (23) 26 (28) 46 (49)
Exercise video
Helpful in WAD management 12 (13) 22 (23) 60 (64)
Would use the resource in practice 24 (26) 25(27) 45 (48)
People with WAD
Factsheet
Applicable to my injury 1(4) 3(12) 21 (84)
Would want access to the resource 1(4) 1(4) 23(92)
Educational video
Applicableto my injury 0(0) 5(19) 20 (80)
Would want access to the resource 1(4) 4 (15) 20 (80)
Exercise video
Applicable to my injury 0(0) 5(19) 20 (80)
Would want access to the resource 2(8) 4 (15) 19 (76)

BWAD: whiplash-associated disorder.

Figure 2. The My Whiplash Navigator website landing page.
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Format, Layout, and Features

The content of the website was written in a professional and
patient-friendly tone, included interactive and intuitive pages,
and presented a positive and encouraging color scheme and
layout. Pages were interactive, intuitive, and user friendly to
facilitate ease of navigation. Information contained within the
website were presented as navigation links and in a
drop-down/accordion format, where appropriate. The
interactions and access to various pages within the website are
summarized in Figure 3.

The homepage of the website provided information about the
My Whiplash Navigator and links to register and capture login
details. Once registered or logged in, the patient or HCP is
directed to their relevant page. The patient section includes an
automated version of the whiplash CPR. The patient completes
aquestionnaire, and the scorefrisk statusis computed. Feedback
about the level of risk is provided to the patient and the treating

Figure 3. The My Whiplash Navigator wireframes overview.
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HCP, with a link to information for matched treatments
according to the risk of nonrecovery. Suggestions on how to
communicate risk level to patients are provided to the treating
HCP. A database of specialist HCPsis also incorporated on the
website to facilitate referral of people with WAD at medium
and high risk of nonrecovery. In addition, the website links the
patient with the treating HCP, as well as the specialist HCP,
allowing access to information and monitoring of recovery.
Communication between the treating HCP and patient is
facilitated through acomments section in the management page.
Communication between the treating and specialist HCPs is
further facilitated in the management page, where the specialist
HCP logs the decisions made and advice for the treating HCP.
The management section also allows the specialist HCP to
upload relevant documents or reports that the treating HCP is
ableto view. Resourcesfor patients and HCPs are downloadable,
and a customizable exercise dosage chart is also available for
HCPs to downl oad.

Ao XG e |

AN s S

Permissions

The website was built on aWeb platform called Drupal, which
is a proven, secure application framework that has role-based
permissions system. A tiered permission system was used for
the My Whiplash Navigator. First-tier included administrators
(eg, researchers and research assistants) who were ableto access
all information on the website. Other tiers include patients and
HCPs. Patients were tagged as belonging to a particular HCP.
Only those HCPswith atagged relationship with apatient were
ableto review all the data on that particular patient. No facility
exists for them to access other patient data, except through
aggregated and anonymized data reports. No patient is able to
access another patient’s data. The data are stored on aMySQL
(Oracle Corporation) server cluster that is run by a secure
Australian data center hosted in Sydney. The physical location

http://formative.,jmir.org/2019/3/e12216/

RenderX

for this server has 24/7 on-site security and is | SO27001:2005
certified.

I mplementation

Implementation of the website took place primarily in NSW,
QLD, and Australian Capital Territory from June 2016 to March
2018. A total of 260 HCP registrations were recorded (Table
2). The majority of the registrations were from NSW (214/260,
82.3%) followed by QLD (26/260, 10.0%).

A total of 65 primary HCPsregistered on the website, with most
registrations recorded following educational meetings (47/110,
42.7%). All specialist HCPs engaged through educational
workshops registered on the website (20/20, 100%). The
majority of the student HCPsregistered on the website (175/215,
81.4%) following classroom education.
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Table 2. Summary of registrations on the My Whiplash Navigator website.

Bandong et al

Target group Implementation strategy Total approached, N Total registered on thewebsite, n (%)
Student HCP? Classroom education 215 175 (81.4)
Primary HCP Educational meeting 110 47 (42.7)
Educational outreach and reminders 51 18 (35)
Specialist HCP Educational workshops 20 20 (100)

3HCP: health care professional.

Table 3. Summary of the number and duration of page views for the My Whiplash Navigator website.

Pagetitle

Unique page views, N Average time (seconds)

Assessment of risk

Health professional assessment of awhiplash injury 280 160.94

Prognosis: identifying people at risk of poor recovery 200 128.46
Provision of appropriate management for people at low risk of nonrecovery

Whiplash information and exercises 339 145.48

Whiplash exercises 192 260.59

Helpful facts and advice 102 161.99
Provision of appropriate management for people at medium and high risk of nonrecovery

Specialist assessment of whiplash 94 143.38

Specidlist care for whiplash 84 66
Other frequently visited pages

Whiplash Navigator steps 375 83.68

Managing whiplash in your patients 217 199.23

What is Whiplash Navigator? 169 91.7

FAQs? for patients 88 11931

3FAQs: frequently asked questions.

The website pages most commonly viewed were related to risk
assessment, exercises, and information about WAD (Table 3).
There were 1229 times when users were actively engaged with
thewebsite. The mgjority of website engagement was from new
visitors (858/1229, 69.81%), and 30.19% (371/1229) were
returning visitors. The total page views of the website were
7508 views, of which 5027 were unique page views. Usersview,
on average, 6 pages during a visit and stay approximately 3
minutes on each page.

Evaluation

The website evaluation survey was administered after the
implementation stage, between April and June 2018, and
returned by 24 primary HCPs (24/65, 37%), 13 speciaist HCPs
(13/20, 65%), and 60 student HCPs (60/175, 34.3%).

Most HCPs agreed that the website was accessible, easy to
navigate, and was a useful resource to assist in WAD
management (Table 4). Posthoc analyses showed that there was
no difference among students and primary and specialist HCPs
regarding the acceptability of thewebsite (Table5). Most HCPs
agreed that they would use the website in their clinical practice

http://formative.,jmir.org/2019/3/e12216/

(82/97, 85%). Furthermore, the mgjority of the primary and
specialist HCPs would recommend the use of suitable
Web-based tools to other practitioners (32/37, 87%). The best
features identified were accessibility of the website, simple
interface promoting ease of use and navigation, and capacity to
link people with WAD with HCPs. Many perceived that the
website was comprehensive and provided a one stop shop for
HCPs.

In contrast, features that needed improvement were initial
navigation difficulties and complicated registration process. A
few HCPs suggested potential limitation of the reach of the
website for HCPs or people with WAD who do not have access
to technology. Accordingly, HCPs identified a number of
additional features and content to further improve the website.
Some HCPs suggested adding more exercise and assessment
videos that can be used to further assist patient care. Features
such as a search bar, site navigator, and information for first
time users would further enhance navigation. Finaly, some
HCPs wanted to be able to customize exercises and resubmit
forms within the website to make monitoring progress and
designing exercise programs easier.
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Table 4. Perceptions of heath care professionals about acceptability and self-rated improvement in knowledge of whiplash-associated disorder

management after using the My Whiplash Navigator website (N=97).

Outcome

Strongly disagree/disagree, n (%)

Neutral, n (%) Strongly agree/agree, n (%)

Acceptability of the website

Easy to access screening tools 5(5)
Easy to access outcome measures 3(3)
Easy to navigate 1(1)
Easy to understand 0(0)
Useful resource for WAD? 0(0)
Will use the website in clinical practice 1(1)
Self-rated improvement in knowledge
Risk assessment 0(0)
Using the C-Spine rule? 1)
Standard assessment® 1(1)
Risk-based advice 0(0)
Appropriate exercises 1(1)
Referral of high-risk patients” 1()

20 (21) 72 (74)
21(22) 73 (75)
28 (29) 68 (70)
13(13) 84 (87)
11 (11) 86 (89)
14 (14) 82 (85)
18 (19) 79 (81)
14(17) 69 (82)
12 (14) 71 (85)
18 (19) 79 (81)
11 (11) 85 (89)
13 (16) 70 (83)

BWAD: whiplash-associated disorder.
bn=ga4.

Table 5. Posthoc analyses of differences among student, primary, and speciaist health care professionals regarding acceptability and self-rated
improvements in knowledge of whiplash-associated disorder management after using the My Whiplash Navigator website.

Outcome

Difference between groups?, chi-square (df)

Significance, P value

Acceptability of the website

Easy to access screening tools 4.2 (2)
Easy to access outcome measures 1.8(2)
Easy to navigate 1.8(2)
Easy to understand 0.6 (2
Useful resource for WADP 06(2)
Will use the website in clinical practice 1.0(2)
Self-rated improvement in knowledge
Risk assessment 0.7(2)
Risk-based advice 0.0(2)
Appropriate exercises 0.6(2)

12
41
41
74
71

.59

67
.99
74

#Test statistic: Kruskal-Wallis test.
Buwhipl ash-associated disorder.

Most HCPs agreed that the website hel ped them gain knowledge
about key aspects of WAD management (Table 4). The highest
self-rated improvement was around provision of appropriate
exercises (85/97, 88%), whereas the lowest was in the
identification of risk of nonrecovery and provision of risk-based
advice (79/97, 81%). Similarly, the majority of the specialist
HCPs agreed that the website assisted in gaining knowledge
about management decisions for people with WAD at medium
and high risk of nonrecovery (11/13, 85%). Posthoc analyses
demonstrated that there was no difference among student,

http://formative.,jmir.org/2019/3/e12216/

primary HCPs, and specialiss HCPs regarding self-rated
improvements in knowledge (Table 5). The majority of the
primary and specialist HCPs agreed that the website facilitated
communication between the primary health care provider and
specialist (25/37, 68%).

In terms of actual practice, there were a total of 24 recorded
management decisionslogged by specialist HCPson thewebsite.
The most commonly chosen pathway decision was shared care
(15/24, 63%). Provision of speciadlist care was chosen by
specialist HCPsin 33% of the decisions logged (8/24), mainly
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because the people with WAD that they saw did not have
primary HCPs at the time of consultation.

Discussion

Principal Findings and Comparison With Previous
Work

Results of this study demonstrate that the My Whiplash
Navigator isinnovative, practical toimplement, acceptable, and
assisted inimproving knowledge and practice of HCPsin WAD
management. The rigorous process of development,
implementation, and evaluation involving extensive
consultations among stakehol ders hasled to the first Web-based
tool for WAD that putstogether comprehensive, evidence-based
resources, automated risk assessment, and risk-based
management. Stakeholder consultation from the outset is key
inresearch trandation [31,51], and incorporating the suggestions
of each target market during idea generation and feasibility
supported uptake and acceptability of the website. Theseresults
demonstrate that the My Whiplash Navigator may be scaled for
wider implementation.

Most of the development and implementation strategies used
for this website have succeeded in engaging the target markets
and can be used in a future wider implementation program.
Known implementation strategies such as classroom education
[52,53] and educational meetings [14,16,32] used to improve
practice in other conditions were also effective in engaging
HCPs to use the website. Incorporating the website as part of
assessable educationa content further enhanced implementation,
given higher uptake among student HCPs compared with
primary HCPs. Second, an effective and efficient way to
facilitate website use among people with WA D might bethrough
primary HCPs and insurers. Compared with the fast-paced,
high-stress environment in hospital emergency departments
[54], the typica clinical encounter and the therapeutic
relationship between people with WAD and their primary HCPs
(Griffinet a, under review) would morelikely assist in engaging
people with WAD to use the website. Primary HCPs are also
the first point of contact of people with WAD, with general
practitioners consulted as early as 4 days and physiotherapists
at 3 weeks after injury [8]. Finaly, insurance regulators are
equally in aposition to engage people with WAD because most
peoplewho get injured from motor vehicle crashesin NSW and
QLD submit claims after the accident to access benefits under
the CTP insurance scheme.

Results aso showed that implementation of the website
improved HCP knowledge and practice acrossthe health service
delivery spectrum (ie, from novice to experienced HCPs) that
could potentially improve outcomes for people with WAD.
Preliminary efficacy demonstrated that the website improved
self-rated knowledge of HCPs about key aspects of WAD
management, specificaly, self-rated knowledge of risk
assessment and provision of risk-based advice. Although
previous studies have shown that it has been difficult toimprove
knowledge on risk assessment among primary HCPs[14,16,32],
use of the website appeared to support the delivery and
implementation of these key messages. Similarly, use of the
website appeared to improve actual practice of specialist HCPs

http://formative.,jmir.org/2019/3/e12216/
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through the promotion of a shared care approach in managing
people with WAD at medium and high risk of nonrecovery.
Thisisin contrast to the results of a previous study where the
same group of specialist HCPs preferred to provide direct
treatment (60%) over shared care (22%) [43]. A shared care
approach in management was perceived by primary HCPs to
facilitate thereferral process and recovery for peoplewith WAD
[43]. The strategies used to engage specialist HCPs along with
the interactivity of the website may have contributed to the
improvements in practice observed.

Next Steps

The positive results related to the feasibility and preliminary
efficacy of the website demonstrated the potential for broader
uptake and implementation. Results further identified website
content and features that need to be improved before more
widespread implementation. The next process in translation
would bethat of replicability and scalability [31]. Replicability
involves testing whether the website could deliver the same
outcomes in other circumstances. Ideally, the am is to
implement the website in other states in Australia to test its
application for WAD in different motor accident CTPinsurance
schemes. In addition, implementation of the website could
involve other key target markets such as people with WAD, the
insurance industry, and HCPs from other disciplines involved
in WA D management (eg, chiropractors, osteopaths, and general
practitioners). Finally, the suggestions from HCPsto incorporate
additional features such as search or navigator bar and access
to outcome measures would be considered to facilitate easier
navigation and better clinical decision making.

Limitations

The response rate for the idea generation survey among HCPs
was low; however, the survey was meant to be exploratory to
supplement the other processes used during the devel opment
stage of the website. Despite alow response rate, the responses
received from HCPs captured divergent opinions allowing us
to understand the needs and expectations related to resources
to assist HCPs in WAD management. People with WAD were
not included in the implementation and eval uation stage, mostly
because access to the website was limited to patients enrolled
in a concurrent randomized controlled trial (RCT) [20] that the
website supports. However, before thiswork, people with WAD
were extensively involved in the development of the patient
version of the WAD guidelines, education and exercise videos,
factsheets, and booklets for people with WAD. These resources
formed the patient section of the website. Implementation and
evaluation of the website among people with WAD will be
conducted and reported on after completion of the RCT.

Conclusions

In summary, a robust process resulted in an innovative,
interactive, user-friendly website, the My Whiplash Navigator.
I mplementation with HCPswas best achi eved through classroom
education and educational meetings. Eval uation suggested that
the website was acceptable and improved knowledge and
practice of HCPsin WAD management. These positive results
provide sufficient evidence to scale implementation nationally
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and involve other target markets such as people with WAD, insurers, and insurance regul ators.
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Abstract

Background: Indiaaccountsfor nearly one-quarter of the global tuberculosis (TB) burden. Directly observed treatment (DOT)
through in-person observation isrecommended in India, although implementation has been heterogeneous due largely to resource
limitations. Video DOT (vDQOT) is a novel, smartphone-based approach that alows for remote treatment monitoring through
patient-recorded videos. Prior studiesin high-income, low disease burden settings, such as the United States, have shown vDOT
to be feasible, although little is known about the role it may play in resource-limited, high-burden settings.

Objective: The goal of the research was to assess the feasibility and acceptability of vDOT for adherence monitoring within a
resource-limited, high TB burden setting of India.

Methods: We conducted a prospective, single-arm, pilot implementation of vDOT in Pune, India. Outcome measures included
adherence (proportion of prescribed doses observed by video) and verifiable fraction (proportion of prescribed doses observed
by video or verbally confirmed with the patient following an incomplete/unverifiable video submission). vDOT acceptability
among patients was assessed using a posttreatment survey.

Results: A total of 25 patients enrolled. The median number of weeks on vDOT was 13 (interquartile range [IQR] 11-16).
Median adherence was 74% (IQR 62%-84%), and median verifiable fraction was 86% (IQR 74%-98%). More than 90% of
patients reported recording and uploading videos without difficulty.

Conclusions: We have demonstrated that vDOT may be a feasible and acceptable approach to TB treatment monitoring in

India. Our work expands the evidence base around vDOT by being one of the first efforts to evaluate vDOT within a
resource-limited, high TB burden setting. To our knowledge, thisisthe first reported use of vDOT in India.

(JMIR Form Res 2019;3(3):€13411) doi:10.2196/13411
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Video DOT; mHealth; tuberculosis; medication adherence; telemedicine; India; mobile phone; smartphone
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Introduction

Globally, tuberculosis (TB) is the leading cause of infectious
disease-related mortality, responsible for 1.6 million deaths
annually [1]. The incidence of TB is higher in India than
anywherein the world, with roughly 2.8 million cases reported
in 2017, nearly 27% of the global TB burden [1]. To achieve
positive treatment outcomes, adherenceto TB therapy iscritical
[2,3]. However, socioeconomic and health system barriers in
India are common and negatively impact adherence [4-6].
Failure to complete treatment can lead to relapse and the
emergence of multidrug-resistant TB (MDR-TB), resulting in
further disease transmission.

The World Health Organi zation (WHO) encouragesthetailored
use of multidimensional adherence interventions, including
social, material, and psychological support, and emphasizes
monitoring through directly observed treatment (DOT) [7].
Compared with self-administered therapy, those managed with
DOT have demonstrated an improved rate of treatment
completion [7,8]. Completion of therapy is vital not only for
the patient but also the community, as public health efforts to
mitigate disease spread require treatment success.

Unfortunately, DOT is often burdensome for patients and,
paradoxically, can have a negative impact on adherence for
some [9]. In India, DOT has historically been largely
clinic-based (although there are differences in the public and
private sector), wherein patients are required to bear the financial
and logistical burden of frequent travel to and from the clinic
for treatment monitoring. In doing so, patients risk lost wages
due to time away from work. Additionally, providers must
record and dispense daily treatments, a process that can be
onerous and prohibitivein resource-constrained settings. While
DOT isformally recommended under the current TB treatment
guidelines set forth by India’s Revised National Tuberculosis
Control Program (RNTCP), in practice, DOT implementation
(ie, observing and documenting each prescribed dose) in the
community is inconsistent, and associated barriers can lead to
treatment default [10-15].

More recently, video directly observed therapy (vDOT) has
been introduced as a patient-centered alternative to in-person
DOT, with pill ingestion monitored remotely via digital video
capture. vDOT has been implemented using synchronous
technologies [16-19] such as Skype and FaceTime as well as
asynchronous technologies [20,21], where recorded videos are
uploaded and digitally stored for future review. This latter
method allows for video capture to occur at times convenient
for the patient and eliminatesthe need for vDOT to be scheduled
around staff availability. Recent work has shown asynchronous
vDOT to be feasible, well received by patients and providers,
and associated with high rates of treatment adherence [20-27].
Further, two economic evaluations in the United States have
suggested vDOT to be cost effective over in-person DOT
[20,27]. These encouraging findings have led both the US
Centersfor Disease Control and Prevention and WHO to suggest
vDOT as aviable aternative to in-person DOT [28-30].

While data on vDOT are becoming increasingly robust, vDOT
has yet to be rigorously evaluated within low- and
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middle-income countries of high disease burden such as India.
Despite resource constraints, cellular technology has spread
rapidly through India. As of 2017, there were a recorded 1.2
billion cellular connectionsand 291.6 million smartphone users
within the country, suggesting that vDOT may have arole in
this setting [31,32]. Additionally, recent changes to RNTCP
guidelines have prioritized daily therapy (ie, 7 days per week)
over three-times-per-week therapy, a change that further
questions the feasibility of in-person DOT within a system
already stretched thin and underscores the need for aternative
approaches to adherence monitoring and support [14,33,34].

To address this critical knowledge gap, we conducted a
prospective pilot of vDOT in Pune, India. Specifically, we
addressed the feasibility and acceptability of vDOT within this
resource-limited setting of high disease burden.

Methods

Overview

We conducted a prospective, single-arm, pilot implementation
of vDOT in Pune, India. The mobile app emochavDOT (emocha
Mobile Hedlth Inc) was used for treatment monitoring and
adherence support (Figure 1). The patient-facing portion of the
platform (ie, the mobile app) allows patients to record and
transmit treatment videos. The interface also prompts patients
to report any medication-related side effects (by checking off
relevant symptomsfrom aprepopul ated list). Through acalendar
function, patients are able to review treatment progress and
track adherence. Use of the software requires acamera-enabled
tablet or smartphone device with at least intermittent accessto
Wi-Fi or cellular data. The app supports both Android and iOS
operating systems. The provider portion of the platform can be
accessed on a desktop, laptop, tablet, or smartphone (using a
mobile browser) and isused by medical staff to review treatment
videos. Providers are notified of any patient-reported treatment
side effects. Given the system’s asynchronous nature, submitted
videos can be reviewed at any time following digital capture
and transmission.

The emocha app is compliant with US Hedth Insurance
Portability and Accountability Act (HIPAA) regulations and
allowsfor asynchronousvDOT (Figure 2). Video capture occurs
via the app. In the event that the device loses internet service
or does not have access to internet service during video capture
or upload, the videos (or any untransmitted component) remain
encrypted on the device; all videos are uploaded automatically
to secure serverswhen connection isrestored (Wi-Fi or cellular
data). Following transmission, videos are automatically wiped
from the smartphone memory. Encrypted patient data, therefore,
remain within the device only for the period between video
capture and Web upload. Providers are able to access uploaded
data via a secure Web interface through which they review
submitted videos and track treatment progress.

The study was conducted at the Dr DY Patil Medical College
Center and took place between January 2017 and June 2018.
Study procedureswere approved by thelocal institutional ethics
committee and the institutional review board at Johns Hopkins
University in Baltimore, Maryland.

JMIR Form Res 2019 | vol. 3| iss. 3 |e13411 | p.152
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Holzman et al

Figure 1. The patient-facing portion of the emochavideo directly observed therapy mobile app allows patients to record and transmit treatment videos,
report any medication-related side effects, and review treatment progress and track adherence. The provider portion of the platform can be used by

medical staff to review treatment videos and accessed from multiple devices.

» [ ]

Patient-facing

DOE, JOHN 1/1/2018 2:30PM EST

REJECT

ACCEPT

Provider-facing

Figure 2. Dataflow and security with the emocha video directly observed therapy mobile app.
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Dr DY Patil Medical College Hospital is a private hospital that
contains a government (public) TB treatment center (directly
observed treatment, short-course, or DOTS center) as a
public-private mix initiative. Patients diagnosed with or treated
for TB at either Dr DY Patil or local DOTS centerswereeligible
for the study. Inclusion required age >18 years, signed informed
consent, and >2 remaining months of TB therapy. Patientswith
MDR disease and HIV were excluded. Given this was a pilot
study, we enrolled a convenience sample. Some patients were
approached at the time of diagnosis, although many were
assessed for eligibility midtreatment. Those not participating
in the study received treatment and observation as per the local
standard of care. Local guidelines recommend DOT for al
intensive phase doses and for at least one dose per week during
the continuation phase [14], athough implementation is
heterogenous and largely determined by local resources and
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XSL-FO

RenderX

Video verification
Treatment Analytics

Secure
cloud

Encrypted patient data

patient preference (oral communication, T Sahasrabudhe, MD,
November 2018).

Prior to enrollment, patients were required to establish basic
smartphone proficiency and demonstrate the ability to
successfully navigate the emocha app. A version of emocha
trandated into Marathi (the primary local language) was
available to those with limited English. Patients without access
to a smartphone were provided one by the study. Regardless of
the device used, each participant was provided Rs 200 (US $3)
each month to cover the cost of video submissions and a
one-timeincentive payment of Rs 100 (US $1.50) to cover travel
expenses.

Study Procedures

A tota of 35 patients were selected for this study based on a
convenience sampling method. All patients provided written
informed consent and were permitted to withdraw from the
study at any time. Demographic information including
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participant medical history and TB diagnosis were collected
using a standardized case report form. Data were subsequently
entered into a digital database by study staff. During their first
study visit, participants were introduced to vDOT by a study
staff member who provided each with a unique username and
password and conducted a step-by-step tutorial outlining the
processfor how to create and submit atreatment video. Patients
werethen observed asthey attempted to submit adummy video
independently. Additional training was provided on an as-needed
basis.

Prior to formal enrollment, patients underwent a conditional
1-week run-in period, during which they were closely monitored
for their continued ability to successfully record and submit
videos. Any technical or logistical barriers arising during this
period were addressed prior to formal study enrollment, which
was only able to occur following successful completion of this
trial period. For those enrolled, vDOT continued through
treatment completion or until consent was withdrawn. Text
message reminders viathe emochaapp were automatically sent
to patients in the absence of expected video submissions. All
incomplete or unverifiable videos (eg, medication could not be
seen or video did not transmit due to network issue) were
followed up with a staff phone call to verbally verify whether
the dose was taken.

Feasibility

Feasibility was assessed by two primary outcomes. The first
was treatment adherence, or the proportion of al prescribed
treatment doses directly observed by video. As noted above,
incomplete or unverifiable videos were followed up with a
phone call for verbal verification. As such, a second metric,
verifiable fraction, was used to describe the proportion of all
prescribed doses that were either directly observed (by video)
or verbaly confirmed (following incomplete/unverifiable
videos). All dataanalysiswas completed in Stata 14 (StataCorp
LLC).

Figure 3. Study flow diagram. vDOT: video directly observed therapy.

Holzman et d

Acceptability

To assess vDOT acceptability among patients, a posttreatment
survey was administered comprising a series of categorical and
Likert scale questions addressing issues such as mobile phone
and internet access, emocha ease of use, convenience, and
privacy. To increase our understanding of potential
implementation barriers, patientswere also informally asked to
comment on their experiences and highlight any challenges or
concernsthey had related to the use of vDOT. Patient responses
were noted by study staff at the time of survey administration.
Staff were also asked to comment on patient-level barriers
observed during the study.

Results

Study Participants

Of 35 patientswho were consented and initiated the run-in phase
(Figure 3), 10 did not complete the run-in and left the study.
Reasons for run-in failure were related to technological (eg,
inability to effectively use platform or poor cellular/Wi-Fi
connectivity) and psychosocial (eg, concernsregarding privacy)
barriers. Twenty-five patients were ultimately enrolled and
formally initiated on vDOT with emocha. There was no study
drop out, and all 25 patients completed therapy on vDOT.

Patient characteristics are described in Table 1. The median age
was 27 (interquartile range [IQR] 24-42) years, 40% (10/25)
were female, and 72% (18/25) reported their local language as
Marathi. Most patientswerelow income with amonthly income
lessthan Rs 16,000 (US $225). The majority of patients (22/25,
88%) had accessto asmartphone and theinternet. Three patients
(3/25, 12%) required the use of a study phone. Almost
three-quarters (18/25, 72%) of patients had pulmonary TB, and
the remainder (07/25, 28%) had extrapulmonary disease.

Consented and initiated
run-in phase
N=35 Reason for non-enrollment (n, %):
* Family assistance needed to operate app, but
support only intermittently available 2 (20)
> * Confidentiality concerns 3(30)
* Unable to consistently submit videos 1(10)
* Inconsistent internet/WiFi 1(10)
. *  Did not meet enrollment criteria 1(10)
Enrolled
T * Unknown 2 (20
N=25

Completing therapy on vDOT
N=25
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Table 1. Patient and disease characteristics (n=25).

Holzman et d

Variable Value
Age, year (median, IQR?) 27 (24-42)
Female, n (%) 10 (40)
Indian state of origin, n (%)
Maharashtra 18 (72)
Haryana 2(8)
Karnataka 1(4)
Tamil Nadu 1(4)
Other 3(12)
Primary language, n (%)
Marathi 18 (72)
Hindi 6(24)
Kannada 1(4)
Employed, n (%) 10 (40)
Aver age monthly income (Rs), n (%)
<2000 6 (24)
2000-4000 0(0)
4000-8000 6 (24)
8000-16,000 13 (52)
>16,000 0(0)
Homeless, n (%) 1(4)
Residence, n (%)
Urban 21 (84)
Rural 4(16)
Married, n (%) 13 (52)
Primary mode of transportation, n (%)
Private vehicle 0(0)
Bus/train 0(0)
Auto-rickshaw 8(32)
Other private transportation 17 (68)
Substanceuse, n (%)b
Alcohol 1(4)
Tobacco use 0(0)
Ilicit drug use 0(0)
Medical comorbidities, n (%)°
Diabetes 3(12)
Hypertension 1(4)
Cancer 0(0)
Technology, n (%)
Regular access to a smartphone 22 (88)
Daily accessto Wi-Fi or cellular data 22 (88)
Used personal device for study 22 (88)
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Variable Value
Tuberculosis category, n (%)
Pulmonary®
Smear positive 14 (56)
Smear negative 4 (16)
Exclusively extrapulmonary 7 (28)

3 QR: interquartile range.
bCategories not mutually exclusive, each out of 25 total participants.
®Pulmonary disease with or without extrapulmonary involvement.

The magjority of patients were initiated on vDOT during the
continuation phase (20/25, 80%), with 20% (5/25) beginning
during the intensive phase. The median number of weeks on
vDOT was 13 (IQR 11-16), with arange of 9to 23 weeks (Table
2). A total of 80% (20/25) of patients received daily (7 times
per week) therapy, while 20% (5/25) received an intermittent

(3times per week) regimen. No in-person DOT was documented
either before or after implementation of vDOT. Overall, 60%
(15/25) of patients reported at least one treatment-related side
effect. The most commonly reported symptoms were
nausea/vomiting (8/15), abdomina pain (3/15), and itching
(2/15).

Table 2. Video directly observed therapy outcomes and data utilization (n=25).

Variable Value
Adherence® (%), median (IQR) 74 (62-84)
Verifiable fraction® (%), median (IQR) 86 (74-98)
Dosing frequency, n (%)

3 times per week DOTY 5(20

7 times per week DOT 20 (80)
Treatment phase at enrollment, n (%)

Intensive 5(20)

Continuation 20 (80)
Number of weeks on vDOT®, median (IQR) 13(11-16)
Total uploaded videos' (n) 1722
Mean uploads per patient, mean (SD) 91 (53)
Number of rejected videos per patient

Mean (SD) 1.6 (2.4)

Range 0-8
Video length (seconds), median (IQR) 44 (31-52)
Video size (MB), median (IQR) 15(1.1-1.7)

3proportion of total prescribed doses completed under video observation. Of note, no in-person directly observed therapy was noted either before or

after the implementation of video directly observed therapy.
bIQR: interquartile range.

CProportion of total prescribed doses verified by any means, including successful observation by video upload and verbal dose confirmation (by phone
or in person) following the submission of an incomplete or poor quality video.

dpor: directly observed therapy.
SDOT: video directly observed therapy.

fTotal video (accepted + rejected + run-in phase) uploads across al patients over the length of the study.

Feasibility
Median adherence on vDOT was 74% (IQR 62%-84%, Table

2). After including verbaly verified doses (following
unverifiable or incomplete videos), the median verifiable
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fully seen. The median video length was 44 (1QR 31-52) seconds
and associated with amedian filesize of 1.5 (IQR 1.1-1.7) MB.

Acceptability

A total of 22 posttreatment surveys were completed; 3 patients
declined participation. Study outcomes for those declining
involvement were similar to those of the general study
population; each patient completed >14 weeks on vDOT with
an adherence >70%.

Table 3. Responses from patient agreeability survey (n=22).

Holzman et d

A total of 91% (20/22) of surveyed patients described emocha
as easy to use (Table 3). All patients (22/22, 100%) reported
being ableto record videos without difficulty, 95% (21/22) were
able to upload without difficulty, and 91% (20/22) found text
message reminders helpful. Further, al found they were able
to communicate concerns and medication side effects effectively
through the emocha platform. The majority felt vDOT would
be more convenient (20/22, 91%) and preferred (20/22, 91%)
over in-person DOT (Table 4). While 82% (18/22) felt vDOT
would preserve patient privacy over in-person DOT, 18% (4/22)
disagreed and felt in-person DOT would be more private.

Survey statements (rated on a 5-point Likert scale) Agree n (%) Disqagreeb n (%)
emochawas easy to use 20 (91) 2(9)
| was able to record videos without difficulty 22 (100) 0(0)
| was able to upload videos without difficulty 21 (95) 1(5)
emocha text message reminders were hel pful 20 (91) 2(9)
| was able to communicate concerns and side effects using emocha effectively 22 (100) 0(0)

8Agree/strongly agree were grouped.
bNeutral/disagree/strongly disagree were grouped.

Table 4. Responses from patient preference survey (n=22).

Survey statements (categorical)

Value, n (%)

Videos were most often uploaded using
Wi-Fi at theclinic
Wi-Fi at home or other location
Cellular data (3G/4G)

Which better preserves patient privacy??
vDOTP
In-person DOT®
No preference

Which is more convenient??
vDOT
In-person DOT
No preference

Preference for therapeutic monitoring?
vDOT
In-person DOT

No preference

0(0)
0(0)
22 (100)

18 (82)
4(18)

0(0)

20 (91)
2(9
0(0)

20 (91)
2(9
0(0)

8 n-person directly observed therapy (DOT), either prior to enrollment or while on video directly observed therapy (vDOT), wasinconsistently performed
and/or documented based on chart reviews. Answers referring to in-person DOT are therefore based on patient perceptions of what in-person DOT

would belike.
byDOT: video di rectly observed therapy.
°DOT: directly observed therapy.

Study coordinator noteswerereviewed and summarized in Table  psychosocial factors, such as the privacy concerns and stigma,

5. Broadly, these notes reveal ed patient-level barriersimpacting

and mental health barriers. Despite survey data suggesting that

the successful implementation and use of vDOT. Included were  most were ableto record and upload videos without issue, poor
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connectivity and cellphone-related challenges (eg, subscriber
identity module [SIM] card malfunction) were noted in a few

Holzman et d

cases.

Table5. Patient-level barriers to successful video directly observed therapy use asidentified by study staff.

Barrier to vDOT? use

Representative patient quotes and/or problem details

Psychosocial
Stigma

“Recently one of my close relatives expired. As you know, we need to be at home to complete al the

rituals up to 15 days after death. All the relatives are there, around all the time, and it became difficult
to go out aswell. So | could not take videos. Otherwise they would have started asking. Due to that,
sometimes | missed my medicines.”

Hospital admission

One patient suffered from severe alcohol dependence. The patient was successful on vDOT for a period

but later admitted for detoxification. The patient’s phone was confiscated at the time of admission,
leaving him unable to upload videos during his hospital stay.

Stress

“My 1-year-old son fell from the bed and his hand got fractured. He was unwell, so we were under stress.

| took tablets but during that time, | did not record videos.”

Technology-related

Connectivity
| could not send videos.”

vDOT-related challenges

“1 went to my villagefor 8 days for somework. Aswe do not have range and connectivity to theinternet,

“Theregistration processis a bit complicated and time-consuming. Can it be simplified?’

“The [vDOT] app got hanged in my mobile. I did not know how to reinstall it. So | could not send

videos.”

“When [recording a] video, if | get acall, the application used to suddenly shut down. So the video

[would get lost].”

SIMP card

“1 did not submit Know Your Customer documents required for SIM verification. Hence my SIM card

was deactivated for some time...| was not able to send videos.”

&/DOT: video directly observed therapy.
bSIM: subscriber identity module.

Discussion

Principal Findings

Our pilot study suggests that vDOT may be a feasible option
for verification of medication adherencefor TB patientsin India.
Among enrolled participants who completed a short run-in
period to assess technological literacy, we found that a median
74% of al prescribed doses were observed. Further, when
including doses verbally confirmed (following incomplete video
submissions), the proportion of verified doses (verifiable
fraction) increased to 86% (based on 1722 submitted and
reviewed videos), exceeding the adherence goal of >80% set
forth by current treatment guidelines [28]. This degree of
adherenceis comparable to that described using vDOT in other
settings, such as the United States, and advances current
evidence supporting vDOT, as prior work has largely focused
on implementation within resource-rich settings [16,20,27,35].
To the best of our knowledge, this is the first reported use of
vDOT in India.

Our demonstration of vDOT feasibility within the Indian context
is both timely and critical given the recent RNTCP guideline
changes emphasizing the need for daily over intermittent (3
times per week) therapy [14,33,34]. While a DOTS strategy,
based on the principle of direct treatment observation, has been
in place in India for over two decades, in practice, DOT
implementation has been inconsistent.

http://formative.,jmir.org/2019/3/e13411/

In Pune, our experience has been that patients are often provided
medication weekly or biweekly, with adherence monitoring
largely based on self-report. At best, clinic services, including
in-person DOT, are generaly available 6 days per week,
permitting a maximum of only 85% of prescribed (daily) doses
to be observed. In contrast, by decoupling video capture from
provider review, asynchronous vDOT potentially allowsfor all
(100%) dosesto be observed and obviates the need to coordinate
DOT around staff availability.

To successfully and sustainably implement DOT in India,
alternatives to in-person DOT are clearly needed. vDOT has
the potential to be this aternative and to fill the needed gap.
Our study is among the first in a resource-limited setting to
demonstrate that daily therapy can be confirmed through the
use of innovative mobile technologies. vDOT saves health care
worker time and obviates the need for in-person visitsto observe
treatment [22]. For settings where home visits are employed
solely for DOT, vDOT may reduce costs and save time even
further [18,20,27,36,37]. vDOT may also have other previously
unrecognized benefits related to infection control. Provisions
for personal protective equipment (ie, masks for heath care
workers) or environmental controls (isolation rooms) arelimited
in India; vDOT offers a mechanism to closely monitor patients
while reducing potential transmission opportunities.
Additionally, we observed that patients derived benefit from
avoiding frequent clinic visits, for which associated travel leads
tolost time and, often, wages. Most importantly, vDOT provides
solid evidence of treatment adherence. Our study aso highlights
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aneed for patient training (eg, run-in period with onboarding
to the technology), counseling, and follow up in cases of missed
doses to assure successful treatment compl etion.

Of note, India has already endorsed another electronic form of
treatment monitoring, 99DOTS: when a patient removes a pill
from a blister pack, a number is revealed that completes a
toll-free phone number printed on the pack, which the patient
then callsto report having taken daily medication [12,33]. While
99DOTS may be a feasible means for basic adherence
monitoring [38], vDOT has the distinct advantage of providing
video confirmation of pill ingestion. It is aso important to
consider that the use of vDOT allows for adherence support in
addition to adherence tracking. The platform used in this study
captures side effects and TB symptoms, and videos can also be
used to notify providers of treatment concerns, such as rashes,
which can be preliminarily evaluated from afar through
submitted videos. Moreover, the current platform alows
automated messaging reminders, which patients reported to be
a benefit. Newer versions of the software offer secure chat
functionality (with health care providers) and case management
tools that may further support treatment adherence. India
recently rolled out a direct benefits transfer scheme that
encourages treatment adherence through the use of financial
incentives (Rs 500 per month while on therapy) [39,40].
99DOTS is currently being used as a mechanism to monitor
treatment adherence, but it is limited. For the reasons noted
above, a more reliable tamper-proof means of adherence
monitoring would be beneficial.

Limitations and Strengths

While our work supports further evaluation of vDOT within
India, we acknowledge severa study limitations. First, our
sample size was small and, while we have shown vDQOT to be
feasiblein onelocation, its acceptability and feasibility in other
parts of India remain unknown. Second, we were unable to
compare adherence on vDOT to that under the existing standard
of care, which at our sitewas primarily self-administration (thus
precluding documentation of prestudy adherence). Our findings,
however, suggest that vDOT implementation could substantially
improve adherence documentation compared with current
practice. Through broader implementation, vDOT has the
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potential to enable enhanced accountability among TB clinics
with regard to treatment adherence. Improvements in
documentation would also increase the availability of
high-quality dataon TB treatment completion for public health
reporting practices. Whether vDOT is associated with improved
patient outcomes compared with standard of care is still
unknown and was not assessed within the scope of this pilot
study.

We also acknowledge a significant attrition over the course of
our run-in period. One-third of those who consented did not
ultimately participate in the study. Drop out during this period
was largely driven by technological barriers related to
infrastructure (eg, inconsistent cellular coverage) or
inability/unease with smartphone operation. Further, despite
the fact that we used a HIPAA-compliant app (emocha) with
stringent security controls, several participantswithdrew consent
over privacy concerns. Some patients noted a fear that their
treatment videos might end up publicly viewable on theinternet.
While cellphone technology has spread rapidly across India,
cellular coverage remains incomplete and not all have become
immediately facilewith thetechnology. With time, these barriers
may diminish. A strength of our study was the use of arun-in
period, which was advantageous in that it allowed for rapid
identification of those with sufficient mobile phone literacy to
be candidates for vDOT. In our study, all those who completed
therun-in period and enrolled in the study successfully finished
therapy on vDOT.

Conclusions

Despite its promise, there remain questions regarding vDOT
that must be addressed. Larger controlled and comparativetrias
will be needed to better evaluate the effectiveness of vDOT
against the current standard of care or alternative technologies
in resource-limited, high disease burden settings. Future studies
addressing cost and cost effectiveness are also needed. Last, in
other settings such asthe United States, vDOT has successfully
been coupled with individualized case management to allow
real-time intervention after missed doses; the role of this
approachin Indiaisunknown[20]. Overal, our work has shown
that despite socioeconomic and structural barriers, vDOT may
be afeasible approach for treatment monitoring in India.
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Abstract

Background: Dengueisamosquito-borne viral disease that hasincreasingly affected Sri Lankain recent years. To address this
issue, dengue surveillance through increasingly prevalent digital surveillance applications has been suggested for use by health
authoritiesand the general public. Epihack Sri Lankawas a5-day hackathon event organized to devel op adigital dengue surveillance
tool.

Objective:  The goal of the research was to examine the effectiveness of a collaborative hackathon that brought together
information technology (IT) and health experts from around the globe to devel op a solution to the dengue pandemic in Sri Lanka.

Methods: Ethnographic observation and qualitative informal interviews were conducted with 58 attendees from 11 countries
over the 5-day Epihack to identify the main factors that influence a collaborative hackathon. Interviews were transcribed and
coded based on grounded theory.

Results:  Three major themes were identified during the Epihack Sri Lanka event: engagement, communication, and current
disease environment. Unlike other hackathons, Epihack had no winners or prizes and was collaborative rather than competitive,
which worked well in formulating avariety of ideas and bringing together volunteers with a sense of civic duty to improve public
health. Having health and I T experts work together concurrently was received positively and considered highly beneficial to the
development of the product. Participants were overall very satisfied with the event, although they thought it could have been
longer. Communication issues and cultural differences were observed but continued to decrease as the event progressed. This
was found to be extremely important to the efficiency of the event, which highlighted the benefit of team-bonding exercises.
Bringing expert knowledge and examples of systems from around the world benefited the creation of new ideas. However,
developing asystem that can adapt and cater to thelocal disease environment isimportant in successfully devel oping the concepts.

Conclusions: Epihack Sri Lanka was successful in bringing together health and IT experts to develop a digital solution for
dengue surveillance. The collaborative format achieved a variety of fruitful ideas and may lead to more hackathons working in
this way in the future. Good communication, participant engagement, and stakeholder interest with adaptation of ideas to
complement the current environment are vital to achieve the goals of the event.

(IMIR Form Res 2019;3(3):e11555) doi:10.2196/11555

KEYWORDS
Epihack; civic engagement; dengue; digital epidemiology; participatory surveillance; participatory epidemiology; participatory
design; workshop
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Introduction

Dengue is a mosquito-borne viral disease that globally affects
an estimated 390 million people each year [1]. In 2013, dengue
was estimated to be responsible for 1.14 million
disability-adjusted life years (DALY s) worldwide [2].

Situated in thetropics, Sri Lankahas an elevated risk of dengue
endemi cs because mosquitoes thrive in warm, humid areas [3].
The severity of dengue in Sri Lanka has been increasing over
the years. In 2010, 2012, 2014, 2016, and 2017, there were
34,188, 44,461, 47,502, 55,150, and 186,101 reported cases,
respectively [4]. Inthefirst half of 2017, the number of dengue
cases was 4.3 times higher than the typical number of dengue
casesfor the sametime period in previous years, leading to 215
deaths, with capital city Colombo having the most reported
cases [5]. This may have resulted from the heavy rain and
flooding that affected Sri Lanka, as well as the many
construction developments that are underway in the rapidly
changing urban landscape of Colombo.

A potential method to reduce dengue is to monitor the disease
through surveillance by tracking the number of cases and
investigating the outbreak source, and then tracing and
eliminating the potential mosqguito breeding groundsthat could
spread the disease [5]. However, health authorities are struggling
to monitor and control the spread of the disease using their
outdated and time-consuming paper-based systems [6].

To address this, Nanyang Technological University (NTU),
Singapore, developed an integrated digital surveillance tool
called Mo-Buzz to target dengue in the Colombo region. The
application was made available to the local health authorities
to integrate predictive surveillance, dengue hotspot mapping,
civic engagement, and health education through social media.
The health inspectors who would normally use paper-based
forms to input potential breeding sites and paper maps to
pinpoint dengue hotspots were ableto report through the system,
reducing reporting time considerably. A similar Mo-Buzz
application was piloted with the general public to encourage
reporting of potential breeding sites to the health authorities
and educate them on how to prevent the spread of dengue.
However, although Mo-Buzz was successful with Colombo
health authorities, uptake of the application was not fully
operationalized with the general public. The application had
also become dated having been launched in 2013 and needed
upgrading, both conceptually and technologically [7].

To make the Mo-Buzz applications contemporary and more
effective, the research term organized a 5-day hackathon event,
Epihack Sri Lanka, in Colombo in November 2017 with funding
received from Skoll Global Threats Fund. Local and
international information technology (IT) and health experts
participated in Epihack Sri Lanka to improve capacities and
capabilities of the existing applications. They collectively
brainstormed, shared expert information and experiences, and
guided each other in stimulating vibrant discussions to create
prototyped digital toolsto prevent the spread of dengue.

Typically, requirements to develop a health application are
compiled by health experts and given to IT experts to develop
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independently with no additional input from the health
professional s until an early prototype has been created. Dueto
the collaborative nature of Epihack, expertsin both I T and health
fields work together to mutually collaborate on the application,
ensuring that requirements of the health experts are met in
conjunction with the capabilities of the IT professionals. This
allows for instant updates of any issues that arise.

The main aim of Epihack Sri Lanka was to develop a
cutting-edge participatory reporting tool by building on the
existing features of Mo-Buzz. The goal was to implement
prevention strategies to battle dengue, bridge communication
gaps in dengue control, and achieve effective communication
between health authorities and the public.

Epihack Sri Lankawasthefirst of itskind in Sri Lankaand had
the uniqueness of bringing together expertsfrom different fields
(health communication, doctors, information technology, etc)
to develop a digital health solution in a collaborative manner
rather than the usual competitive hackathon format. Little
research has been done to observe what works and what can be
improved in an event such as this, and, therefore, the objective
of this paper was to examine the effectiveness and value of a
5-day Epihack workshop based on grounded theory approach,
through field observations and qualitative interviews with the
attendees of the event.

Methods

Data Collection: Sample and Procedures

This research was conducted among Epihack Sri Lanka
attendees, and ethical approval was obtained from the
university’s review board. Participants were observed in their
area of work in ethnographic format and quadlitatively
interviewed in an informal manner to gather their experiences
and opinion of the event during the 5-day period. Theinterviews
were audio recorded to ensure descriptive vaidity, and
observations and themes were noted.

Participants

A total of 58 facilitators and participants (16 women) from 11
countries attended Epihack Sri Lanka; 22 attendeeswere health
experts, and 36 were IT experts. The event consisted of
participants from Sri Lanka, India, Pakistan, United States,
Albania, Laos, Thailand, Singapore, Australia, Belgium, and
Cambodia; 16% had taken part in a previous Epihack.
Participants included 7 international health facilitators, 5
international and 8 local health participants, 4 international and
4 loca IT facilitators, and 3 international and 27 local
participants.

Participants included industry technological experts and
epidemiol ogists from the epidemiol ogical unitsin Colombo and
local hospitals. In addition, participants consisted of public
health inspectors; faculty and computer science students from
NTU, University of Colombo School of Computing, and the
Computer Society of Sri Lanka; and representatives from the
Ministry of Health and Colombo Municipal Council.
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Interview Guide

A basicinterview guide containing aset of open-ended questions
was prepared in English so we could understand the interviewee,
thetype of work they areinvolved in, and how that work impacts
(if it does) health communication. Respondents were asked to
take part in the informal interview and after we received their
consent, they were briefed about the interview and its purpose.
Interviews were guided by the following themes:. genera
guestions about the interviewee and their work, the reason for
their participation in such an event, and the benefits of having
an event like this.

The average duration of conversations was 15 to 20 minutes;
conversations were moderated by an experienced researcher.
During theinterview sessions, the researcher often summarized
and clarified the answers that were vague. The researcher also
encouraged the participantsto verify the summarized statements
before moving to the next question. Interview sessions were
documented with audio recordings and were later transcribed.

Qualitative Analysis

Transcripts were coded line by line based on grounded theory,
adataanalysisprocessthat startswith the collection of datathat
isinterpreted and devel oped into themes and explanatory theory.
The analysis process consists of steps such as “coding data;
developing, checking, and integrating theoretical categories;
and writing analytic narratives throughout inquiry” [8]. Codes
were further elaborated as new themes developed during the
coding procedure. The key purpose of the research was to
uncover crucial factors that work best and what needs
improvement in an event such as this.

Epihack Format

The 5-day Epihack event was held November 6-10, 2017, in
Colombo. The experts took on the roles of facilitators and
participantsto share information, experiences, and guide teams
during discussions to stimulate vibrant conversations and
formulate best practices.

Daily Schedule of Events

Day 1 of the event consisted of an introduction to the dengue
problemwithin Sri Lankaand examplesof variousdigital health
surveillance solutions that have been implemented around the
world to educate facilitators and participants about the
challenges at hand. Talks covered topics such as global dengue
prevention methods, current dengue issues facing Colombo,
and existing applications such as Mo-Buzz. As the talks were
predominantly health-based with focus on educating those who
were not aware of the problems, a brainstorming session was
organized—particularly for IT participants—to clarify
information presented to them on the current dengue issues.

Day 2 entailed visiting dengue hotspots around Colombo. Three
groups were each taken to two sites that have had high levels
of dengue outbreaks such as construction sites, temples, parks,
and schoolsto interview the locals and view the area. The aims
of the field trips were to observe mosqguito breeding sites and
collect information from the site staff members or individuals
to get a clearer picture of the dengue situation.
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The goals of the field trips can be encapsulated into two main
guestions:

«  What do they have (ie, what problemsis the site currently
facing and what current dengue prevention systems arein
place)?

« What do they need (ie, what are the problems with the
existing dengue systems and how feasible are their ideas
to improve the situation)?

A mini discussion session was organized to share information
gathered from the field trips, where each group presented their
findings and brainstormed the issues and requirements at hand.
Both health and IT experts contributed to the conversation to
ensure that the requirements were valid and the technol ogy was
achievable. Possible work topics were also discussed during
the session.

Days 3 and 4 consisted of amalgamating ideas and creating
groupsconsisting of I'T and health expertsto devel op the chosen
work topics. First, facilitators met to discuss, categorize, and
divide the project into 5 achievable subprojects or modules.
Then one IT and one hedlth facilitator were assigned to each
group based on their expertise. This is different from usual
hackathons where groups are typically created beforeideas are
defined due to the more collaborative nature of the event. The
subprojects were then presented to the whole team, which was
asked to select the group they wanted to work in, and ideaswere
explored further. Work topics that formed were all different
facets of the same surveillance system to prevent similar ideas
being redevel oped. Groups then began working on their ideas
which included the following:

- Developing a database for public health officials

- Developing a framework for work management and
visualization for public health officials and other
stakeholders

- Creating a centralized database to consolidate all of the
various information from different sources into one
dashboard

- Creating educational content to educate construction
workers, schools, and the general public

Each group consisted of approximately 12 members, of which
approximately 8 people were IT experts. Throughout the two
days, each group presented their ideas to the attendees at regular
intervalsto gather opinions, ideas, and potential issuesfrom the
other groups. The groups worked closely together throughout
the process to ensure that each facet was developed in parallel
with ideas that could be incorporated with the others.

Day 5 of the event involved each group presenting the devel oped
ideas to invited guests and VIPs.

Results

Major Factors

Themain aim of the study wasto uncover the mgjor factorsthat
contributed to the effectiveness and value of the 5-day Epihack
workshop. Three main themes were identified: engagement,
communication, and environment (Figure 1).
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Figure 1. Themes and subthemes identified during the Epihack from qualitative interviews and observations.
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Epihack Aim and Goals: Setting Expectations for the
Five Days

Leading up to the event, a skilled Epihack organizer with
experience in coordinating previous Epihacks assisted in the
organization of this event. Facilitators were selected based on
expertise, experience, and leadership qualities, with many
facilitators having attended previous Epihacks. All facilitators
werereguired to complete onlinetraining in Epihack facilitation
before the event and attend pre-event meetings to ensure they
were prepared to guide participants. During Epihack Sri Lanka,
organizers and facilitators explained the aim and goals of the
event to participants with examples from previous Epihacks
conducted in other countries to clarify the nature of the event
to participants.

One of the Epihack Sri Lankaorganizers stated that the Epihack
aimed to create a platform for effective communication and
collaboration. Thelocal health facilitators and health participants
were encouraged to consider how to convey their needs in an
understandable way to the IT experts to prevent a
communication gap on the expected outcome.

A facilitator mentioned that “ The future is not to work hard but
to work smart,” and another facilitator added “The wheel has
already been invented, but we want to make it faster.” They
explained that the idea of an event such as Epihack Sri Lanka
was to understand what had been previously done around the
world, learn what had worked and had not worked, and borrow
ideas and strategies used by previousteamsrather than spending
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time on redevel oping the same ideas. Although the organizing
team addressed the fact that it is difficult to come up with a
perfect solution, they stressed that only by endeavoring and
working together in this way to eradicate the disease can there
be a step toward positive change: “It is one step closer to a
perfect solution.”

Even though Epihack Sri Lanka was considered a hackathon,
which traditionally focus on technology, it also welcomed
nontechnology solutions. The primary goal was to create and
brainstorm any ideas that could be possible solutions for
reducing the spread of dengue.

Collaboration Versus Competition

The Epihack organizers and facilitators believe that Epihack
works better if it is executed in a collaborative format instead
of a competitive format. One of the facilitators suggested that
competition and collaboration were needed in equal amounts
for aworkshop like this to work:

Collaboration and competition go hand in hand—they
create team spirit and camaraderie. You need
competition between the groups, so [that] the team
gets more cohesion and self-identity to compete with
the other team. It differentiates your team from the
other. On the other hand, you are collaborating not
on an individual level but at a team level; after you
create the team identity, then at the next stage you
start collaborating between theteams. It isa two-level
logical approach. Collaboration and competition are
not exclusive to one ancther. For this kind of event,
you need both. You mativate the teams, one of the
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means is to say “ Look, the other guys are doing
better, we need to show [ we can do better] ourselves”

It will put more morale into the team; it also makes
the team more cohesive. So, people get to work with
each other [ everyone becomes ateamplayer], asthey
have this common goal to compete with other teams.
On the other hand, you are collaborating with other
teams as each team depends on the other teamsto get
input and each team’s output is going as input to the
other teams. So, you need to be very careful keeping
a balance between the teams. The process is
interconnected like an instrument [in an orchestra].
Each instrument plays its music, but all combined
make the orchestra. You need to have the diligence
of the orchestra. [Facilitator]

One of the organizers mentioned that when she was getting
participants to go and eat, one participant told her to give him
five more minutes as he was finishing a task for another team
so that they could start their work.

Volunteering: Civic Engagement
The Epihack coreteam believethat all thelocal and international

facilitators and participants needed to volunteer their time to
take part in the event:

People who come to do this volunteer their time to
do so. We don’t pay anything because we need people
who think it is for a good cause. [Organizer]

One international facilitator mentioned that he came down to
take part in the hackathon mainly because of his altruistic
attitude. He felt he had done something good for society:

...it feels good, even though my feeling good goes
along with creating something good for the society.
On the other hand, | learn and develop a life
experience which you don’t get in other settings.
[International facilitator]

He continued:

...participants and facilitators benefit from each other,
the health participants get to learn technical stuff
fromthe IT facilitators and participants, and, on the
other hand, IT facilitators and participants get to
learn health issues, possible solutions, etc.
Additionally, participants get to learn from the local
colleagues such as doctors. You understand the
difficulties, you under stand the setups, you under stand
the issuesthat are transposed to different sides of the
world, [you may find] usable solutions: there are
people everywhere. [International facilitator]

Getting I T participants to volunteer for 5 days has been one of
the toughest tasks in executing a collaborative Epihack event
where there is no prize to be won in the end. Push natifications
were sent out explaining the event details and inviting people
working in IT sector to be part of the event. Even though the
IT expertsunderstood that it was animportant cause and needed
attention, they had busy schedules, previously committed
deliveries, and deadlines. Potential participants were informed
that Epihack Sri Lanka was an intensive 5-day workshop and
that it was mandatory to participate in the full event, which put
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[imits on the number of people who could take part in an event
likethis. However, it wasthefirst event of itskind in Sri Lanka,
making it aunigque opportunity. Being apioneering event, some
IT participants could not gauge the event with the information
provided at the time of registration. One of Epihack Sri Lanka
organizers mentioned that getting I T expertsto volunteer their
time continued to be amajor challenge in conducting Epihacks
and therefore recruitment was ongoing until close to the event
date. Thiswas one of the reasons for the organizers not getting
the complete profile and capabilities of the I T participants until
the last minute, as they were the last group to be recruited to
the event. However, when participants realized that their active
participation and contribution could create a solution for the
severe dengue problem in Sri Lanka, it boosted their
involvement.

Participant Evaluation of the Event

After the event, attendees were briefly interviewed to gauge
their opinion on the proceedings. Half of the participantsthought
that the event was an appropriate length and the majority of
attendees were somewhat satisfied or extremely satisfied with
the overall event:

| think that Epihack really showed attendees that
many public health problems can be meaningfully
engaged when thereisa platformfor interdisciplinary
communication among professionals from multiple
fields. [Health expert]

However, some respondents believed the event could have been
longer to support further development of the application, and
45% of respondents felt that the information given to them
before their arrival at the event was not sufficient. Reasons for
thisinclude: “too short”, “didn’t have a much clear idea about
what’s happening in 5 days. The target outcome and rough
project ideas could have been shared with the event...with
discussions’ and there could have been “more explanation as
to the agenda and details of what the hack entailed.”

The issues should be noted and improved for future Epihacks,
with more information being given before the event to help
attendees form a clearer picture of the event.

Communication

Expert Knowledge Availability

Theworkshop brought expertsfrom different parts of theworld
together for 5 days and created an environment where the
international experts could assist and collaborate with the local
team to come up with better solutions for solving a health
problem. The international experts brought knowledge,
expertise, and lessons learned from previous workshops and
similar projectsthey had been part of in different countries. So,
when ideas were proposed, they were able to give suggestions
based on their previous experience of whether something would
work or not. At the sametime, experts also understood that each
country had its own unique problems, but solutions could be
found from other countries. “Adapt and apply” was one of
techniques that was used here.
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Language and Cultural Barriers

As the event consisted of an international group of people of
varying ages and expertise, researchers identified certain gaps
in communication during the event. During the first day of the
event, language was one of the barriers as different people have
different accents and ways of communicating their ideas. As
the days progressed, parti cipants got more acquainted with each
other and this barrier drastically dropped. Fortunately, English
is an official language of Sri Lanka and is spoken well by the
majority of local people; therefore, it could be used as the
working language for the event. This has not been the case in
other Epihacks, whereworking in English was difficult aslocals
tended to revert to their local language, which made it difficult
to work with international participants. Language was not the
only barrier identified:

Some people are shy, everyone has an opinion but
when you mix the group, they don't want to tell, or
sometimes they don't get to tell. When there are many
high-ranking people who attend, local junior people
don’'t want to speak. [Facilitator]
As day 2 progressed, the imagined power-distance dropped,
and participants and facilitators started talking to each other
morefreely. Even the student participants who had never worked
before were working well with professionals and lecturers.

The research team noticed, however, that an informal hierarchy
was perceived or practiced by the participants with white males
at the top, followed by white females, local males, and females
in that order. This perceived hierarchy and small number of
female IT professionals on the team seemed to restrict them
putting forth their viewpoints to the entire group.

Sri Lanka has a laid-back culture and people from various
countries may have different working styles (preference to work
alone, work in the morning or late at night, etc). Asthiswasan
event that ran on tight schedul e, participantsfound it abit rushed
during the first couple of days. But they managed to put aside
their preferences and come in on time as the event demanded
their commitment.

Knowledge Gap

In an ideal world, the client would know what they want.
However, in Epihack Sri Lanka the health team knew their
disease burden and problem, but they didn’t have the solution
to help them fix the disease situation. This is where an event
like Epihack can be a platform for health authorities to
collaborate with international experts to discuss ideas and
solutionsfrom around theworld and seeif any could be adapted
and applied in Sri Lanka. The event also brings together local
health experts who do not usually get the time to talk to each
other about the health and disease problems they handle.
Officers from different areas of Colombo might face different
problems (eg, dealing with more wealthy or commercial areas).
While interacting with the local health experts, the research
team also noticed that some offices were well equipped, but
some others were not as well maintained.

Thereisanother kind of knowledge gap that exists between the
IT experts and health experts. The workshop was planned in
such away that the health facilitatorswould lead thefirst 2 days
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of the discussion, informing the IT team of the problems and
challenges, and clarifying any queries from the IT team. It was
mentioned that 2 days is very small amount of time to
understand all the procedures and workflows; at the sametime,
the 2 days were conducted mostly in lecture style rather than
group discussion format, which some of the IT people found
overwhelming. However, the main goal wasto let the developing
teams understand critical problems and find ideas that can help
to ease the disease burden. Thewholeideaof Epihack isto bring
together multidisciplinary teams who never usually interact so
that different angles can be used to see the big picture.

One of the IT facilitators mentioned that he preferred to use
“bottom up approach, not top down approach” to bridge
requirement and knowledge gaps. He explained further that this
approach helps them to find the missing element in the whole
system. Once they know the missing elements, it is easier to
put the pieces together. The method hel ps them to formulate an
action-oriented plan.

Time Constraint

After 2 days of discussion and brainstorming sessions between
IT and health professionals, the I T facilitators and participants
had 48 hours to create a tangible prototype of the proposed
solution. The amount of time was so limited that the focus was
to get al theideasin and create a quick prototype, which could
later be expanded to aworkable solution. I T experts opined that
it would take another 4 to 6 months of work for the prototype
to be converted into a full-fledged working application.
However, the health team experts were impressed by the
amazing amount of effort that the IT team had put together in
just 2 daysin creating a prototype:

| would add an extra day and night of hacking in
order to allow our participants moretimein polishing
up the prototypes devel oped. [Participant]

Current Disease Environment

A doctor explained the current disease environment with the
following quote.:

Dengueisa complicated problem, we can’t pin point
to what are the things we want. [Local health
facilitator, doctor]

Public Attitude

Currently, even if the public is aware of the dengue situation
and how to reduce the spread, they do not necessarily follow
dengue prevention methods. Civic engagement in preventing
the spread would reduce the amount of time and work required
from public health inspectors (PHIs). Presently, the PHIs must
go from house to house doing inspections. PHIs are aso
bombarded with other problems such as garbage collection,
which should be handled by the sanitation department. They
are put in a situation where they feel that they are required to
follow up on al the complaints as they need to keep a good
relationship and good reputation with the public. Solutions
suggested by the participants were to get the public involved in
the process, make them feel empowered, and show them the
value of their actionsto make them feel like they are part of the
dengue control activity group.
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Diverse Population

As the public consists of a diverse group of people, such as
people from different education backgrounds and migrant
workersfrom Chinawho don’t follow the Sinhalalanguage but
work in highly dengue prone areas, it isimportant to think about
thetarget audience, the purpose of the application, and the ways
to get people to use the application. As one of the local doctors
said, many members of the public don’t even know “[basic]
information and knowledge, like what the normal temperature
isor what the color of blood is,” suggesting that people in the
capital belong to diverse population.

Sustainability

A few types of sustainability issues were identified during the
workshop that will need local support and groundwork to keep
the project running. One of the health experts mentioned that

local stakeholders must be the ones to sustain the product as
they know their environment:

The application is not the challenge; it is the social
and government support that will be critical for a
project like this. [Health expert]

They believe that this project should be outlined as a social
responsibility project, and the work needs to be continued after
the workshop:

How to get the tools is difficult, but how to maintain
and continue working with the tool is most difficult.
[Health expert]

Factors such as manpower and finding skilled collaborations
also affect sustainability.

After the Epihack, another team will have to develop this
prototype into a workable solution, and there needs to be
continuous communication and collaboration between the
hackathon participants and the solution developers for the
process to be smooth. During the last day, the work done and
ideas created during the hackathon were showcased to
stakeholders, government representatives, and the media
Support from key stakeholders would go along way in fruitful
completion of the project.

Another important thing to consider is to get public attention
and get them to use the app to report mosquito breeding sites.
Campaigns, celebrity endorsements, gamifications, and social
media presences were a few of the ideas that were devel oped
as part of the brainstorming process.

Discussion

Principal Findings

An Epihack isacivic engagement—based health hackathon that
brings different field experts and participants together from all
over the world to work on health problems. Previous Epihacks
focused on severd health problemsusually led by health experts
such as epidemiologists, and the solutions created have been
developed further and put to use to control the disease burden
[9]. The current Epihack wasthefirst ever Epihack to beled by
health communication experts.
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The main aim of Epihack Sri Lankawasto create a platform to
reduce the health burden of an increasingly prevalent infectious
disease through multidisciplinary teamwork. Thiswas attempted
through proper training and pre-event meetings to ensure that
thefacilitators were prepared to guide the participants. Epihack
isunique in its format, asit is a collaborative event and not a
competitive one. There was no winning team per se; the groups
assisted one another to make the workshop successful. The
culmination of ideas led to each group developing a facet of a
larger digital health system. We observed many advantages to
thistype of hackathon format. It creates an environment where
groups fedl that they can share ideas and develop them further
with each other rather than feel the need to hide their concepts
from each other. Each group was able to work with others on
different parts of a single system rather than producing and
developing similar overlapping ideas. Therealization that other
teams were waiting for their inputs made each team speed up
their work. It was clear that the concept of team-bonding was
effective, because they were working toward one common goal
rather than individual goals. The collaborative format may also
be a potential method for other hackathons. In the future, this
experience may lead to more hackathons working in this way,
leading to a greater variety of ideas being produced.

Getting IT participants to volunteer was one of the major
challenges that the organizers faced before the event. Better
planning before the event can help in handling this challenge.
From participants feedback, we learned that more information
needs to be given to the IT developers before the event so they
can prepare better for the event.

The broad range of expert knowledge availability from different
disciplines is one of the major advantages of the event and
should be used to the maximum for idea development and
implementation. However, it is crucial to understanding the
level of knowledge of the attendees for a collaborative event
that brings participants from different fields and expertise.
Language and cultural barriers are also facets that need to be
taken into consideration while preparing for an event, especially
when the event consists of participantsfrom diverseinternational
backgrounds. This is to reduce communication issues and
increase the effectiveness of the event. As the workshop is
tightly planned, the organizers should also be aware of time
congtraints for developing and incorporating all ideas during
the workshop and they should make sure attendees are aware
of the limitation in development time.

Locals need to be completely invested in the event as they will
bethe key players after the Epihack isexecuted. During Epihack
Sri Lanka, international participantswere ableto encouragethe
local participants with their ideas and experiences. After the
end of 5 days, local participants from Sri Lanka created a
Facebook page to keep in touch with all the other participants.
This shows that the collectivist team mentality created a bond
over the event period.

During disease outbreaks, when there is a time crunch,
stakeholders may rush to produce an application or a solution
in very little time and without much knowledge. This makes
the application a part of a checklist rather than being a truly
optimal solution for society’s problem. Epihack could be a
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potential way to help a community to get ideas and solutions
within a small period of time, as it focuses on the creation of
ideas to solve the disease problem rather than just quickly
creating a prototype without much input from experts.

Sustainability isanother key element that needsto be addressed
as it will affect the work to be done after the Epihack. There
aretwo kinds of sustainability concerns. First, the stakehol ders
need to get involved in the project to get proper funding and
ground support. Second, public participation will beimperative
when the mobile application goes public. So the team should
be well prepared to motivate the public for continuous use of
the application. In this paper, weidentified the list of itemsthat
worked best as well as the items that could be improved. The
list and our recommendations are provided in Multimedia
Appendix 1.

Limitations

The total number of attendees for the event was less than 60,
making thisastudy with asmall participant pool. Future studies
need to be planned to build on this knowledge from the
workshop. By observing and interviewing more attendees of
Epihack, a pattern of what works best can be developed and
precisely streamlined.
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success of this event, future hackathons may benefit by
following this model.

This research is supported by Skoll Global Threats Fund. We would like to recognize the support and cooperation of Business
On Network, Colombo Municipal Council, Computer Society of Sri Lanka, and University of Colombo School of Computing.
We also duly acknowledge the contribution of larger team members Janelle Ng, Jerrald Lau, Karthikayen Jayasundar, and

Surendran Jayasundar.

Conflictsof Interest
None declared.

Multimedia Appendix 1
Recommendations.
[PPTX File, 33KB - formative v3i3e11555_appl.pptx ]

References

1. Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, Moyes CL, et al. The global distribution and burden of dengue.
Nature 2013 Apr 25;496(7446):504-507 [FREE Full text] [doi: 10.1038/nature12060] [Medline: 23563266]

2. Stanaway JD, Shepard DS, Undurraga EA, Halasa YA, Coffeng LE, Brady OJ, et al. The global burden of dengue: an
analysis from the Global Burden of Disease Study 2013. Lancet Infect Dis 2016 Dec;16(6):712-723 [FREE Full text] [doi:

10.1016/S1473-3099(16)00026-8] [Medline: 26874619]

3.  Sirisena PDNN, Noordeen F. Evolution of dengue in Sri Lanka-changes in the virus, vector, and climate. Int J Infect Dis

2014 Feb;19:6-12 [FREE Full text] [doi: 10.1016/).ijid.2013.10.012] [Medline: 24334026]
4.  Epidemiology Unit Ministry of Health. 2018. Distribution of notification—dengue cases by month URL: http://www.
epid.gov.lk/web/index.php?option=com_casesanddeaths& Itemid=448& lang=en# [accessed 2018-11-27] [WebCite Cache

ID 74AESOGKPR]

5. World Health Organization. Dengue fever—Sri Lanka URL : http://www.who.int/csr/don/19-july-2017-dengue-sri-lanka/
en/ [accessed 2018-11-12] [WebCite Cache ID 73ryWHBJd]

6. Lwin MO, Vijaykumar S, Rathnayake VS, Lim G, Panchapakesan C, Foo S, et al. A social media mHealth solution to
address the needs of dengue prevention and management in Sri Lanka. JMed Internet Res 2016 Jul 01;18(7):€149 [FREE

Full text] [doi: 10.2196/jmir.4657] [Medline: 27369296

7. Lwin MO, Jayasundar K, Sheldenkar A, Wijayamuni R, Wimalaratne P, Ernst KC, et a. Lessons from the implementation
of Mo-Buzz, amobile pandemic surveillance system for dengue. IMIR Public Health Surveill 2017 Oct 02;3(4):e65 [FREE
Full text] [doi: 10.2196/publichealth.7376] [Medline: 28970191]

http://formative.jmir.org/2019/3/e11555/

JMIR Form Res 2019 | vol. 3| iss. 3 |e11555 | p.170
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=formative_v3i3e11555_app1.pptx&filename=0c8ed54cb5b2ec52953f6ce33b555f1d.pptx
https://jmir.org/api/download?alt_name=formative_v3i3e11555_app1.pptx&filename=0c8ed54cb5b2ec52953f6ce33b555f1d.pptx
http://europepmc.org/abstract/MED/23563266
http://dx.doi.org/10.1038/nature12060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23563266&dopt=Abstract
http://europepmc.org/abstract/MED/26874619
http://dx.doi.org/10.1016/S1473-3099(16)00026-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26874619&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1201-9712(13)00342-1
http://dx.doi.org/10.1016/j.ijid.2013.10.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24334026&dopt=Abstract
http://www.epid.gov.lk/web/index.php?option=com_casesanddeaths&Itemid=448&lang=en#
http://www.epid.gov.lk/web/index.php?option=com_casesanddeaths&Itemid=448&lang=en#
http://www.webcitation.org/74ES0GkPR
http://www.webcitation.org/74ES0GkPR
http://www.who.int/csr/don/19-july-2017-dengue-sri-lanka/en/
http://www.who.int/csr/don/19-july-2017-dengue-sri-lanka/en/
http://www.webcitation.org/73ryWHBJd
http://www.jmir.org/2016/7/e149/
http://www.jmir.org/2016/7/e149/
http://dx.doi.org/10.2196/jmir.4657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27369296&dopt=Abstract
http://publichealth.jmir.org/2017/4/e65/
http://publichealth.jmir.org/2017/4/e65/
http://dx.doi.org/10.2196/publichealth.7376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28970191&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Panchapakesan et &

8. CharmazK, Belgrave LL. Grounded theory. In: Blackwell Encyclopediaof Sociology. Somerset: John Wiley & sons; 2015.
9.  Epihack. Outcomes URL: https://epihack.org/outcomes%20A ccessed%202018-11-27 [accessed 2018-11-27] [WebCite
Cache |D 74ESYQjdp]

Abbreviations
DALY: disability-adjusted life year
I T: information technology
NTU: Nanyang Technological University
PHI: public health inspector

Edited by G Eysenbach; submitted 11.07.18; peer-reviewed by L Cheong, K Baltrusaitis; commentsto author 14.10.18; revised version
received 26.11.18; accepted 29.12.18; published 29.08.19.

Please cite as:

Panchapakesan C, Sheldenkar A, Wimalaratne P, Wijayamuni R, Lwin MO

Developing a Digital Solution for Dengue Through Epihack: Qualitative Evaluation Study of a Five-Day Health Hackathon in Sri
Lanka

JMIR Form Res 2019; 3(3):e11555

URL: http://formative.jmir.org/2019/3/e11555/

doi:10.2196/11555

PMID: 31469074

©Chitra Panchapakesan, Anita Sheldenkar, Prasad Wimalaratne, Ruwan Wijayamuni, May Oo Lwin. Originaly published in
JMIR Formative Research (http://formative.jmir.org), 29.08.2019. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in IMIR Formative Research, is properly
cited. The complete bibliographic information, a link to the original publication on http://formativejmir.org, as well as this
copyright and license information must be included.

http://formative.jmir.org/2019/3/e11555/ JMIR Form Res 2019 | vol. 3| iss. 3 e11555 | p.171
(page number not for citation purposes)

RenderX


https://epihack.org/outcomes%20Accessed%202018-11-27
http://www.webcitation.org/74ESYOjdp
http://www.webcitation.org/74ESYOjdp
http://formative.jmir.org/2019/3/e11555/
http://dx.doi.org/10.2196/11555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31469074&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Gilson et al

Original Paper

Using Computer Tablets to Improve Moods for Older Adults With
Dementia and Interactions With Their Caregivers: Pilot Intervention
Study

Aaron Gilson', MS, MSW, PhD; Debby Dodds’, MS; Arveen Kaur', MPH, PharmD; Michael Potteiger?, BS; James
H Ford 1%, PhD

u niversity of Wisconsin-Madison, School of Pharmacy, Madison, WI, United States
2Generation Connect, York, PA, United States

Corresponding Author:
James H Ford I, PhD

University of Wisconsin-Madison
School of Pharmacy

777 Highland Ave

Madison, WI, 53705

United States

Phone: 1 608 262 4748

Email: jhfordii @wisc.edu

Abstract

Background: Persons living with dementia represent a significant and growing segment of the older adult (aged 65 years and
older) population. They are often challenged expressively and may experience difficulties with sharing their feelings or moods.
Availability of, and easy accessto, tablets facilitates the use of information and communication technologies (ICTs) asadelivery
mechanism for nonpharmacological interventions, especially for persons living with dementia. Evidence of the impact of ICTs
in different community settings on mood with older adults and theimpact of engagement on their caregiversis needed to promote
broader adoption and sustainment of these technologies in the United States.

Objective: This study aimed to determine the extent of the effects of tablets on positive mood change and examine the effects
of study variables on care recipients mood changes and caregivers' daily interactions.

Methods. Thetablet intervention was developed and evaluated in five programs. The primary outcome was caregivers assessment
of care recipients mood (n=1089) before and after a tablet engagement session using an eight-point mood visual analog scale.
Session influence on caregivers' daily activities was captured for a subsample of participants (n=542). Frequency distributions
were computed for each study variables. Chi-sgquare tests of association were calculated to determine the association of the
variables on mood changesfor al care recipients, aswell asthose being treated in skilled nursing facilities and in-home, and then
for those that affected caregivers daily activities.

Results: The study sample comprised 1089 care recipient and caregiver engagement sessions. Cumulatively, 50.78% (553/1089)
of care recipients showed a transition from negative to positive moods, whereas another 41.78% (455/1089) maintained an
already-positive mood after the caregiver engagement session. Chi-square analyses demonstrated that positive mood changes

resulted from using music (x%,0=72.9; P<.001), using YouTube as the sole app (x%,,=64.5; P<.001), using multiple engagement

strategies (x2,=42.8; P<.001), and when cared for in askilled nursing facility (x°,=236.8; P<.001) across the entire care recipient
sample. In addition, although many features of the engagement session positively influenced the caregivers day, the largest effect
was observed when care recipients mood was considered to have improved following the session (x,=234.7; P<.001).

Conclusions: The study isone of thefirst in the United States to explore the impact of ICTs, in particular managed tablets and
Web-based video services that can be used on a tablet through an app, on improving mood in persons living with dementia, and
enhancing caregivers perceptions about their care recipient interactions. Importantly, these pilot data substantiate ICTs as part
of apersonalized engagement approach, asbeneficial aternativesto pharmaceutical interventionsfor mood enhancement. However,
amore comprehensive study that exploresthe |CT’simpact on additional clinical outcomesis needed to confirm these preliminary
findings.
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Introduction

Background

The number of people living with Alzheimer and related
dementia is projected to triple by 2050 [1-3]. Persons living
with dementia can have complex physical health concerns,
comorbid medical conditions, and exhibit behavioral and
psychological symptoms of dementia (BPSD) [4-11]. In fact,
professional caregiversof personsliving with dementiaalready
note that responding to BPSD is one of the greatest care
challenges and can negatively affect the health of caregivers
[12-14] especidly in long-term hedlth care facilities, where
two-thirds of residents have dementia [9,13,15,16]. Family
caregivers of persons living with dementia are also are at risk
for higher rates of depression, health and sleep issues, social
isolation, and mortality [14,17].

Pharmacological or nonpharmacol ogical interventions can help
manage BPSD in older adults with moderate-to-severe cognitive
impairment. Medications may control the physical aspects of
BPSD but can have many side effects[18]. Nonpharmacol ogical
approaches, such as reminiscence therapy, music therapy, or
behavior management techniques, are preferred because they
sustain cognitive function, improve quality of life, and mitigate
BPSD [19-25]. The growing number of persons living with
dementia, overall care challenges, and the negative effects of
pharmacological interventions combine to highlight the need,
as well as the opportunity, for additional nonpharmacological
interventions.

Availability of tablets and mobile phones has changed how
nonpharmacologica interventions can be delivered to older
adults. Tablets can enhance residents’ emotions through the use
of multisensory activities. Individuals can now obtain
informational content, interact socially (including participating
in Web-based games), listen to music, or reminisce about the
past or a recent special event. Easy access to information and
communication technologies (ICTs) such as tablets facilitates
the delivery of nonpharmacol ogical interventions especially for
persons living with dementia and their caregivers [26-28]. For
persons living with dementia, ICTs such as YouTube, a
Web-based video service, can be used to deliver reminiscence
therapy interventions on atabl et through an app [29]. For these
individuals, the use of ICTs mitigates motor and sensory
impairments, compensates for memory deficits, or enhances
latent skills and abilities for sensory awareness, musical
responsiveness, and emotional memory [30,31]. Overall, the
use of ICTs to deliver nonpharmacological interventions for
personsliving with dementia benefits care recipients well-being
and mood; communication and interactions; and caregivers
mental health (eg, depression and anxiety), self-efficacy, and
relationship with the care recipient [26,28,29,32-39]. An
additional benefit is the potential for persons living with
dementia to remain in the home for as long as possible. This
outcomeisawidespread aspiration, with “Nearly 90 percent of

http://formative.jmir.org/2019/3/e14530/

people over age 65 [wanting] to stay in their homes for aslong
as possible’ [40]. Therapeutic approaches that help persons
living with dementia live at home longer aso reduces overall
health care costs [41].

Development of a Tablet I ntervention

Although successful use of tablets originated and empirically
documented about a decade ago in Great Britain, with
investigations continuing into the present both in Europe and
beyond [42-47], its adoption in the United States has been slow
[34,48-55]. Two Great Britain studies offer a progressive look
at how tablets can be applied to improve communications
between persons living with dementia and their caregivers
[56,57]. The first study compared a traditional reminiscence
programs (noncomputer) with computerized touchscreen,
one-on-one, reminiscence sessions and tested the hypothesis
that caregivers offer greater choices and engage in more
conversational activities during the touchscreen sessions than
during the traditional one-on-one reminiscence sessions with
physical properties[56]. After comparing the 2 types of sessions
across both verbal and nonverbal parameters, such as laughter,
singing, pointing, and eye gaze, the touchscreen system was
shown to provide greater benefits for both caregivers and
persons living with dementia. The second study was based on
the centra concept that “external memory aids have
demonstrated areductionin resistanceto care...” [57], and using
the iPad as the focus of joint attention not only relieves some
of the burden of communication for caregivers but also provides
the opportunity for the caregiver to support greater independence
in persons living with dementia through scaffolding behavior.

The project described in this study extends this seminal
international work to implement a tablet intervention using
multiple device management and software apps in different
community settings and document the effect on mood with older
adults, aswell astheimpact of engagement on their caregivers.
This manuscript reports aggregate findings from a pilot study
evaluating the impact of personalized tablet engagement
sessions. Four project aims represent the purpose of this study
to examine study variables effects on mood changesin (1) the
overal care recipient sample, (2) the subsample of care
recipients being treated in skilled nursing facilities (SNFs), (3)
care recipients in home care only, and (4) caregivers daily
activities.

Methods

Per sonalized Tablet Engagement

One of the primary advantagesin using atablet for engagement
activities for persons living with dementia is the ability to
personalize activities because every person hasauniquelifetime
of experiences. For this program, the term personalized tablet
engagement reflects atabl et engagement session that isdesigned
by acaregiver based on the personal history of the care recipient.
The session is presented to the care recipient, who is given the
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option of participating. In this way, tablet engagement is both
based on anindividual’sinterests, abilities, and preferences and
allows the individual to exercise autonomy.

Study Settings

Since 2015, Generation Connect initiated partnerships to
evaluate the effectiveness of tablet interventions in dyads of
caregivers and persons living with dementia. The Music &
Memory Foundation used tablet computers that were
preconfigured with recommended apps, deployed with
management software, and implemented with training resources
created and facilitated by Generation Connect. These tablets
allowed tailored interactions to residents’ interests or hobbies
to expedite engagement and enhance emotions through
multisensory activities.

This study describes a naturalistic study in which the Music &
Memory Foundation and aVisiting Angelsin-home care agency
franchise collaborated with Generation Connect to develop and
conduct an ongoing tablet engagement pilot study involving 5
different programs across time (2017-2018). Multimedia
Appendix 1 describes the 5 programs contributing the tablet
engagement session data analyzed for this study.

Participants Attributes

The intervention was designed to be useful for persons living
with dementia, and all participating communities opted into the
pilot study and self-selected the residents that participated, no
standardized test was used to record non-normative memory
loss. The sessions were not limited restricted to a dementia
population and contained a variety of other conditions as well.
However, participants demographics beyond these primary
challenges were not collected in the pilot programs.

Data Collection

Caregiver Training for Tablet Engagement Sessions

Caregivers were trained to gather personal history and take
personal lifestyleinto consideration when selecting the activities
for care recipients. As a result, caregivers were better able to
provide multisensory tablet engagement for specific and prior
positivelife events, such as reminiscing or listening to personal
music. All training was conducted by members of Generation
Connect in a series of live webinars, Web-based courses, and
printable handouts. Instructors demonstrated apps and talked
through best practices for meeting the engagement training
elements of discovery, engagement, and planning, emphasizing
that the engagement process is guided by care recipient needs
(see Multimedia Appendix 2). Thetraining processwasdynamic
and changed over the course of time as new information was
gathered.

http://formative.jmir.org/2019/3/e14530/
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Engagement
Per sonalized Tablet Engagement

Many older adults are hesitant to interact with a device or
computer but are comfortable watching videos. The caregiver's
goal for engagement isto make the tabl et disappear and provide
an enjoyable personalized experience. The most successful
engagement sessions reflect a best friend approach, and
engagement is based on mentoring not care recipient mastery.
This study did not provide official tracking of session
frequencies or lengths.

Selection of Apps

This project was conceptualized over a number of years, based
on supporting research at that time. As aresult, apps available
inthe public domain (see Multimedia Appendix 3) were chosen
because they represented at |east 1 of 4 basic types of traditional
activity-based engagement activitiesthat evidence suggests can
be beneficial for people with dementia: reminiscing, music,
images, and games [58-63].

Engagement Session Feedback Survey

Data collection in the programs was to improve residents
socialization, personalized care, and mood management through
nonpharmacological interventions and make the day better for
caregivers. The short, 5-question survey was availablein aWeb
app on the tablets' homepage for easy caregiver access (see
Multimedia Appendix 4). Instructors demonstrated how to use
the app survey to record session feedback information.

Mood Rating

Personsliving with dementia are often challenged expressively
and may experience difficulties with sharing their feelings or
moods. A visual analog mood scale (VAMYS) represents avalid
tool to assess baseline and changesin mood, especially in those
with expressive disabilities [48,52,55] and for dementia [64].
VAMS consists of a sequence of 8 faces (Figure 1) and was
incorporated into the tablets used by Generation Connect.
Caregivers reported changes in care recipient mood before and
immediately after their tablet engagement activity.

For this analysis, individual moods were categorized into 2
domains: (1) negative moods (ie, angry, anxious, sad, confused,
and indifferent) and (2) positive moods (ie, relaxed, happy, and
joyful). Indifference was considered a negative mood because
of its potential to adversely affect other aspects of the care
recipients’ functioning throughout the day, aswell asinfluence
caregivers activities[65]. Mood changes were then categorized
according to the mood assessed before the care recipient and
caregiver engagement compared with the mood observed after
engagement, resulting in 4 categories: worsening of mood (ie,
transitions from positive to negative mood domains),
maintaining negative mood (ie, changes remain within the
negative mood domain), maintaining positive mood (ie, changes
remain within the positive mood domain), or improvement of
mood (ie, transitions from negative to positive mood domains).
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Figure 1. Participants’ mood rating scale.
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Caregivers Daily Activities

The impact of the sessions with older adults was captured for
a subsample of caregivers across the 5 programs. Caregivers
responded to the following question: how did the engagement
session impact your day? Impact was rated using a5-point scale
anchored at 0 (made it worse), 3 (no impact), and 5 (made it
better). Scale values for 2 and 4 had no assigned anchor 1abel
but were, in this analysis, assigned slight worsening and slight
improvement, respectively.

Data Cleaning

All data were reviewed for accuracy and completeness. In
addition, data cleaning and label standardization ensured
response uniformity before analysis. Our team then reviewed
and converted the variables into the following categories:

« Carerecipients primary physical challenge—memory loss,
nonambulatory, movement disorder, communicative or
expressive disorders, or other

« Method used for care recipient and caregiver engagement
(either singularly or combined with other methods)—music,
stories video, games, communication, photos, or other

« Typeof strategy of care recipient and caregiver engagement
(either  singularly or  combined  with  other
strategies)—music, reminiscing, socialization, relaxation,
or achievement

«  Number of strategies used—either 1 or 2 or more

« Type of app used to facilitate strategies—YouTube only,
Persona playlist only, Personal photos or videos only,
Google only, Puzzles only, combination of apps, or other

http://formative.jmir.org/2019/3/e14530/
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«  Number of apps used to facilitate strategies—either 1 or 2
or more

Facility type was self-reported as skilled nursing, home care,
or other (which consist of Continuing Care Center, Assisted
Living Facility, Long-Term Care Facility, and Veterans
Hospital). Facility locations were classified as rural or urban
using the US Department of Agriculture Rural-Urban Continuum
Code, and for Canadian facilities, rural or urban status was
determined through website search.

Statistical Analysis

Frequency distributions were computed for each of the study
variables, including the type of care recipients mood changes.
All variables were collected as categorical and ranged from
dichotomous, trichotomous, up to 6 categories. Chi-square tests
of association were cal culated to determine the influence of the
variables on mood changes for al care recipients, as well as
those being treated in SNFs and in-home, and then those that
affected caregivers daily activities.

Ethics Consideration

The project was determined to constitute quality improvement
or program evaluation and in accordance with federa
regulations, the project did not constitute research as defined
under 45 Code of Federal Regulations 46.102(d).

Results

Posthoc Power Analysis

Posthoc power analysis for the chi-square tests demonstrated
superior power for all analyses. The power levels calculated for
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all 4 project aims conformed to Cohen’s accepted standard of
a four-to-one weighting between type Il and type | error risks
[66]. In addition, no significant chi-square results were
associated with more than 33% of contingency table cellshaving
expected counts of less than 5.

Descriptive Statistics

Frequencies were computed for each study variable and each
of the analyzed samples (ie, full sample, SNFs only, and home

Table 1. Mood transitions for individuals.

Gilsonet d

care only), as shown in Multimedia Appendix 5, which aso
demonstrates arelatively unequal distribution of resident mood
changes after use of the tablet.

Table 1 represents overall mood improvement after the use of
the app technology among individual s with various disabilities
and is further illustrated when examining frequencies within
each of the mood change categories.

Mood before session Mood after session, n (%)

Angry Anxious Sad Confused Indifferent  Relaxed Happy Joyful

Angry (n=33) 2(6)? _b — — — 2(6)° 11 (33)° 18 (55)°
Anxious (n=52) — 4(8)?2 2 (4?2 2 (4)2 4(8)2 24 (46)° 11 (21)° 5(10)°
Sad (n=64) — — 2(3)2 1(2)2 — 3(5)° 30 (47)° 28 (44)°
Confused (n=70) — 1(0)2 — 3(4)? 6(9)2 29 (41)° 23 (33)° 8(11.4)°
Indifferent (n=407) 1(0.22 1(0.22 — 77?2 36 (8.9)2 91(225)° 176(432)° 95(23.3)°
Relaxed (n=119) — — — 1(0.8)¢ 6 (5.0) 28(235° 70(588)°  14(118)°
Happy (n=326) — — — — — 7(.1)° 257 (78.8)° 62 (19.0)°
Joyful (n=18) — — 1(6)¢ — — — 5(28)° 12 (67)°

3ot applicable as no care recipients transitioned to this mood from their beginning mood.

bMaintaini ng negative mood.

“Transition from negative to positive mood.
YWworseni ng of mood.

®Maintaining positive mood.

Worsening of Mood (Transition From Positive to
Negative Mood Domains; n=8)

Any worsening of mood represented the mood change category
with the fewest number of care recipients. One care recipient
began an engagement session in a joyful mood but ended up
confused after the tablet intervention, whereas another care
recipient transitioned from relaxed to confused. The remaining
6 cases involved atransition from relaxed to indifferent.

Maintaining Negative Mood (n=72)

Within this category, 65% (47/72) of care recipients showed no
mood change, and most (n=36) of these moods were viewed as
indifference. The most frequent mood changes were found for
transitions from indifferent to confused (n=7) and confused to
indifferent (n=6).

Maintaining Positive Mood (n=455)

Within this category, 65.3% (297/455) of care recipients showed
no mood change, and most (257/297, 86.5%) of these moods
were viewed as happy. The most frequent mood transitions
within the positive mood domain represented changes from
relaxed to happy (n=70) and then from happy to joyful (n=62),

http://formative.jmir.org/2019/3/e14530/

and the most notable improvement was found for transitions
from relaxed to joyful (n=14).

I mprovement of Mood (Transition From Negative to
Positive Mood Domains; n=553)

Two-thirds (362/553) of all care recipients began the sessions
in an indifferent mood and then increased to relaxed (n=91),
happy (n=176), or joyful (n=95). Furthermore, the proportion
of care recipients achieving joyful mood after the session was
noteworthy. Cumulatively, 21% of care recipients who began
the session as either anxious (5/52) or confused (8/70) became
joyful as aresult of the session, whereas 44% (28/64) of care
recipients who were sad ended the session in a joyful mood.
Importantly, 18 of the 33 care recipients (58%) transitioned
from being angry to being joyful, demonstrating the greatest
movement possible within this mood category.

Chi-Sguare Analyses

Table 2 contains the frequencies for each study variable within
the 4 separate mood change categories, which provides insight
into the category of each variable that contributed to the mood
effect.
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Table 2. Chi-square comparisons of variables to mood change in full sample.

Gilsonet d

Variables Mood change
Worse or maintaining negative Maintaining positive mood Mood improvement
mood (n=80), n (%) (n=455), n (%) (n=553), n (%)
Primary challenge®
Memory loss 61 (5.60) 424 (38.93) 300 (27.55)
Nonambulatory 6 (0.55) 6 (0.55) 93 (8.54)
Movement disorder 10(0.92) 13(1.19) 105 (9.64)
Communicative or expressive disorders 2(0.18) 9(0.83) 45 (4.13)
Other 1(0.09) 4(0.37) 10 (0.92)
Engagement method use (singularly or one of multiple)b
Music 22(2.3) 127 (13.4) 228 (24.1)
Stories video 12 (1.3) 101 (10.7) 86 (9.1)
Games 13 (1.4) 67 (7.1) 33(35)
Communication 1(0.1) 47 (5.0) 48 (5.1)
Photos 3(0.3) 48 (5.1) 24 (2.5)
Other 6 (0.6) 21(2.2 59 (6.2)
Type of strategies used®
Music
Singularly 15 (2.9) 89 (17.3) 95 (18.5)
One or more 26 (5.1) 81 (15.8) 207 (40.4)
Reminiscing
Singularly 2(0.7) 5(1.6) 36 (11.8)
One or more 7(2.3) 93 (30.6) 161 (53.0)
Socialization
Singularly 9(17) 119 (22.2) 58 (10.8)
One or more 15(2.8) 129 (24.07) 206 (38.4)
Relaxation
Singularly 2(0.8) 4(1.7) 7(3.0)
One or more 21(8.9) 60 (25.4) 142 (60.2)
Achievement
Singularly 10 (4.0) 60 (23.9) 33(13.1)
One or more 6(2.4) 62 (24.7) 80 (31.9)
Number of strategies used?
1 40 (3.75) 276 (25.89) 225 (21.11)
>2 33(3.10) 170 (15.95) 322 (30.21)
Type of app used for strategi esd
YouTube only 10 (0.94) 117 (10.98) 178 (16.70)
Personal Playlist only 36 (3.38) 115 (10.798) 157 (14.73)
Personal photos or videos only 0 (0.00) 35(3.28) 41 (3.85)
Google only 3(0.28) 53 (4.97) 35(3.28)
Puzzles only 6 (0.56) 48 (4.50) 24 (2.25)
Combinations of apps 10 (0.94) 52 (4.88) 45 (4.22)
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Variables Mood change
Worse or maintaining negative Maintaining positive mood Mood improvement
mood (n=80), n (%) (n=455), n (%) (n=553), n (%)
Other 11 (1.03) 27 (2.53) 63 (5.91)
Number of apps used for strategies®
1 66 (6.20) 394 (37.00) 498 (46.76)
=2 10 (0.94) 52 (4.88) 45 (4.23)
Urban or rural status®
Rural 39 (3.58) 64 (5.88) 306 (28.10)
Urban 41 (3.76) 392 (36.00) 247 (22.68)
Facility type?
Skilled nursing 28 (2.57) 42 (3.86) 303 (27.82)
Home care 46 (4.22) 393 (36.09) 227 (20.84)
Other 6 (0.55) 21(1.93) 23(2.11)

3Percentages for primary challenge in the chi-square analysis are based on a sample of 1089 care recipients. Differences as compared with the total
sampleis based on missing data, which were excluded from the chi-square analysis.

bPercentag% for engagement method use in the chi-square analysisis based on a sample of 946 care recipients.

CPercentages for type of strategy used in the chi-square analysis varied based on the strategy. The sample sizes are music (n=513), reminiscing (n=304),
socialization (n=506), relaxation (n=236), and achievement (n=251), respectively.

dPercentag&s for number of strategies used and the type of app used for the strategies in the chi-square analysis is based on a sample of 1066 care

recipients.

®Percentages for number of apps used for strategies in the chi-square analysis is based on a sample of 1065 care recipients.

Project Aim 1: Analysis of Full Sample

Chi-square analyses of all care recipients were conducted to
determine the extent that significant mood changes occurred
for those receiving theintervention (n=1089). When examining
the effects of the carerecipients’ primary health care challenges
on their observed mood, memory loss was associated with
maintaining positive mood (x%=191.5; P<.001). Engagement
methods demonstrated some effect on care recipients mood,
with music being more likely involved in care recipients
improvements from negative to positive moods (x210:72.9;
P<.001). Characteristics of the apps used to engage also
influenced mood. When using YouTube as the sole app, care
recipients mood transitioned from negative to positive after
the engagement sessions ()(212:64.5; P<.001). Results aso
suggested that some strategies implemented to evoke mood
changes were effective. Specifically, using music as a single
method (x2,=20.1; P<.001) or reminiscing (x>=9.9; P=.007)
as a component of additional strategies was associated with
mai ntenance of positive mood:; socialization (x%,=38.3; P<.001)

and achievement (x%=12.9; P=.002), when used as acomponent,
were related to care recipients having improved mood. These
findings support the separate anaysis showing that care
recipients using multiple strategies were more likely to be
associated with negative to positive mood transitions (x22:42.8;
P<.001). Examining the influences of facility characteristics
revealed that care recipient placement in an SNF was linked to
changes from negative to positive moods following engagement
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(x?,=236.8; P<.001), whereas placement in an urban setting

was associated with maintaining positive mood (x%,=186.4;
P<.001).

Project Aim 2: Analysis of Care Recipientsin Skilled
Nursing Facilities

Subsample analyses were designed to reveal the effects of the
study variables on mood changesfor care recipientsfrom SNFs
only (n=373). Notably, fewer significant results emerged from
this sample compared with either the full sample or the home
care subsample analyses, however, these results demonstrated
a consistent effect on mood. Engagement sessions involving
reminiscing were morelikely to facilitate care recipients going
from negative to positive moods as a result of the engagement
sessions (x%=12.0; P=.02). Socialization, when used as a
component of additional strategies, also was related to care
recipients having positive mood changes (x%,=11.0; P=.004).
Overall, care recipients using multiple strategieswere associated
with improvements from negative to positive moods (x%=8.5;
P=.014). This trend substantiates the finding derived from the
full sample, employing 2 or more strategies is an effective
approach for positive moods. Finaly, engagement sessions
occurring in SNFs operating in an urban setting was associated

with maintaining positive mood (x%=18.4; P<.001).
Project Aim 3. Analysis of Care Recipientsin Home
Care

A subsample analysis also was conducted for care recipients
involved only in in-home care (n=666). Care recipients with a
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movement disorder as their primary challenge were associated
with negative to positive mood changes as a result of the

intervention (x%=115.7; P<.001). Engagement sessions
involving music were more likely linked to care recipients
improvements from negative to positive moods (x210:112.7;

P<.001). Furthermore, using combinations of strategies
involving music was associated with mood improvement

(x%,=34.4; P<.001). The only other strategy achieving
significance wasthe sole use of socialization, which was shown
to maintain positivemood (x2,=45.5; P<.001). Overall, although,
any strategy used in combination with others was related to
sustaining positive moods (x?,=75.8; P<.001). When considering

specific apps, Personal Playlist, asthe sole app, was morelikely
to be associated with care reci pientstransitioning from negative

to positive mood ()(212:135.5; P<.001). Finally, home care

occurring in urban settings was associated with care recipients
sustaining positive mood as a result of the intervention

(x2,=57.5; P<.001).

Project Aim 4: Analysis of Caregivers Daily Activities

A subsample of caregivers also rated the impact of the
intervention on their day (n=542). When care recipients had a
movement disorder, the engagement session made the day better

for caregivers (x,=10.1; P=.006). Music, when used singularly,
sightly improved the caregiver's day (x%,=17.2; P<.001),
whereas socialization as a component of other interventions
made the day better for the caregiver (x22=37.2; P<.001). Using
only 1 strategy (x2,=39.4; P<.001) or using apps multipletimes
(x%,=12.7; P=.002) slightly improved the caregiver's day, but
using only Personal Playlist apps madethe caregiver’s day much
better (x?1,=91.9; P<.001). In urban settings, the positiveimpact
of the engagement session wasonly slight (x%=119.8; P<.001).
When engagement occurred in other than SNFs or home care,
the session made the day better for caregivers (x%,=11.0; P=.03).

Importantly, when care recipients mood was observed to
improve, the engagement session was more likely to make the

day better for staff (x>,=234.7; P<.001).

Discussion

Principal Findings

Thisstudy isone of thefirst in the United Statesto focus on the
implementation of tablets across institutional (eg, SNFs) and
in-home settings for persons living with dementia. The most
apparent implication from this study wasthe substantial benefit
of thetablet interventionsto most care recipients. Lessthan 8%
of the entire sample evidenced either the transition of positive
to negative mood (8/1089, 0.73%) or the sustainment of negative
moods (72/1089, 6.61%) after caregiver engagement sessions.
That is, for the vast majority of the entire sample, positive care
recipient moods were either maintained or enhanced or were
achieved after beginning the session in a negative mood. The
unequivocal therapeutic benefit of personalized tablet
engagement with music and other approaches seemsafunction
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not only of the effectiveness of the particular intervention but
also of caregiver commitment to and compassion for the care
recipient.

Caregiver supports that maintain interest and participation, as
well as promote feelings of achievement and mastery, create a
positive experience for participants and caregivers with tablets
[33]. Successful interactions should provide achievable goals
facilitating feelings of self-worth, which require the caregiver
to be in the moment and select apps based on resident mood to
promote engagement [33]. Study results extend this concept
further, indicating that app selection should target multiple
strategies (eg, reminiscing or socidlization) to facilitate
improvements in resident moods.

Our findings also offer guidance around the care recipient and
caregiver engagement process. Specifically, the use of asingle
app, especialy YouTube, resulted in moderate to substantial
improvements in resident mood across the entire sample. This
influence of YouTube supports additional research, indicating
that exposure to YouTube videos improves participants
well-being and mood, as well as their communication,
interaction, and engagement [29]. In our study, YouTube was
primarily used to share music or stories through video and
strategies related to reminiscing, socialization, or music. One
resident encounter convincingly illustrates tablet impact on
resident mood:

Listened and watched a YouTube video with
headphones and closed caption in Navajo. Elder was
happy and smiling. He sang along in Navajo and tried
[to] teach methewordsin Navajo. [From oneresident
encounter]

This session successfully targeted al 3 strategies, and the
resident’'s mood improved the greatest extent possible, from
sad to joyful. Years of experience has shown that YouTube
holds great potential for personalization because of the nearly
unlimited number of topics available. When given the choice
of activity, caregivers are choosing to work with YouTube.

Interestingly, using gaming apps (eg, Puzzable or Solitaire) to
engage care recipients did not statistically improve mood,
especially compared with other engagement strategies. For these
care recipients, the complexity of playing the game may have
undermined mood improvement. For example, one resident
reported the following:

theworst part [ of the game] was there were too many

guestions - wanted too much information before

getting to anything interesting. [One resident]
Although an unfortunate reaction, thisfinding supportsresearch
suggesting that gaming apps are not as useful for promoting
engagement as apps targeting relaxation or telling an
individual’slife story in this population [34]. Conversely, other
research demonstrates that interactive computer games (eg, a
Nintendo Wii) affected participant cognition [67]. These
contradictory findings warrant further research to examine the
specific gaming features and the interaction of these features
with care recipient characteristics and cognitive conditions that
prompt mood changes.
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Mood changes differed by location. Overall, 82.9% (339/409)
of care recipientsin rural areas reported more negative moods
(sad, confused, angry, anxious, or indifferent) at baseline versus
those in urban areas (286/680, 42.1%). Similarly, 88.2%
(329/373) of care recipients in SNFs began sessions with a
negative mood compared with 40.1% (267/666) of individuals
in home care settings. However, after tablet engagement, only
7.5% (28/373) of individuals were assessed with a negative
mood. A potential explanation for this finding is a greater
continuity of care existing between caregivers and care
recipients in home care sessions, including more frequent and
sustained interactions. How facility-setting characteristics
influence care recipient or caregiver mood and mood changes,
along with their feelings of isolation or loneliness, remains
crucial research topicswhen implementing tablets or other ICTs.

Limitations

Although illustrating numerous areas for investigation, this
study had limitations. First, to ease data collection burden on
caregivers, no resident or caregiver attributes (such as gender,
age, or duration of the primary challenges) or years of caregiving
service were documented. Second, although efforts were made
to systematize training and data collection, there may have been
variability in these processes either across or within programs.
For example, the key strategy (eg, music or reminiscing) may
have been recorded inconsistently. Third, as caregiver
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observations determined mood baseline and changes, knowledge
of study objectives or varying assessments of residents' mood
could, even unintentionally, introduce bias. Fourth, the time
allotted for the care recipient and caregiver interaction may have
affected mood changes but was not collected. Finally, findings
related to the caregivers' day suggest that the intervention was
beneficial overall, but the effect may differ for larger samples
or other care recipient or caregiver samples.

Conclusions

This study documents further evidence that ICTs, in particular,
tablets such as iPads and apps such as YouTube or using a
Personal Playlist, improve mood in older adults and enhance
caregiver perceptions about their care recipient interactions,
especialy with personsliving with dementia. Importantly, these
pilot data substantiate ICTs, as part of a personalized
engagement approach, as beneficia dternatives to
pharmaceutical interventions for mood enhancement. As was
done for this study, matching engagement methods and types
of strategies and apps, based on care recipient preferences or
other features to maximize their mood effects, is critical for
strengthening the utility of this approach. Accumulating
evidence and the additional research questions emerging from
this nascent examination offer exciting prospects for continued
empirical inquiry and bettering care recipient well-being.
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Abstract

Background: Psychiatry research hasbegun to leverage datacollected from patients’ social mediaand smartphone use. However,
information regarding the feasibility of utilizing such datain an outpatient setting and the acceptability of such datain research
and practiceis limited.

Objective: This study aimed at understanding the outpatients’ willingness to have information from their social media posts
and their smartphones used for clinical or research purposes.

Methods: In this survey study, we surveyed patients (N=238) in an outpatient clinic waiting room. Willingness to share social
media and passive smartphone data was summarized for the sample as a whole and broken down by sex, age, and race.

Results: Most patients who had a social mediaaccount and who were receiving talk therapy treatment (74.4%, 99/133) indicated
that they would be willing to sharetheir social media postswith their therapists. The percentage of patientswilling to share passive
smartphone datawith researchers varied from 40.8% (82/201) to 60.7% (122/201) depending on the parameter, with sleep duration
being the parameter with the highest percentage of patients willing to share. A total of 30.4% of patients indicated that media
stories of social media privacy breaches made them more hesitant about sharing passive smartphone data with researchers. Sex
and race were associated with willingness to share smartphone data, with men and whites being the most willing to share.

Conclusions: Our results indicate that most patients in a psychiatric outpatient setting would share social media and passive
smartphone data and that further research elucidating patterns of willingness to share passive data is needed.

(JMIR Form Res 2019;3(3):€14329) doi:10.2196/14329

KEYWORDS
social media; smartphone; outpatients; psychiatry; psychotherapy; digital health; mhealth; digital phenotyping; privacy; user
preferences

to provide social mediaand passive smartphone datafor research
or clinical purposes would inform potential patient recruitment
for studies, aswell as eventual clinical use. Here, we present a
dual focus on researchers and providers' use of socia media
and passive smartphone data.

Introduction

Background

Psychiatry research and clinical assessments often rely on
patients' retrospective reports. Passively collected smartphone
and social media data offer a potential alternative to support Problems with behavior/symptom self-report have been
such measures. Obtaining information on patients willingness ~ documented extensively [1]. For example, social desirability is

http://formative.,jmir.org/2019/3/e14329/ JMIR Form Res 2019 | vol. 3| iss. 3 114329 | p.185
(page number not for citation purposes)


mailto:crits@pennmedicine.upenn.edu
http://dx.doi.org/10.2196/14329
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

amajor concern; participants may be too embarrassed to fully
reveal private thoughts/feelings/symptoms or, alternatively,
may misrepresent symptoms to ensure study enrollment or
treatment continuation. Apart from accuracy concerns, clinical
providers havelimited timeto collect patient information. Calls
have been made for a new vantage point and improved
assessment methods [2].

A potential alternative, or support, liesin utilizing social media
and/or digital deviceinformation [3]. Data collected from both
patients social media and smartphone activity may provide
continuous, robust, and ecologically valid insights into mental
health. Such insights, which do not rely on retrospective recall,
might provide a more nuanced and holistic understanding of
behavior and may hold promise for increased accuracy. For
example, in clinical care, social media may potentially be used
as collateral information to illuminate current stressors, inform
diagnoses, and monitor emerging issues. Collateral information,
such as input from important people in a client's life, is
commonly used in clinical settings. Moreover, using patients
own smartphones for data collection, as opposed to providing
aphoneor bringing patientsinfor extensiveclinical interviews,
has the potential for scalability at little additional cost.

Utilizing patients' social media data and personal smartphones
is not without precedent. Many psychiatric care providers are
already searching for patients’ electronic communications on
the Web, and discussions have begun to explore theimplications
of utilizing smartphone apps, social media monitoring, etc, in
psychiatry [4]. In addition, patients’ phones have already been
used for an ecol ogical momentary assessment, in which patients
are prompted to answer questions about their current state [5].
In particular, patients smartphones have become popular in
both research and clinical contexts for monitoring health [6],
including an umbrella of mHealth technol ogies (maobile health)
such as activity tracking products that link to the patients
smartphones[7]. Mental health smartphone appsareontherise
inclinical careand beyond in arapidly devel oping marketplace
[8].

The potential use of smartphones doesnot end here; technology
exists allowing smartphones to be used for data collection
without any user effort, for afield called digital phenotyping.
Digital phenotyping isthe“moment-by-moment quantification
of theindividual-level human phenotypein situ using datafrom
smartphones and other personal digital devices’ [9]. It includes
measures of traditional phone usage (calls and texts), as well
as measures that utilize smartphone functions, such as patient
movement and activity (derived from a smartphone's built-in
global positioning system [ GPS] and accelerometer) [9,10]. The
use of digital phenotyping may increase as research groups
devel op and test smartphone assessmentsfor research measures
[9,11] and because of the support expressed by the National
Ingtitute of Mental Health for such endeavors in digital health
[12]. Social media activity may have similar benefits as it can
be mined without patient burden.

Concerns have been expressed that personal digital devicessuch
as smartphones are not widely used by some subgroups of
psychiatric patients (eg, those with serious mental illness) [13].
However, recent studies indicate relatively high rates of
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smartphone usage even among those with schizophrenia[14-16].
A review of 24 studies of health monitoring smartphone apps
revedled high levels of retention and acceptability [17].
However, acceptability data on passive smartphone assessment
in particular has not been reported. Beyond the logistical
concerns, acceptability a so involvesrecognizing concerns about
privacy (for a review of research on consumer attitudes
toward/reactions to information privacy, see[18]). Particularly
relevant to current methods for digital phenotyping data
collection, research suggeststhat even top ranked mental health
apps do not accurately convey to users how their personal data
may be harvested and shared [19]. Such irresponsibility with
sensitive data represents a need to further develop thoughtful
research and clinical protocols.

Objectives

Given the possibility of investigating and incorporating social
media and passive smartphone data in psychiatry, several
nuanced questions need to be asked about patient acceptability.
For example: How comfortabl e are psychiatric outpatientswith
the broad spectrum of smartphone data that could be collected
for digital phenotyping (ranging from the duration of sleep to
how often they answer their phones—an example of data that
may be seen as more invasive)? Do publicized breachesin data
confidentiaity influence the willingnessto share personal social
media and smartphone information? Would psychiatric
outpatients also share such socia media and/or passive
smartphone datawith their provider? It isalso useful to consider
socidl media and passive smartphone data collection
acceptability simultaneously, as these data sources are
complementary.

The purpose of this survey study was to investigate the
psychiatric outpatients’ acceptability of socia mediaand passive
smartphone data collection (for researchers or clinicians). A
survey was administered in a psychiatric outpatient clinicin a
large Northeastern city. We asked questions about the
participants’ phone use and social media engagement, as well
as how comfortable they felt with the researchers and their own
therapists having access to data from their smartphones and
social media accounts.

The relation of demographic factors (age, race, and sex) to the
willingness to share passively collected data (ie, data relevant
to digital phenotyping) was also examined. The analysis was
exploratory as we did not find extant research on such a
relationship. Building upon previous studiesthat suggested that
women are lesslikely to share private social mediainformation
[20], we hypothesized that women would belesslikely to share
passive data as well. Although relevant research findings are
mixed [21], we hypothesized that people of racial minority
groups, compared with whites, would be less likely to share,
given similar research on health research participation (eg, a
study investigating African American participation [22]).
Finally, on the basis of research on age and interest in mental
health apps [23], we hypothesized that older patients would be
lesswilling to share passive data.
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Methods

Participants

Participants were patients recruited from a university-based
psychiatric outpatient waiting room. Research assistantsvisited
the clinic throughout the day. All people (excluding young
children) in the waiting room during aresearch assistant’s visit
were offered the survey. Potential participants who mentioned
that they did not own a smartphone were still encouraged to
complete the survey. People who completed the survey but did
not indicate that they were receiving services from the clinic
were excluded as they were not patients (ie, they were waiting
with someonewho was apatient). Therefore, study participants
were all those who (1) returned a survey and (2) indicated that
they were patientsin theclinic.

The clinic provides psychiatric servicesto individuals aged 18
years or older. Services include diagnostic evaluations,
medication management, and individual and group therapies.
The clinic provides specialized treatment for bipolar disorder,
treatment-resistant depression, anxiety disorders, substance
abuse, psychosis, geriatrics, and medical-psychiatric conditions.
Approximately 500 new patients seek services from the clinic
each year. Clinic staff includes 15 psychiatric residents, 6
attending physicians, 5 full-time staff psychologists, and 4
part-time psychologists.

The study was approved by the ingtitutional review board;
participants provided informed consent. No compensation was
provided.

M easures

The survey was designed in partnership, through discussions
among clinical researchers, a digital phenotyping researcher,
and the director of outpatient services at the partnering clinic.

Demographics/Services

A demographic questionnaire asked for age, sex, race, Hispanic
ethnicity, and the services the patient was receiving at the
outpatient clinic.

Smartphone Ownership

Participants were asked to indicate smartphone ownership,
including which model they owned (Apple or Android). Owing
to the importance of functioning smartphones for digital
phenotyping, we also asked if a participant’s smartphone was
in good working condition (participants were asked to select
“no” if their phone company frequently shut off their phone or
if their phone, for example, did not turn on or was too cracked
to read).

Smartphone Use

Asdigital phenotyping relieson consistent device use, we asked
if patients usually have their phone with them when they leave
home. Responses were: “Yes— | almost never leave my house
without my phone,” “In between — | leave my house without
my phone about half the time,” and “No — | often leave my
house without my phone.” Participants were also asked if their
phone served as their alarm clock, if they used their phone
before bed, if they looked at their phone upon waking up, and

http://formative.,jmir.org/2019/3/e14329/

Rieger et d

how they communicated via phone (phone calls, texting,
Facebook Messenger, Google Chat, KakaoTalk, WhatsApp,
WeChat, and othe).

Social Media Use

Participantswere asked to indicate which social mediaplatforms
they posted/commented/interacted on. Options were selected
by a Web search of currently popular social media options:
Ask.fm, Facebook, Instagram, Musical.ly, Pinterest, Reddit,
Snapchat, Tumblr, Twitter, and YouTube (if they posted their
own videos). “Other” and “| do not use any social media’ were
also options. We asked the participants to choose from the
following options: photos, videos, links (to articles, videos,
other peoples’ posts, etc), my mood/feelings, opinions or
personal recommendations, reactions (to news, events, other
people, etc), important life updates, everyday things that
happened in your life, activities, goalg/plans for the future,
comments/likes of other posts, other, and “| never post anything
on social media”

Willingnessto Share Social Media

Participants were asked if they would share social media posts
with their therapist if their therapist was concerned about how
they were doing. If they would, they were asked what they
would share: “Only the postings that | make public,” “Both my
public and my private postings,” and “1 would pick-and-choose
posts from both my public and private postings.”

Publicized Privacy Breach Influence

We selected the Cambridge Analytica scandal as an example
of a publicized social media data privacy breach as the media
story was aparticularly publicized example at thetime of survey
administration. A brief description was provided: “Recently,
Facebook has been in the newsfor its use of personal datafrom
Facebook Accountsthrough acompany, Cambridge Analytica.”
Participants were asked if this privacy violation made them
more hesitant about “your smartphone data being collected by
the university?’ “sharing your smartphone data with your
therapist (as part of aresearch study)?’ and “ sharing your social
media with your therapist (as part of aresearch study)?’

Willingness to Share Passive Smartphone Data

Patients who had a smartphone were asked to specify what
parameters would be acceptable to them to be collected via a
smartphone app in the context of aresearch study. One category
was information collected using GPS: “amount of time you
spend at home,” “amount of time during your day you spend
not moving,” “distance you travel,” and “maximum distance
you travel from your home” Patients were asked if it was
acceptable to collect information on how long they sleep each
day, as assessed by tracking how long the phone screenisturned
on/off. Patients were also asked if it would be acceptable for
researchersto collect the number of textsand calls sent/received,
the length of texts and calls sent/received, and how often the
phoneis answered. Finally, participants were asked if it would
be acceptable for their therapist to also have access to this
information. The sum of the digital phenotyping—relevant data
items that a participant was willing to share was cal cul ated.
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Statistical Analyses

Questions were summarized descriptively with percentages or
means, as appropriate. Information relevant to passive
smartphone data collection was summarized for the sample of
patients who specifically indicated that their phonewasin good
working condition. Information relevant for social mediaactivity
was summarized for those who had at least one social media
account, and information rel evant to sharing datawith therapists
was summarized for those who were receiving talk therapy. A
multiple regression was conducted to evaluate the relation of
age, sex, and race to the willingness to participate in a digital
phenotyping study. Race was dichotomously coded as white
and everyone who selected another race.

Results

Characteristics of the Sample

A total of 238 patients agreed to participate and returned a
survey. Characteristics of the sample are presented in Table 1.

Table 1. Patient demographic characteristics.

Rieger et d

Ages of the participantsranged from 18 to 84 years, the average
agewas 39.4 (SD 15.7) years.

Smartphone Owner ship and Use

A high percentage of patients (219/235, 93.2%) owned a
smartphone. Most (201/214, 93.9%) indicated that they had a
working smartphone (24/238, 10.1% did not respond to the
working smartphone item; 84.4%, 201/238, of the full sample
thus had a working smartphone). Considering those with a
working smartphone, 69.8% (139/199) owned an Apple model,
whereas 30.2% (60/199) owned an Android model. Smartphone
use characteristics are reported in Table 2; modes of mobile
phone communication are presented in Table 3.

Social Media Use

Table 4 givesthe percentages of social mediaactivitiesfor those
who indicated that they used at |east one social media platform
(N=199).

Characteristics®

Participants, n (%)b

Sex, female (N=198)

Ethnicity, Hispanic (N=231)

Race (N=238)
American Indian or Alaska Native
Asian
Black or African American
Native Hawaiian or Pacific |slander
Others or unknown
White

Services (N=238)
Only medication management
Only talk therapy

Receiving both services

141 (71.2)
17 (7.4)

5(2.1)
6(25)

56 (23.5)
1(0.4)

10 (4.2)
167 (70.2)

78(32.8)
37 (15.5)
123 (51.7)

3percentages for race/ethnicities are greater than 100% as participants were welcome to select more than one response.

PResults were summarized as the total count of people who indicated the answer listed in the table over the total count of people who answered the
specific question (ie, participants who skipped aquestion were excluded from the analysis of that particular question; hence, the denominators fluctuate).

Table 2. Phone use relevant to leaving home and sleep habits.

Characteristics

Participants, n (%)@

Never leave home without phone (N=201)
Sometimes leave home without phone (N=201)
Often leave home without phone (N=201)

Use phone as alarm clock (N=199)

Look at phone before bed (N=198)

Look at phone when they wake up (N=183)

196 (97.5)
4(2.0)
1(0.5)
157 (78.9)
173 (87.4)
162 (88.5)

3Results were summarized as the total count of people who indicated the answer listed in the table over the total count of people who answered the
specific question (ie, participants who skipped aquestion were excluded from the analysis of that particular question; hence, the denominators fluctuate).
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Table 3. Modes of mobile phone communication (N=201).

Rieger et d

Means of communication on mobile device

Participants, n (%)2

Phone calls

Texting

Facebook Messenger
Google Chat
KakaoTak
WhatsApp

WeChat

Others

193 (96.0)
196 (97.5)
109 (54.2)
16 (8.0)
1(05)
44.(21.9)
1(05)

52 (25.9)

3Results were summarized as the total count of people who indicated the answer listed in the table over the total count of people who answered the
specific question (ie, participantswho skipped aquestion were excluded from the analysis of that particular question; hence, the denominatorsfluctuate).

Table 4. Patient social media use (N=199).

Socia media platforms used

Outpatients who use social media, n (%)

Social media platforms used
Ask.fm
Facebook
Instagram
Musical.ly
Pinterest
Reddit
Snapchat
Tumblr
Twitter
YouTube
Other
Content of social media posts
Photos
Videos
Links (to articles, videos, other peoples’ posts, etc)
Mood/feelings
Opinions or personal recommendations
Reactions (to news, events, other people, etc)
Important life updates
Everyday things that happened in life
Activities
Goalg/plans for the future
Comments/likes of other posts
Others

Never post on social media

1(0.5)
164 (82.4)
123 (61.8)
4(2.0)

40 (20.1)
28 (14.1)
56 (28.1)
19 (9.5)
58 (29.1)
25 (12.6)
13 (6.5)

152 (76.4)
77(38.7)
105 (52.8)
51 (25.6)
63(31.7)
80 (40.2)
72(36.2)
39 (19.6)
53 (26.6)
25 (12.6)
123 (61.8)
13(6.5)
13 (6.5)

8Results were summarized as the total count of people who indicated the answer listed in the table over the total count of people who indicated having

at least one social media account.
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Of those who had a social media account and were receiving
talk therapy, 74.4% (99/133) indicated that they would be
willing to share their social media posts with their therapists, if
their therapist were concerned about how they were doing. In
afollow-up question, 20.2% (19/94) indicated that they would
only share the postings that they make public, 53.2% (50/94)

Rieger et d

would share both public and private posts, and 26.6% (25/94)
would pick-and-choose public and private posts.
Willingnessto Shar e Passive Smartphone Data

Table 5 gives the full reporting of the patients' willingness to
share passively collected data parameters.

Table 5. Passive smartphone data participants are willing to share with researchers.

Data comfortable sharing with researchers

Participants, n (%)@

Amount of time spent at home (N=201)

Amount of time during the day spent not moving (N=201)
Distance traveled (N=201)

Maximum distance traveled from home (N=201)
How long one slept each day (N=201)

Number of texts sent (N=201)

Length of texts sent (N=201)

Number of texts received (N=201)

Length of texts received (N=201)

Number of calls made (N=201)

Length of calls made (N=201)

Number of calls received (N=201)

How often one answers their phone (N=201)
Length of callsreceived (N=201)

Willing to share same data with therapist (N=184)

100 (49.8)
102 (50.7)
113 (56.2)
93 (46.3)
122 (60.7)
105 (52.2)
85 (42.3)
98 (48.8)
82 (40.8)
101 (50.2)
89 (44.3)
99 (49.3)
94 (46.8)
88 (43.8)
123 (66.9)

8Results were summarized as the total count of people who indicated the answer listed in the table over the total count of people who indicated that they

had aworking smartphone.

Demographic Correlates of Willingnessto Participate
in a Passive Smartphone Assessment Study

Multiple regression analyses on those with a working
smartphone revealed that sex and race, but not age, were
significantly associated with the composite variable measuring
how many types of passive smartphone data patients would be
willing to sharein aresearch study. Partial correlationswere as
follows: age, r,=0.03 (P=.69); sex, r,=—0.16 (P=.04); and race,
r,=—0.16 (P=.05). Men (mean 8.6, SD 5.9) were more willing
to share more information than were women (mean 6.3, SD
5.6). People who were of any race other than white (mean 5.2,
SD 4.8) werelesswilling to share moreinformation than whites
(mean 7.4, SD 6.0). The results of analyses predicting the
willingnessto shareindividual parametersfrom the demographic
variables yielded similar results as found with the summary
score.

Publicized Privacy Breach Influence

Of the patients with a working smartphone, 30.4% (59/194)
indicated that Facebook’s Cambridge Analytica privacy breach
made them more hesitant about researchers collecting their
passive smartphone data. Similarly, 27.3% (35/128) of those
who had a working smartphone and who were in talk therapy
believed that the privacy breach made them more hesitant about
their therapist receiving that data. Considering the outpatients

http://formative.,jmir.org/2019/3/e14329/

who indicated that they used at |east one social mediaplatform
and who were receiving talk therapy at the clinic, 23.4%
(30/128) were more hesitant about their therapist receiving that
data.

Discussion

Principal Findings

Psychiatry researchers and practitioners have an invested interest
in outpatients' willingness to share certain parts of their lives
and in the various ways in which that data, broadly speaking,
may be collected and shared. From allowing a researcher to
collect information on how long they sleep as measured by
phone activity to permitting aconcerned therapist to view their
social media, the sharing of passive smartphone and socia media
data by patients presents apotential ly well-supplied opportunity.
To date, research studies have not explicitly investigated
outpatients acceptability of specific passive smartphone
parameters. One study that did inquire about specific parameters
was qualitative and more broadly interested in the affective and
thought response to digital phenotyping [24].

Our survey resultsindicate that research involving the collection
of social media and passive smartphone data with patients in
psychiatric treatment is acceptable, but not all patients are
willing to share such datawith their therapist or with researchers.
Asadtarting point, we assessed the willingness to share social
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mediaand smartphone datawithout a particular research purpose
or proposed design. More targeted surveys can probe the
willingness to share within specific contexts—some of which
might generate greater or lesser willingness than we found.
Within our sample of outpatients in therapy and with socia
media, 74.4% (99/133) were willing to share social media data
with their therapists if their therapists were concerned, and
40.8% (82/201) to 60.7% (122/201) were willing to share
various passive smartphone parameters with the researchers.
Wedid not ask if the patients would routinely share their social
media information with atherapist (regardless of any ongoing
concern by the therapist about how the patient was doing).
Presumably, even fewer people would share all their socia
media content all thetime.

At 93.2%, the overwhelming majority of outpatients indicated
that they owned asmartphone. Although thisfinding isahigher
rate than previously estimated for the US population asawhole
[23,25], considering that 95% of our participants were aged
between 18 and 64 years, our finding is more comparable with
the national data (ie, Pew Research hasreported a national rate
of about 85% for this age group [25]). It is important to note
that our reporting of smartphone-rel evant data sharing islimited
to those who have a smartphone. If it is the case that people
without a smartphone were, for any reason, less likely to
participate, then this situation would not affect the results, as
those without a smartphone were excluded from the analyses.
The methods of recruitment can always biasresults. In our case,
patients who mentioned that they did not have a smartphone
were always requested to continue with the survey and indicate
on the survey that they did not own a smartphone.

Considering smartphone ownership, we went one step further
to specifically ask if the participants’ smartphoneswerein good
working condition (ie, that they were usable and equipped with
aconsistent phone plan). Not only did the outpatients frequently
own smartphones in good working condition, they frequently
took those phones with them when they left their homes (an
especialy important consideration when planning on using
smartphones). Collecting passive data from smartphones is
therefore theoretically possible in this population. However,
approximately 40% to 60% of the patients (depending on the
parameter) were willing to share specific passive smartphone
data with researchers. Overall, 66.8% (123/184) were willing
to allow atherapist to have access to the same information that
they would share with a researcher. Researchers and providers
interested in clinical applications of passive smartphone data
will need to consider that about one-third of the patients would
hesitate to share such information with their therapists.

Contributing to thislevel of nonsharing, over one-fourth of our
outpatient sample reflected that they were more hesitant about
sharing passive smartphone data as a result of Facebook’s
Cambridge Analytica scandal. We chose to inquire specifically
about the Cambridge Analyticamediastory as, when the survey
was administered, it was a well-publicized example of a
privacy/security misuse. Although 30.4% (59/194) of the people
shared that it was anissue, it isunclear if theissue had not been
brought up, whether the patients themselves would have
spontaneously identified this example of a media privacy
concern. ldentifying the specific media story ourselves may
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have resulted in the scandal being perceived as agreater barrier
than what would have actually occurred in astudy that actually
used social media and passive smartphone data.

It may also be the case that some survey participants are
particularly attuned to privacy concernsrelated to health/ apps,
either by a propensity to worry about privacy or through prior
knowledge of private databreaches. Even beyond the Cambridge
Analyticabreach, health-related appsfound in public app stores
may have extensive data sharing concerns, shrouded in a lack
of transparency [19]. Future survey research should include
items that explore how much a participant is already mindful
of their health data sharing. Indeed, we would have also done
well to inquire about how concerned people were with the
content of what would be shared through an app (ie, some people
may be aware that they display behavior on their phones that
is more, perhaps, noteworthy than others).

Although still keeping in mind that, by asking about Cambridge
Analytica, we chose a specific example connected to 1 specific
social media platform (Facebook), we posit that our finding
suggests that publicized data scandals in general may be
associated with outpatients’ willingnessto participatein relevant
research. The broader issue at hand, then, isthat data handling
in the corporate sphere, as well as in the academic research
sphere, has ramifications that influence the other. Dealing with
personal social media data (and, considering our interests,
smartphone data as well) is a privilege that should not be taken

lightly.

We examined the overall willingness to share passive
smartphone data based on the demographic variables of sex,
age, and race. We did not |ocate previous studies that conducted
these analyses. Our exploratory findings therefore need to be
confirmed in future studies and, if confirmed, the potential
reasons for any differences should be examined.

Our finding that women may be more hesitant to share passive
datais consistent with previous studies suggesting that women
are less likely to share private social media information [20].
In our exploratory analyses, owing to our sample sizes, we
compared whites with everyone who did not fall under that
category (adiverse group of peoplewho selected anything other
than white). Our exploratory finding might build on extant
research exploring potential differences by race in willingness
to participate in research, broadly. Such existing research most
often involves comparisons of African Americans and whites
and indicates that African Americans may be more hesitant to
participate in health research [22], though further studies
guestioning the assumption that willingness might differ by race
is emerging [21]. We encourage more specific research in this
area.

Limitations

Several limitations of this survey require notice. People who
anonymously indicate that they would share data may not
actually do so when presented with an imminent opportunity.
Demographic predictors of the willingness to share passive
smartphone data were conducted on an exploratory basis and
therefore would need replication. Sample sizes were not large
enough to examine the influence of specific identities on the
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willingness to share. We were interested quite broadly in
outpatients; we did not collect data on specific mental health
concerns. It isunknown if recruiting participantsin the waiting
room influenced results.

Rieger et d

acceptablefor outpatients. About half of our samplewaswilling
to share datathat, for some, may seem particularly invasive and
unacceptableto patientsfor researchers and providersto collect.
However, our results indicate that the work involving socia

media use in this population may be challenging owing to a
lack of engagement with multiple platforms and that research
involving passive data collection from smartphones may call
for targeted recruitment strategies.

Conclusions

Our results indicate that work seeking to collect social media
and passive data in a psychiatric outpatient sample is largely
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Abstract

Background: Theimpact of mental ill-health on every aspect of the lives of alarge number of Australian Defence Force (ADF)
personnel, their partners, and their familiesiswidely recognized. Recent Senate inquiries have highlighted gapsin service delivery
aswell as the need for service reform to ensure appropriate care options for individuals who are currently engaged with mental
health and support services as well as for those who, for a variety of reasons, have not sought help. To that end, successive
Australian governments generally and the Department of Veterans' Affairs specifically have prioritized veteran-centric reform.
Open Armsis an Australiawide service that provides counseling and support to current and former ADF personnel, and their
family members, for mental health conditions.

Objective: The aim of this study was to develop and configure a prototypic Web-based platform for Open Arms — Veterans &
Families Counselling (formerly Veterans and Veterans Families Counselling Service) with the Open Arms community to enhance
the quality of mental health services provided by Open Arms.

Methods: The study aimed to recruit up to 100 people from the Open Arms community (current and former ADF personnel
and their families, health professionals, service managers, and administrators) in regions of New South Wales, including Sydney,
Canberra, Maitland, Singleton, and Port Stephens. Participantswereinvited to participatein 4-hour participatory design workshops.
A variety of methods were used within the workshops, including prompted discussion, review of working prototypes, creation
of descriptive artifacts, and group-based development of user journeys.

Results. Seven participatory design workshops were held, including atotal of 49 participants. Participants highlighted that the
prototype has the potential to (1) provide the opportunity for greater and better-informed personal choice in relation to options
for care based on the level of need and persona preferences; (2) ensure transparency in care by providing the individual with
accessto al of their personal health information; and (3) improve collaborative care and care continuity by allowing information
to be shared securely with current and future providers.

Conclusions:  Our findings highlight the value of actively engaging stakeholders in participatory design processes for the
development and configuration of new technologies.
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Introduction

Veteran-Centric Reform

Successive Australian governments have been concerned about
the mental heath and well-being of current and former
Australian Defence Force (ADF) personnel and their families
and have committed to improve policies and servicesto prevent
and treat mental health conditions and support individuals and
families in need [1]. However, recent government inquiries
concerning the mental health of the ADF [2] and suicide by
current and former personnd [3] have revealed the enormous
impact of mental ill-health on every aspect of thelives of alarge
number of ADF personnel, their partners, and their families.
Theinquiries highlighted gapsin service delivery aswell asthe
need for service reform and al so strategies and servicesthat can
appropriately deal both with those currently engaged with mental
health and support services and those who, for a variety of
reasons, have not sought help [1,2].

In March 2015, the Department of Veterans' Affairs (DVA),
including services provided by Open Arms — Veterans &
Families Counselling (formerly Veterans and Veterans Families
Counselling Service; renamed October 2018), was supporting
49,668 veterans who had 1 or more mental health disabilities
[4]. Inlight of the service gaps noted in the recent Senate Inquiry
reports, DVA has prioritized veteran-centric reform [5] to ensure
dramatic improvementsintheway DVA connectswith veterans
and to provide the former service community with a greater
standard of service through business processes, culture, and
government-endorsed best practice mental health service
delivery.

Regarding access to mental health and support services for
current and former ADF personnel, the 2017 Senate Inquiry
report highlighted the vital role of Open Arms as a trusted
provider of high-quality mental health servicesfor the Defence
community [3]. Open Arms is an Australiawide service that
provides counseling and support to current and former ADF
personnel, and their family members, for mental health
conditions (such as posttraumatic stress disorder, anxiety,
depression, sleep disturbance, and anger). Open Arms aso
provides relationship and family counseling. In 2017, Open
Arms provided support to 27,000 current and former ADF
personnel and their families [6]. On the basis of the outcomes
of an independent Service Functional Review commissioned
by DVA in 2014 [7], Open Arms has identified a number of
critical challenges related to service quality, including
prevention and early identification, fast tracking support, need
for engagement outside the health care system, capacity to
provide the right care at the right time, and complex
psychosocial needs of persons accessing the service.

Technology Solutionsfor Mental Health Services
Reform

In June 2017, the University of Sydney’sBrain and Mind Centre
and DVA partnered to engage the Open Arms client base

http://formative.jmir.org/2019/3/e13662/

(current and former ADF personnel and their family members)
and staff (headth professionals, service managers, and
administrators) in participatory design workshops to explore
how a prototypic Web-based platform could betailored to realize
atechnology-enabled solution for the Open Arms service.

Originally, the prototype was designed, built, and evaluated
through apartnership between the Young and Well Cooperative
Research Centre and the University of Sydney’sBrain and Mind
Centre [8] known as Project Synergy. Project Synergy (Phase
I: 2014-2016) was originally commissioned by the Australian
Government Department of Health (DOH) in 2014, with the
broad aim of transforming the provision of mental health care
across Australiaby harnessing the potential of new and emerging
technologies to reach all people, regardiess of location, and
provide them with accessto timely and evidence-based treastment
to improve their mental health and well-being. The Funding
Agreement provided for the establishment of a Research and
Development (R& D) Group aswell as a Product Group for the
development of the prototypic Web-based platform.

Thisprototypelinksintegrated and interoperabl e resources (eg,
apps, etools, and Web-based and in-clinic health services, most
with data-sharing functionality) to enhance service quality; track
real-time health and social outcomes; and bring integrated,
high-quality, and personalized service experiencesto the person
seeking care. It operates through existing health providers, such
as Open Arms, to promote access to high-quality and
cost-effective mental health services.

Importantly, the goal of the prototype is to offer immediate
Web-based assessment (all individuals complete a tailored
self-report questionnaire) resulting in apersonalized dashboard
of results. Theresultsgiveindividualsan overal profile of their
health and well-being (including mental health), which can be
shared with their health professional, other health care providers,
and family members, among others (dependent on permission
being granted by theindividual). The prototype uses staged care
on the basis of the transdiagnostic clinical staging model [9,10]
toidentify the extent of progression of disease at apoint intime.
This enablesthe platform to match recommendationsincluding
apps, etools, and clinical interventions to an individual's level
of need.

At itscore, the prototype promotes person-centered health care
and its principles highlight that individual clients of a service
are equal partnersin their health care. To that end, to promote
transparency, individuals have access to all information that
directly concernsthem. Furthermore, dl information is presented
in plain language (including avoiding jargon), and individuals
are presented with sufficient information to understand all
components of the prototype (eg, initial self-report questionnaire,
dashboard of results), with options for obtaining further
information if desired. Critically, decisionsabout an individua’s
care are made collaboratively with a health professiona or
service, taking into account both clinical needs and personal
preferences. The prototype helps minimize variability in care
provision between individual health professionals and services
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by using evidence and datarather than solely relying on clinical
opinion, which can be variable and falible. Finaly, the
prototype is being designed to maximize the use of resources
and minimize the duplication of services and wastage of time,
for all individuals.

A key feature of the prototypeisthat it is able to be configured
to meet the needs of all end users, including individuals and
supportive others, health professionals, service managers, and
administrators. By engaging potential end users through the
iterative use of participatory design, the prototype can be
continuously redeveloped to best meet the needs of a health
care service.

Research has shown that the active participation of all
stakeholders throughout the design of technical systems and
services helps ensure that the end product meets the needs of
its intended user base, improves usability, and increases
engagement of all individuals[11,12]. Through the engagement
of stakeholders in participatory design, technical solutions to
practical problems related to health care are generated as a
means to effect organizational (ie, service) reform [13].
Importantly, end users (in thisinstance, all members of the Open
Arms community) have the opportunity to actively co-design
the technology solution in conjunction with researchers and
product designers with the aim of developing Web-based tools
and systems that are more likely to be engaging and effective
for all users[11,14].

The aim of the current research was to actively engage
individuals from the Open Arms community, via participatory
design, to collaboratively develop and configure the prototype
to enhance Open Arms service quality.

Methods

Ethics

The research study was approved by the DVA Human Research
Ethics Committee (project number: E016/027).

Participants

The study aimed to recruit up to 100 people from the Open
Arms community, including current and former ADF personnel
and their families, as well as health professionals (including
Open Arms counselors and Outreach Program Counselors
[OPCq]), service managers, and administrators in regions of
New South Wales, including Sydney, Canberra, Maitland,
Singleton, and Port Stephens.

Inclusion criteria for current and former ADF personnel and
their families were as follows: aged 16 years or older and
eligible for Open Arms services (al current and former ADF
personnel who have at least 1 day continuous full-time service
are eligible for care through Open Arms; having met this
criterion, their family members are also eligible for care).

Representatives from the Australian Government, including
senior executives in the DOH, DVA, and Open Arms, as well
as members of Project Synergy’s R&D and Product Groups,
werealsoincluded in the participatory design workshops askey
stakeholders; however, the data presented in this paper reflect
the population (ie, current and former ADF personnel and Open
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Arms heath professionas, service

administrators).

managers, and

Recruitment Strategy

To recruit current and former ADF personnel and their families,
the recruitment strategy included the distribution of postcards
and A3/A4 posters with information about the participatory
design workshops in the lead up to each scheduled workshop
in each of the 5 regions. Targeted social media (location matched
to each relevant region and age more than 16 years) was also
used to circulate information about the workshops. To avoid
any perceived coercion, recruitment was passive such that a
potential participant needed to contact the Research Project
Manager who, only upon a potential participant’s request, then
forwarded the Study Information Sheet and Participant Consent
Form.

For the recruitment of health professionals (including Open
Arms counselors and OPCs), service managers, and
administrators, information was distributed to potential
participantsdirectly by the relevant Open Arms Centre managers
in each of the 5 regions.

All participants were provided with detailed information about
the study both before attending a participatory design workshop
and upon arrival at the workshop. At the beginning of each
workshop, the facilitators provided the participants with an
opportunity to ask questions and clarify details of the research
before providing written informed consent. Potential participants
were reminded that participation was entirely voluntary, and
that if they agreed to participate, they could withdraw their
consent at any time without being required to provide any
reasons and with no impact on their relationship with Open
Arms or the University of Sydney’s Brain and Mind Centre.

Participatory Design Workshops

The workshops brought together members of the Open Arms
community, Australian Government representatives, and
representatives from Project Synergy’s R&D and Product
Groups to explore how the prototype could be developed and
configured to enhance mental health servicesprovided by Open
Arms. All workshopswere coordinated by at least 2 facilitators,
1 of whom was a mental health professional whose role wasto
respond to any participant concerns or distress asaresult of the
subject matter. An additional Open Arms counselor was also
present for this purpose. A scribe was present to take
handwritten notes throughout the workshop.

Each workshop (4-hour duration) was designed to actively
engage participants in interactive discussions about how to
co-design potential technology solutions for the Open Arms
service. The facilitators used a variety of methods within the
workshops, including prompted discussion, review of working
prototypes (wireframes), creation of descriptive artifacts, and
group-based development of user journeys (a series of steps
illustrating how an individual might interact with the prototype).
Importantly, user journeys help to understand user behavior and
identify other possible functionality at a high level and define
taxonomy and interface. They refer to personas and real people
and feedback into a number of technology-building activities
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including information architecture and sitemaps, the
development of wireframes, and functional specifications.

To ensure maximum coverage of anumber of critical issuesto
develop the technology solution, several areas of focus were
explored, including: the intake; triage and waitlist processes at
Open Arms, typica pathways to care a Open Arms
expectations of care provided by Open Arms; and potential for
technology use for health and well-being as well as
health-related emergencies. The above-listed topics reflected
potential areas for service reform identified through an
independent functional review of Open Arms commissioned
by DVA in 2013-2014 [7]. Through weekly meetings, the
agendaitems and methods were then collaboratively refined by
the joint Project Management Team, comprising researchers,
health professionals, and members of Open Armsto determine
how best to discover how the technol ogy-enabl ed solution might
enhance or reform Open Armsfor improved outcomesfor clients
and their families.

Data Analysis

At the conclusion of each workshop, the notes taken by the
scribe were transcribed into areport documenting the partici pant
profile (ie, gender and participant type such as health
professional or veteran) aswell asthe content of the discussion
relative to the agenda. These reports in combination with the
visual artifacts collected during the participatory design
workshops (nonidentified and presented in aggregate to ensure
confidentiality) were analyzed by members of the R&D Group
using knowledge trangation processes to identify themes and
key learnings and inform the development and configuration
of the prototype for the Open Arms service, particularly in
relation to improved service quality.

Knowledge trandation is defined as the synthesis, exchange,
and application of knowledge by stakeholders to enhance the
benefits of innovation in strengthening health systems and
improving health outcomes[15]. Broadly, knowledgetrandlation
promotes trandlation of research findingsinto clinical practice,
organi zational management, technology devel opment, and policy
reform, bridging what has been coined the know-do gap [15].
It isan interactive process between researchers and health care
systems to pinpoint R&D priorities that will benefit a service,
including clients, health care professional's, and administrative
personnel [16].

The analysis was guided by research questions related to the
critical challenges identified in the Service Functional Review
[7], including elements of the Open Arms service pathway, such
as intake, assessment, and treatment. Categories relating to
required prototype functionality (including data security and
confidentiality) were also explored as they were likely to
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critically inform development and configuration. Using the
above identified areas of interest as a guide, 2 researchers (HL
and CR) independently analyzed the data. In accordance with
knowledge translation processes previously used by our group
[17], observations were tallied, and those observations with 3
or more independent tallies were considered to be consistent
themes. Observations included comments by individua
participants (eg, current and former ADF personnel and their
families as well as Open Arms health professionals, service
managers, and administrators) as well as comments generated
during small group discussions, including when devel oping user
journeys or prototypes. As the participatory design workshop
agendas varied, building on the learnings from each previous
session, consistency in themes across workshops was not
examined. Although members of the Project Synergy R& D and
Product Groups were active participants in the workshops to
drivethe collaborative devel opment and co-design process, their
comments were not included in the analyses.

The primary researchers came to a consensus on any themes
that were not agreed upon during the independent analyses. A
third independent researcher (TD) subsequently checked the
themes against the available dataand in relation to the research
guestions.

The quotes referenced in the paper are representative of all
participant types (ie, current and former ADF personnel and
their families, health professionals, service managers, and
administrators); however, as the mgjority of the quotes were
derived from small, mixed group discussions (ie, aspokesperson
relaying the views of agroup) and are not reflective of asingle
individual’s or participant type's point of view, coding has not
been used within the paper.

Results

Demographics

A total of 7 participatory design workshops (al of 4-hour
duration) were held between August and September of 2017.
The aim of each workshop was to actively engage the Open
Arms community in discussions about how to collaboratively
devel op and configure technology solutions aimed at enhancing
the Open Arms service.

A total of 49 Open Arms—recruited participants attended the
workshops, comprising a mix of participants from the Open
Arms community, including current and former ADF personnel
and their families as well as Open Arms health professionals,
service managers, and administrators (Table 1). No participants
expressed concern or experienced any distress in any of the
workshops.
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Table 1. Participant demographics (N=49).
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Demographic Statistics
Participants
Female, n (%) 28 (57)
Rolé?, n
Former personnel 13
Current serving personnel 6
Family of current or former personnel 10
Health professional 17
Representative from Australian Government Department of Health 9

850me participants fulfilled multiple roles (eg, ex-serving personnel and health professional).

The results presented below highlight the consistent themes
identified by participants in relation to the potential impact of
the prototype for Open Arms clients and the service pathway,
particularly in relation to the intake process, provision of
personalized recommendations matched to level of need, and
routine progress monitoring. In addition, possible technology
solutionsto improverisk detection and suicide prevention were
evaluated.

Principlesof the Prototypefor the Open Arms Service

Personal Choice

Participants highlighted the potential for the prototype to
promote personal choice among clients of the Open Arms
service:

[ The prototype] could support clientsto make choices
on intake about service engagement and options for
care.

Clients should be able to make their own choices
about what aspects of their health and wellbeing is
most important for them to work on.

It is important to provide the client with the choice
to share his or her data with a counsellor.

Transparency

In particular, participants noted that critical information should
be provided to ensure informed decision making and
transparency (eg, limitations to confidentiality, details about
the assessment and reporting processes, clear terms and
conditions, and background information about how
recommendations have been generated):

[The prototype] should be straightforward and
transparent. For example, the [prototype] needs to
provide details about the length of any and all
assessments, how the suggested apps are rated, and
how the dashboard is generated.

Data security needs to be highlighted, particularly
that the information is not shared with DVA.
Collaborative Decision Making

Parti cipants supported the concept of shared treatment planning,
frequently noting that this approach to care would promote
engagement, adherence, and communication:

http://formative.jmir.org/2019/3/e13662/

[The prototype] will enable shared treatment
planning, giving the client ownership over their care.

The Shared Care Plan will promote engagement and
facilitate communication between the client and health
professional.

Continuity of Care

Participants agreed that a prototype that €liminates the need for
an individual to have to repeat their story to multiple care
providerswould be highly valued by the Open Armscommunity:

[ The prototype] will limit the need for peopleto have
to tell their story over and over again.

The process of repeatedly writing out your story to
each service is extremely traumatic. To have the
option of having it written down, or already existing
within a [prototype], would reduce the distress
associated with this process.

\eterans want to avoid telling their story multiple
times. Data and information should be stored in [the
prototype], ready to be shared with another service,
if needed.

For individuals with a history of trauma, repeating
their story is particularly upsetting.

Staged Care

Participants recognized the potential benefits of employing a
staging model in the prototype to align recommendations (eg,
apps, etools, and clinical interventions) with an individual's
current level of need:

Clinical services can be matched to the degree of
need. It will beimportant to highlight that the services
provided are evidence-based solutions.

Just because someone does an intake, doesn’'t mean
they need to use the service. Providing the individual
with  psychoeducation and self-management
techniques could be appropriate.

Configuration of Content for the Open Arms Community

Participants consistently noted that the design and content of
the prototype needs to be specific to the veteran community in
recognition of their unique experiences and needsfrom ahealth
care service:
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The importance of the need to customise tone,
language and aesthetic to the individual based on
their age, relationship to the military and/ or to the
veteran was emphasised.

Anything that is offered to [ veterans] needsto be seen
to have some level of veteran specificity.

Plain English

Theneed to provideall information to individualsin aclear and
straightforward manner was emphasized by participants:

Itisimperativeto avoid clinical jargon. Thelanguage
needs to be geared towards the veteran community.

Open Arms Service Pathway Themes

I ntake

As part of 4 of the participatory design workshops, participants
jointly created user journeysto characterize how aclient might
engage in care with Open Arms, through different points of
intake depending on their persona (Figure 1). As highlighted
(Figure 1), anindividual may be prompted to make contact with
Open Arms for the first time in several ways including by a
health professional, social media, their partner, or other family
member; however, participants reported that most frequently,
asignificant other, or family member, promptstheinitial contact
with Open Arms.

http://formative.jmir.org/2019/3/e13662/
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The participants made several suggestionsfor how the prototype
could improve or support the Open Armsintake process, which,
a the time this research was conducted, included a
pre-enrollment screening, an intake assessment, allocationto a
health professional, and appointment scheduling:

[ The prototype] could help with triage, fast-tracking
clients when needed (eg, if a client scores above a
pre-specified threshold on a psychometric
instruments, the [ prototype] could escalate/ prioritise
them for an appointment or contact their health
professional).

When theinitial online assessment is compl eted, [the
prototype] could use that assessment to direct the
client to a health professional with the specific
expertise required or whomis most suitable.

Online intake process may also make services more
accessible as it may be a way to engage individuals
in care who are fearful of coming in to a physical
[Open Arms] Centre.

Furthermore, participants recognized that the prototype could
provide resources to individuals (such as recommended apps
and etools) while they were on a waitlist to see a hedlth
professiona (Figure 2).

In addition, participants suggested that the prototype could
check-in with individuals routinely to ensure they were safe
while waiting for care (Figure 3).
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Figure 1. Possible points of Open Arms service entry based on user journeys.
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Figure 3. Samplewish list by participants for the technology.
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APP on mobile

Progress Monitoring

Participants valued the potential for the prototype to offer
progress monitoring to assess and prompt discussions about
treatment effectiveness and provide individuals with feedback
about their progress:

Progress monitoring is important to explore the
effectiveness of treatments so changes in approach
can be made as needed as well as to evaluate client
satisfaction. If the client is achieving goals, this can
also be reinforced.

While data tracking wasindicated to be an important
element of [the prototype] as a means to show
progress, it was indicated that this may be alarming
to clients showing a downward trajectory. It was
suggested that [the prototype] might flag an alert in
the platform for the service or primary health
professional to check in with the client.

This feature is very helpful as it allows health
professionals to make connections between a client’s
dashboard as well as visualise a client’s progress.

The [prototype] should provide the individual
feedback on their progress. The individual should
have a sense that the [prototype] remembers them
over time.

In addition, participants highlighted the potential for the
prototype to check-in with clientsfor numerousreasons (Figure
3), which are as follows. (1) a period of inactivity or
disengagement from the prototype, (2) progress monitoring in
relation to health outcomes, and (3) natifications regarding
relevant service offerings.
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Feedback on aPrototypefor Immediate Risk Response,
Known asthe Need Help Now Button

Giventhecall for improved risk detection and suicide prevention
in the recent Senate inquiries [4], feedback on the Need Help
Now button is particularly relevant. As pictured (Figure 4), the
prototype included a 3-tiered support feature [18], including a
list of geolocated mental health services, a Web-based chat
feature, and alist of contact detailsfor emergency services (eg,
Triple 000, Lifeline, etc). Participants appreciated the tiered
approach to risk response and provided suggestions for how
this aspect of the technology could beimproved upon, including
personalization of the resources by an individual:

It is good that different options/ levels of care are
presented.

Include the ability to list a buddy or partner hereto
be contacted in an emergency (ie, build your own
“Need Help Now” button).

If a client does not like any of the resources that are
includedinthe* Need Help Now” section, there needs
tobean* other” option. Thismay be a phone service,
a website, or an option to call a friend. You cannot
|eave people without an alternate option.

“Lessismore” If you arein crisis, there cannot be
too many resources from which to choose. The
selection process must be simple and clear.
Participants emphasized the need to ensure language in this
featureis client centered:

The language used to label the buttons should be
focused on what the client is experiencing or may be
able to relate to (eg, not feeling safe).

“Emergency” isa moreindicative termthan “ help”
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Participants provided specific comments on the Need Help Now
prototype through annotating wireframes and by suggesting

LaMonicaet d

alternative designs (Figure 4).

Figure 4. Combined feedback on Need Help Now button: annotated wireframes and suggested alternatives.

call Open Arms
1800...

Technical Functionality

Data Security and Confidentiality

Integral to the design of any Web-based technology is the
security of the data stored within the prototype. Within the
context of Open Arms, participants consistently highlighted the
need to ensure that their health information remains confidential
and is not shared, for example, with other government
organizations such as DVA, except with their express
permission:

The terms and conditions and limitations to
confidentiality need to be clearly explained.

Concerns about data confidentiality, including
storage, access, ownership and accountability, will
directly impact on how much the [prototype] is
trusted.

Who has access to the data? How is it stored?
Permissions need to be modifiable by the participant.

Discussion

User Engagement Through Participatory Design

Through the use of participatory design methodol ogies, members
of the Open Arms community (including current and former
ADF personnel and their family members, health professionals,
service managers, and administrators) were actively engaged
intheinvestigation of how to devel op and configure aprototypic
Web-based platform for Open Arms with the aim of enhancing
the quality of the Open Arms service. A total of 7 participatory
design workshopswere conducted with amix of membersfrom
the Open Arms community, as well as other key stakeholders,

http://formative.jmir.org/2019/3/e13662/

XSL-FO

RenderX

‘

What are
these?

Not travelingwell?

\ ( Help ‘
3

o

/ Same time
(
chat

Services

+ Picture of phone?

Have icons that
provide a picture

Keep it simple

- Languoge should be easy

including representatives from the Australian Government (ie,
DOH, DVA and Open Arms) and Project Synergy R&D and
Product Groups, resulting in awealth of information regarding
current service practices and how to approach the co-design
process for the Open Arms service.

Consistent with previous research, our findings highlight the
value of engaging potentia end users in the co-design process
of new technologies [11,14]. Furthermore, the results of this
study aign with our previous experience working collaboratively
with different stakeholders to increase access to and the
effectiveness of mental health services for young people [17].
A review of the aggregate qualitative data (eg, feedback on
wireframes, descriptive artifacts, and group-based devel opment
of user journeys) reveaed that the prototype could provide the
opportunity for greater and better-informed personal choicein
relation to optionsfor care based on level of need and personal
preferences. To ensure transparency in care, the reconfigured
prototype for Open Arms could alow individuals to have
complete access to al of their individual health data presented
in plain language as opposed to clinical jargon. Furthermore,
the client would also have the option to share this information
securely via the prototype with current and future health
professionals to facilitate shared treatment planning,
collaborative care and care continuity within and between
services, and reduce the need for clients to repeat their clinical
history or story.

The principles of the prototype align with the objectives set
forth by DVA and Open Armsfollowing the 2017 Senateinquiry
[6,19]. In addition, participantsidentified several waysinwhich
the prototype could enhance the Open Arms service pathway.
In relation to intake, it was noted that a Web-based intake
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process could serve to fast-track individuals based on level of
need and facilitate allocation of individuals to health
professional swith the expertise matched to theidentified mental
health concerns. The potentia benefits of progress monitoring
over the course of care was also highlighted, particularly as a
means by which to track and evaluate treatment effectiveness
and provide active feedback to individuas and health
professional s about progress and/or deterioration.

Importantly, the participatory design work completed with Open
Arms has resulted in immediate service pathway redesign,
highlighting the value of stakeholder engagement in research
asameansto facilitate service-level changes[13]. Specifically,
Open Arms has designed and implemented a revised intake
processwith the aim of reducing the time between initial service
contact and the first appointment with a health professional.
The previous intake process typically included 3 points of
telephone contact (ie, pre-enrollment, intake, and allocation or
appointment scheduling), whereas potentially only 2 points of
contact will be required with the new process. Individuals, who
areeligiblefor carethrough Open Arms, now contact a National
Intake Service and have immediate accessto an intake clinician,
thus streamlining allocation to a health professional.

Notably, the research questions explored in this study are not
uniqueto Open Armsbut rather reflect universal themesrelated
to technology-enabled mental health services reform. The
configurable and customizable prototype will continue to be
co-designed with input from individual s with lived experience,
health professionals, and service staff (including administration
and management) to support the prevention, early intervention,
treatment, and continuous monitoring of mental ill-health and
maintenance of well-being in people aged 2 years and older,
including members of the veteran community [20]. Therefore,
although Open Arms may develop a particular solution, such
as a Web-based intake process specific to their service, the
general concept of improved access to care is important
universally, and thus will be explored with different groups to
validate the thinking and further evolve the solution for broader
use and applicability.

Although the co-design process is invaluable for the purposes
of stakeholder engagement, the findings from this study are
limited by their breadth. Further stakeholder engagement is now
required to inform the co-design process of technol ogy-enabled
solutions aimed at addressing the critical challenges identified
by Open Arms, including prevention and early identification,
fast-tracking support, and capacity to provide the right care,
first time.

End-user involvement in the co-design process is fundamental
for the production of arelevant and usable technology solution
[21,22]; however, the role of stakeholders must not end here.
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Existing literature highlights the necessity of establishing a
feedback process to ensure the opportunity for critical
assessment and iterative redesign of the solution [23]. As such,
user testing is required to ensure the acceptance of the
technology-enabled solution before implementation in the
service aswell asto facilitate theiterative redevel opment of the
solution to adapt to the changing needs of the service and its
consumers. This ongoing collaborative process of engagement
will help ensure that members of the Open Arms community
directly inform the development and configuration of the
technol ogy solution to help remove any barriersto help seeking,
intake, assessment and treatment planning; enhance service
delivery; and help improve the mental health and well-being of
all individuals within the Open Arms community.

Future Directions

An evauation study to determine how new and emerging
technologies could be used to enhance the Open Arms Sydney
Centre, including safety and clinical quality, was approved by
the Departments of Defence and Veterans' Affairs Human
Research Ethics Committee (DDVA HREC,; project number:
017-17) and commenced in May 2018. This study allows for
the continued active engagement of the Open Arms community
through novel and innovative technologies, including service
mapping, participatory design, and user testing. In addition, an
impact evaluation research study has also been approved by
DDVA HREC (project number: 056-18) and commenced in
November 2018 with the aim of evaluating the quality of the
revised intake process compared with the previous procedure.
The primary objective will be achieved through an audit of
service metrics, including time to first appointment, as well as
potential differences between the phone-based intake process
and an alternative offered by the prototype. Outcomes will
includeimproved identification of individuals at risk of suicide.
Allocation of clinical service and intervention intensity relative
to an individual's level of need (asidentified using the clinical
staging model at intake) will also be evaluated.

Conclusions

Active engagement of individuals from the Open Arms
community viaparticipatory design methods demonstrated that
the principles of the prototypic Web-based platform align with
the recommendations made by DVA and Open Armsin response
to 2017 Senate Inquiry report [6,19]. The breadth and depth of
the information gathered through stakeholder engagement will
now guide the development and configuration process of the
technology-enabled solution for the Open Arms community,
with the am of ensuring high-quality, cost-effective,
evidenced-based, person-centered mental health services for
current and former ADF personnel and their family members.
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Abstract

Background: In the past years, a mobile health (mHealth) app called the Dutch Talking Touch Screen Questionnaire (DTTSQ)
was developed in The Netherlands. The aim of development was to enable Dutch physical therapy patients to autonomously
complete a health-related questionnaire regardless of their level of literacy and digital skills.

Objective: The aim of this study was to evaluate the usability (defined as the effectiveness, efficiency, and satisfaction) of the
prototype of the DTTSQ for Dutch physical therapy patients with diverse levels of experience in using mobile technology.

Methods: The qualitative Three-Step Test-Interview method, including both think-aloud and retrospective probing techniques,
was used to gain insight into the usability of the DTTSQ. A total of 24 physical therapy patients were included. The interview
data were analyzed using a thematic content analysis approach aimed at analyzing the accuracy and completeness with which
participants compl eted the questionnaire (effectiveness), thetimeit took the participants to complete the questionnaire (efficiency),
and the extent to which the participants were satisfied with the ease of use of the questionnaire (satisfaction). The problems
encountered by the participants in this study were given a severity rating that was used to provide a rough estimate of the need
for additional usability efforts.

Results: All participants within this study were very satisfied with the ease of use of the DTTSQ. Overall, 9 participants stated
that the usability of the app exceeded their expectations. The group of 4 average-/high-experienced participants encountered only
1 problem in total, whereas the 11 little-experienced participants encountered an average of 2 problems per person and the 9
inexperienced participants an average of 3 problems per person. A total of 13 different kind of problems were found during this
study. Of these problems, 4 need to be addressed before the DTTSQ will be released because they have the potential to negatively
influence future usage of the tool. The other 9 problems were less likely to influence future usage of the tool substantially.

Conclusions: The usability of the DTTSQ needs to be improved before it can be released. No problems were found with
satisfaction or efficiency during the usability test. The effectiveness needs to be improved by (1) making it easier to navigate
through screens without the possibility of accidentally skipping one, (2) enabling the possibility to insert an answer by tapping
on the text underneath a photograph instead of just touching the photograph itself, and (3) making it easier to correct wrong
answers. This study shows the importance of including less skilled participants in a usability study when striving for inclusive
design and the importance of measuring not just satisfaction but a so efficiency and effectiveness during such studies.
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Introduction

Digital Divide

Electronic health (eHealth) is developing rapidly [1]. It is
defined asthe use of information and communication technol ogy
(ICT) inhedth care[2]. A growing amount of literatureindicates
that using eHealth can improve the accessibility, quality, and
efficiency of health care[3-5]. It seemsto be effective for people
who have access to it and are able to use it well, which is not
the case for everybody [6,7]. For instance, people with low
income or low education and peoplewho are 65 yearsand ol der
are vulnerable when it comes to effective eHealth use. In these
populations, access to the internet and hardware, such as
personal computers, tablets, mobile phones, and smartphones,
and the experience and skills to use these devicesis low [6-9].
Differences between people regarding digital skills and access
to the internet and hardware is often referred to as the digital
divide [10,11]. As eHealth technologies are usually primarily
developed for people who are experienced and skilled in using
ICT [12,13], people who do not have accessto ICT or are not
skilled inusing it are at risk of being excluded from the use of
eHealth. Looking at the widespread expansion of eHealth
technologies, this encompasses the potential threat of
contributing to the ongoing exacerbation of health inequalities
in Western countries [1]. However, if the needs, preferences,
capacities, values, and goal s of potential users who do not have
good access to the internet and digital technology or who are
not well skilled in using thistechnol ogy would be explored and
taken into account during each stage of devel opment of eHealth
tools, eHealth could potentially reduce health inequalities [14].

M obile Technology Reduces Digital Divide

The development of a specific form of eHealth technology,
called mobile health (mHealth) technology, seems especially
promising when it comes to reducing health inequalities
[5,15-17]. mHealth has been defined by the Global Observatory
for eHealth of the World Health Organization as “medical and
public health practice supported by mobile devices, such as
mobile phones, patient monitoring devices, personal digital
assistants, and other wireless devices’” [18]. A recent project
called eSalud showed that mHealth can be cost-effective, help
to overcome cultural and language barriers, and provide health
information and services to low—health access areas [15].
Furthermore, recent publicationsindicate that the digital divide
is narrowing because of the increased ownership of mobile
devices such as smartphones and tablets [5,16,17].

Inclusive M obile Health Design Could Potentially
Reduce Health I nequalities

Still, having access to the internet and digital technology does
not automatically mean that people are able and willing to use
it effectively to increase their health or that different people use
it in the same way [14,19-25]. Recent studies found ethnic and
socioeconomic differences in mHealth usage [19,20], and it is

https://formative.jmir.org/2019/3/€11617

known that older people use mHealth differently from younger
people[14]. In addition, though the gap of people owning tablets
and smartphones between groups is closing, still a substantial
number of people do not own such devices. For instance, the
percentage of Dutch citizens of 65 years and older owning a
tablet computer in 2017 was 55.2% versus 75.8% citizens of
12 to 25 years of age[26]. Considering that vulnerable groups,
such as people with low income and low education, bear a
disproportionate burden of disease [27,28] and the number of
health care visits increases with age [29], it is to be expected
that a relatively large number of care recipients do not have a
lot of experience in using mobile technology. To fulfill the
promise of mHealth technology contributing to a reduction of
health inequalities, it is very important to carefully test the
usability of mHealth appsin research populations, which include
members of the target populations that are at risk of being
excluded from usage of the tested tool.

Development of the Dutch Talking Touch Screen
Questionnaire

In the past years, a prototype of an mHealth app, called the
Dutch Taking Touch Screen Questionnaire (DTTSQ), was
developed in The Netherlands. Theideaof developing atalking
touch screen was inspired by the work of Hahn and Cella[30].
Theaim of devel oping the DTTSQ wasto enable Dutch physical
therapy patients to autonomously complete a user-friendly
health-related questionnaire regardless of their literacy and
digital skills. Asitisnot to be expected that all physical therapy
patients own a tablet computer, the DTTSQ is meant to be
presented in a physical therapy practice on a tablet computer
that is owned by the physical therapy practice concerned.
Patients are asked to complete the DTTSQ in the waiting room
of the physical therapist beforetheir first visit. The development
of the prototype of the DTTSQ, which runson atablet computer,
was described in detail by Cremers et a in 2015 [31]. Before
this study, the prototype was only tested in a sample outside of
the physical therapy context.

The aim of this study was to test the prototype of the DTTSQ
within the physical therapy context to see what parts of the
prototype needed adjustment for it to be user-friendly for
physical therapy patients regardless of their level of experience
with operating mobile technology.

The research question underlying this study was:

What is the usability of the prototype of the DTTSQ
for physical therapy patients with different levels of
experience in using mobile technology?

Methods

Design
A qualitative descriptive study was carried out. Observational

dataon the way participants operated the DTTSQ were collected
through the Three-Step Test-Interview (TSTI) method [32].
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Thismethod includes both think-al oud and retrospective probing
techniques.

Definitions

Usability was defined by the International Standards
Organization as “the effectiveness, efficiency and satisfaction
with which specified users can achieve goals in particular
environments” [33]. Effectiveness is the accuracy and
completeness with which users achieve certain goals [34]. In
this study, problem rates and severity of problems were used
as the primary indicator of effectiveness. Efficiency is the
relation between the accuracy and completeness with which
users achieve certain goals and the resources expended in
achieving them [34]. In this study, completion time was used
as an indicator of efficiency. Satisfaction is the users' comfort
with and positive attitudes toward the use of a system [34]. In
this study, participantswereinterviewed about their satisfaction
with the ease of use of the DTTSQ. Ease of use was defined as
the degree to which the usage of aparticular systemisfreefrom
effort [35].

Setting and Participant Selection

Data were collected in the same study population and at the
same time as the data reported in a paper earlier published by
Welbie et al [36]. Recruitment took place in 11 primary care
practicesin deprived areas of Utrecht, The Netherlands. Patients
were invited by their physical therapists to participate in this
study. The physical therapists shortly explained the goal of the
study and provided the patients with an information letter that
waswritten in plain Dutch language. If patientswere interested,

Table 1. Characteristics of study population (N=24).

Welbieet a

the physical therapist asked permission to give the patients
telephone number to researcher IT. Then researcher 1T (1)
contacted the patient by telephone, (2) again shortly explained
the aim of the study, (3) made sure the patient understood what
was asked of him/her, (4) answered any question the potential
participant may have had, and (5) checked theinclusion criteria.
Theinclusion criteriafor participants were as follows: aged 18
years or older, Dutch as their first language, and the patients
and both their parents were born in The Netherlands. This last
inclusion criterion was added because in afollowing study, the
usability of a direct Turkish translation of the DTTSQ will be
tested. For the outcomes of both studies to be comparable, it is
important that the cultural background of participants of this
study was not mixed. This last inclusion criterion excludes
second-generation immigrants with a non-Dutch background.
The sampling procedure was aimed at getting abroad variation
in levels of education and age plus balance in our sample
regarding gender. Age was used as a proxy for level of
experience with using maobile technology because with increase
in age, the experience with mobile devices decreases [26].
Taking age as a selection criterion was more practical for the
recruiting physical therapists, as this is noted standardly in
patient files. By making sure that there was variation in age, it
was expected to find variation in experience with mobile devices
in the study sample. Throughout the recruitment process, the
recruiting physical therapists were constantly kept informed
about the profiles of participants the researchers were looking
for. In total, 24 physical therapy patients were included in this
study [36]. Characteristics of the study population can befound
in Tables 1 and 2.

Characteristics Study population
Age (years), mean (range) 56 (18-79)
Gender, n (%)
Mae 9(38)
Female 15 (62)
Level of education, n (%)
Low? 6 (25)
Moderate” 13 (59)
Hight 5(21)
Self-declared experience with using mobile technology, n (%)
None 9(37)
Little 11 (46)
Averagelhigh 4(17)

3_ow: no or at most primary education finished.

PModerate: lower secondary education, (upper) secondary education, or postsecondary nontertiary education (including vocational education).

CHigh: tertiary education (bachelor’s degree or higher).

https://formative.jmir.org/2019/3/€11617

JMIR Form Res 2019 | vol. 3| iss. 3 |e11617 | p.208
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Table 2. Characteristics per participant.

Welbieet a

Pseudonym Experience with mobile technology Age (years) Level of education
Ida None 66 Low?

Bill None 72 Moderate?
Mia None 73 Moderate
Dora None 77 Low
Ilene None 79 Low

Bob None 68 Moderate
Jerome None 47 Low
Helga None 54 High®
Michelle None 56 Low
Roger Little 70 Moderate
Peter Little 18 Moderate
Christine Little 39 Moderate
Jill Little 55 High
Lydia Little 56 Moderate
Rose Little 60 Moderate
Francine Little 61 Moderate
Harad Little 63 High
Henry Little 64 Moderate
Ronald Little 70 Low
Bernie Little 76 High
Jude Average/high 18 Moderate
Joline Average/high 19 Moderate
Ellen Average/high 32 High
Sandra Average/high 39 Moderate

8_ow: no or at most primary education finished.

BModerate: lower secondary education, (upper) secondary education, or postsecondary nontertiary education (including vocational education).

CHigh: tertiary education (bachelor’s degree or higher).

Content of the Dutch Talking Touch Screen
Questionnaire

The prototype of the DTTSQ was a digital app on a tablet
computer. It was developed during a co-design process [37],
which in this case meant that a group of 10 low-literate people
helped to design the questionnaire. As aresult of the co-design
process, questions on pain location and pain intensity were
added to the original questions of an existing questionnaire
which aimsto select limitationsin functioning and to formulate
specific treatment goals [38,39]. Furthermore, visua (videos
and photos) and auditory (speech technology) support were
added to enable participants to see and hear the questions that
were shown on separate screens. Response items could be
selected by tapping on the touch screen and plain language was
used in all spoken and written text withinthe DTTSQ [31]. An
overview of al types of screens is given in Multimedia
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Appendix 1. The 8 questions of the questionnaire can be found
inscreenshots 2, 3, 4, 7,9, 11, 12, and 13, which can be found
in Multimedia Appendix 1.

Instructions
Instructions were given in the form of 3 video clips:

1. An introduction clip in which the purpose of the
guestionnaire and al functions of the questionnaire were
explained (see Figure 1 and screenshot 1 in Multimedia
Appendix 1).

2. Aninstruction clip in which the purpose of question 4 and
a newly added navigation function were explained (see
screenshot 6 in Multimedia Appendix 1).

3. Aclosing clip in which the participant isthanked, explained
what the physical therapist would do next, and told that the
guestionnaire would close down automatically (see
screenshot 16 in Multimedia Appendix 1).
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Figure 1. Introduction movie.
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Next Button

It is a navigation function to go to the next screen. It is not St_Op Button o ) )
4; see Figure 2 and screenshot 7 in Multimedia Appendix 1),  Previous given answers are saved.

Help Button Overviews

It activatesthe help function: thetext onthe screenisread aloud, 10 help participants keep track of their answers, overviews of

the purpose of the question is explained, and operating Previous given answers were prowded regularly - during

instructions for the particular screen are provided. completion of the questionnaire (see Figure 3 and screenshot
5, 8, 10, 14 and 15 in Multimedia Appendix 1 screenshots).

Correction Function
Tapping a second time on aresponse item, desel ects the item.
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Figure 2. Question 4: “Select the activities in which you are limited”.
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Druk op de activiteiten waarbij u klachten
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Figure 3. Overview answerstotal questionnaire: “On the screen you see an overview of al your answers you provided until now.”.
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U ziet nu op het scherm een overzicht van alle
antwoorden die u tot nu toe gegeven heeft.

Data Collection and Procedures

Data collection took place at the physical therapy practice or
the participant’s home, depending on the preference of the
participant. Researchers I T and JSwere present. Researcher I T
was in the lead during the interviews. Researcher JS asked
complementary questions if she missed information.

The following steps were taken according to the TSTI method
[32].
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Step 1

Each participant was observed by researchers IT and JS while
they were completing the DTTSQ thinking out loud. This step
was aimed at collecting observational data regarding the
usability of the DTTSQ. The data collected consisted of 2 kinds:
(1) observations of participant’s behavior and (2) think-aloud
data The data were recorded on videotapes as well as
audiotapes. In addition, the researcherstook real-time notesfor
use during the following steps of the interviews as well as for
later analysis. The researchers wrote their notes down on
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hardcopies of print screens of the DTTSQ. Researchers 1T and
JS noted problemswith operating the tablet computer, including
using the touch screen, navigating through the questionnaire,
understanding the task given in each screen, selecting response
items, and using the correction function. They a so wrote down
when the stop button was used. The researchersdid not interfere
in the completion process by asking any questions or providing
help.

Step 2

Researcher IT conducted an in-depth interview after the
participant finished completing the DTTSQ. Data collection
during this step was exclusively focused on filling possible gaps
and checking the observational data collected during step 1.
Step 3

During step 3 of the TSTI, researcher IT conducted a
semistructured interview aimed at eliciting experiences and
opinions of the participant. During the interview, each screen
was operated in the same way the participant did during step 1
and the same answers were entered. This was done to help the
participant to clearly remember al his thoughts and actions
during the completion of the questionnaire. Participants were
stimulated to report feelings and express opinions, preferences,
and recommendations. If they encountered problemsin operating
the DTTSQ, they were asked what they thought the exact nature
and possible cause of each type of problem was and how they
tried to overcome the problem. Then, the participants were
questioned about their satisfaction regarding the ease of use of
the user interface, technical operation, layout and content, and
overall usability of the DTTSQ. Researcher JS was allowed to
ask complementary questions, if she felt it was necessary, to
get complete and enriched data. Researcher IT finished the
interview by collecting demographic data and data on
self-reported experience with mobile technology (see Tables 1
and 2).

Analyses

Datawere analyzed using athematic content analysis approach
[40]. Overdl, 4 types of data were analyzed: (1) video
recordings of the completion of the questionnaire, (2) field notes
of the observed participant behavior, (3) transcriptions of the
audio recordings of the semistructured interviews, and (4)
background information regarding the educational level, age,
gender, and self-reported experience with using mobile
technology.

To get more familiar with the data and to create an overview,
researcher MW made a descriptive summary of each case on
the basis of all 4 types of generated data. Each summary
contained information on whether or not the questionnaire was
fully completed, if, when, and why the stop function was used,
the kind of problems that occurred with the operation, the
completion time, and all emerging themesregarding satisfaction
or dissatisfaction with the ease of use of the questionnaire. The
summaries were supplemented with information regarding
educational level, age, gender, and experience in using mobile
technology.
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Subsequently, researcher MW derived the observed problems
from the summaries. She clustered the problems. For every new
problem, a new category was made. MW analyzed the video
recordings to see how many times each problem was made in
total, per participant and per question/screen of the
guestionnaire. After afull overview of problems had emerged,
she scored the level of severity of each problem, as described
by Nielsen and Loranger [41]: low, medium, serious, or critical.
To score severity, she used the method of Hattink et al [42].
The severity was scored by answering the 3 questions of Nielsen
and Loranger [41] with yes (=one point) or no (=0 points):

1. Frequency: Do asubstantial number of users encounter the
problem? Within this study, this question was answered
with yesif one-third or more participants had encountered
the prablem.

2. Impact: Doesthe problem cause much troubleto those users
who encounter it? Within this study, this question was
answered with yes if the problem had led at least one
participant to stop completing the questionnaire.

3. Persistence: Does the problem cause trouble repeatedly?
Within this study, this question was answered with yes if
the problem had occurred with an average of morethan one
time per participant.

This resulted in a O- to 3-point score per problem. Each score
wasrelated to alevel of severity: O=low, 1=medium, 2=serious,
and 3=critical.

These severity ratings give an indication of which problems
lead to disastrous usability problems and which problems are
more cosmetic in nature[43]. This providesinsight into whether
or not the usability of the DTTSQ needs to be improved before
it can be released. Nielsen and Loranger recommend tackling
only seriousand critical severe problems during the development
process of adigital tool. Low and medium severe problems do
not have priority according to Nielsen and Loranger because
although they are bothersome, they are not likely to directly
influence the usage of a tool. This makes it uninteresting to
tackle them from a cost-benefit perspective. Seriousand critical
severe problems on the contrary can be so disrupting that they
can make users stop using a tool or prevent them from even
starting to use it a al. Therefore, they should not be ignored
during the development process of a digital tool [41].

As a next step, researcher MW started open coding of all
fragments in the transcripts of the semistructured interviews
that were related to (dis)satisfaction about the ease of use of the
guestionnaire using MAXQDA 10 (VERBI Software). After
shefinished open coding, she organized and structured the codes
until a coding scheme emerged on the basis of which the part
of the research question that was related to satisfaction of the
participants could be answered sufficiently.

Asalast step, researcher MW ordered the analyzed datainto 3
groups: data of participants who had (1) no, (2) little, and (3)
average/high experience in using mobile technology. This was
done to see whether or not data differed within and between
these groups.
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During the whole course of the study procedures, coding,
analysis steps, and interpretati on decisions were discussed with
researchers HW, MJW, and WD.

Ethics

No external funding was received by the Utrecht University of
Applied Sciences to conduct this study. This study was
submitted to the medical ethics committee of the Academic
Medical Centre of Amsterdam which declared that it does not
fall under the scope of the Medical Research Involving Human
Subjects Act. The study was conducted according to the
principles of the Declaration of Helsinki. All participants
provided written informed consent. The participants’ hames
used in this article are all fictitious to protect their privacy.
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Results

Effectiveness

Overdl, 9 out of the 24 participants in this study did not
complete the DTTSQ fully (see Table 3). Michelle (56 years),
Bill (72 years), and Helga (54 years), who were all
inexperienced in using mobile technology stopped completing
the questionnaire by using the stop button. Inexperienced Ida
(66 years), llene (79 years), Dora (77 years), and Mia (73 years)
and little-experienced Peter (18 years) and Rose (60 years) went
through the whole questionnaire but unintentionally left one or
more parts open.

Table 3. Experience with mobile technology and completion of the Dutch Talking Touch Screen Questionnaire.

(Sub)Population Not fully completed Fully completed
No experience using mobile technology (n=9) 7 2

Little experience using mobile technology (n=11) 2 9

Average/high experience using mobile technology (n=4) — 4

Total population (N=24) 9 15

Unanswered (Parts of) Questions

Inexperienced Michelle (56 years), Ida (66 years), llene (79
years), Dora (77 years), and Mia (73 years) and
little-experienced Peter (18 years) and Rose (60 years) failed
to fully complete the DTTSQ because they failed to select
answering options and/or unintentionally skipped questions by
double-tapping on the next button (see problems 1-5 in Table
4). All participants, except for Michelle, additionally failed to
notice that they had not effectively selected an answer because
the difference between activated and nonactivated answers was
not accentuated enough (see problem 6 in Table 4).

Use of the Stop Button

When inexperienced Michelle (56 years) noticed most of her
answers were missing from the summary in question 6, she got
confused. In question 6, she was asked to choose the 3 most
important activities in which she was limited. The screen
contained only 1 activity photo whereas, in her mind, she had
selected alot of photo’s earlier. Except for the 1 photo that she
had managed to select, she had tapped on the text beneath the
photos, in which case, the item was not activated (see problem
5in Table 4). The activity on the 1 photo that she had managed
to select was of no priority to her. Therefore, she decided to use
the stop button and ended the questionnaire.

Inexperienced Bill (72 years) had alot of trouble operating the
guestionnaire. He commented on the introduction clip:

https://formative.jmir.org/2019/3/€11617

I do not think that what she is saying is difficult, but
| just amnot ableto remember it. | have no experience
with these kind of devices. So | forgot what she said
right away.

Bill managed to get to question 4 by activating the help function
on each screen he entered. When he touched the navigation
button to see all the activity photos in question 4, the photo
galery moved in a different direction then he had presumed.
This startled him somewhat and made him forget that he had
to push the next button to go to the next screen (see problem 7
in Table 4). He activated the help function again, but that was
of no use anymore. After trying a few buttons without
succeeding to go to the next screen, he gave up and tapped on
the stop button.

Inexperienced Helga (54 years) operated the digita
questionnaire fluently until she had to choose the 3 activities
that were most important to her in question 5. She did not use
the navigation function of the photo gallery and as aresult she
did not see al her earlier selected activities (see problem 4 in
Table 4). She chose the 3 most important activities out of the 5
photos that were immediately visible. When she realized what
happened, she wanted to pause for a moment to find out how
she could change her answer. She interpreted the stop button
as a time-out function and was a bit shocked when she found
out that she had stopped the questionnaire altogether.

A complete overview of frequency and severity of all problems
encountered can be found in Table 4.
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Table 4. Freguency and severity of encountered problems during the completion processes of all participants.

Problem Number of participants Freguency Severity rating
1. Accidently skipping a screen by double tapping on the next 8 16 Serious
button

2. Double-tap on answering option causing activation and deacti- 1 1 Low
vation of the answer of choice

3. Skipping a screen by accidently touching the next button with 1 1 Low
the palm of the hand

4. Not using the navigation function of the photo gallery inquestion 2 2 Medium
4 causing the participant not seeing all presented response items

5. Touching the text underneath a photo in question 4 to selectan 3 30 Serious
activity instead of touching the photo itself causing the activity

not to be selected

6. Not able to see whether or not a selected answer is activated 8 8 Medium
(not accentuated enough)

7. Not knowing how to get to the next screen 1 1 Medium
8. Pushing too hard or tapping too soft on thetouch screencausing 11 40 Serious
the touch screen not to respond

9. Not able to correct awrong answer 8 13 Serious
10. Not reading the text above the photos of question 5 causing 4 8 Medium
the participant to keep on performing the task given with question

4

11. Not noticing that the multiple numerical rating scale-effort 1 1 Low
scoresin question 8 are related to different activities, which by

mistake resultsin identical scores for different activities

12. Scoring the body chart in question 2 mirrored 2 2 Low

13. Scoring (serial) questionsthat do not apply to the participants 1 4 Medium

situation (forced by the software)

Number of Problems

Average-/high-experienced Ellen (32 years), Sandra (39 years),
and Joline (19 years) and little-experienced Jill (55 years), Lydia
(56 years), and Christine (39 years) were able to complete the
guestionnaire without any problems. The other 18 participants
were not able to operate the questionnaire fluently. In an
absolute as well as relative sense, more participants with no
experience in using mobile technology encountered problems
during the completion of the DTTSQ than little-experienced
participants did (see Table 5). Inexperienced participants

https://formative.jmir.org/2019/3/€11617

encountered an average of 3 problems per person, whereas
participants with little experience encountered an average of 2
problems per person. Within the subgroup of
average-/high-experience participants, only 1 person
encountered * problem during compl etion (see Table 5). A total
of 11 participants encountered problem 8, “Pushing too hard or
tapping too soft on the touch screen causing the touch screen
not to respond” multiple times (see Table 4). In some case,
participants looked startled after problem 8 occurred. In these
cases, researcher IT encouraged the participant to go on by
kindly saying try again.
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Table 5. Number of participants encountering each problem per level of experience with using mobile technology (N=24).

Problem No experience (n=9) Little experience (n=11) Average/high experience (n=4) Total population
1 5 3 _a 8

2 1 — — 1

3 — 1 — 1

4 1 1 — 2

5 2 1 — 3

6 4 4 — 8

7 1 — — 1

8 6 5 — 11

9 3 4 1 8

10 2 2 — 4

11 1 — — 1

12 1 1 — 2

13 — 1 — 1

@ot applicable.

Efficiency Inexperienced participants needed more time than

The 21 participants who got to the end of the questionnaire had
an average completion time of 10 min and 25 seconds.

little-experienced participants did, who in their turn needed
more time than average-/high-experienced participantsdid (see
Table 6).

Table 6. Completion time of all participants who did not end the questionnaire prematurely.

(Sub)Population Mean completiontime Median completiontime Range of completion times
(min) (min) (min)

No experience with mobile technology (n=6) 11.38 9.38 8.21022.10

Little experience with mobile technology (n=11) 10.41 9.57 6.54t0 18.10

Average/high experience with mobile technology (n=4) 7.55 7.42 5.50t0 10.26

Total population (n=21) 10.25 9.43 5.50t022.10

Satisfaction

All participants were satisfied with the ease of use of the
questionnaire. Theuse of plain language, theway ICT was used,
and the way the user interface was designed were greatly
appreciated by the participants:

Everything was well described. | am not always able
to understand everything, but this went well. |
understood what was asked of me. [Inexperienced
Dora, 77 years|

| have trouble operating my mobile phoneand | own
a notebook but don’'t you ask me how that thing
works! | am capable of a lot but | am not technical
in that way. [...] Thiswas thefirst time for meto use
a tablet computer. | only had to follow the
instructions. | did not have to start it up or open
something, it just started working and it shut down
by itself. | thought it was easy to work with. Better
than when you have to write things down.
[Little-experienced Roger, 70 years]

https://formative.jmir.org/2019/3/€11617

| am a very visual person. And this thing is very
visual. [...] Like greenis‘no pain’ and red is ‘a lot
of pain'. [Average/high experienced Ellen, 32 years]
All participants were satisfied with the completion time of the
DTTSQ.

Satisfied Despite Encountering Problems

Operation problems, regardless of the amount and severity of
the problems encountered by each individual participant, did
not influence satisfaction about the ease of use of the
guestionnaire. Little-experienced Francine (61 years), for
instance, was asked how she felt about the fact that the app did
not always respond to her touch right away (see problem 8 in
Table 4). She encountered this problem 13 times in total. She
lightheartedly answered as follows:

Oh these are things that happen. | experience the
same things with my own computer. My computer
refuses to sometimes, so... | think | was just pushing
too hard on the tablet sometimes, that's all.
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When inexperienced Bill (72 years), who used the stop button,
was asked if he would have preferred a paper-based
guestionnaire he said the following:

No. It took me sometimeto get used toit but it iseasy
to use actually.

Expectations Exceeded

A total of 9 participants explicitly stated that operating the
guestionnaire was easier than they had expected beforehand.
When inexperienced Ida (66 years) was confronted with the
guestionnaire she agitatedly said the following:

Never inamillion years| believe | can do this. That
| can tell you right away.

Noticeably reluctant and nervous, she started to complete the
guestionnaire. When she finished, she seemed surprised and
relieved. She smiled and said the following:

Okay? So thiswasthe questionnaire? [ ...] Ooooh but
this was doable! | thought | would have to look up
things and operate it like my grandchildren do.

And then she started laughing out loud and cheerfully asked if
anyone would like to have some coffee.

Little-experienced Christine (39 years) was positively surprised
too:

It responds really well. Normally | am not that good
with screens, but this is easy. It almost feels like a
game! It really responds nicely. Nothing disappears
when | touch it. It reacts very calmly but at the same
timeitisveryfag. | really likethat it containsphoto’s
instead of drawings. It is instantly clear: these are
my activities and that is what they mean by “ sitting
down” . You seeit right away. | also like the regular
summaries. It keeps you on track and enables you to
check whether or not you forgot something.

Participants Recommendationsfor | mprovement

The most mentioned recommendations for improvement of the
usability of the DTTSQ by participantswere: shorten thelength
of theinstructions, accentuate the activated response items, and
improve the user interface of question 4 by giving participants
acomplete overview of activitiesto choose from in one screen,
without having to use complicated navigation functions.

Discussion

Principal Findings

All participants within this study were very satisfied with the
ease of use of the DTTSQ. Overall, 9 participants stated that
the usability of the app exceeded their expectations. The
participants who had no experience with using mobile
technology completed the prototype of the DTTSQ less
effectively and efficiently than the littlee and
average-/high-experienced participants did. In the group of
average-/high-experienced participants, only 1 problem was
encountered in total, whereas the inexperienced participants
encountered an average of 3 and the little-experienced
participants an average of 2 problems per person. Overal, 13
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different kind of problems were encountered during this study.
From a cost-benefit perspective, 4 of these problems will need
to be addressed during future development of the DTTSQ
because they have the potential to influence the future usage of
the tool negatively [41]. The 4 problems that need to be
addressed are problem 1 “Accidently skipping a screen by
double tapping on the next button,” problem 5 “Touching the
text underneath aphoto in question 4 to select an activity instead
of touching the photo itself causing the activity not to be
selected,” problem 8 “Pushing too hard or tapping too soft on
the touch screen causing the touch screen not to respond,” and
problem 9 “Not able to correct a wrong answer.” Participants
also recommended to shorten the length of the instructions and
improve the user interface of question 4 by giving participants
acomplete overview of activitiesto choose from in one screen,
without having to use complicated navigation functions.

Comparison With Previous Work

In earlier studies, talking touch screens were found to be easy
to use for people with different levels of education, literacy, or
digita skills. These conclusions were based on study
participants’ level of satisfaction with the ease of use of the tool
[44,45] or on results on satisfaction combined with the efficiency
with which the tool was completed [46-50]. Effectiveness was
not, or in case of Vargas et a very dlightly [45], tested. Thisis
a debatable approach, because Frokjaer et a consider
effectiveness, efficiency, and satisfaction asindependent aspects
of usability and state that it is risky to assume that there are
correlations between these aspects [34]. Therefore, according
to Frokjaer et al, satisfaction and efficiency outcomes should
always betested in combination with outcomes of effectiveness
to give a complete and realistic overview of the usability of a
tool. Theresults of thisstudy confirm the necessity of combining
all 3 aspectsof usability during usability studies. All participants
in this study, including participants who were not able to fully
complete the questionnaire because of problems they had with
operating the app, were satisfied with the usability of the
DTTSQ. Looking solely at the results on satisfaction with the
ease of use (which were also found in the comparable studies
[44-50]) one could make the assumption that the DTTSQ is,
usability wise, ready to be released. Looking at the data found
on efficiency within this study, one can see that
more-experienced participants need less time to complete the
guestionnaire. This seems logical and matches the results of
comparable studies [46,49]. In addition, the completion time
was acceptable to al participants of this study. On the basis of
the efficiency results solely, one could also conclude that the
DTTSQ was ready to be released. Looking at the results on
effectiveness and specifically at the severity rates of the
problems that occurred during the response process though, the
researchers of this study concluded that the usability of the
DTTSQ needs to be improved to prevent problem 1, 5, 8, and
9 from occurring before it can be released.

Theresults of this study show how difficult it isto strive for an
inclusive design. A lot of effort was put into developing a tool
that is easy to use for potential users at risk of exclusion from
usage of mHealth tools[31]. By choosing a co-design strategy,
development of a user-friendly tool for people with diverse
levels of education, literacy, and digital skills was taken a step
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further than what was done in earlier comparable projects
[44-50]. In the other projects, users were involved in the
evaluation process of the tools, but development was done by
designers and health professionals. In spite of the user-centered
development approach that was taken during the devel opment
process of the DTTSQ, the goal of inclusive design was not
reached yet. Looking at the results of this study, thetool isready
to be released for average-/high-experienced users but not for
less-experienced future users. To be able to evaluate the worth
of including potential users at risk of exclusion, it would be
interesting to be able to compare data on efficiency and
effectiveness of talking touch screens that were developed
earlier. Specifically, because the user interface and structure of
the DTTSQ differs from comparable tools. For instance, the
screen of the DTTSQ contains fewer buttons and operation
functions, it does not have a back function, it provides
summaries of given answers regularly to the respondent, and
guestions are not automatically read out loud. In addition, the
design and format of the answering options in the earlier
developed talking touch screen [44-50] does not match the
recommendations given by the low-literate people that helped
to design the DTTSQ [31]. If it would be possible to compare
results on effectiveness from the tests of several different kind
of talking touch screens, alot of insight could be gained in what
does and does not work in striving for an inclusive design for
less-skilled users of such tools.

According to Frokjaer et a, relations between the 3 aspects of
usability depend in complex ways on the app domain, use
context, and user’s experience [ 34]. User’s experience may well
have been of influence on the satisfaction outcomes of this
study. Overall, 83% (20/24) of the total study population had
no or little experience in using mobile technology (see Tables
1and 2). Limited or no user experience may have caused aform
of computer anxiety, resulting in low self-efficacy, which in
turn led to low expectations toward the ease of use of the
DTTSQ[51]. A total of 9 out of the 24 participantsin this study
explicitly stated that operating the DTTSQ was easier than they
had expected beforehand. The other participants did not
explicitly statethis, but their statements on the ease of use could
easily be interpreted as such. No participant stated or gave the
impression that the ease of use of the DTTSQ was lower than
they would have expected. According to the Expectation
Confirmation Theory [52], actual performance exceeding the
expectations of testersleadsto satisfaction among these testers.
The more their expectations are exceeded, the more satisfied
testers will become. Owing to the limited user experience of
most of the study participants, expectations toward the ease of
use of the DTTSQ may have been low, which may have made
it easier to exceed them. Especially considering that the DTTSQ
was specifically designed to be easy to use for low-educated
people who lack the necessary skillsto use ICT [31]. Looking
at the results of studiesthat evaluated the satisfaction about the
ease of use of earlier devel oped talking touch screens, asimilar
picture of highly satisfied study participants emerges [44-50].
The qualitative results in 2 of these studies also show that
participants’ expectationsregarding the ease of use of the tested
tool were exceeded [44,47] and 2 other authors report that
satisfaction among the study participants was extremely and
overwhelmingly high [45,48]. In all of the comparable studies,
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a large proportion of the study participants had no or limited
computer experience [44-50]. It is reasonable to assume that
limited computer experience may have led to low expectations
regarding the ease of use of the talking touch screens and,
therefore, played arole in the high satisfaction outcomes.

Strengthsand Limitations

Itisastrength of thisstudy that all 3 aspects of usability, instead
of just satisfaction and efficiency, were thoroughly tested and
that al of the results of the tests were differentiated for
inexperienced and little- and average-/high-experienced users
(which was not the casein the reports of the comparable studies
[44-50]). To this date, this is the first study on usability of
talking touch screens that has taken this approach. As aresult,
an insight was gained into what kind and amount of usability
problems are encountered by the most vulnerable group of
potential users.

It is a strength in itself that inexperienced as well as little and
average-/high-experienced users of mobile technology were
included in this study. Although recommended in the literature
[12,53], to this date, there has been an insufficient number of
empirical studies to prove the worth of involving future users
at risk of exclusion in the development process of eHealth tools
[54]. In arecent review, Latulippe et a found only 3 studies
that involved future users at risk of exclusion in their design
and evaluation processes[8]. This study contributesto the body
of knowledge of inclusive mHealth design which involves active
participation of vulnerable potential usersin usability evaluation.

Thequalitative TSTI method [32] was chosen for datacollection
in this study. This method was never used in a usability study
before. The results of this study show that the TSTI method is
suitable to gain insight into the usability of mHealth tools. It
helped the researchers to understand not only what kind of
usability problems occurred but also what caused these problems
to occur and what effect encountering the problems had on
participants. In addition, this method suited the needs of
low-educated and low-literate participants by not demanding
any reading or writing skills from them. A downside of the
chosen method isthe lack of generalizability of the data.

A limitation of this study wasthat participants were encouraged
by the interviewer to try touching the screen again when they
looked startled because it did not react to their initia touch.
This may have influenced the results on effectiveness because
it is unknown what would have happened if the interviewer
would not haveinterfered. Thismay vary from no effect because
the participant would have tried it again anyway, to a higher
frequency of occurrence of problem 8, to more participants
prematurely stopping to completethe DTTSQ because of being
under the impression that the app had stopped working. Any
kind of interference in the process of usability testing has a
direct influence on the effectiveness results and possibly also
on the efficiency and satisfaction results and should therefore
be avoided.

Conclusions

The usability of the DTTSQ needsto be improved beforeit can
be released. No problems were found with satisfaction or
efficiency during the usability test. Effectiveness needs to be
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enhanced by (1) making it easier to navigate through screens
without the possibility of accidently skipping one, (2) enabling
the possibility to insert an answer by tapping on the text
underneath aphotograph instead of just touching the photograph
itself, and (3) making it easier to correct wrong answers.
Participants additionally recommended to minimize the length
of the instructions and present all the answering options of
guestion 4 in one screen.

Directions for Future Research

During further development of the DTTSQ, both the results of
thisstudy and the study on response process of the DTTSQ [36]
should be taken into account simultaneously. The usability and
the response processes will have to be retested in exactly the
same manner after adjustmentsin the DTTSQ have been made.
This process will have to be repeated until an acceptable level
of usability and face validity of the DTTSQ are reached. The
next step in research should be quantitative usability, validity,
and reliability testing producing generalizable data.

Considering the difference in the number of problems
encountered by inexperienced and little-experienced participants
versus average-/high-experienced participants within this study,
it can be concluded that in striving for an inclusive design, itis
vital toinvolve potentia usersat risk of exclusion during further
development and testing of the DTTSQ. Selecting quantitative
methods for this purpose may be quite challenging because the

Welbieet a

researcherswill haveto devel op aquantitative study design that
will enable people with low literacy skills and low educational
levelsto participate. Research designs that include reading and
writing tasks for participants are ineligible because these tasks
may lead to exclusion of these vulnerable and hard-to-reach
populations [55].

Researchers who want to investigate the usability of mHealth
tools in populations that include little-experienced or
inexperienced participants should take into account that the
expectations of these participants may easily be exceeded
resulting in high participant satisfaction outcomes regardliess
of the effectiveness and efficiency with which the tool is used.
Satisfaction outcomes are influenced by the expectations that
participants have before the test. It could be interesting to
measure and further investigate computer anxiety and
self-efficacy toward the use of the tested tool before and after
usability testing to be able to put satisfaction outcomes into
perspective.

Further research is necessary to gain moreinsight into the needs,
preferences, capacities, values, and goalsin relation to mHealth
technology of people with low literacy skills, low educational
levels, and no or little experience with using mobile technol ogy.
Insight is also needed into what effects meeting these user
requirements will have on actual future use of these tools by
these specific populations.
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Abstract

Background: Borderline personality disorder (BPD) is a disorder characterized by difficulties with regulating emotions and
impulsive behavior. Long-term monitoring of progress during BPD psychotherapy constitutes a challenge using paper and pencil
registration. Hence, a mobile app assessing emotions and progress in treatment may be useful.

Objective: The am of this study was to examine the feasibility of using the mDiary app as an adjunct to dialectical behavior
therapy (DBT) for the treatment of BPD.

Methods: A total of 9 focus group interviews were conducted and analyzed according to the grounded theory approach.
Furthermore, the usability of the mDiary app was examined using the System Usability Scale (SUS). The app was implemented
inastandard DBT program as an adjunct to DBT. Intotal, 16 patients (age range 19-41 years) and 23 therapists (age range 25-64
years) from 5 Danish public outpatient psychiatric treatment facilities participated in the study.

Results. Overall, patients were satisfied with the mDiary app, asit was “easy to use” and “awaysthere.” Inside-out innovation,
meaning new work tasks generated during implementation and communication of modifications needed in the app, was found to
influence the perceived usability negatively among the interviewed therapists. The patients rated the usability as high (mean SUS
score 81.2, SD 9.9), whereas therapists rated the mDiary app at an average level (mean 68.3, SD 14.3). Older age of the users
correlated with lower usability ratings on the SUS score (Pearson r=—0.60).

Conclusions: The mDiary app was considered as an acceptable and relevant way of registering DBT diary datafor both patients
and therapists generating increased long-term overview. Older users were overall more reluctant to accept this new technology
inclinical practice. Timeto align expectations among invol ved parties needs to be set aside when implementing this new approach
to patient monitoring. Here, the focus should be on the realistic use of resources and expected impact on present clinical work.

(JMIR Form Res 2019;3(3):€12852) doi:10.2196/12852
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Introduction

Borderline personality disorder (BPD) is characterized by
emotional instability across a number of domains: mood,
interpersonal relationships, self-image, impulse, and behavioral
control. Generally, these BPD manifestations are attributed to
alack of ability to regulate emaotions. Norwegian female patients
with apersonality disorder have a38-fold increased risk of death
by suicide compared with the general population [1]. In
Denmark, Sweden, and Finland, the mortality of patients, who
at some point have been admitted to hospital because of amental
disorder, is shown to be 2 to 3 times higher than in the general
population [2]. It is estimated that between 1% and 5% of the
Scandinavian population and 1.5% of the population in the
Western world meet the criteriafor BPD [3-5]. Around 10% of
BPD patients will die from suicide, with most of these deaths
occurring before patients reach 40 years of age [6]. The
prevalence of BPD in clinical populations is estimated to be
around 28% (range 9.3%-46.3% of patients across studies) [6].

Dialectical behavior therapy (DBT) has shown good clinical
efficacy and is regarded as 1 of the most well-researched
evidence-based treatments for BPD [5,7-9]. The main focus of
DBT treatment isthe learning of a predefined set of behavioral
skills that target lack of emotional, mental, interpersonal, and
behavioral control [10]. In standard clinical practice, evaluation
of a patient’s progress in learning DBT skills is left to the
clinician’s subjective memory and the weekly evaluation of
paper-based client diary cards [11]. Although it is possible to
go back and review progress over time, this is very time
consuming and outside the realistic use of resourceswhen using
weekly paper-based diary cardsin psychotherapy. An advantage
when comparing app-registration with paper diarieswould seem
to be the addition of along-term overview of patients' scores
and a better overview of patient-acquired DBT skills[12].

Self-monitoring would logically reduce patient burden, increase
compliance in registration, and generate new opportunities for
long-term overview of patient progress[13]. Digital health care
practice, treatment supported by computers or mobile phone
apps, and addressing self-monitoring for BPD have been
successfully tried on asmaller scale on an ad-hoc basis [14] as
an adjunct to trauma work [15]. Priovi, a computer program
adjunct to Schema therapy for BPD, has recently showed a
significant effect on BPD symptoms [16]. Internet-delivered
DBT skills training for suicidal and heavy episodic drinkers
have also shown feasibility and promisein a pilot randomized
control trial (RCT) [17]. Intotal, 2 different appstargeting DBT
skills training have been developed by researchers from
University of Washington and Rutgers University, the DBT
coach [18] and Pocket skills [19]. These apps showed promise
and acceptability among users. The end usersin the Pocket skills
study voiced a preference for visualization of diary card scores
and aggregated scores. The mDiary study seeks to fill this gap
in research. The platform and app for the study was devel oped
by the first author and Monsenso. Monsenso has previously
developed an app solution aimed at self-monitoring symptoms
in the treatment of patients with bipolar disorder [20-22] and
has now developed a modified Monsenso platform called the

mDiary app.
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The objective of this study was to examine the feasibility of
using the mDiary app as an adjunct to DBT in the treatment of
BPD.

Methods

Study Design

Using amixed-methods approach, the feasibility of the mDiary
app was assessed with qualitative interviewsin 9 focus groups,
as well as evaluations through a questionnaire measuring
perceived usability. A total of 5 focus groups were dedicated
to therapists only, whereas 4 were dedicated to patients only.
Interviews were conducted on-site. Data from the interviews
were recorded on an MP3 recorder during the interviews and
transcribed verbatim afterwards.

Patients and therapists participating in the focus group
interviews were concurrently given the System Usability Scale
(SUS) [23] to evaluate system usability. SUS is widely used
andisavalid and reliable assessment tool for usability of digital
interventions. The total SUS scores are ranked from 0 to 100,
where 100 represents the highest usability and a score of 68
reflects an average level of usability [24].

The quantitative datawere used to formul ate atheory of barriers
and facilitators. The grounded theory (GT) approaches [25] of
open, axial, and selective coding aswell astheoretical sampling,
ongoing development, and internally relating of concepts were
used in the analysis.

The trustworthiness of the findings, in the sense that a credible
and true picture of the phenomenon under scrutiny was presented
[26], was addressed by basing conclusions on the verbatim
transcripts of the focus groups [26], by discussing the derived
concepts among the participating researchers, and by applying
aform of triangulation of data by interviewing both therapists
and patients and doing this separately, aswell asusing the SUS
scores in the initial formation of a theory of barriers and
facilitators. Trustworthiness was increased further by making
comparisons of the findings with other broader theories of
implementation of technology in the field.

Participants

All participating patientswere enrolled in active DBT treatment
in Danish public outpatient psychiatric care from January 2016
to December 2016. Before entering the study, all patients were
assessed by a psychiatrist with the International statistical
classification of diseases and related health problems. - 10th
revision, Fifth edition, 2016 diagnostic manual.

. Patients were eligible for inclusion if they met the criteriafor
emoationally unstable personality disorder (F60.3), were admitted
for psychiatric outpatient treatment, had at least 1 suicide
attempt or at least 1 episode of self-harm within the last year,
and active problems with suicidal and self-harm urges. Patients
were excluded if they had no accessto or ability to useamobile
phone or had a comorbid disorder, such as substance abuse,
bipolar disorder, or a schizophrenia spectrum disorder. The
majority of patients had comorbid disorders, such as depression,
anxiety, posttraumatic stress disorder, substance abuse, and
obsessive-compulsive Disorder. Alcohol and substance abuse
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were alowed if it was not the primary diagnosis. After
admittance to DBT treatment, BPD symptoms and diagnoses
were rechecked again in a separate individual session with an
experienced therapist.

The patients’ mean age was 28.0 years (SD 6.2). Half of the
sample had completed primary school or less and the other hal f
had secondary education or more. All patientswere enrolled in
a 12-month DBT program [27] but were at different stagesin
their treatment program: 10 patients were in the beginning
(months 1-3) of their treatment, whereas 6 patients had attended
treatment between 4 and 12 months. All study subjects had
previously tried paper registration and had switched to app
registration for at least 4 weeks.

A total of 23 DBT therapists participated in the study. Half of
the therapists were psychiatrists or psychologists and the other
half were nurses, occupational therapists, or psychotherapists.

They had DBT therapy experiencein therange of 1 to 14 years
(mean 6.8 years). Their mean age was 44 years (SD 12). The
therapists had different levels of experience with using the
mDiary app solution, ranging from 1 month to 1 year.

Description of the Platform

ThemDiary app was customized for diaectical behavior therapy
treating borderline personality disorder. This platform consists
of 2 modes of data handling: mobile phone-based and
Web-based. Patient datawere entered by the patient on amobile

app.

Figure 1. Mobile app screenshots.
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The Mobile Phone Sections

The mobile phone part of the system retrieves registered data,
produces visualizations of that data, and delivers pre-entered
psycho-educative material. This app replaces the previously
used DBT paper-based diary card. It delivers descriptions of
DBT skills in a short text format and in a 3-min sound clip
format. Main variables collected by the app are prioritized as
mandatory. Mandatory variables can only be modified by
Monsenso. In our study, they were day score, dysregulation
duration, dysregulation level, emotional numbness, and skill-use.
The mandatory ratings were on a0 to 5 scale. Skills was rated
aslearning or learned and could be switched on independently
asthey werelearned. Other variableswere optional, for instance:
self-harm, drug use, specific basic emaotions, and many more.
These optional variables could be selected from along list of
typica BPD problem behaviors preprogrammed on the app.
Finally, personal customizable variables could be constructed
by the user.

Figure 1 shows mobile app screens. Screenshot A isof thedaily
input screen registering dysregulation level. Screenshot B isan
example of ascreen visualized after entering the datalong term.
Screenshot C is a screenshot of the text section and sound clip
control buttons for generalizing the skill named Stop.

Many other subscreens were available on the mobile phone:
daily notes, dedicated questionnaires, medication, triggered
notifications, and a large library of psychoeducative material
regarding the diagnosis.

eesco TDC 3G 07.50 T3 6aNE
D ion -
ase00TOC ® 1047 2 |No control ysregulation - level < STOP! (=]
< Ll "
DYSREGULATION T v ¥ e e ‘ |
Choose: Regulated [}  H— 0 e e __|||I||;| 1l.. 1.0,
l p oos 201 G

No self-control

Very little self-control

Behaviour influenced

A lot emotion mind

A little emotion mind

Nothing

Dysregulation - duration

Self-ham

Freeze, dont move a muscle. Take
a deep breath. Your emotions are
taking you off track. STOP! and
recognise your reaction. Break free
from the automatic reaction. Be
conscious of what is happening
right now. Stay present and focus
on reacting with effectiveness.

Screenshot A

http://formative.,jmir.org/2019/3/e12852/

XSL-FO

RenderX

Screenshot B

Screenshot C

JMIR Form Res 2019 | vol. 3| iss. 3 |e12852 | p.224
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

The Web-Based Overview Screen

The Web-based section of the system has an overview screen
intended for a tablet or desktop. Thisis primarily used in the
therapy session to monitor the present state and progress of the
patient in treatment. Here, the patient and therapist can explore
the entered data together. The same screen can be accessed by
patientsfrom homeviatheir computer. The Web-based interface
givesafar more detailed current and long-term overview of the
treatment progress than what is possible on a mobile phone
screen. Submenus of the Web solution part include the
following: atime series format overview, diary text overview,
and skill utilization overview. For therapists, there is an extra
protected section for creation and administration of new patients
inthe system and the ability to accessthe dataof all the patients
the therapist is treating.

Figure 2. The therapist overview screen.

Treatment Hierachy
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Procedure—Development of the App

The primary development site, Site 1, was contacted by the
Danish electronic health company, Monsenso, to assist in
developing a BPD-specific Web- and mobile phone-based
monitoring system. They started developing and testing the
basis of the modifications of the already developed platform
[21]. As this platform was originally developed for bipolar
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Figure 2 provides an example of the main therapist overview
screen. Here is an example of ratings from a patient who has
started previous week out with good days, but then has had
higher levels of dysregulated emotion later in the week. It is
possibleto follow self-harm, drug use, and skill usefor the past
12 weeksin the top of the screen. If suicidality or self-harm is
present, ared dot marksthat week. It can be seen that this patient
has had an episode of self-harm or a suicide attempt in week
22, a month ago. At the bottom, total scores of positive and
negative affects are displayed, also showing the past 2 months.
The right side of the figure shows adherence to registration,
symptom scores, results of questionnaire registrations collected
by the app, and below that diary text for single days can be seen.

Data analysis

Adherence
« 98%

Symptom Score:
253

Basic Emotion

Dysregulation

Happy 5 5 Angry
Attached 2 6 Sad
Safe 4 6 Anxious
Proud 2 & Shame

POS: 13  NEG:24

Therapist notes

Emotion Regulation

Total (0-144) 115
Accept (0-24) 20
Focus (0-24) 1"
Control (0-24) 16
Concious(0-24) 24
Strategies (0-34) 24
Clarity (0-20) 14

Symptoms BSL23
TOTAL (0-92) 86
Note
< January 1st.

Group was
great today.
Jen
complimented

my swealer,
and the whole

disorder, adjustments and modifications had to be made. After
4 months, Site 2 was invited to consolidate the improvements
made, by testing further in the clinic; 10 months later, 3 new
siteswere invited to try out the solution in the clinic and report
problems back to the app development team.
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Analysis of the Focus Group I nterviews

The study followed a GT approach [28]. The duration of all
focus group interviews was 1 hour. During the interviews, a
whiteboard was divided into a matrix of 2 rows by 3 columns:
2 horizontal rows held pros and cons; 3 vertical columns held
the themes paper, app, and future scenarios. The participants
were given sticky notes and encouraged to place them on the
whiteboard and discuss the reason(s) for placing the input as
either a pro or a con. The discussion was moderated by the
principal investigator (SHJ) and 1 of the cowriters(TS). Themes
from earlier interviews were offered to the participants when
statements differed from what was discussed in the focus group
(theoretical sampling). The qualitative analysis of the focus
groups was performed in different steps as discussed further.

In Group

Thefirst part of the analysiswas done in collaboration with the
patients using sticky notes at the end of the focus group on.
The sticky notes that related to each other were grouped into
themes by the participants on a whiteboard. This can be seen

Figure 3. Perceived usability (SUS) in development sites versus age.
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as the first part of the open coding in the analysis, the
identification, and labelling of discrete happenings.

After Group

The emerging themes and other input were collected for later
analysis by the researchers. Questions arising from previous
interviews were discussed with the next interview group. After
data collection, open coding themes were compared among the
different focus groups and after another round of open coding
done by the researchers, the resulting categories were arranged
into axial coding categories, making connections between the
open codelabels. These categories were condensed from broader
concepts and eventually a core category that we settled on
calling inside-out innovation (see Barriers and Facilitators in
the Results section), arose from the data through selective coding
[25]. Perceived usahility (SUS) in development sites versus age
can be seen in Figure 3. The results of relating the conceptsto
each other can be seenin Figures 4 and 5.

Theresearch siteswere 5 specialized BPD treatment units (Table
1). They were all Danish public outpatient psychiatric facilities
treating BPD with DBT.

Development site vs Implementation sites
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Figure 4. Inside-out and outside-in innovation.
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Table 1. Descriptions of participating dialectical behavior therapy sites.

Sitenumber  Role Duration of app use  Iterative feedback cycles®  Number of therapists ~ Number of patients
1 Primary development site 14 months 70 6 4
2 First testing and feedback 10 months 18 6 5
3 Recently involved 5 weeks 1 4 3
4 Recently involved 1 month 1 3 4
5 Recently involved 1 month 2 4 0

3N umber of times a suggestion for improvement or a bug was acted upon by adjusting software.
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Ethics

Patients signed an informed consent form before study
participation. The study was approved by the Danish Ethics
Committeein Region of Southern Denmark (S-20160085). The
study protocol was approved by the Danish Data protection
Agency (2008-58-0035). The approved database system used
was Odense Patient Data Exploratory Network (OPEN) [29].

Results

Accepting New Technology

The SUS ratings showed that overall, patientswere very satisfied
with the solution (Table 2). Therapist SUS ratings were
generally significantly lower compared with those of the patients
(P<.001). Older userstended to rate lower usability than younger

Table 2. System usability scores for subgroups of users.
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users (Pearson correlation coefficient: —0.60). At Site 1, the
primary development site, therapists were significantly less
satisfied than at the later development sites (P=.01), see Table
2 and Figure 3.

As shown in Table 2 and Figure 3, the first development site
reported significantly lower usability than the rest of the sites,
with scores falling below an SUS score of 60.

The therapistswith the most influence on the devel opment were
the most critical of the solution. Thisis probably because they
spent the most time dealing with bugs and problems. Our
therapist SUS scores suggest that usability improved with every
iteration of the development cycle, as more recent adopters had
higher SUS scores and were generally more positive in the
interviews than early adopters.

Subgroup of users n Score, mean (SD) P value®
Subgroup 1 <.001
Patients 16 81.2 (9.9)
Therapists 23 61.6 (18.6)
Subgroup 2 .01
Therapists (development sites) 6 42.5(16.5)
Therapists (nondevel opment sites) 17 68.4 (14.4)

% test, nonpaired.

Barriersand Facilitators

Implementation seen from the outside or from the inside is a
matter of perspective. We define inside-out innovation as the
instability introduced into the treatment context owing to
introductions of new work tasks accompanying development
and implementation. For instance: learning to use the app,
adaptations needed in the context, getting the solution to work
technically, and fitting the solution to the needs of the most
important work tasks.

This can be seen as a complementary process to the outside-in
innovation, which means new technology brought to the hospital
from an external source. In the mDiary study, the outside-in
innovation wasthe technical solution delivered from Monsenso.
They delivered a starting point, a solution that had a genera
applicability, but were influenced by an outsider’s perspective
regarding the specific mental health context it was implemented
in.

A central barrier in the development process was found to be
the inside-out innovation part.

A suggestion for reconfiguration would typically come from
the involved users perspective. Figure 4 showswhat is seen as
valuable from either an outside-in perspective or an inside-out
perspective. The smaller squaresin the figure show the concrete
behavioral actions associated with the 2 perspectives.

When comparing in-clinic innovation with simply implementing
asolution already developed and finalized, the effort needed is
very different: Reporting hassles and giving suggestions for
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improvement back to the app developers, upgrading to new
versions, reporting technically succinct accounts of bugs back
to the app developers (eg, “The bug was on which version of
the operating system? What type of phones had the problem?
Under precisely what conditions?’), and maybe the clinician
encounterstrouble accessing data or meet unexpected needsfor
technological upgrades. All thisistime consuming and requires
focus and energy, leading to multiple small reductionsin time
for other tasks. Even if the mDiary study was a time-limited
endeavor, thisled to frustrations among the clinicians involved
in the devel opment. The same demands of productivity during
the devel opment phase was expected as within normal operation
of the clinic. Menta health workers view delivery of
psychosocial treatment as their primary goal. Without clear
alignment of expectations and extra resource allocation, this
generated frustrations:

| feel that I’ mletting the project down. | do not have

time to do it properly. | need more training and we

have lots of other more important tasks to do, too.

I’'m not so fast with a smartphone and...It's a hit

embarrassing, and | feel that | come out short, but

the time is not there. It has been quite a burden.

[Nurse, site 1]
In the end, this came down to differences in values: In Figure
4, different views on finding faults in the mDiary app can be
traced. The app developers perspective finds exploration of
faultsin the system asavery worthwhile endeavor in accordance
with the AGILE project management approach that finds value
in fail early, fail fast, fail forward [30], whereas therapists
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typically adhere to a value of minimizing faults at any cost
owing to increased patient risk factors [31]. From one
perspective, value might mean ability to fail often and fast
thereby creating stability and profitability on the long term,
whereas from another point of view, value might mean treating
a specific patient, here and now, effectively without the delay
of reporting bugs back.

Balancing Acceptanceand ChangeDuring I nside-Out
Innovation

The concept of balancing acceptance and change is borrowed
fromindividual DBT psychotherapy [27]. We found this concept
helpful to describe barriers and facilitators in the inside-out
process. It seems that finding a balance between the status quo
and changing old routines is essential and a culprit of many
frustrations encountered during implementation.

When improvements were made, new procedures needed to be
invented in the clinic, and uncertainty was added to known
procedures. It was found that the introduction and devel opment
of new technology was a balancing act between acceptance and
change. It could in other words be described as a search for the
optimal level of frustration of the users. The central task was
generating the largest amount of long-term positive change
possible while keeping time use optimally focused on delivering
therapy to the patients here and now. We have condensed the
main acceptance-change dilemmasinto 4 main sources of hassle,
as shown in Figure 5.

Thefirst 2 dilemmas were related to human factors.

User level of technical skills: The first dilemma was
out-of-the-box intuitive usability versus training needed before
the app was usable to the users. Note that here the term user
relates to both staff and patients:

I’'m not very good at computer stuff, I'm a slow
learner. [Therapist]
Ecological fit: The second dilemma was high versus low need
for reorganizing known procedures and daily habits. The slight
modification of therapy rules and procedures demanded new
procedures at the organizational level:

What happens when the project stops...how can |
access the data in 2 years if the patient is admitted
again?...will we still have the app? [ Therapist]

This could imply new difficult-to-solve problems involving
both developers and other layers of the hospital administration.

Another aspect of ecological fit could be seen from a patient
perspective:

The smartphone is much easier than paper. Most of
us bring it along all the time, it's always there!
[Patient]

The final two dilemmas were related to technological issues.

Level of finalization: The third dilemma was the paradox
between having a stable technological product, that is, where
the coding is consolidated, versus amore flexible solution where
coding isawork in progress. Users want both specific tailored
solutions suited to the context and at the same time they want
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the system to be stable. During the development of a new
system, it is difficult to have both:

The app is really helpful, but | get really annoyed
when things disappear. In the beginning something
went wrong, my first 2 weeks of registrations were
just lost. [Patient]

Addressing theright need?: To what extent did the technological
solution come across as rel evant and sustai nabl e here and now?
To what extent does it need modification to effectively address
the specific mental health problem the clinician is supposed to
solve?:

Why does it need to track my phone calls and my
emails? What isit for? | think it's creepy. [Patient]
Monitoring activity by GPS coordinates and counting time spent
on talking on the phone were quite easy to do in the solution.
Sensors were present in the mobile phones and the coding was
already in place as it was used in the bipolar solution. It was
not possible to switch this off, and since it was collected
passively, it seemed like it did not take extra effort from the
patients. The specific task of monitoring mood and skill use,
however, did not require this, as it was not a therapeutic
necessity. The BPD patients saw thiskind of activity monitoring
as an unnecessary invasion of their privacy, so even if it was
easily accessible and possibly interesting—it was not enough
apart of the central task at hand, and thus did not have enough
direct relevance to patients. Monsenso, on the other hand, was
quite reluctant to let go of this feature. Here, different needs
seen from the outside-in and inside-out perspectives stood out
clearly. The inside-out perspective seemed to favor utility here
and now. The outside-in perspective tended to favor the
long-term potentia creating big data from the same variables
across different diagnosis.

Discussion

Principal Findings

The acceptance and usability of the mDiary app was generally
high among patients. The SUS scores showed sufficient
acceptability among most of the test site therapists. But the
primary development site had significantly lower acceptance
of the solution. The therapists most involved in the devel opment
process were surprisingly the most critical. We have attempted
to explain this with a hypothetical concept of inside-out
innovation. We found that the most important dilemmas within
inside-out implementation were related to user levels of
technology skills, ecological fit, finalization of the app, and
addressing the right need.

Accepting New Technology

Resistance to implementing new technology in the health care
setting is a well-known problem [32]. Since Davis seminal
paper in 1989, the Technology Acceptance Models has focused
on perceived usability and ease of use as central variables for
the successful implementation of new technology [33,34]. This
theory targets implementability by reducing complexity to the
individual adopter’s viewpoint. The model has been replicated
many times and specific data on health care found ease of use
being less important than usability in health care settings
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[34-36]. Redlizing that a more multifaceted approach was
needed, Venkatesh et al [37] tested several variables, such as
gender, age, experience with performance expectancy, and effort
expectancy that could impact the user’'s acceptability and
satisfaction with technology. They also included the influence
of attitude and social factors on behavioral intention to explain
resistance more broadly using both background variables of
users as well as attitudes. This extended model led to the
formulation of the Unified theory of acceptance and utilization
of technology [37]. In mDiary, usability scores followed this
logic asit was found that user age influenced the SUS scores.

Inside-Out and Outside-In Innovation

Van Gemert-Pijnen et al [38] have pointed out that innovation
in mental health is a “collaboratory participatory process of
constantly changing cycles” Values in this cooperation are
considered central. Vaues refer to what is considered
meaningful in the context, not only economic vaue. Van
Gemert-Pijnen described innovative change using 4 axes:
business model, value drivers, user requirements, and
prototyping. Value specification is considered important in
obtaining desirable cooperation: Value specification impliesthe
recognition and quantification of the economic, medical, social,
or behavioral values of the key stakeholders [38]. Van
Gemert-Pijnen’s approach can be thought of asabroader theory
looking at implementation from a systems perspective, focusing
on different or shared valuesin the systems' interaction. Value
specification wasfound to beimportant in our data. Thisis most
clearly seen in the addressing the right need part of Figure 5
and the value sectionsin Figure 4.

Balancing Inside-Out Hassles

The hassles captured in the concepts inside-out innovation and
ecological fit have been described in astudy by Heeks when he
was exploring what he called the design-reality gap [32].
Perspectives differ whether you are a programmer or a user.
This is an analog to the user level of technological skills
dilemma found in Figure 5. The gap in technology between
design and reality in Heeks' theory can also be thought of asa
case of poor ecological fit from our model.

Greenhalgh et a [39] have formulated a theory of
“Nonadaptation, abandonment, scale-up, spread, and
sustainability of new technology (NASSS).” The values
described in Figure 4 fit very well as atheoretical clarification
of Greenhalgh's description of different types of value
propositions. One value is described by her as “knowledge
needed to use the technology.” She suggeststhat it is helpful to
range this from simple to complex needs for knowledge. This
is a similar concept to our user level of technological skills
described in Figure 5. A concept similar to level of finalization
in the samefigure is also addressed by Greenhalgh, who found
dependability to be akey value[39]. The dilemmaof addressing
theright need is covered in her theory as differences in value
propositions.

This phenomenon of differences in inside-in and outside-in
perspectives has a so been addressed by Van Gemert-Pijnen et
al [38], who also view explication of values of stakeholders as
central to successful implementation. The Figure 5 elements of
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what we call ecological fit and skills needed are here
conceptualized as differencesin specification of what hasvalue
to whom. The following quote from Van Gemert-Pijnen (p. 10)
sums up what we have encountered in developing and testing
the mDiary app:

Implementation is often seen asa post design activity.
In our view, the conditions for implementation must
be considered right fromthe start (contextual inquiry
and value specification). Potential implementation
issues, such as limited resources (eg, time, staff, and
money) or personal drawbacks (eg, skills, motivation,
and anxieties), should be identified. These issues
should also be accounted for in the subsequent stages
(design and operationalization). In this way, the
well-known pitfalls of stakeholder disregard can be
avoided [ 38]

This quote illustrates that the needs related to implementation
depend on which perspective you take. The value of
implementation is to some extent negotiable and different
depending on which stakeholder perspective you take.
Designing, implementation, and enhancing usability areall part
of the same circular process. In the collaboration between
Monsenso and public psychiatry wards, the needs of the patients,
the needs of Monsenso, and the needs of therapistswereall part
of acontinuous negotiation: anegotiation of whether to usethe
severely burdened patients time on the long-term
implementation of an—as yet untested—system; a negotiation
of company resource utilization when improving the technical
side of an app with an—as yet unknown ability to generate
provenue; and finally, anegotiation with the therapistsin getting
them to alow for new procedures instead of established
procedures of standard DBT treatment. The innovation in the
mDiary app was this balancing act, eventually creating an app
to the mutual benefit of all involved parties.

Limitationsand Strengths

The study should be interpreted with the following limitations
in mind. The number of participants and focus groupswas small
albeit adequate for a feasibility study. The sample was not
randomly selected, but a select sample where patients were
given a choice whether they wanted to test the mDiary app as
apotential replacement for using paper and pen. Owing to the
research method and sample size, the results can only be
considered hypothesis-generating. In terms of trustworthiness,
it must be noted that group polarization and mutual avoidance
of discomfort could influence the results. The patient group is
known to avoid difficult emotions[27] aswell asbeing unstable
intheir baseline emotions [40], which might influence answers
toward a more emotional direction. A large part of the sample
of therapistswere older and very well consolidated inthe DBT
procedures, which could lead to negative bias regarding
approaches aimed at changing well-known procedures [41].
The study also has several strengths, including the involvement
of the end users (both patients and therapists) in the devel opment
of the platform/app and a thorough and iterative process to
optimize the platform/app.
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Conclusions suggest adequate usability and feasibility in clinical departments
with higher perceived usability from patients compared with
therapists. At the present stage, the app is sufficiently ready to
be used in further studies evaluating effectiveness. Thiswill be
donein the mDiary RCT study.

The mDiary app is a useful and acceptable way of registering
DBT diary cards, tracking emotion regulation, and skill
acquisition and is now ready for implementation. Our data
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Abstract

Background: Mountain biking is an aerobic physical activity that has experienced rapid growth. The emergence of the electric
pedal-assist mountain bike (eM TB), while not without its critics, presentsthe potential for an even larger segment of the population
to enjoy the health benefits of mountain biking. Although the research focused on the use of e-bikes generally is growing, there
is limited research specifically targeting eMTB use. Research is needed exploring the potential exercise response of riding an
eMTB, together with the beliefs and perceptions of mountain bikers who have and have not experienced eM TB riding.

Objective: Thisstudy aimed to compare conventional mountain bike and eM TB use. Thiswas done by investigating 2 questions:
(1) What proportion of exercise response is retained for an experienced mountain biker while using an eMTB when compared
with a conventional mountain bike? and (2) What are the perceptions and beliefs of experienced mountain bikers toward eMTBs
both before and after riding an eMTB?

Methods: A convergent mixed methods data collection approach was used in the study. Participants completed both a pre- and
postride questionnaire, and data regarding heart rate were collected. Heart rates from each ride were compared against each other.

Results: The average heart rate during eM TB use was 94% (31/33) of the average heart rate during conventional mountain bike
use. Therefore, eM TB usein this study achieved amajority of the exercise response and exceeded established biometric thresholds
for cardiovascular fitness. Paired t test statistics were calculated to compare beliefs of conventional mountain bikes and eM TBs
and to compare mean heart rate and speed between conventional mountain bike and eM TB use on the study loop. Participants
overwhelmingly perceived the potential impact of eM TB use to be positive on both pre- and post-eM TB ride questionnaires.

Conclusions:. Despite the measured benefit, participants’ perceived exertion while riding the eMTB was low.

(IMIR Form Res 2019;3(3):€13643) doi:10.2196/13643
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Introduction

Promoting physical activity is an international public health
priority [1,2]. The United States Department of Health and
Human Services (HHS) recommends that adults engage in
moderate aerobic physical activity for at least 150 min each
week or vigorous aerobic physical activity for 75 min each week
or a combination of both [3]. In spite of the recommendation,
the Centersfor Disease Control and Prevention (CDC) estimate
that only 20.9% of adults in the United States fulfill the
recommendation [4]. There are many reasons attributed to the
disregard, and potential solutions have been implemented and
studied. This study investigated the physical activity of electric
pedal-assist mountain biking as a viable solution to improve
compliance with HHS recommendations.

Mountain biking is an aerobic physical activity that has
experienced rapid growth in the United States [5]. However,
mountain biking is often limited or perceived to be limited to
those individuals who already enjoy arelatively high level of
cardiovascular fitness and endurance. The emergence of electric
pedal-assist bikes (e-bikes), and specifically electric pedal-assist
mountain bikes (eMTB), presents an opportunity for a larger
segment of the population to enjoy the health benefits of
mountain biking [6]. A review of e-bike literature supports the
hypothesisthat e-bike use is abeneficial physical activity for a
wide range of individuals with an added benefit of promoting
health among individuals otherwise reluctant to engage in
physical activity [7-12]. Recent studies suggest that e-bike
commuting may be helpful inimproving glucosetolerance[10],
decreasing perceived exertion and improved enjoyment [11],
and reducing barriers to conventional cycling, including
commuting [13]. For example, resultsfrom aWeb-based survey
demonstrated that those using an e-bike to ride to work report
an ability to ride greater distances while perspiring less,
suggesting that e-bikes may reduce some of the personal barriers
of conventional cycling as aform of active transport [14]. This
combined body of research shows the potential physical health
benefits of e-bikes.

A typical e-bike has an electric motor that functions as a
pedal-assist, only engaging when the individual pedals. The
motor's contribution alows a rider to cycle greater distances
and up steeper terrain because of the decreased physical
workload [14]. Though heart rate, energy expenditure, oxygen
consumption, and intensity is generally lower compared with
a conventional bike [7,13], e-bike use still produces moderate
physical activity in comparable settings and between groups
with differing fitness levels [8,9].

Although the research focused on the use of e-bikesisgrowing,
there is limited research regarding eMTB use. There are 2
studies that investigated heart rate and energy expenditure
between e-bike use with conventional bikes[7,13]. Each found
that energy use was likely lower with e-bikes. Nevertheless,
findings indicate that an e-bike rider still pedals and exerts
energy, which may help them meet the physica activity
guidelines and gain the associated health benefits. Part of our
inquiry is to test this observation with eM TBs, which has not
been done previoudly.

http://formative.,jmir.org/2019/3/e13643/
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Although the popul arity of e-bikesisgrowing and their benefits
related to active transport and physical activity for a broad
segment of the population are being established, theintroduction
of eM TBsto the mountain biking community has been met with
much resistance. Concerns have been raised concerning eM TB
use and increased trail damage, increased conflict between trail
users, a potential for decreased trail access, and the perception
that pedal-assist mountain bikes are akin to motorcyclesand do
not represent real mountain biking. These concerns have the
potential to limit the adoption of eMTBs by individuals who
may benefit from them or otherwise enjoy their use. To date,
researchersareyet to explore any aspect of eM TB usg, including
the potential exercise response of riding an eMTB, as well as
the beliefs and perceptions of mountain bikers who have and
have not experienced eMTB riding. The purpose of this pilot
study was to compare conventional mountain bike and eMTB
use. In particular, this study aimed to address 2 research
questions: (1) What proportion of exercise responseis retained
for an experienced mountain biker while using an eMTB when
compared with a conventional mountain bike? and (2) What
are the perceptions and beliefs of experienced mountain bikers
toward eMTBs both before and after riding an eMTB?

Methods

Participants

Experienced mountain bikers aged between 18 and 65 years
were recruited to participate in this study. Exclusion criteria
included non—mountain bikers and mountain bikers with the
inability to engage in moderate to vigorous intensity mountain
biking for 12 miles or those who have amedical condition that
would prevent them from moderate to vigorous exercise.

Procedures

The institutional review board at Brigham Young University
approved this study. A study announcement was posted to a
regional Facebook page popular with local mountain bikers.
Individuals wishing to participate were directed to contact the
principal investigator via email and set up a time to meet at a
local trail system. Upon arrival at the trail system, individuals
completed the pre-eM TB ride questionnaire using Qualtrics, a
Web-based survey software platform, on their persona phone
or the principal investigator’'s laptop computer. The first
pre-eMTB questionnaireitem included obtaining theindividual’s
informed consent to participate in the study. Consenting
individual s then proceeded to the remainder of the questionnaire.
Upon completing the pre-eM TB ride questionnaire, participants
were fitted with a heart rate monitor and corresponding Apple
Watch. Each Apple Watch was paired to the heart rate monitor
and Strava app to record the participant’s ride data, including
global positioning system (GPS) tracking, total distancetraveled,
and speed traveled. Next, participants were randomly assigned
to ride the 6-mile study loop on either a conventional mountain
bike or an eMTB. The study |oop included approximately 700
feet of elevation gain spread throughout the ride with the most
intense climbing section averaging a5% incline over adistance
of 1 mile. Upon completing the study loop on their initially
assigned bike, participants’ heart rate and Strava data were
saved. Participants then rode the loop again on the remaining
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bike—whichever type of bikethey did not ride while completing
the first loop. After completing the study loop a second time,
participant heart rate and Strava datawere again saved and each
participant then completed the post-eM TB ride questionnaire.
The study was completed between May 24 and June 16, 2018.

I nstruments/M easurements

Both conventional mountain bikes and eMTBs were used in
this study to establish a comparison between participants’ heart
rate and speed whileriding the study |oop. The el ectric mountain
bikes used were Class 1 pedal-assist 2017 Specialized Turbo
Levo FSR Comp Carbon 6Fattie models with a maximum
assistance speed of 20 mph (32 kph) [15]. Participants were
given the option of either riding their own traditional mountain
bike or a 2017 Specialized Stumpjumper FSR Comp 6Fattie
model—the equivalent of the Turbo Levo model without
pedal -assi st—while compl eting the non-eM TB lap of the study
loop.

Third-generation Apple brand watches (Apple Watch) were
paired with Polar H10 heart rate monitors to record the
participants’ continuous heart-rate data while completing each
lap of the study loop. Total distance, speed, and time while
riding was recorded during study laps using Strava, a mobile
app using GPS technology available viathe App Store for iOS
and Apple Watch platforms. A comparison of participants’ heart
rate was used as a proxy measure to estimate exercise response.
Specifically, estimated maximum heart rate (MHR) was
calculated by subtracting the age of the study participants from
220. The estimated MHR was then used to establish a target
average heart rate range for moderate-intensity physical activity
(50%-70% of MHR) and vigorous-intensity physical activity
(70%-85% of MHR). These ranges were calculated based on
target heart rate recommendations from the CDC and the
American Heart Association [16,17].

A total of 2 survey instruments, devel oped using the Web-based
survey software provided by Qualtrics, were used in this study.
Survey 1—the pre-eM TB ride questionnaire administered before
riding either of the study bikes or loops—was used to gather
basic demographic information, mountain biking history and
experience data, perceived impact of eMTB use, and beliefs
about eMTBs. Survey 2—the post-eMTB ride
guestionnaire—was administered after participants had
compl eted riding the study loop on both aconventional mountain
bike and an eMTB. The questions in Survey 2 were identical
to the final questions asked in Survey 1, targeting participants’
perceptions and beliefsrelated to eMTB use.

http://formative.,jmir.org/2019/3/e13643/
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Analysis

All statistical analyses were performed using SAS version 9.4
(SAS Ingtitute Inc). Descriptive statistics were used to
summarize demographic data from Survey 1. Paired t test
statisticswere cal culated to compare beliefs about conventional
mountain bikes and eM TBs and to compare mean heart rate and
speed between conventional mountain bike and eMTB use on
the study loop.

Results

Demographics

The majority of participants were male (88%; 29/33), and all
identified as non-Hispanic and white. The average age wasjust
under 38 years. All participants had completed at least some
college. Compl ete demographic and mountain biking experience
information can befoundin Tables1 and 2. Approximately half
(16/33) of participants had more than 10 years of mountain
biking experience. The majority (24/33) reported mountain
biking at least twice each week. All participants indicated they
mountain bike to increase fitness, spend time outdoors, and
recreate or have fun. Few participants (n=3) had previously
ridden an eMTB before participating in this study.

Exercise Response

Table 3 provides acomparison of average distance, time, speed,
and heart rate metrics between conventional mountain bike and
eMTB use aswell as paired t test resullts.

Participants traveled approximately 5.5 miles (8.85 km) while
riding the study loop. A pairedt test analysis (Table 3) revealed
participants completed the course an average of 12 min and 40
seconds faster when riding the eMTB as opposed to the
conventional mountain bike (P<.001). The average speed of
travel on the eMTB was 4.1 mph (6.6 km/h) faster than on the
conventional mountain bike (P<.001). Participants' average
heart rate during theeM TB ride was 9.9 beats per minute (bpm)
lower than during the conventional mountain bike ride (P<.001).
With a mean age of 37.8 years, participants’ estimated MHR
was 182 bpm. Thetarget heart rate zone for moderate-intensity
exercise (50%-70% of MHR) and vigorous-intensity exercise
(70%-85% of MHR) was then calculated to be 91 bpm to 127
bpm (0.5x182=91.12, 0.7x182=127.4) and 128 bpm to 155 bpm
(0.7x182=127.4, 0.85x182=154.7), respectively [16]. Riding
both the conventional mountain bike and the eMTB placed
participants’ in the upper half of the vigorous-intensity zone
(Table 4).
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Table 1. Demographics (N=33).

Demographics Value, n (%)
Age (years)
20-29 72y
30-39 9(27)
40-49 13(39)
50 and older 4(12)
Race
White 33 (100)
Ethnicity
Non-Hispanic or Latino 33(100)
Sex
Male 29 (88)
Female 4(12)

Education level

Some college (not graduated) 8(24)
2-year college degree 6 (18)
4-year college degree 12 (36)
Master's degree 5(15)
Doctoral degree 2(6)
Annual household income ($ US)
Less than 30,000 3(9
40,000-49,999 2(6)
50,000-59,999 309
60,000-69,999 2(6)
70,000-79,999 3(9
80,000-89,999 3(9)
90,000-99,999 1(3)
100,000 or more 16 (48)
http://formative,jmir.org/2019/3/e13643/ JMIR Form Res 2019 | vol. 3 |iss. 313643 | p.237
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Table 2. Mountain biking experience (N=33).
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Mountain biking experience

Value, n (%)

Mountain biking experience® (years)
Lessthan 1
1-5
6-10
11 and more
During atypical riding season, how often do you mountain bike?
1-2 daysamonth
Once aweek
2-3 days aweek
4-5 days aweek
Daily
For which of the following reasons do you ride a mountain bike? (yes)
Recreation or fun
To spend time with family
To increase fithess
Racing
To spend time with friends
To spend time outdoors
What best describes your bike?
Cross-country
Trail
All mountain/Enduro

Has previously ridden a class 1 electric pedal-assist mountain bike

2(6)
7(23)
6 (19)
16 (52)

3(9)
6 (18)
19 (58)
5(15)
0(0)

33 (100)
16 (48)
33 (100)
3(9)

29 (88)
33 (100)

5 (15)
11(33)
17 (52)
3(9)

aN=31.

Table 3. Riding and exercise response results.

Comparison of distance, time, speed, and heart rate metrics (N=33) Descriptive statistics

Paired t test: MTB®vs eMTBP

MTB, mean (SD) eMTB, mean (SD)  Mean difference P value

Time (min:seconds) 38:54 (7:48) 26:14 (3:45) 12:40 <.001
Average speed (miles per hour) 8.8(1.4) 12.9(1.7) -4.1 <.001
Average heart rate (beats per minute) 154.8 (12.9) 144.9 (13.7) 9.9 <.001

3 TB: mountain bike

beMTB: dlectric pedal-assist mountain bike

Table 4. Riding and exercise response results.
Comparison of distance, time, speed, and heart rate metrics (N=33) MTB? n (%) eMTB®, n (%) P value®
Moderate-intensity physical activity 2(6.1) 4(12.1) .09
Vigorous-intensity physical activity 31(93.9) 29 (87.9) _d

3\ TB: mountain bike

PeMTB: electric pedal-assist mountain bike
Chi-Square: MTB vseMTB.

INot applicable.
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Per ceptions

Table 5 includes pre- and post-eMTB ride data related to
perceptions of potential impacts of eMTB use. Participants
overwhelmingly perceived the potential impact of eMTB use
to be positive on both pre- and post-eM TB ride questionnaires.
Only “Potentially alows riders to ascend or climb greater
distances and elevations in less time on dirt trails’ was
significantly different on the post-eMTB ride questionnaire,
with more participantsin agreement that eM TB use would have
such an impact.

Beliefs

Table 6 includestheresults of 26 pre- and post-eM TB ride belief
statements regarding eMTB use. A total of 4 belief statements

Hall et al

were significantly different after riding the eMTB. Fewer
participants agreed that eMTB use will prove to be a passing
fad and that they could get the same cardiovascular workout
on an eMTB as a conventional mountain bike, whereas more
participants agreed that their heart rate is considerably lower
while riding an eMTB as compared with a conventional
mountain bike and eMTB use allows riders greater and deeper
access to backcountry dirt trails. Table 7 includes results from
thefinal questionnaire item asking how beliefs and perceptions
about eMTBs changed after riding one showed that few
participants (n=3) were less accepting of eMTBs, some
experienced no change (n=8), and the majority (n=20) were
more accepting of eM TBs after riding one.

Table 5. Perceptions of potential impact of electric pedal-assist mountain bike use (N=32).

Perceptions of potential impacts of electric pedal-assist mountain bike use Preride (agreed), Postride (agreed), p yqye?
n (%) n (%)
Potentially allows older riders to continue enjoying mountain biking on dirt trails 32 (100) 30 (94) .16
Potentially allows less-fit riders to more fully enjoy mountain biking on dirt trails 27 (84) 27 (84) >.99
Potentially allowsinjured or disabled riders to continue enjoying mountain biking on dirt trails 32 (100) 31(97) .33
Potentially allows riders of varying fitness levels to mountain bike together on dirt trails 25(78) 26 (81) .66
Potentially allows all riders to mountain bike longer distances on trails 25(81) 27 (87) 33
Potentially allows riders greater and deeper access to the backcountry on dirt trails 25 (78) 28 (88) .18
Potentially allowsridersto ascend or climb greater distances and elevationsin lesstimeondirt 23 (72) 29 (91) .03
trails
Potentially allows riders who may otherwise shuttle the ascent or drive to the top of thetrail in 27 (84) 27 (84) >.99
avehicleto ride up on dirt trails
Potentially increases the appeal of riding on dirt trails to more people 21 (66) 24 (75) .33
Potentially improves public health outcomes by increasing rates of physica activity 27 (84) 27 (84) >.99

3P values were derived from paired t tests of preride and postride values. Variables were coded using the following logic: 0=Negative (con), 1=Positive

(pro). The significant P value (<.05) has been italicized.
b
N=31.

http://formative.,jmir.org/2019/3/e13643/

JMIR Form Res 2019 | vol. 3| iss. 3 113643 | p.239
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH Hall et a

Table 6. Beliefsregarding electric pedal-assist mountain bike use (N=33).

Beliefs regarding eM TB? use Preride (agreed),  Postride (agreed), p ygye®
n (%)° n (%)°

| believe riding an eMTB is cheating 16 (48) 13 (39) A1

| believe riding an eMTB is equivalent to riding a motorcycle 4(12) 5(15) .38

| believe if eMTBs are allowed on existing dirt trails, then trail access for all mountain bikers 15 (45) 10 (30) .26

will be compromised

| believe eMTB riders perceive they are actually mountain biking, but they are not; eMTB use 11 (33) 5(15) .23

is not mountain biking

| believe eM TBs should be banned from existing mountain bike trails and trail systems 6 (18) 6 (18) .79

| believe eM TB use causes more trail damage compared with conventional mountain bikes 6(18) 4(12) .70

| believe eMTB use should be limited to riders with physical handicaps or impairments 6 (18) 5(15) .08

| believe that in the future, eMTB use will replace conventional mountain biking® 2(8) 4(13) 26

| believe eMTBs have the potential to help older riders continue to enjoy mountain biking 32(97) 31(94) .60

| believe eM TBs have the potential to help less-it ridersincrease their fitnesslevelsand transi- 25 (76) 25 (76) .71

tion to conventional mountain biking

| believe | could get the same cardiovascular workout on an eMTB as | do my conventional 14 (42) 5(15) .002

mountain bike

| believe my heart rate is considerably lower while riding an eMTB as compared with my 18 (55) 28 (85) <.001

conventional mountain bike

| am opposed to eMTB use 6 (18) 4(12) A1

| believe eMTBs are primarily being pushed on cyclist by the industry to make money 5(15) 7(21) 41

| believe eMTB use will have a negative impact on mountain biking 7(21) 7(21) .25

| believe eMTB use will prove to be apassing fad 10 (30) 6 (18) .03

| am opposed to eM TB use by healthy individuals 8(24) 8(24) 45

| am opposed to eM TB use on the same trails as conventional mountain biking 7(21) 7(21) 32

| am fine with pedal-assist bike use on the street, but | am opposed to their use on dirt trails 7(21) 6 (18) 14

| believe eMTB use allows riders of varying fitness levels to mountain bike together on dirt 30 (91) 26 (79) .34

trails

| believe eMTB use allows al riders to bike longer distances 32(97) 33(100) .07

| believe that eM TB use allows riders greater and deeper access to backcountry dirt trails 30 (91) 32(97) .03

| believe that eMTB use allows riders to ascend or climb greater distances and elevationsin 31 (94) 33(100) .001

lesstime on dirt trails

| believe that eM TB use alows riders who may otherwise shuttle the ascent or driveto thetop 31 (94) 31(94) 54
of thetrail in avehicle to ride up on dirt trails

| am supportive of eMTB use® 26 (84) 26 (84) 17

%M TB: electric pedal-assist mountain bike.
bAgreed n (%) includes both strongly agree and agree responses.

P valueswere derived from paired t tests of preride and postride values. Variableswere coded using the following logic: 1=strongly disagree, 2=disagree,
3=agree, and 4=strongly agree. Significant P values (<.05) areitalicized.

dN=32.
eN=31.
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Table 7. Overall belief and perception surrounding the question: how have your beliefs and perceptions about eM TBs? changed after riding one?

(N=33).

Overall belief and perception

Value, n (%)

| am less accepting of eM TBs after riding one
My beliefs and perceptions have not changed at all
| am more accepting of eMTBs after riding one

Other

3(9)

8 (24)
20 (61)
2(6)

8MTB: electric pedal-assist mountain bike.

Discussion

Principal Findings

This study sought to address 2 research questions: (1) What
proportion of exercise response is retained for an experienced
mountain biker when using an eMTB compared with a
conventional mountain bike? and (2) What are the perceptions
and beliefs of experienced mountain bikers toward eMTB both
before and after riding an eMTB? Although significant
differences in heart rate were measured between conventional
mountain bike use and eM TB use, riding the study loop on both
types of mountain bikes placed the vast majority of participants
in the vigorous-intensity heart rate zone. Using heart rate as a
proxy measurefor cardiovascular exerciseintensity and related
exercise response, eM TB use appears to be an excellent form
of aerobic or cardiovascular exercise, even for experienced
mountain bikers who regularly engage in this fitness activity.
Physical Activity Guidelines for Americans established by the
CDC indicate that for substantial health benefits, adults should
engagein at least 150 min aweek of moderate-intensity aerobic
physical activity or 75 min aweek of vigorous-intensity aerobic
physical activity [3,16]. Average heart rate during eMTB use
was 93.6% of average heart rate during conventional mountain
bike use. Riding both types of bikes on the study loop caused
the participants to exceed at least heart-rate levels for
moderate-intensity fitness activities and placed the average heart
rate for amajority of participantsin the vigorous-intensity zone
[16]. Therefore, eM TB usein this study retained the bulk of the
exerciseresponse and exceeded established biometric thresholds
for cardiovascular fitness. These findings of eMTB use on
soft-surface trails are comparable to recent findings using
e-bikes on city bike pathsin which it was estimated that 95.5%
of the cardiovascular benefit of conventional bike use was
retained [18]. Although findings from the extant literature
indicate that e-bikes can generaly satisfy requirements for
moderate-intensity physical activity [7-11,13,19], this study is
the first to explore the exercise response of eMTB use on
soft-surface trails and the first to associate pedal-assist bikes
with vigorous exercise.

Although eM TB use provided an intense cardiovascul ar workout
in this study, average riding speed on the eMTB was
approximately 4 mph (approximately 6.5 kph) faster than speeds
on the conventional mountain bike, resulting in lesstime needed
to complete the study loop. If a conventional mountain bike
was to be replaced by an eMTB as part of a cardiovascular
fitness program, then total ride time, not ride distance, would
need to remain constant. In this study, speed was presented as

http://formative.,jmir.org/2019/3/e13643/

an average across the entire study loop. It is possible that the
higher speed for eMTBs is a factor in forming attitudes and
beliefs both for and against their use. For example, higher eM TB
speedsin high traffic areas or up hillsmay be aperceived source
of trail conflict and slower eMTB speeds on downhill trail
sectionsmay result in trail congestion. These examplesare only
speculative and could be tested in future research on the
adoption and uptake of eM TBs.

This study represents the first attempt to measure perceptions
and beliefs of experienced mountain bikers before and after
riding an eMTB. Relatively few significant attitudinal changes
occurred from preride to postride, likely because of a sample
of participants holding positive attitudes about eMTB at the
onset. Only 18% of participants indicated they were opposed
to eMTB on the preride survey. As there are many in the
mountain biking community with strong negative opinions about
eMTBs [6], thisis likely a reflection of sampling bias, which
isto say that those volunteering to participatein this study likely
had more positive views of eMTBs and were excited for the
opportunity to ride one. Therewere, however, several significant
findings related to attitudes and beliefs along with severa
nonsignificant findings worthy of discussion.

After riding an eM TB, attitudes related to the future of eM TB
use changed with fewer participants considering eM TBs to be
apassing fad. This shift is consistent with industry trends and
forecasts as eM TB sales climbed to US $77.1 million in 2017,
a91% increasein USsalesfrom the previousyear and an 8-fold
increase since 2014 [20,21]. Market predictions arethat eM TB
sales will represent approximately 30% of the mountain biking
market by 2020 [22].

Of particular note, participants in this study did not perceive
riding an eMTB to be a workout or taxing on their
cardiovascular system. Although mean heart-rate dataindicated
the eMTB study loop resulted in an approximate 10 bpm
reduction when compared with the conventional mountain bike,
all participants reached at |east moderate levels of intensity and
most reached vigorous levels while riding the eM TB. Despite
this, participants perceived exertion while riding the eMTB
was low. This finding has potential implications for the utility
of eMTBs in helping al users, including the experienced
mountain bikers in this study as well as more sedentary
individuals, to engage in regular physical activity and meet
physical activity guidelines. As key constructs of the Health
Belief Model (HBM), both perceived benefits and perceived
barriersare predictive of adherence to health recommendations
and behavior change [23]. Perceived benefits specifically refer
to one’'s opinion of the efficacy of an advised action to reduce
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health risks [23]. Perceived barriers refer to one’s opinion of
the cost, whether psychological, physiological, or financial, of
engaging in a health-promoting behavior or practice [23]. The
low perceived exertion of riding an eMTB, together with the
cardiovascular benefit of continuous target heart rate zone
activity, makethetotal perceived benefits of eMTB riding high
and the perceived barriers low. This has been observed as it
relates to physical activity in general, where perceptions of
exertion significantly impact activity levels [24,25]. Utilizing
pedal-assist technology to decrease the perceived exertion of
physical activity may beacritical catalyst in helping individuals
become more physically active. Specifically pertaining to the
uptake of e-bikes, lower perceived exertion has been reported
asimpactful [26]. In relation to the HBM, this study examined
the physiological barriers and benefits of eMTB use, but other
barriersmay exist that could delay the uptake of thistechnology.
It is possible that on account of being an emerging technology
and with the addition of an electric motor, potential users of
eMTBs perceive the financial cost of purchasing an eMTB too
high. Indeed, high performance eM TBs can be costly. The extent
to which these perceptions exist and how they might impact
potential riders was beyond the scope of this study but could
be studied in the future.

Participants were more accepting of eMTBs after riding one.
The adage “don’t knock it until you try it” appears applicable
with pedal-assist technology. A recent qualitative analysis of
eMTB threads in mountain biking forums concluded that
individuals could be divided into 2 groups when commenting
on eMTBs: those who had personal experience with an eMTB
and those who did not. The authors concluded that inexperience
with an eM TB appears central to the conflict surroundingeM TB
use and that many misconceptions about what an eMTB isand
can do are resolved by riding one [6]. This study found that
most participants either became more accepting (61%) of
eMTBs after riding one or reported no change (24%) in their
level of acceptance.

Of interest in this study are the perceptions and beliefsthat were
not significantly altered by the experience of riding an eMTB.
Overwhelming agreement existed at both pre- and postride data
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collection related to eMTBS' ability to help older and less-fit
riders find enjoyment in riding. Another stable perception is
that eMTBs have the potential to improve public health
outcomes through the encouragement or promotion of physical
activity. Future research should explore this potential by
including sedentary, less active, overweight or obese, and ol der
individuals as participants. Such investigations could target
behaviors, attitudes, and biometric indicators longitudinally.

Limitations

Findings from this study should be interpreted with
consideration of several limitations. This study was limited by
itssmall sample. Although the sample sizein thisstudy isequal
to or greater than similar studies of pedal-assist bikes, it is not
sufficiently large to generalize or draw conclusions beyond this
specific sample. In addition, this study used heart-rate data as
a proxy measure for exercise response and cardiovascular
exercise intensity. Future studies examining similar variables
would benefit from more sophisticated measures, such as
maximal oxygen uptake, metabolic equivalents, and watts.
Likewise, participants had only 1 trial on the eMTB and their
heart-rate response might have changed after an extended
observation period. Finaly, the sampling procedure employed
to recruit experienced mountain bikers in this study yielded
participants who might have already been largely supportive of
eMTB use. A more random sample may have produced different
results, especially related to perceptions and beliefs before and
after riding an eMTB.

Conclusions

This is the first study to compare the exercise response of
conventional mountain bikeand eM TB use on soft-surfacetrails
and the first to associate pedal-assist bikes with
vigorous-intensity aerobic or cardiovascular fithess. Findings
indicate that riding an eM TB is moderate to vigorous physical
activity, providing individuals with the opportunity to meet
physical activity guidelines. Findingsrelated to perceptions and
beliefs before and after riding eM TBs were mixed yet support
the use of pedal-assist technology in promoting physical activity.
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Abstract

Background: Satisfactory therapeutic strategies for cartilaginous lesion repair do not yet exist. This creates a challenge for
surgeons and biomedical engineersand leadsthem to investigate the role of bioprinting and tissue engineering as viable treatments
through orthopedic surgery, plastic surgery, and otorhinolaryngol ogy. Recent increasesin related scientific literature suggest that
bioprinted cartilage may develop into a viable solution.

Objective: The objectives of thisreview were to (1) synthesize the scientific advances published to date, (2) identify unresolved
technical problems regarding human application, and (3) identify more effective ways for the scientific community to transfer
their findings to clinicians.

Methods: This scoping review considered articles published between 2009 and 2019 that were identified through searching
PubMed, Scopus, Web of Science, and Google Scholar. Arksey and O'Malley’s five-step framework was used to delimit and
direct the initial search results, from which we established the following research questions: (1) What do authors of current
research say about human application? (2) What necessary technical improvements are identified in the research? (3) On which
issues do the authors agree? and (4) What future research priorities emerge in the studies? We used the Cohen kappa statistic to
validate the interrater reliability.

Results: The 13 articlesincluded in the review demonstrated the feasibility of cartilage bioprinting in live animal studies. Some
investigators are aready considering short-term human experimentation, although technical limitations till need to be resolved.
Both the use and manufacturing process of stem cells need to be standardized, and aconsensusis needed regarding the composition
of hydrogels. Using on-site printing strategies and predesigned implants may allow techniques to adapt to multiple situations. In
addition, the predictive capacity of implant behavior may lead to optimal results.

Conclusions: Cartilage bioprinting for surgical applicationsis nearing itsinitial usein humans. Current research suggests that
surgeons will soon be able to replace damaged tissue with bioprinted material.

(IMIR Form Res 2019;3(3):€15017) doi:10.2196/15017

KEYWORDS
cartilage 3D printing; knowledge; tissue engineering; surgery; cartilage repair; chondrogenesis; cartilage biomaterials
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Introduction

Cartilage is a specialized connective tissue devoid of nerves,
blood, and lymph vessels. It has flexible characteristics and
consists of an abundant extracellular matrix and chondrocytes.
Articular cartilage lesions do not heal spontaneously and lead
to impaired function, progressive disability, and decreased
quality of life[1]. Traumatic and degenerative cartilageinjuries
represent one of the most challenging and frustrating clinical
scenarios.

Medical specialties have a long history of adopting new
solutions for patient problems, including new techniques to
repair or replace damaged tissue, such astotal joint replacement
by orthopedic surgeons, corneareplacement in ophthalmology,
and repairing malformations or congenital absence of the ear
(ie, microtia) [2]. Repairing or replacing damaged or absent
cartilage structures, such asthe ear or nose, presentsasignificant
challenge in reconstructive plastic surgery; in these cases, a
clinically conceivable procedure needs to be created, because
current procedures often involve multiple surgeries [3] and
complications, such asinfections, tissue necrosis, pain, and the
risk of an undesirable result [4].

Bioprinting technology (ie, three-dimensiona [3D]) is a new
approach that allowsthe regeneration of cartilaginous structures
using cartilaginous cells in a biocompatible environment. The
3D shape of the bioprinting product can be exact, which isvery
important in nasal septum or external ear reconstruction [5].

Tissue engineering and regenerative medicine are life science
fields that use the principles of tissue engineering to regenerate
damaged structures or create new ones[6]. Better understanding
of how to optimize patient care can improve outcomes and
quality of life, allowing more efficient use of health resources.
Results of previous research [7,8] suggest that the most logical
next step is to examine surgeons responses to this new
therapeutic possibility. Reviewing, analyzing, and categorizing
the different research activities in this new field [9] will help
define the scope and depth of future research and identify gaps
in critical knowledge [10]. This review synthesizes published
studies on bioprinted cartilage to accomplish the following: (1)
identify the current state of cartilage bioprinting, (2) identify
the technical issues associated with human application, and (3)
highlight the need to extend the advanced knowledge to
clinicians.

Methods

Overview

Previous literature in this field lacks specificity; therefore, a
scoping study methodology was chosen to correctly identify
information gaps and precisely illustrate future research needs.
The scoping review system creates a map of the published
literature to explore the methodological and empirical
differencesin various knowledge aress.

http://formative.,jmir.org/2019/3/e15017/
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Study Design

Overview

A scoping review methodology was chosen because it is more
exploratory and less methodological than systematic reviews;
this was essential to meet the study objectives. The research
strategy was modified according to Arksey and O'Malley’s[11]
methodological framework, which proposes a five-stage
transparent processfor replicating research strategiesto increase
the reliability of the results. The first stage clarifies and links
the study purpose and the research questions; stage two balances
feasibility with the breadth of the research process; stage three
includes study selection; stage four involves mapping the data;
and stage five summarizes the findings.

Clarifying and Linking the Purpose to Research
Questions

This study aimed to identify the current status of cartilage
bioprinting and the associated influence on clinical use, aswell
as to subsequently improve the information that reaches
surgeons. The following research questions guided the search:

1. What do authors of current research say about
human application?

2. What necessary technical improvements are
identified in the research?

3. On which issues do authors agree?

4, What future research priorities emerge in the
studies?

After determining the research questions, we developed a
conceptual framework to define and map the key concepts of
bioprinted cartilage and to identify research gapsthat may hinder
using bioprinting techniquesin human applications (see Figure
1). The conceptual framework guided both the analysis and the
systematic presentation of the summarized data. The four
research questions comprised the main branches of the
framework, and the extracted data were categorized into four
blocks, which answer our research questions.

Balancing Viability With the Breadth of the Process

The bibliographic search was conducted between January and
March 2019 and included Scopus, Web of Science, and PubMed
databases. Choosing the correct key terms was critical to
facilitating maximum coverage of the related research literature
[12]. We used Medical Subject Headings (MeSH) terminology
to increase search sensitivity: “bioprinting” AND “surgery”
AND “cartilage” OR “surgical procedures.” We also examined
each article's reference list and conducted additional Google
Scholar searches on research terms available in the gray
literature. This expanded the search by adding the following
terms: #bioprinting, #articular cartilage, #tissue engineering,
#cartilage, #stem cells, #scaffol ding, #biof abrication, #cartilage
regeneration, #surgery, #transplantation, #cartilage tissue
engineering, and #clinical trandation.
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Figure 1. Conceptual framework of the scoping review.
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priorities.

Among the issues upon which the authors agree, we
examined what the future research priorities could be.

Study Selection

Bioprinted cartilage technology has changed in recent years,
consequently, only alimited number of articles, some of which
were aready in the authors bibliography archives, were
included. Scoping reviews [13] are used to map underlying
concepts; therefore, as in other types of knowledge synthesis
[14], it is essentia to define the methods. In 2015, the Joanna
Briggs Institute published the methodological guidelines [15]
for presenting abroad view of the evidence, regardless of study
quality; clarifying key concepts; and identifying gaps[16]. This
methodology involves incorporating a checklist to increase
method transparency, judge validity and reliability, and
adequately handle the search [17]. Among the existing forms
of presentation, we focused on the revised and expanded
Preferred Reporting ltems for Systematic Reviews and
Meta-Analyses-Rapid Reviews (PRISMA-RR) [18]. Figure 2
illustrates the transparency of the article selection.

The electronic database search, the Internet hand search, and
the archive database search identified 418 articles; 275 were
excluded because the main concepts of our search were only
cited in the context of thiswork. A total of 81 duplicates were
also excluded as well as 31 articles due to exclusion criteria
(see Table 1). Interrater agreement was analyzed for the
remaining 31 articles using the Cohen kappa statistic [19-21],
which indicated a moderate level of agreement among our
evaluators and yielded atotal of 13 articlesfor analysis.
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Extracting and Charting the Results

Kok and Schuit [22] proposed a method to map research
contributions to improve the impact of research on the
population’s health. The method focuses on producing
anticipatory processes and extending, disseminating, and using
knowledge. The articles selected for analysis through eval uator
agreement were all published between 2016 and 2019.

The collected articles were organized by author, title, year,

country, and type of article (see Table 2). The selected articles

originated from the United States (4/13, 31%) [23-26], China

(2/13, 15%) [27,28], Korea (2/13, 15%) [29,30], Sweden (2/13,

15%) [31,32], Austraia(2/13, 15%) [33,34], and Canada (1/13,

8%) [35].

Reporting the Findings

The articles were classified by following types of study design:

1 Liveresearch (ie, carried out on animals).

2. Literaturereviews.

3. Surgica applications.

4. Clinical trandation (ie, a review methodology focused on
clinical application).

We a so referenced the summarized information of each article

for future interpretations.

Availability of Data and Materials

The dataused and analyzed in this study are available from the
primary author upon reasonable request.
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Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for the scoping review process.
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Table 2. Selected articles.
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Authors Title Year Country Type of article
Di Bellaet a [34] In situ handheld three-dimensional bioprinting for cartilageregener- 2018 Austraia Liveresearch
ation
Onofrillo et a [33] Biofabrication of human articular cartilage: A path towardsthede- 2018 Australia Liveresearch
velopment of aclinical treatment
You et a [35] Homogeneous hydroxyapatite/al ginate composite hydrogel promotes 2019 Canada Liveresearch
calcified cartilage matrix deposition with potential for three-dimen-
sional bioprinting
Apelgren et a [31] Skin grafting on 3D hioprinted cartilage constructsin vivo 2018 Sweden Live research
Wu et a [25] Three-dimensiona bioprinting of articular cartilage: A systematic 2018 United States Literature review
review
Dhawan et a [26] Three-dimensional bioprinting for bone and cartilage restorationin 2019 United States Literature review
orthopaedic surgery
Leberfinger et al [24] Concise review: Bioprinting of stem cells for transplantable tissue 2017 United States Literature review
fabrication
Apelgren et a [30] Chondrocytes and stem cells in 3D-bioprinted structures create hu- 2017 Korea Surgical application
man cartilage in vivo
Yieta [29] Three-dimensiona printing of a patient- specific engineered nasal 2019 Korea Surgical application
cartilage for augmentative rhinoplasty
Kaye[32] A 3-dimensiona bioprinted tracheal segment implant pilot study: 2019 Sweden Surgical application
Rabbit tracheal resection with graft implantation
Li[27] In situ repair of bone and cartilage defects using 3D scanningand 2017 China Surgical application
3D printing
Boushell [23] Current strategies for integrative cartilage repair 2017 United States Surgical application
Liuet a [28] Recent progressin cartilage tissue engineering: Our experienceand 2017 China Clinical trandation
future directions
Results studies included problems specific to orthopedic, plastic, and
otorhinolaryngology surgery. To progress toward human
Overview application, each surgical strategy must overcome these

Table 2 lists the articles included in this review. All reviewed
studies contributed to understanding the complexity of applying
cartilage bioprinting in humans. Table 3 summarizesthe authors
contributionsregarding thefirst research question. Thisgrouping
allowed us to identify the approach according to the lines of
research. The articles included in the group of in vivo studies
emphasized the applied aspects of technology development,
such asthe elementsthat constituted the process (eg, bioink and
its composition, replicability and cell viability, and the
bioprinter), as well as bioprinting intervention strategies that
included the use of a Biopen (ie, a manua bioprinter) with
preclinical resultsin large animals. Thisisthe strategy closest
to human experimentation, according to the authors who used
it.

Clinical Trandlation

Questions that arise from the studies cover a wide range of
possibilities. Key elements for clinical trandation included
scalability and lesion characteristics, such as different lesion
geometries and measurements. Insightsfrom surgical application

http://formative.,jmir.org/2019/3/e15017/

application-specific challenges. In addition, Boushell et al [23]
opened debate on the scaffold versus cellular approaches. Li et
al’'s[27] trandational study provided specific reading aimed at
clinical professionalsto establish synergieswith basic research.
Itsgoal wasto reach surgical professionals not directly involved
in the research.

Table 4 details the technical improvements identified in the
studies that were necessary to continue progressing toward
human application. In general, they involve two concepts:
cellular sources and biomaterials, including scaffolds and
hydrogels. Onofrillo [33], Apelgren et al [31], and Leberfinger
[24] prioritized the need to devel op protocolsfor obtaining cells;
they a so recognized that, despite variable sources, all cells must
maintain chondrogenic capacity, not cause morbidity at the
donor site, expand easily in the culture without |osing phenotype,
and support the mechanical load in the joint case. Di Bella et
al [34], You et a [35], and Wu et a [25] presented disparate
technical aspects that should be improved, since they followed
different research paths. However, they all identified necessary
biomaterial and scaffolding improvements, although the types
of recommended improvements did not coincide.
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Table 3. Authors' perspectives about current research for human application.

Type of article, authors, year Details and authors' perspectives

Liveresearch

Di Bellaet al, 2018 [34] Authors used the Biopen manual printing system in the operating room for implanting cartilage directly into the
bed of alesion. They suggested that this system would improve the possibility of usein humans becauseit facilitates
in situ implant creation, and they have demonstrated clinical efficacy and safety in large animals. They have not
detected intraoperative or perioperative complications. The preliminary data obtained on the safety and stability
of the in vivo characteristics of the implanted cartilage suggest that use of the technique in humans may not be far
off.

Onofrillo et al, 2018 [33] Authors used the Biopen system and contributed to defining a possible clinical bioprinting protocol for application
in humans. They studied the cell viability and characteristics of bioinks to ensure that the created cartilaginous
tissue was similar to native tissue. They concluded that their discoveries allow customized repair of cartilaginous
lesionsin humans.

You et al, 2019 [35] Authors studied hydrogel composition to improve the printing and dispersion of particlesin situ. They reported
that their investigations represent a step toward implantation in humans because they improved the mimesis with
the osteochondral junction.

Apelgren et a, 2018 [31] Authorsin this mouse study investigated implanting skin-coated chondrocytes for application in auricular recon-
structive surgeries. They suggested that for human surgery applications, it is necessary to show that the reconstruction
procedure is clinically conceivable and replicable. The results increased the clinical potential in humans.

Literaturereviews

Wu et a, 2018 [25] Authors demonstrated that articular cartilage bioprinting is a tissue engineering strategy that has potential transla-
tional value.

Dhawan et a, 2019 [26] Authors reported scalability, geometric, and lesion measurement problems that may pose barriers to human appli-
cation. They suggested the use of tomographic images for the design of the implant and its accuracy.

Leberfinger et a, 2017 [24] Authors analyzed the essential elements of the bioprinting process, the different cellular sources, the bioink, and
the implants with and without scaffolding. They conducted a cost-effectiveness study to eval uate the feasibility of
clinical translation.

Surgical applications

Apelgren et a, 2017 [30] Authors studied the creation of cartilage with human chondrocytesin vivo; they also quantified the chondrogenic
potential in combination with mesenchymal stem cellsin bioprinting constructionsimplanted in mice for their ap-
plication in plastic surgery.

Yi et al, 2019 [29] Authors established aprocedure based on a3D computer-aided model to generate acustomized nasal implant design.
They reported that computer design is necessary for creating human implants.

Kayeet al, 2019 [32] In their pilot study, authors investigated the feasibility of introducing a functional in vivo tracheal replacement in
rabbits.

Li et al, 2017 [27] Authors conducted a study to improve the cartilage defect imaging in orthopedic surgery for implementation in

humans; they concluded that it is necessary to optimize the imaging process.

Boushell et al, 2016 [23] Authors defended the use of scaffolding versusthe cellular approach in human applications for orthopedic surgery.
They noted that scaffolding requires fewer chondrocytes and that the functional mechanical properties of the tissue
are more easily achieved by scaffolding.

Clinical trandation

Liueta, 2017 [28] Authorsidentified key aspectsin clinical trandation for human use in orthopedic surgery: (1) integration with
subchondral bone for correct load distribution, (2) ensure the coincidence in the mechanical properties between
the native cartilage and the implant to avoid the degradation caused by thetensional disparity, (3) guarantee resistance
under deformations and movements, and (4) recapitulate different zonal architecture to achieve the structure-
function relationship of the native cartilage.
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Table 4. Needed improvements in the technical aspects.

Type of article, authors, year

Needed improvements

Liveresearch

Di Bellaet a, 2018 [34]

Onofrillo et al, 2018 [33]

You et al, 2019 [35]

Apelgren et a, 2018 [31]

Literaturereviews

Wu et al, 2018 [25]

Dhawan et al, 2019 [26]

Leberfinger et a, 2017 [24]

Surgical applications
Apelgren et al, 2017 [30]

Yi et al, 2019 [29]

Kayeet al, 2019 [32]

Li etal, 2017 [27]

Boushell et al, 2016 [23]

Clinical trandation

Liuetal, 2017 [28]

The chemical characteristics of the biomaterial need to beimproved to ensure adhesion of theimplant in depth and
thickness at the site of theinjury.

Theideal cell typefor cartilage regeneration is still amatter of debate, asit hasto be ensured that the cells obtained
have a proven chondrogenic capacity, do not cause morbidity in the donor site, and are easily expandablein the
culture without losing their phenotype.

The properties of hydrogels must beimproved. The authors' findings show the promise of aginate/hydroxyapatite
hydrogel printed on 3D scaffolds with a porous structure for calcified and bioprinted cartilage formation.

A model of bioprinted cartilage for an atrium has the potential to have a very elaborate form; however, authors
state that they still need to obtain an adequate skin coverage that allows for highlighting of these high-resolution
formsin thein vivo application.

The mechanical strength in bioprinting without scaffolding should be further investigated, along with the toxicity
intheimplanted cells. For the authors, bioprinting without scaffolding offers many possibilitiesfor the future since
it reaches arelatively highinitial cell density without the inclusion of biomaterials; this translates into more space
for extracellular matrix deposition as well as facilitating better cell-cell interaction, generating biomimetics, pre-
serving cellular functionality, and eliminating tissue biodegradation.

The protocolization of technological manufacturing strategies of bioprinted cartilage needs improvement in order
toalow itsscalability. Thistechnology would have the ability to manufacture tissuesin clinically relevant volumes
and address defects of different sizes and geometries.

To ensure the clinical safety of obtained cells, necessary manufacturing facilities must be created for processing,
including isolation facilitiesin hospitals, to facilitate the transition toward clinical use. Among the cellular sources
that could be used, the authors point out embryonic stem cells, induced pluripotent cells, and adult stem cellsfrom
bone marrow and adipose tissue.

A significant challenge in reconstructive plastic surgery is the approach that allows the regeneration of cartilage
structures using autol ogous cell s dispersed in biocompatible scaffol ds. Several problems associated with this method
have not yet been investigated or resolved, including load-bearing capacities, shear strength, elastic characteristics,
and resistance to degeneration.

In patients who require anasal implant, the postoperative characteristics of the skin that will cover the implant
must be improved to ensure that it is not affected by the external pressure generated later, nor by the degradation
of the biomaterialsin the long term. The authors propose a pre- and postoperative control algorithm that calculates
all the variables.

Intheir in vivo study of theimplantation of atrachea seeded with cells, authors detected the need to cover theimplant
with amembrane to avoid inflammatory reactions and stenosis of thelight when applied in humans. Thesefindings
are essential for the future of reconstruction and implantation of tracheal grafts.

It is necessary to visualize the cartilaginous defect with computed tomography, synthesize suitable biomaterials,
and print hydrogelsin a personalized way in a short time. The use of a specific bioprinter to carry out this process
is necessary to achieve the objective of personalized implantsin situ through bioprinting.

The characterization, optimization, and standardization of modelsinlarge animalswill becritical for the next phase
of the investigation for cartilage repair. In addition to the development of better culture models, more researchis
needed to fully understand the long-term maintenance and homeostasis interface of the integration strategies to
ensure the success of the procedure.

Improving collaboration between materials scientists and experts from other fields related to tissue engineering is
of vital importance to obtain hydrogels with balanced mechanical properties, electrical conductivity, degradation
rate, biocompatibility, and chondro-inducing properties.

The surgical application studies focused on certain surgical
approaches and identified specific technical improvements
needed to obtain better results; improvements included an
algorithm to ensure that the nasal implant is not degraded or
subjected to excessive long-term pressure [29]; a process to
guarantee the characteristics of the skin of the ear in plastic
surgery [31]; and in otorhinolaryngol ogy, the use of amembrane

http://formative.,jmir.org/2019/3/e15017/

trachea coating and image processing to optimize surgical results
[36].

Table 5 reflects those aspects that were identified as recurrent
among the different groups. An elaborate synthesis of the
elements shared across the studies was completed. Analyzing
these recurring elements allowed us to understand the group
positions and identify the main shared aspects.
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Table5. Issues upon which the authors agreed.

Type of article, authors, year Issues

Liveresearch

Di Bellaet al, 2018 [34] Once tested on animals, it is necessary to design a strategy to detect whether the implant has been kept in situin
order to move on to human trials.

Onofrillo et al, 2018 [33] To guarantee stability in situ, a gradient of osteogenic and chondrogenic growth factors should be added to the
hydrogel to promote sel ective tissue differentiation that would allow the formation of bone and cartilage, acquiring
the complete osteochondral unit.

You et a, 2019 [35] To ensure that the skin regeneration characteristics obtained in mice can be extrapolated to humans, they will need
to perform the same experiment on large animals with regenerative capacities more similar to humans.

Apelgren et a, 2018 [31] To ensure cell viability and optima measurement of the implant to preserve atrial features, large animals must be
investigated.

All authors Common opinion: the next steps are to expand the research on large animals and to prolong the monitoring time
to confirm the preliminary results of cell viability, in situ conservation of the implanted tissue, maintenance of the
mechanical characteristics, and long-term lateral integration.

Literaturereviews

Wu et a, 2018 [25] Advances so far have allowed the replication of the anatomical structures, the biological function, and the mechan-
ical properties of the implant; however, it is necessary to continue analyzing the viability and the autoimmune re-
sponse of the implanted cells before the various stimuli to which they are subjected in the living organism are acti-
vated.

Dhawan et a, 2019 [26] These specific designs for the patient must be protocolized, not only concerning the geometry of the implant but
also at the anatomical level of defect.

Leberfinger et a, 2017 [24] The authors have found that the lack of standardized and efficient differentiation protocols of stem cells leads to
variable results among groups of researchers.

All authors Common opinion: the authors consider it essential to protocolize cell differentiation and to ensure viability, chon-
drogenic differentiation, scalability, and control of autoimmune reactions for implantation in humans.

Surgical applications

Apelgren et al, 2017 [30] It is necessary to extend the control period in experimental animals to assess stability and long-term integration in
order to ensure the absence of malignancy.

Yi et al, 2019 [29] It is necessary to ensure the long-term maintenance of the implant shape in large constructions and to control the
central hypoxiaof theimplant; thiswould avoid an insufficient supply of oxygen and nutrientsto the cells through
the hydrogel that allowsits diffusion.

Kayeet a, 2019 [32] When anideal tracheal replacement graft is constructed, the ability to fully integratein vivo depends on itsimmuno-
genicity and its ability to promote revascularization. Also, any tracheal replacement graft must be a mechanical
and functional complement similar to the native trachea.

Li et al, 2017 [27] It is necessary to establish a methodology for in situ printing mediated by images for personalized implants. The
proportion of balanced hydrogel between the speed of printing and the maintenance of cell viability must be con-
sidered as an indispensable part of the bioprinting. The structural characteristics and zonal organization of normal
articular cartilage should be considered.

Boushell et al, 2016 [23] Further exploration of appropriate culture modelsis required to obtain tissue integrity and prevent ectopic calcifi-
cations. A long-term solution for the treatment of full-thickness cartilage defects must be devel oped.

All authors Common opinion: long-term evaluation is essential to ensure the maintenance of the form, the mechanical and
functiona resistance of theimplant, aswell asvascularization. A clinically relevant methodol ogy must be established.

Table 6 reflectsthelinesthat suggest prioritizing diversegroups.  the role of scaffolding and accel erate integration of native and
These were derived from the specific research studies, and newly formed cartilageisrequired. Finally, when the technology
therefore there was no shared opinion. At a genera level, is available to humans, the results obtained from bioprinted
however, more research on manufacturing strategiesto establish  cartilage should be compared to the traditional gold standard.
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Table 6. Future research priorities proposed by the authors.

Type of article, authors, year

Future research priorities

Liveresearch

Di Bellaet a, 2018 [34]

Onofrillo et al, 2018 [33]

You et a, 2019 [35]

Apelgren et al, 2018 [31]

Literaturereviews

Wu et al, 2018 [25]

Dhawan et &, 2019 [26]

Leberfinger et a, 2017 [24]

Surgical applications

Apelgren et al, 2017 [30]

Yi et al, 2019 [29]

Kayeet al, 2019 [32]

Li etal, 2017 [27]

Boushell et al, 2016 [23]

Clinical trandation

Liuetal, 2017 [28]

Authors propose the use of the Biopen for its ease of use, which does not require prior training by the surgeon.
They highlight the need for more trial's to evaluate the biomechanical characteristics of cartilage.

Authors propose studying the phenotype, cell migration, matrix deposition, proteolytic activity, and the rate of
degradation of the construct; they proposethisin order to evaluate and correl ate with the formation of new cartilage
and to better understand the interaction between human adipose-derived stem cells and the gelatin methacry-
late/hyaluronic methacrylate cross-linked hydrogel.

Authors propose that the combination of alginate/hydroxyapatite should be considered acritical component for the
regeneration of the osteochondral interface of the skeletal joints.

Authors propose a methodology capable of evaluating the in vivo proliferation of chondrocytes, loneandin a
combination with mesenchymal cells. They suggest that their techniqueisviableinthat it maintainsthe proliferative
capacity of cartilage over time.

Authors propose studying the mechanical forces that are applied to the knee and that a semiconfined compression
isagood way to mimic the native mechanical environment in future studies. Thus, it will be possible to study how
the mechanical stimuli regulate the cell activities in the bioprinted constructs.

Authors propose that when the technol ogy isavailable for humansand once bioprinted cartilageimplants are obtained,
they can be compared with the traditional gold standard.

Authors recommend carefully studying the growth factors that are part of the biomaterias before proceeding to
standardize the bioprinting and implantation of the graft.

Authors propose exploring other cellular sourcesfromin vivo studiesto compare before standardizing the bioprinting
process. Stem cells derived from adipose tissue that could support chondrogenesis are proposed. They propose
lengthening the study timein vivo to confirm the stability of the cartilage shape, elastic characteristics, and integrity.

Authors propose investigating algorithms for implant applications in other types of tissues, since they argue for
the high versatility of the technology; the availability of various extracellular matrix materials of the tissue; and
the pluripotency of the human adipose-derived stem cells. This contributes to the structural accuracy of the nasal
cartilage, and the hydrogel provides a favorable environment for chondrogenic differentiation and the formation
of neocartilage.

Authors propose that for uses of cartilage bioprinting where the implant should not be integrated (eg, the trachea),
the study of separating membranes that allow the implanted organ to remain isolated is recommended.

Authors propose the use of bioprinting with assistance from a scanned image for significant segmental defects of
long bones and open chondral lesions. The technique allows a dual approach to cartilage and bone.

Authors propose new strategies of clinical management based on research with personalized scaffolds combined
with chemotactic factors; these would give rise to a stable, functional repair with good long-term resullts.

Authors propose elaboration of a guide of Good Manufacturing Practice that allows the complete production of
cartilaginous grafts on alarge scale. Most of the new developmentsin engineering of cartilage tissue have not yet
translated into measurable improvements for clinicians.

Discussion

based on research characteristics allowed us to establish
synergies, understand confluences across studies, and highlight

Principal Findings

specific problems that surfaced as well as potential problems
that may emerge as the field advances.

In recent years, there has been an increase in the annual
publication of articles on cartilage bioprinting, contributing to
the knowledge and management of this process. The
methodology adopted in this review alowed us to analyze 13
articlesand present systematically summarized data. No clinical
trials in humans have been identified to date. Tests with large
animals presented some challenges and suggested possible
strategies [37]. In this context, the reviewed articles provided
polyhedral visionsto the problem and proposed lines of research
to progress toward human application. Identifying four groups
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The Biopen [33,34] is the technique most likely to be applied
in humans in the short term. The Biopen arose out of a
collaboration between researchers at the University of
Wollongong-based Australian Research Council Centre of
Excellencefor Electromaterial s Science and orthopedic surgeons
at St. Vincent’s Hospital in Melbourne. The Biopen technique
isbased on asmall bioprinter that is easy to handle and isloaded
with biological inks composed of stem cellsinside abiopolymer,
which in turn is protected by a second layer of hydrogel. The
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exchange of injectors allows different cells to be deposited at
different concentrations on the surface to be repaired and, thus,
recreates the zonal anatomy of native cartilage. It is then
solidified by an ultraviolet light embedded in the pen. It is an
attractive proposition for surgeons sinceits use does not require
along learning curve. The Biopen allows precise positioning
of cellsand biomaterials, rapid placement at the defect site, and
minimal manipulation by the surgeon. Other authors advocate
the predesign rather than in situ design of the implant: Yi et a
[29], Apelgren et a [31], Li et al [36], Kaye et d [32], and
Boushell et al [23]. These five studies focus on surgical
applications in plastic surgery, otorhinolaryngology, and
orthopedics.

The characteristics of these approaches make it difficult to use
on-site technologies, while the preoperative design of the
implants is necessary. In Kaye et d’s study [32], tracheal
substitution started from a decellularized extracellular matrix
trachea and subsequently seeded cells. Currently, in situ
application of the technique appears to be restricted to joint
injuries, despite being in amore advanced state of research. The
image-mediated design, with a gorithms such asthose proposed
by Yi et al [29], alows an implant, as similar as possible, while
allowing for preoperative assessment of pressure and skin
growth effectsin plastic surgery implants. For Li et al [36] and
Yi et a [29], the use of imagesis aline that must be exploited
to ensure functional transplants with preservation capacity in
both nasal and orthopedic applications. The Biopen technique
would make it possible to ignore image studies, which contain
acertain margin of error. Thisisevident in both Li et a’s[36]
and Yi et a’s[29] studies, where they recommended technical
improvements for obtaining and processing previousimagesto
guaranteetheimplant design and facilitate optimal implantation.

Both impression approaches face a series of challenges,
including maintenance of the implant form, cell viability, and
mechanical resistance. The interface between the implant and
adjoining native tissues also needs to be addressed. Form
maintenance encompasses different strategies, such as the use
of desacralized structures, as described by Kaye et al [32] with
tracheal implants.

Scaffolds can contribute rigidity and mechanical resistance to
the implant. In scaffolding, a structure with synthetic
biopolymers provides mechanical support to maintain shape
and load, while hydrogel providesabiological environment for
regeneration of bioprinted cartilage [5]. Boushell et a [23]
advocated the use of scaffolds insofar as they require a lower
cellular concentration and facilitate the mechanical properties
of the implant, which seems to adopt better
mechanical-functional behaviors. On the other hand, Biopen
techniques do not require a classic scaffold; however, they
should guarantee both peri- and postoperative safety,
functionality, and nondegradation of the construct, while
scaffolds must ensure lateral integration of the implant. There
isdebate about the usefulness of scaffoldsin orthopedic surgery.
To date, lateral integration of theimplant has not been confirmed
with enough clarity.

Implant integration and fixation are aspects that can affect all
the analyzed proposals. Correct integration and fixation of the
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neocartilage requires geometric measures of the osteochondral
lesion's total volume. Resistance to implanted cartilage
degradation should be guaranteed in the long term, whether or
not scaffolding is used. Wu et a [25] proposed semiconfined
compression asan excellent way to mimic the native mechanical
environment in future studies, facilitating research on how
mechanical stimuli regulate cell activities in bioprinted
constructs.

The risk of inflammation or the contraction or deformation of
theimplanted tissue, either with or without a scaffold, affecting
the end result should not be overlooked. Kaye et al’s[32] work
highlighted this difficulty in tracheal surgery; Yi et a [29]
advocated greater precision in the algorithm to ensure that there
is no modification of the postoperative nasal implant related to
external causes. Postoperative cellular viability, such as
maintaining cellular replication over time, must be analyzed by
methods such asthose proposed by Apelgren et al [30]. To date,
the Biopen technique has not provided long-term viability results
in large animals.

The hydrogels used must respond to a variety of biological
needs, ensuring balanced mechanical properties, electrical
conductivity, degradation rate, biocompatibility, and
chondro-inducing properties [27]. Specific equilibria can be
found in the speed of printing and the maintenance of cell
viability [36]. In plastic surgery and otorhinolaryngology, they
must also allow the correct irrigation of the tissue to avoid
situations of hypoxia. The combination of biomaterials, such
as aginate/hydroxyapatite [35] or a crosslinked gelatin
methacrylate/hyal uronic methacrylate [33], should be considered
a critical component for regeneration of the osteochondral
interface in orthopedic surgery.

The cellular source of theimplantsisthelast element of debate.
There are two issues: cellular origin and cell treatment. The
cells can be obtained from adult tissue-derived stem cells (ie,
fat cells, bone marrow, and others), mesenchymal stem cells,
autologous chondrocytes, and induced pluripotent cells.
Researchers used two types of cells in the reviewed works:
mesenchymal stem cellsand stem cellsderived from adipocytes.
Cellsextracted from the patient encounter extraction problems,
but the chondrogenic capacity facilitates cellular processing and
regulatory requirements, which are much higher with stem cells.
Standardizing all steps in the process (eg, cell differentiation,
the composition of the hydrogels, and the speed of printing) is
necessary to enable trandation to humans[27].

Identified Gaps

Although approaches differ depending on the study type and
the application, a series of gaps and challenges were identified
that were shared across studies, although there are differences
in the ease of resolution, functional technique, and surgical
strategies:

1. Optimum integration with the host subchondral bone and
cartilage must be achieved.

2. Thehiological, biomechanical, and degradation properties
of the bioprinted cartilage must be ensured.
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3. A systematic manufacturing process must be developed
and implant preservation, cellular sources, and the role of
scaffolds must be optimized.

4. Clinical safety related to the effects of implants on native
tissues must be examined.

Challenges

Overview

Surgical challenges similar to allogeneic organ transplants,
including cellular ischemia and size adjustment, will persist.
AccordingtoLi et a [36], the size match can be planned before
surgery with computed tomography and computer-aided design
images [38]. The implanted tissue must be composed of
biocompatible materialsthat are integrated into the native cells,
allowing growth and preventing an immune response. Ethical
dilemmas and regulatory problems are aso likely to arise as
this technology advances.

Ethical Dilemmas

To avoid animmune responsein current transplants and lifelong
trestment, adult stem cells offer the ability to produce autologous
tissue that prevents the need for immunosuppressive therapy
[24]. Support and biocompatible biological components must
have a low inflammatory response to prevent the appearance
of macrophages [39]. Even small changes in the chemical,
physical (ie, structure and degradation), and mechanical
properties of bioprinting materials can affect the integrity and
biocompatibility of the structural component and, ultimately,
the performance after it isimplanted [40].

Two crucia nonclinical challenges will aso affect
implementation of this technology: regulation and costs. The
reviewed studiesfocused primarily on specific technical aspects,
except for the Leberfinger et a study [24], which investigated
cost relationships. In addition, Liu et al [27] suggested a need
for useful practice manualsto facilitate both the translation and
regulation of the techniques.

Regulation

Currently, when cellsare modified and combined with a scaffold
that provides physical support for the growth of new tissue, they
areregulated as biological productsin the United States and as
advanced therapy drugs in the European Union (EU) [41]. The
regulatory aspects that align development of these combined
products lack clarity, both in the EU and in the United States.
There is also uncertainty regarding the potential impact of
current proposal sto amend the EU directive on medical products
[42].

Costs

One concern associated with personalized regenerative medicine
is the uncertainty regarding the cost of obtained tissues [40].
Costs associated with cell acquisition and processing, scaffold
manufacturing, bioreactor maturation, surgical implantation,
and postoperative care are also likely to be substantial, but it is
not clear how they will compare with the current cost of
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transplants [43]. Aswith any new scientific advance, costs will
probably decrease as technology evolves and becomes more
efficient.

Implications for Future Research

Bioprinting technologies are unique in that they allow acertain
pattern of multiple cell typesand materialsto recreate the native
structure of cartilage [44]. Future studies should evaluate other
sources of multipotent stem cells, such as stem cells derived
from adipose tissue or from mesenchymal or other cells, to
support chondrogenesis. These stem cells can be easy to collect,
and some studies report that they have substantial proliferative
potential [30].

Collectively, the analyzed studies demonstrate the feasibility
of cartilage engineering and underscore the need for a
continuous biological barrier between the neo-cartilage and the
bone region. It is likely that the biphasic design alone is not
sufficient to achieve consistent and functional cartilage, aswell
as formation and integration into the subchondral bone [30].
Peripheral distribution inthe matrix formation, aswell as correct
orientation of the collagen fibers and mechanical resistance to
tension, are vital elementsin cartilage tissue engineering [33].
Although in vivo testing has been conducted in large animals,
before progressing to human trialsit is necessary to specify and
resolve the detected gaps to establish the necessary physical
and biomechanical characteristics, address potential implant
degradation, and ensure transverse integration of the graft in
the host.

Strengths and Limitations

One limitation is the heterogeneity of the selected articles.
Evaluating the methodological quality of the included studies
was not within the scope of thisreview, which aimed to identify
and synthesize the key conceptsin cartilage bioprinting research.
There may be additional relevant worksthat were not identified
by the search strategy used in this review.

This concise review presented the evolving technology of
cartilage bioprinting and its main components, with aparticul ar
focus on clinical translation. Thiswork contributes a summary
and update of current research in this area, which can be made
availableto cliniciansto facilitate a better understanding of this
new technology.

Conclusions

Human applicationsfor bioprinted cartilage arelikely to emerge
in the near future. Advanced research on bioprinted cartilage
can become a spearhead for adapting the technol ogy to bioprint
other types of tissue. On-site printing strategies and predesigned
models can adapt to different situations. In addition, asimaging
technology advances, processing implants and identifying the
predictive capacity of implant behavior will alow better results.
Regulation of the technology across different countries and
cost-effectiveness of the techniquewill also need to be addressed
in future studies.
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