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Abstract

Background: Air quality affectsusall and isarapidly growing concern in the 21st century. We spend the majority of our lives
indoors and can be exposed to anumber of pollutants smaller than 2.5 microns (particul ate matter, PM,, 5) resulting in detrimental
health effects. Indoor air quality sensors have the potential to provide people with the information they need to understand their
risk and take stepsto reduce their exposure. One such sensor isthe Speck sensor devel oped at the Community Robotics, Education
and Technology Empowerment Lab at Carnegie Mellon University. This sensor provides users with continuous real-time and
historical PM,, 5 information, a Web-based platform where people can track their PM,, 5 levels over time and learn about ways to
reduce their exposure, and a venue (blog post) for the user community to exchange information. Little is known about how the
use of such monitors affects people's knowledge, attitudes, and behaviors with respect to indoor air pollution.

Objective: The aim of this study was to assess whether using the sensor changes what people know and do about indoor air
pollution.

Methods: We conducted 2 studies. In the first study, we recruited 276 Pittsburgh residents online and through local branches
of the Carnegie Library of Pittsburgh, where the Speck sensor was made available by the researchers in the library catalog.
Participants completed a 10- to 15-min survey on air pollution knowledge (its health impact, sources, and mitigation options),
perceptions of indoor air quality, confidence in mitigation, current behaviors toward air quality, and personal empowerment and
creativity in the spring and summer of 2016. In our second study, we surveyed 26 Pittsburgh residents in summer 2016 who
checked out the Speck sensor for 3 weeks on the same measures assessed in the first study, with additional questions about the
perception and use of the sensor. Follow-up interviews were conducted with a subset of those who used the Speck sensor.
Results: A seriesof paired t tests found participants were significantly more knowledgeable (t,5=—2.61, P=.02), reported having
significantly better indoor air quality (t,s=—5.20, P<.001), and felt more confident about knowing how to mitigate their risk
(t,s=—1.87, P=.07) after using the Speck sensor than before. McNemar test showed participants tended to take more action to

reduce indoor air pollution after using the sensor ()(225:2.7, P=.10). Qualitative analysis suggested possible ripple effects of use,
including encouraging family and friends to learn about indoor air pollution.

Conclusions: Providing people with low- or no-cost portable indoor air quality monitors, with asupporting Web-based platform
that offers information about how to reduce risk, can help people better express perceptions and adopt behaviors commensurate
with the risks they face. Thus, thoughtfully designed and deployed personal sensing devices can help empower people to take
steps to reduce their risk.

(JMIR Mhealth Uhealth 2018;6(3):e48) doi:10.2196/mheslth.8273
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Introduction

Air quality affectsall of usand isarapidly growing concernin
the 21st century [1]. According to results of a recent study,
environmental exposures such as air pollution may even be
linked to autism spectrum disorder rates among children [2].
Furthermore, airborne particulates smaller than 2.5 microns
(particul ate matter, PM,, 5) can cause significant harm to human
health because they not only lodge deep in the lungs but also
cross the air-blood barrier into the human bloodstream and
endocrine systems. Exposureto PM,, s has been associated with
asthma attacks, respiratory disease, arrhythmia, and
cardiovascular disease [2].

Air Pollution

Pittsburgh, in particular, has a long history of pollution
stemming from coal mining and other industrial activities [3].
Although the city is now notably cleaner, there are still many
invisible and visible pollutants contaminating the air we breathe
[4,5]. According to a 2012 report from the Pennsylvania
Department of Health, among Pennsylvania’'s 67 counties,
Pittsburgh’s Allegheny County had the 6th highest number of
emergency room visits caused by asthma (21 visits per 10,000
residents) [5,6]. Moreover, during the 2008-2009 school year,
12.1% of Allegheny County studentswere reportedly diagnosed
with asthma. Theserates are alarming and a so have significant
economic impact for the community, with each asthma-related
hospital stay (from 2008-2010) costing over US $20,000 on
average [6]. Conversely, improving air quality in Pittsburgh
could yield substantial economic benefits. In a 2013 report,
RAND Corporation estimated that reducing the city’s 2012
levelsof PM,, 5 to meet National Ambient Air Quality Standards
yields approximately US $488 in economic vaue [7]. These
findings were driven primarily by reductions in premature
mortality among residents and provide evidence that there may
be considerable economic benefits associated with reducing
residents’ exposure to PM,, .

Although outdoor air pollution iswidely accepted asaproblem,
indoor air quality can often be overlooked because the level of
visible pollution indoors is relatively low. Indoor air pollution
can be caused by outdoor contaminants seeping in through
windows or poor air filtration systems, or generated from indoor
sources such as smoking, cooking, and vacuuming. Many of
these sources can produce PM,, 5 inside our homes, schools, and
offices, but because these particles are so small (about a 30th
of the diameter of ahuman hair or less), they would beinvisible
to us, except in very high concentrations. We spend the majority
of our lifetime in indoor spaces, so our level of exposure to
these indoor pollutants can be very high. However, unlike
outdoor air pollution, which isasignificant challengeto mitigate
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and requires years to enact necessary air quality regulations,
indoor air quality can be managed by anyone.

Risk Perceptions and Behaviors

Although individuals are better able to control their air quality
indoors, whether or not individuals or families take action to
reduce their risk of exposure to pollution indoors is largely
dependent on how they perceivethisrisk [8,9]. Onekey requisite
for thisrisk perception isthe awarenessthat thereisarisk [10].
Moreover, providing people with personalized information
about their risk influences attitudes and behaviors more
powerfully than simply informing them about therisk in general
[11-13]. Furthermore, research in the domain of risk perceptions
has found that people use experiential/affective processes to
understand risk [14] and that helping people experience that
risk may help them better learn about it [15].

By contrast, studiesin other domains, notably health, have often
found that fear and worry can undermine individuals' resolve
to act, unless they see opportunities for effective action [16].
Anillustrative early study by Leventhal et al found that arousing
concern about tetanus increased more favorable attitudes and
intentions to get a vaccination, but people rarely followed
through and actually received one [17]. However, when the
researchers augmented their fear appeal with a specific plan, a
map with instructions on how to get to the clinic, they found
people actually followed through on their intent to get
vaccinated. Indeed, the most effective fear appeals are those
coupled with high-efficacy messages showing effective
measuresthat people can take to reducetheir risk [18]. Oneway
to help people make the connection between their activitiesand
lifestyle choices, subsequent changes in PM, 5 concentration
levels, and ways they can mitigate their risk is through the
introduction of indoor air quality monitors.

Per sonal Sensor Technologiesfor Indoor Air Pollution

There are a growing number of personal sensor technologies,
including those that detect ambient PM, 5 levels, available in
the market [19]. A few of these technologies are portable,
allowing peopleto place the monitor in different placesin their
home and conduct a variety of activities such as cooking and
vacuuming to see how their indoor air quality is affected by
reading directly off the monitor. Some also offer a companion
mobile phone app, which may provide continuousrea -time and
historical PM, 5 information. Other sensors, such as the Speck
(Figure 1 [20]), developed at the Community Robotics,
Education and Technology Empowerment Lab at Carnegie
Méellon University, also have a Web-based platform where
people can track their PM, 5 levels over time and learn about
ways to reduce their exposure; these sensors also provide a
venue (blog post) for the user community to exchange
information.
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Figure 1. Image of the Speck monitor home screen displaying air quality reading.

Little research has been conducted to eval uate the effect of these
types of monitors on people’'s knowledge, attitudes, and
behaviors; however, one study investigating the use of air quality
visualizations over a 4-week period with 14 participants did
find changesin attitudes and an increase in prohealth behaviors
[21,22]. Research findings in the area of persona wearable
fitness devices on physical activities are mixed, with some
studiesfinding anincreasein activity [23,24] and othersfinding
no change [25]. Therefore, whether and how indoor air quality
monitors influence people's behavior to improve indoor ar
quality remains an empirical question.

Our research objective was to assess whether and how the use
of aSpeck sensor to monitor indoor air quality empowers people
to reduce their risk of exposure to indoor pollutants. To that
end, we conducted 2 studies. Our first exploratory study gathers
baseline information about what Pittsburgh residents, recruited
online or from their local library, generally know and do about
indoor air pollution; how confident they are that those actions
are effective; and how they would want to learn about it (eg,
are indoor air quality sensors appropriate?). Our second study
evaluates the effect of using a sensor to monitor indoor air
pollution on what people know and do about indoor air pollution
among those library patrons from our exploratory first study.
These patrons were invited to use the monitor for a period of
up to 3 weeks, with their views and behaviors being surveyed
after using the monitor. To better explicate our findings, we
also interviewed a select subset of those who checked out the
monitor from their public library.

Methods

Study 1: Baseline Views and Behavior s of the General
Public

Survey Protocol

After abrief introduction to the study, eligible participants (18
years or older, and living in Pittsburgh) took a 10- to 15-min
survey to assess their views and behaviors related to indoor air
pollution, and basic demographics.

Variables

Knowledge

Knowledge of air pollution was assessed by asking, “How much
do you know about ar quality?” where 1=none and
5=everything.

http://mhealth.jmir.org/2018/3/e48/
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Health

The seriousness of perceived health consequences was assessed
by asking, “Do you think air quality can cause or make worse
the following issues?’ Participants were encouraged to check
all of the potential issuesfrom alist of 8 items, which included
asthma and other respiratory illnesses, heart disease, diabetes,
lung cancer, stroke, epilepsy, alergic responses, and othersthey
think may apply. For our analyses, we summed the number of
perceived consequences where higher counts indicated greater
severity of perceived health consequences (range of 0-8).

Source

Perceived sources of indoor air pollution risks were assessed
by asking, “What do you think are some of the sources of
pollution inside your home?’ Participants were encouraged to
check all of the potential sourcesfrom alist of 11 items, which
included cooking, vacuuming, smoking, microwave oven, gas
heating, fireplace, open windows, insulation, pets, refrigerator,
or other. For our analyses, we summed the number of perceived
sources where a higher count indicates greater severity of
perceived risk (range of 0-11).

Mitigation

Perceptions about the number of possible avenues to mitigate
risk were assessed by asking, “What do you think are effective
ways to reduce your exposure to indoor air pollution?’
Participants were encouraged to check all effective ways from
a list of 10 items, which included installing a range hood,
opening windows, closing windows, installing an air purifier,
changing air filters, cleaning the house, smoking outside instead
of inside, installing an air quality monitor, cleaning air filters,
and others that they think may apply. For our analyses, we
summed the number of perceived mitigation strategies where
ahigher count indicates agreater number of perceived avenues
for reducing risk (range of 0-10).

Air Quality

Perceptions of indoor air quality was assessed by asking
participants, “On average, how would you rate the air quality
in your home?’ where 1=very poor and 5=very good.

Confidence

Confidencein knowing what to do to mitigate risk was assessed
by asking, “How confident are you that you will know what
actions to take if you learned that your indoor air quality was
poor?’ where 1=not at all confident and 5=extremely confident.
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Behavior

Behaviors related to improve indoor air quality was assessed
by asking participants, “In the past 3 months, have you made
any changes in your home to improve the air quality?’ where
1=yes, | have; 2=not yet, but | plan to; and 3=no, | have not and
do not plan to. For our analyses, we recoded affirmative
responses (“yes, | have or not yet, but | plan to”) as 1, and
unenthusiastic responses (“no, | have not and don't plant to”)
asO.

Empower ment

We used Rogers et al’s [26] empowerment scale that includes
five constructs: self-esteem and self-efficacy, power and
powerlessness, community activism and autonomy, optimism
and control over the future, and righteous anger. Participants
indicated their agreement level (1=strongly disagree and
5=strongly agree) on:

nine statements rel ated to self-esteem and self-efficacy (eg,
“1 generally accomplish what | set out to do”)

seven statements related to power and powerlessness (eg,
“1 feel powerless most of the time”)

six statementsrelated to community activism and autonomy
(eg, “People have aright to make their own decisions, even
if they are bad ones”)

four statements related to optimism and control over the
future (eg, “People are limited only by what they think is
possible”)

four statements related to righteous anger (eg, “Getting
angry about something is often the first step toward
changing it”)

We created an overall measure of empowerment by taking the
average of all 27 items (Cronbach al pha=.86).

Creativity

Previous research suggests creativity is inextricably linked to
learning and experimentation [27,28]. Hence, we wanted to be
able to control for creativity in our analyses to gain a more
accurate measure of the sensor’'s influence on learning,
perceptions, and actions. We used Kirton's short [29]
Adaptation-Innovation Inventory where people rated their
agreement (1=strongly disagree; 5=strongly agree) with
statements describing themselves, such as “When involved in
aproject, | forget that other people are involved and should be
consulted.” We created an overall measure of innovativeness
by taking the mean of al 9 items (Cronbach alpha=.60).

Recruitment

Participants from the Pittsburgh area were recruited using
Amazon's Mechanical Turk, a Web-based survey platform
[30-32], in spring and summer 2016. Participants (n=214) were
invited to take a Web-based survey on air quality and were
compensated US $1 for the 10- to 15-min survey. Participants
(n=62) were also recruited from the local branches of the
Carnegie Library of Pittsburgh that had Speck sensor indoor air
monitorsin their catalogs, made available courtesy of Carnegie
Mellon University’s Community Robotics, Education and
Technology Empowerment L ab. These participantswere entered
into a lottery for the chance to win 1 of 5 Speck sensors in
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exchange for their participation, and they completed the
presurvey at one of the computer stationslocated in the library.
At the time of recruitment, they were also informed of a
follow-up survey that they would be invited to take after
returning the Speck sensor (see study 2 for more details).

Participants

Participants reported being on average 36.2 years old (SD
12.26), with 55.6% (149/268) being female, 78.0% (206/264)
having at least a college degree, and 44.7% (118/264) with a
household income of US $51,000 or greater per year. Most
identified as Democrats (119/264, 45.1%), followed by
Independents (70/264, 26.5%), Republicans (46/264, 17.4%),
Other (14/264, 5.3%), or Prefer Not to Answer (15/264, 5.7%).
Most households had at |east one child under the age of 18 years
living at home (230/267, 86.1%), and of those, 9.0% (24/267)
had at | east one child under the age of 5 years. Most househol ds
also had at least one adult over the age of 65 years living at
home (212/264, 80.3%), suggesting that many householdswere
multigenerational. About 21.3% (56/263) of our participants
reported that they or someonein their household suffered from
a respiratory illness. Overal, the average long-term outdoor
PM,, 5 levels experienced by our participants were good (mean
10.48, median 9.97, SD 1.85). Of note, the Environmental
Protection Agency’sfederal long-term (annual average) standard

is 15 pg/m® and short-term (24-hour average) standard is 35
ug/me[33].

Data Analytic Plan

Statistical analyseswere conducted using Stataversion 14 (Stata
Corp, College Station, TX, USA). One-samplet testswere used
to assess whether self-reported knowledge, views on indoor air
quality, and confidence in ability to improve air quality was
different than average (midpoint test value of 3). Descriptive
statistics were used to characterize views on health impacts,
sources and mitigation options related to indoor air pollution,
aswell asfor viewson learning about indoor air quality. Logistic
regressions were used to assess the following: (1) the
consistency in people’s responses between sources of pollution
and mitigation options, (2) the degree to which perceived home
air quality and confidence in ability to improve poor quality
predicted mitigation behavior, and (3) the extent to which intent
to take action predicted interest in learning about air quality.
All analyses controlled for empowerment and creativity where

appropriate.
Study 2: Views and Behaviors After Using Sensor
Survey and | nterview Protocol

Survey

Participants checking out the sensor completed the first survey
following the same protocol described in study 1. Upon
returning the sensor to the library, participants were asked
whether they would like to take a 10- to 15-min follow-up
survey. They answered the same set of questionsasbefore, with
the addition of a few questions regarding their opinions. No
compensation was offered for the follow-up survey.
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Interview

Participants were asked about their views on indoor air pollution,
managing indoor air pollution and the Speck sensor, aswell as
basic demographic questions.

Variables

The variables for study 2 were exactly the same asfor study 1,
with Cronbach alpha for empowerment being .89 and for
creativity being .72.

Recruitment

Survey

Of the 62 participantswho checked out the sensor and completed
study 1, 26 agreed to participate in study 2 (attrition rate of
58.1%). Those who agreed to participate in study 2 did not
meaningfully differ from those who elected not to participate,
based on demographics, baseline knowledge, perceived home
air quality, and confidence in ability to mitigate risk. Please
refer to Multimedia Appendices 1 and 2 for more details.

Interview

Of the 62 participantswho checked out the sensor and completed
study 1, 4 agreed to be interviewed. The interviews lasted
approximately 1 hour, were audio-recorded, and were
transcribed for later analysis.

Participants

Participants reported being on average 44.5 yearsold (SD 12.6),
with 61% (14/23) being female, 87% (20/23) having at least a
college degree, and 57% (13/23) with a household income of
US $51,000 or greater per year. Most identified as Democrats
(1123, 48%), followed by Independents (9/23, 39%),
Republicans (1/23, 4%), or other (2/23, 9%). Many households
had at least one child under the age of 18 yearsliving at home
(9/22, 41%), and of those, all (9/9, 100%) had at |east one child
under the age of 5 years. Few households also had at least one
adult over the age of 65 yearsliving at home (1/23, 4%). About
17% (4/23) of our participants reported that they or someone
in their household suffered from a respiratory illness. Overall,
the average long-term outdoor PM, 5 level s experienced by our

participants were good (mean 10.56, median 10.36, SD 1.17).

Data Analytic Plan

One-sampl et testswere used to assess whether participants saw
the sensors as easy-to-use, accurate, or helpful for themtolearn
and if they would recommend or had recommended it to others.
Paired-sample t tests were conducted to assess the impact of
the sensor on self-reported air quality knowledge, perception
of indoor air quality and confidence in ability to improve air
quality, understanding of health impacts and sources of
pollution, and knowledge of possible mitigation solutions.
McNemar test was conducted to assess whether using the sensor
resulted in people reporting having taken or intending to take
mitigation measures to reduce risk, with a follow-up logistic
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regression to assess the association between, before, and after
sensor mitigation behavior. Interview transcripts were coded
for understanding of indoor air pollution, aswell as beliefsand
behaviors before and after using the sensor. Illustrative quotes
and themes, including the percentage of the participants
interviewed who mentioned them, are presented in the Results
section. All analyses controlled for empowerment and creativity
where appropriate.

Results

Study 1: Baseline Views and Behavior s of the General
Public

What Do People Know and Do About I ndoor Air
Pollution?

In general, Pittsburgh residents reported knowing less than the
average citizen (mean 2.62, SD 0.75) about indoor air quality
(t75=—8.35, P <.001) (Table 1). Residents reported a median
of 4 health consequencesarising from indoor air pollution, with
the most cited being asthma, alergic responses, lung cancer,
and heart disease (Table 2). They also reported a median of 4
main sources contributing to indoor pollution, including pets,
cooking, open windows, and gas heating. Residents saw a
median of 6 actions as being most effective at reducing
pollution, such as installing an air purifier, changing the air
filter, cleaning the air filter, cleaning the house, and installing
an air quality monitor. Logistic regressions found high internal
consistency in reported sources and actionsto mitigate risk. For
example, those who reported that open windows contribute to
air pollution were 8 timesmore likely to report closing windows
mitigate risks (odds ratio [OR] 8.03, P<.001) and significantly
less likely to report opening windows mitigate risks (OR 0.34,
P<.001). However, there was one exception. Those who reported
that vacuuming contributes to air pollution were 2 times more
likely to report that cleaning is away to reduce exposure (OR
2.12, P=.02). See Multimedia Appendices 3-5 for more details
oninterna consistency.

On balance, most people thought that their indoor air quality is
relatively good (mean 3.31, SD 0.72, t,73=18.69, P<.001) and
were ambivalent about their confidence in knowing what to do
should they learntheir air quality was bad (mean 2.42, SD 0.96,
t,75=—1.44, P=.16) (Table 1). Despite this, most people reported
that they had (56/276, 20.3%) or were intending to (122/276,
44.2%) take action to improve their indoor air quality. Moreove,
alogistic regression found that those reporting better indoor air
quality were significantly less likely to report having taken or
intending to take future action (OR 0.65, P=.03), whereasthose
expressing greater confidence they would know how to mitigate
being significantly morelikely to have or tointend to take action
(OR 1.69, P<.001). Whether those individuals actually have
good air quality and if the actions taken effectively reduce the
risk is unknown.
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Table 1. One-samplet tests of knowledge, air quality, and confidence (midpoint of 3).

Variables Mean (SD) N t statistic (degrees of freedom) P value
K nowledge 2.62(0.75) 274 -8.35(273) <.001
Air quality 3.31(0.72) 274 7.15 (273) <.001
Confidence 2.42 (0.96) 276 -10.1 (275) <.001

Table 2. Percent of participants indicating possible health consequences, sources, and mitigation solutions related to indoor air pollution among the

general public.

Survey prompts relating to indoor air quality knowledge Participants who agreed, n (%)

Consequences
Asthma 271 (100.0)
Allergic responses 263 (97.0)
Lung cancer 246 (90.8)
Heart disease 130 (48.0)
Stroke 68 (25.1)
Epilepsy 45 (16.6)
Diabetes 24(8.9)
Other 19 (7.0)

Sources
Pets 163 (60.1)
Cooking 160 (59.0)
Open windows 147 (54.2)
Gas heating 140 (51.7)
Vacuuming 127 (46.9)
Insulation 111 (41.0)
Fireplace 73(26.9)
Refrigerator 67 (24.7)
Smoking 66 (24.4)
Microwave oven 48 (17.7)
Other 39 (14.4)

Mitigation
Installing air purifier 239 (88.2)
Changing air filter 238 (87.8)
Cleaning air filter 231(85.2)
Cleaning the house 217 (80.1)
Installing air quality monitor 201 (74.2)
Smoking outside instead of inside 151 (57.9)
Installing range hood 131 (48.3)
Opening windows 120 (44.3)
Closing windows 75(27.7)
Other 14(5.2)
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Do People Want to Know More About I ndoor Air
Pollution?

Among those who are not already interested (checked the sensor
out of thelibrary), most people report wanting to know whether
their indoor air quality is good or bad (146/195, 74.9%), with
those claiming that they would indeed take action being those
expressing the most interest in knowing about it (beta=.76,
P<.001). These residents overwhelmingly preferred to learn
about their indoor air quality through the use of an indoor
monitor (152/195, 77.9%), followed by alocal expert (101/195,
51.7%), social media (84/195, 43.1%), friends/family (67/195,
34.5%), flyers (60/195, 30.8%), community meetings (45/195,
23.1%), librarian (17/195, 8.7%), or other ways (15/195, 7.7%).
People were even willing to pay for such adevice, although at
a price point (mean US $63.59, SD US $44.17) much lower
than currently available monitors, which typicaly start at US
$135[34]. Residentswere a sointerested in renting out a Speck
monitor for free for a short period of time, with the two most
convenient locations being work (119/195, 61.0%) and the
public library (105/195, 53.8%).

Study 2: Views and Behavior s After Using Sensor

How Do People View the Sensor?

On balance, interviewed participants reported being interested
in using the sensor because of health concerns (4/4, 100%),
curiosity (3/4, 75%), and itsfree availability at the library (1/4,
25%). In general, survey participants viewed the sensor quite
favorably. Participants thought that the sensor was more easy
to use (mean 4.24, SD 0.97, t,,=6.39, P<.001) and accurate than
average (mean 4.21, SD 0.72, t,5=8.21, P<.001) (Table 3). They
also reported that they felt like they learned from using the
sensor (mean 4.12, SD 1.01, t,,=5.53, P<.001) and would
recommend or had recommended the sensor to others (mean
3.80, SD 1.15, t,,=3.46, P=.01).

Does Using a Sensor Change What People Know and
Do About Indoor Air Pollution?

A paired t test found that participants reported being more
knowledgeabl e about indoor air pollution after using the sensor
than they were before, (after: mean 2.77, SD 0.71; before: mean
2.38, SD 0.75; t,s=—2.61, P=.02) (Table 4). Participants (3/4,
75%) we interviewed described having “aha moment[s]”
(Participant K) when using the sensor where they felt like they
learned something new about sources of indoor pollution:

...like, running the vacuum and cooking, and you
know, things like that. [Participant G]

After using the sensor, participants attributed indoor air pollution
tobiological (3/4, 75%), chemical (3/4, 75%), combustion (4/4,
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100%), and dust/dander (3/4, 75%) sources and saw it as being
much worsein the spring/summer (1/4, 25%) than at other times
of the year.

Although we did not observe asignificant differencein reported
action, our findings suggest atrend toward taking or intending
to take action to reduceindoor air pollution after using the sensor
(McNemar x2,=2.7 P=.10) (Figure 2). We also found thosewho
reported having taken or intending to take action to mitigate
their risk were significantly more likely to do so in the future
(OR 17.6, P=.02). Indeed people reported that they had
significantly better indoor air quality after using the sensor than
before (after: mean 3.65, SD 0.75; before: mean 2.96, SD 0.77,
t,5=—5.20, P<.001), possibly as a result of what they did in
response to what they learned. Participants we interviewed
reported experimenting with the sensor (4/4, 100%), saying that
they:

...moved [the sensor] around and tested various

behaviors to see if it had any impact [on

PMreadings] . [Participant J]
It was through this experimentation that participants discovered
the impact of cooking (4/4, 100%), movement (2/4, 50%), and
vacuuming (3/4, 75%) on indoor air pollution. They also used
the sensor to monitor particulate levels in spaces such as their
child’s room (Participant G) (3/4, 75%), where vulnerable
people spend alot of time, to make surethat air quality remained
good.

We found that people felt more confident about knowing what
to do to mitigate their risk after using the sensor (after: mean
2.62, SD 0.94; before: mean 2.31, SD 1.01; t,5=—1.87, P=.07).

We observed no difference in mean number of reported sources
of indoor air pollution and ways to mitigate risk. However,
participants weinterviewed reported taking new measures they
had not tried before to reduce their exposure to indoor air
pollution. These included improved pet care and maintenance
(1/4, 25%) to reduce dander, anew furnace (1/4, 25%), cleaning
more frequently and thoroughly (1/4, 25%), opening windows
when cooking (1/4, 25%), and running ventilation systemswhen
necessary (3/4, 75%). Our participants also expressed more
concern about the consequences of indoor air pollution after
using the sensor than before (after: mean 4.64, SD 1.66; before:
mean 3.88, SD 1.56; t,,=—2.10, P=.05) and seemed especially
concerned about alergic responses, lung cancer, heart disease,
and stroke (Table 5) with people wondering:

| have asthma...how can | improve my own air quality
to avoid having an asthma attack? [Participant K]
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Table 3. One-samplet tests of views of the sensor (midpoint of 3).

Wong-Parodi et al

Variables Mean (SD) N t statistic (degrees of freedom) P value
Easy 4.24(0.97) 25 6.39 (24) <.001
Accurate 4.21(0.72) 24 8.21(23) <.001
Learn 4.12(1.01) 25 5.53 (24) <.001
Mitigation 3.2(1.15) 25 87 (24) 40
Recommendation 3.8(1.15) 25 3.46 (24) .01
Table 4. Paired-samplet tests of knowledge, air quality, and confidence.

Variables Before, mean (SD) After, mean (SD) N t statistic (degrees of freedom) P value
K nowledge 2.38(0.75) 2.77 (0.71) 26 -2.61(25) .02
Air quality 2.96 (0.77) 3.65 (0.75) 26 -5.2(25) <.001
Confidence 2.31(1.01) 2.62(0.94) 26 -1.87 (25) .07

Figure 2. Reported or intended mitigation action after using the sensor for those who did not take or intend to take previous action before using the

sensor (no at baseline) and those who did (yes at baseline).

10

frequency

no yes
no at baseline

However, not everyone made a change since they found they
did not redly need to do anything because their indoor air
quality was not bad. As aresult, they would not adopt any new
measures (2/4, 50%) and moreover, one participant said:

| had no idea what | would do if it said it was bad
[laughs]. [Participant L]
Participants also mentioned a number of barriers to reducing
exposure, should the air quality be bad, such as lack of
equipment (2/4, 50%), nearby polluters they have no control
over (2/4, 50%), and pollution naturally being worse at certain
times of year (2/4, 50%). For example:

We don't have central air...if it’s hot, we need to have
the window open. [Participant L]

The sensor was aso used outside of the home to help
participants|earn about their indoor air pollutionin other settings
(2/4, 25%):

| took it into work so it’s there. [Participant G]
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Indeed, one participant was able to use the output from the
sensor to pressure building ownersto make changesto improve
the indoor air quality at work:

The office is right beside a nail salon and they were
getting some really powerful smells and so they're
getting on the landlord about “ something's got to
give, you know?” My folks can’t suffer like that, so |
mean one of the things I’ ve been—to be honest with
you—one of the bargaining chips was, “ well, listen
we're bringing thisair monitor up so you' d better get
your shit together...,” so they did, and we took the
readings up there and they were generally pretty
good. [Participant G]
Not only did participants bring the sensor to places outside of
the home, they also talked to other people about the sensor,
encouraging them to use it (3/4, 75%):
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| did tell my parentswho live near methat they should
check it out and see what their quality looks like.
[Participant K]
They aso showed other people how to use it (1/4, 25%) and
shared what they had learned about air pollution with others
(1/4, 25%):

Wong-Parodi et al

Some of the things we have learned just by seeing
them...[1] would like to try to pass it on. [Participant
G]

Table 5. Percent of participants indicating possible health consequences, sources, and mitigation solutions related to indoor air pollution among the

SeNsor users.

Survey prompts relating to indoor air quality knowledge

Participants who agreed, n (%)

Allergic responses
Lung cancer
Heart disease
Stroke
Epilepsy
Diabetes
Other
Asthma

Sources
Cooking
Vacuuming
Open windows
Pets
Gas heating
Refrigerator
Microwave oven
Other
Smoking
Insulation
Fireplace

Mitigation
Cleaning the house
Changing air filter
Installing air purifier
Cleaning air filter
Installing range hood
Installing air quality monitor
Opening windows
Smoking outside instead of inside
Closing windows

Other

26 (100)
25 (96)
17 (65)
10 (39)
8(31)

4 (15)

4 (15)
1(4)

21 (81)
18 (69)
15 (58)
14 (54)
14 (54)
5(19)
5(19)
5(19)
4 (15)
3(12)
2(9)

24.(92)
23(89)
22 (85)
20(77)
18 (69)
13 (50)
12 (44)
11 (42)
8(31)
2(8)

Discussion

Principal Findings
In general, most peopl e see themsel ves as knowl edgeabl e about
indoor air pollution, the sources of the pollution, and ways to
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mitigate their risk should they learn that their indoor air quality
ispoor. Although people report that they believethey havefairly
good indoor air quality, they are not completely certain and are
generally open tolearning about it through the use of aportable
indoor air quality monitor. People are willing to pay for such a
monitor providing them with information about indoor air
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quality; however, the amount they are willing to spend is
considerably less than that of those currently available.
Therefore, making these monitors freely available to the public
at a place that is convenient for them, such as at their local
public library, is away to help people access needed tools for
informed decision making about indoor air quality.

We found that after using the sensor people reported higher
levels of knowledge about indoor air pollution, confidence in
their ability to improve indoor air, and improved indoor air
quality (possibly as a result of taking mitigation actions).
Moreover, we found a significant increase in the number of
perceived health impacts after using the sensor, suggesting
enhanced perceptions of risk. We also found a positive trend in
action-taking among those who already took action before using
the sensor and those who did not take action (and did not intend
to do so in the future), suggesting the potential for this type of
personalized risk information as an important motivating factor
in prohealth behavior change.

Our findings al so suggest that using the sensor was an interactive
experience, where participants learned about the link between
what they do in their home and what their exposure levels are.
Thereis evidence that this type of experiential learning may be
amore powerful way of hel ping people master new information
and suggests a way to enhance motivation to make positive
behavior changes[14,15]. These changes seemingly may have
both a direct (people making changes in their own homes) and
an indirect impact (people talking to others about it or making
changes at their place of work [35,36]) on exposure levels,
suggesting the potential for a positive ripple effect from using
such a personalized device. Research looking at these direct
and indirect impacts could be instructive to learn about the true
potential and limitations of such monitors on reducing exposure
to indoor air pollutants.

Limitations

Although our study has very strong external validity, it is not
without itslimitations. First, we did not recruit arepresentative
sample of Pittsburgh residents to participate in either study 1
or study 2, and therefore we cannot generalize our findings.
However, we were mostly interested in evaluating those
individuals most likely to use an indoor air quality monitor
when made freely available. Future studies could be conducted
to more rigorously evaluate the effect of using such monitors
through a randomized controlled trial, allowing for more
generalizable findings and a more thorough examination of
underlying predictive factors.

Second, we were not able to collect actual exposure data since
it was logistically difficult to offload data in real time from
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every single Speck checked out from a library branch and
because of data privacy concerns. However, in this study we
werelessinterested in actual exposurelevel and moreinterested
in how the information induced changes in perceptions and
self-reported behavior. A future study could look at actual PM, 5
levels along with knowledge and behaviors as predictors or
covariates to better understand the relationship between these
factors and outcomes.

Third, we did not ask our participants in study 2 what actions
they took to improve their indoor air quality, nor did we ask
them or evaluate which features of the sensor they found to be
most persuasivein pursuing the given actions. Dueto the design
of our study, responses would likely have been subject to recall
bias; thus, we did not pursue these lines of questions. However,
a future study could ask participants to keep a running log of
their activities and changes in behavior (with rationale) related
to engagement with the sensor.

Fourth, given our design, we do not know whether learning one
time from using the sensor is enough to influence actions over
thelong term. A futurelongitudinal study could help determine
whether this type of short-term learning can lead to long-term
impacts.

Finally, only asmall subset of individuals who checked out the
sensor from thelibrary agreed to participatein aphoneinterview
for our study. One possible reason is that email-based
recruitment from a smal sample for a time-consuming
activity—with interviews lasting approximately 1 hour in
length—is challenging and usually does not yield large numbers.
Nonetheless, the researchers believe that the information
gathered from the interviews that were conducted does yield
insightsinto peopl€'s perceptions and behaviors. Future studies
should collect thisvaluable qualitative datathat allow for deeper
understanding of people’s views and actions.

Conclusions

There is much to be hopeful about in these findings. Providing
peoplewith low- or no-cost portableindoor air quality monitors
with a supporting Web-based platform that offers information
about how to reduce risk can help people better express
perceptions and adopt behaviors commensurate with the risks
they face. Moreover, there appear to be other benefits from
engaging in information about indoor air pollution through this
experiential means, such astalking to others about the potential
risks they may face and using the technology to make positive
changes in indoor spaces other than the home. The emerging
picture is that thoughtfully and well-designed personal sensor
technologies can empower people to take control of the risks
that they face and affect positive outcomes in their lives.
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Abstract

Background: Asthmaisahighly prevalent, chronic disease with significant morbidity, cost, and disparities in health outcomes.
While adherence to asthma treatment guidelines can improve symptoms and decrease exacerbations, most patients receive care
that is not guideline-based. New approaches that incorporate shared decision-making (SDM) and health information technology
(IT) are needed to positively impact asthma management. Despite the promise of health IT to improve efficiency and outcomes
in health care, new IT solutions frequently suffer from a lack of widespread adoption and do not achieve desired results, as a
consequence of not involving end-usersin design.

Objective: To describeacase study of apediatric asthmaSDM health I T solution’s devel opment and demonstrate amethodol ogy
for engaging actual patients and familiesin IT development. Perspectives are shared from the vantage point of the research team
and a parent of a child with asthma, who participated on the development team.

Methods: We adapted user-centric design principles to engage actual users across three main development phases: project
initiation, ideation, and usability testing. To facilitate the necessary level of user engagement, our approach included: (1) a
Development Workgroup consisting of patients, caregivers, and providers who met regularly with the research team; and (2)
“real-world users’ consisting of patients, caregivers, and providersrecruited from avariety of carelocations, including saf ety-net
clinics.

Results: Using this methodology, we successful partnered with asthma patients and families to create an interactive, digital
solution called Carolinas Asthma Coach. Carolinas Asthma Coach incorporates SDM principles to €elicit patient information,
including goals and preferences, and provides health-literate, tailored education with specific guideline-based recommendations
for patients and their providers. Of the patients, caregivers, and providers surveyed, 100% (n=60) said they would recommend
Carolinas Asthma Coach to afriend or colleague. Qualitative feedback from users provided support for the usability and engaging
nature of the app.

Conclusions: This project demonstrates the feasibility and benefits of deploying user-centric design methods that engage real
patients and caregivers throughout the health IT design process.

(JMIR Mhealth Uhealth 2018;6(3):e68) doi:10.2196/mhealth.8849
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Introduction

Asthmais a highly prevalent, chronic disease with significant
morbidity, cost, and disparities in outcomes [1-5]. Despite the
availability of effective treatment options, many patients with
asthma lack adequate symptom control and almost 50% have
symptoms more than once per week [6,7]. Improving patient
engagement, self-management, and provider adherence to
guideline-based therapy may help improve asthma symptoms
[8-10]. One modality associated with improved patient
engagement and asthma outcomes is shared decision-making
(SDM), whichisaprocesswhereby patientsand clinicianswork
together to incorporate evidence, preferences, and values into
treatment decisions. Widespread adoption of SDM into practices
is challenged by staffing shortages (eg, limited personnel who
can assume a health coaching role), staff turnover, and provider
time constraintsin volume-based reimbursement models[11-13].
These challenges of integrating SDM into everyday practice,
as well as personalizing complex asthma guidelines, can both
be addressed by leveraging health information technology (1T)
applications [14].

A hedlth IT app that enables SDM for pediatric asthma must
uniquely deliver an experience that is useful to all end-users:
caregivers, patients, and providers. Furthermore, to ensure that
an app addresses asthma disparities, it must be designed to be
accessible and understandabl e by populationswho have limited
health literacy [ 15,16]. Unfortunately, health I T apps frequently
do not achieve desired results as a consequence of inadequately
involving thisfull spectrum of end-usersin their designs[16-18].
This absence of end-user involvement is particularly prevalent
for those patients with additional barriers to accessing quality
medical care, such as the underserved and chronicaly ill;
however, these groups may stand to gain the most from health
improvements offered by emerging health IT solutions [19].
Indeed, for health I T to be successful, end-user alignment must
begin at project inception by first understanding who the users
are, then asking them what they want and need, followed by
ongoing testing of a solution’s usability and responsiveness to
addressing identified needs [20-22].

While there is growing recognition of the need for thislevel of
user engagement in design, there are limited studies
demonstrating methods of how to achieve this in health care
settings. Moreover, despite the opportunity for health I T to alter
thetrajectory of health disparities, thereisa paucity of research
on understanding best practices for engaging underserved
patients in the design and implementation of heath IT
interventions [23].

Aswe set out to create adigital app for pediatric asthma SDM,
we aimed to develop a design process that truly engaged the
diverse cast of usersinvolved in caring for a pediatric asthma
patient. Theinteractivedigital solution, called Carolinas Asthma
Coach, incorporates SDM principlesto elicit patient information
(including goals and preferences) and provides health-literate,
tallored education with  specific  guideline-based

http://mheal th.jmir.org/2018/3/e68/

recommendations for patients and their providers. Here we
describe the approach used to engage pediatric patients, their
caregivers, and their providers, while providing additional
perspectives from Beth, a parent who participated on the
development team.

Methods

User-Centric Design Approach

We created a process that partnered researchers, IT experts,
patients, caregivers, and providers to develop patient- and
provider-centered health 1T solutions. This approach
incorporates user-centric design principles to collaborate with
end-usersthroughout ahealth I T project’sideation, design, pilot
testing, implementation, and evaluation phases (Figure 1). To
facilitate this level of engagement and ensure broad
representation, we created a Devel opment Workgroup that met
regularly with the research team and consisted of seven
representative patients, caregivers, and providers who were
involved in pediatric asthma care (and who were recruited
through existing contacts with the research team). Whenever
substantive changes were made to the solution, the research
team solicited feedback and approval from this Devel opment
Workgroup. Further testing was then performed with “ real-world
users’ consisting of pediatric asthmapatientsaged 7to 17 years,
their caregivers, and their providers, who were recruited from
the health care system'’s primary care clinics, the Children’s
Emergency Department, and a Children’s Hospital located in
Charlotte, North Carolina. A research coordinator located in
these various clinical settings used convenience sampling to
recruit pediatric patients and their caregivers as they presented
for visits related to asthma. To ensure that we adequately
addressed health literacy, technical literacy, and social contexts,
we intentionally performed preliminary testing work within
safety-net clinics.

When developing the Carolinas Asthma Coach, our approach
to user-centric design included three phases: I nitiation, |deation,
and Usability. First, in the Initiation Phase, we gathered
information to help understand potential users needs and
barriersusing: (1) key informant interviews with providers and
caregivers selected by convenience sampling, and (2) reviewed
focus group results from previous asthma research conducted
in local clinics [24]. This phase was followed by the Ideation
Phase, in which we engaged the Devel opment Workgroup to
conceptualize avirtual tool and possible workflows for asthma
SDM [25]. Findly, the project entered the Usability Phase, in
which we conducted real-world user testing. To alow for
iterative development, we solicited this real-world feedback at
three distinct time points. First, at the paper prototype stage of
the solution, we vetted the script content for tone and meaning
with a hedlth literacy consultant, patients, caregivers, and
providers. With each iteration, we revised the scripting based
on feedback. Second, in the preliminary production stage, we
solicited feedback on dll critical segments, which included rough
cuts combining scripts, illustrations, and animations.
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Figure 1. User-centric design process to engage the Development Workgroup and real-world end-users.
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Figure 2. Process diagram for use of Carolinas Asthma Coach in a Primary Care Provider (PCP) visit setting.
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Third, with the fully-produced version of the product, we
conducted quality assurance testing, while soliciting feedback
on both the overall experience and the solutions' summary
pages. Furthermore, at this stage we observed patients and
caregivers as they interacted with the Asthma Coach prior to
an asthma visit with a primary care provider. Following the
visit, we conducted in-depth interviews regarding the experience
and asked structured questions about satisfaction and likelihood
of recommending the intervention.

I ntervention Description

Carolinas Asthma Coach is an interactive health 1T-enabled
solution designed to facilitate SDM, encourage
self-management, and drive standardized, evidence-based care.
The Asthma Coach is a Web-based app built on a platform that
incorporates branching technology to navigate through the
HTML5 multi-media experience, which emulates the key
humanistic components of in-person health coaching (see
Multimedia Appendix 1 for additional information and
screenshots). The app incorporates elements of SDM by using
a conversational style to: (1) dicit patient information
(symptoms, perception of asthmaseverity or control, medication
adherence, triggers, and goals); (2) provide tailored education
(asthma background basics, inhaler technique, trigger
avoidance); and (3) incorporate motivational interviewing
techniques. Additionally, clinical decision support is woven
into the conversation through background analytics and logic
that allow the Asthma Coach to determine asthma disease
severity or control and recommend treatment options, which
areindividualy filtered from up-to-date evidence. Designed to
be completed prior to an asthma-specific provider visit, the
Asthma Coach sets the stage for SDM, where patients and
caregivers are better informed, resulting in a more meaningful
and efficient visit with their providers (Figure 2).

Results

Reflection From a Workgroup Participant

The following is a reflection from a parent, Beth, who was a
participant in the devel opment workgroup:

I am a busy working mother of four children ages
7-23, three of whom have asthma. Thethreethat have
asthma are not at all the same. Each child is
developmentally different; they are on different
medicines, and the things that trigger their asthma
areunique. It isdifficult to keep all their medications
straight and monitor their asthma, but I know each
of them, and | know what workswell, at least most of
the time. | worry about each of them as any mother
worries. Asthey grow and devel op, my hope and goal
is for them to be able to manage their asthma
independently, asthey are able. How do | teach them
to be advocates for their health? | feel that | can
recognize a good pediatrician when he or she walks
into the exam room. A good pediatrician talks with
my child and me and does not talk at us. When
pediatricians ask our opinions, our beliefs, our
concerns, and our goals, | know they are going to
work with me. | believe that this shared team

http://mheal th.jmir.org/2018/3/e68/
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approach iscritical to deciding on the best treatment
plan. When | was approached about working on
Carolinas Asthma Coach, | was excited about the
opportunity to partner and help create a tool that
might benefit all children with asthma and will assist
parents to become active partnersin our children’'s
care.

As a parent stakeholder in the design of Carolinas
Asthma Coach, | met with the research team often to
give my opinions on content, flow, and the approach
of the app. | wasnot only listened to, but my feedback
was also incorporated into future iterations of the
Asthma Coach. My 16-year-old daughter was asked
to test the app. She had been self-sufficient in taking
her medication and independently monitoring her
asthma. As| watched her answer the questions, | was
startled by some of her responses. | thought her
asthma was doing well, but as it turns out she had
actually been struggling... unable to sleep well or
participate fully on her swimteam! Her asthma was
not well controlled, as | had assumed! Carolinas
Asthma Coach'’s results prompted me to make an
appointment with the doctor. She shared with her
doctor her challenges and her goal of doing better
on the team. We decided together to change her
medication. Thisimproved her control and ultimately
her endurance on the swim team.

Example Feedback From Real-World End-Usersin
the Usability Phase

In the preliminary production stage, examples of user feedback
on animationsincluded: (1) the animation of the airways during
an exacerbation did not convey the intended depiction of
inflammation; (2) animations of children should be doing
physical activity, rather than using electronics; (3) an initial
theme of mountain climbing did not resonate well with children,
who instead suggested a sports theme; and (4) an animated
character demonstrating an exacerbation appeared to be in too
much distress, invoking afeeling of fear in the user. With each
of these exampl es, improvements were made based on feedback
and then tested again with users and the Development
Workgroup.

An example of user feedback and resultant changes during the
piloting of the fully-produced version of the Carolinas Asthma
Coach was that both providers and caregivers reflected that the
summary pages were too long and critical information needed
more emphasis. Based on this feedback, the summary content
was shortened to a concise single page and yellow highlighting
was added for critical elements.

When patients, caregivers, and providers were surveyed while
testing the fully-produced version, 100% (n=60) said they would
recommend Carolinas Asthma Coach to afriend or colleague.
Additional comments from patients, caregivers, and providers
about their experiences using Carolinas Asthma Coach in the
clinic prior to an asthma visit included:
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| didn’'t understand what asthma was before... this
(Carolinas Asthma Coach) made it easy to
understand. [Parent]

| need to get a spacer because the Asthma Coach said
it was important. [Parent]

It (Carolinas Asthma Coach) is friendly and funny.
[Pediatric patient]

It helped meto know what questionsto ask the doctor.
[Pediatric patient]

When we can do this (implement the standardization
and efficiency of Carolinas Asthma Coach) it isgoing
to be really big for asthma care. [Provider]

Discussion

Prinicipal Findings

By leveraging the combination of a Development Workgroup
and frequent usability testing in real-world clinics, we
successfully engaged end-users in the development of a health
I'T app for pediatric asthma SDM. The approach presented here
offers an example of how to incorporate user-centric design
methods with an intentional focus on inclusion of vulnerable
populations. Regardless of the approach used, these results
highlight that it iscritical to specifically engage with and address
the needs of patients, caregivers, and providers throughout the
health IT design process.

While our approach to end-user engagement helped to ensure
that we produced auseful product, it was not without challenges.
Perhapsthe biggest challenge wasthat thislevel of engagement
and iteration slowed our development down by approximately
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six months. Efficiency might be improved if more resources
were applied to the project; for example, to allow simultaneous
patient recruitment at multiple sites.

Second, recruitment of patients and caregiverswithin real-world
clinic settings proved difficult. Issues included: the time
commitment involved in usability testing for participants, not
disrupting workflows in busy clinical environments, space
limitations for testing, and patients who were prescreened but
did not show up for appointments. Despite these challenges,
the pay-off in terms of the improved usability from this level
of engagement waswell worth the additional effort and expense.

Thefollowing isBeth'sthoughts on her role in the devel opment
of Carolinas Asthma Coach:

As health care evolves, health IT solutions can help
patients and doctors better connect. My role in the
development of Carolinas Asthma Coach, | think,
helpsto demonstrate how these tool s can bethat much
more helpful, when a parent and patient have a hand
in creating the solution they will use. My
recommendation for health IT is to ensure that the
voice of the user isincluded every step of the way.

Conclusion

This project demonstrates the feasibility and benefits of
deploying user-centric design methodsthat engage real patients
and caregivers throughout the health IT design process.
Furthermore, Carolinas Asthma Coach provides an example of
how this approach can produce a sol ution that is acceptable and
useful for patients, caregivers, and providers.
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Abstract

Background: Prohibiting falls and fall-related injuriesis amajor challenge for health care systems worldwide, as a substantial
proportion of falls occur in older adults who are previously known to be either frail or at high risk for falls. Hence, preventive
measures are needed to educate and minimize the risk for falls rather than just minimize older adults’ fall risk. Health apps have
the potential to address this problem, as they enable users to self-assess their individual fall risk.

Objective: The objective of this study was to identify product features of afall prevention smartphone app, which increase or
decrease users satisfaction. In addition, willingnessto pay (WTP) was assessed to explore how much revenue such an app could
generate.

Methods: A total of 96 participants completed an open self-sel ected Web-based survey. Participants answered various questions
regarding health status, subjective and objective fall risk, and technical readiness. Seventeen predefined product features of afall
prevention smartphone app were evaluated twice: first, according to afunctional (product feature isimplemented in the app), and
subsequently by a dysfunctional (product feature is not implemented in the app) question. On the basis of the combination of
answers from these 2 questions, the product feature was assigned to a certain category (must-be, attractive, one-dimensional,
indifferent, or questionable product feature). Thismethod iswidely used in user-oriented product development and captures users
expectations of a product and how their satisfaction isinfluenced by the availability of individual product features.

Results: Five product featureswereidentified to increase users' acceptance, including (1) achecklist of typical tripping hazards,
(2) an emergency guideline in case of afall, (3) description of exercises and integrated workout plans that decrease the risk of
falling, (4) inclusion of a continuous workout program, and (5) cost coverage by health insurer. Participants’ WTP was assessed
after al 17 product features were rated and revealed a median monthly payment WTP rate of €5.00 (interquartile range 10.00).

Conclusions: Theresults show various motivating product featuresthat should be incorporated into afall prevention smartphone
app. Results reveal aspects that fall prevention and intervention designers should keep in mind to encourage individuals to start
joining their program and facilitate long-term user engagement, resulting in a greater interest in fall risk prevention.

(JMIR Mhealth Uhealth 2018;6(3):675) doi:10.2196/mheslth.9467
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Introduction

Background

Falsand fall-related injuries pose amajor threat to ol der adults
health and are associated with increased morbidity and mortality
[21-3]. Indication from the literature [4,5] suggests that older
adults tend not to be sufficiently aware of their potential for
fals or their fall risk. In addition, the literature [6-9] suggests
that client outcomes vary with the type of treatment prescribed,
the equipment of the clinic, and the health professiona’s
abilities. Hence, preventive measures are important for fall
prevention and reduction of associated injuries over time.

One method isenabling ol der adultsto self-assesstheir possible
fal risk and thereby enable them to become aware of their
potential fall risk [4,10,11]. A promising attempt is to
incorporate health apps in this context, given that the use of
health appsis rising among older adults [12-18]. A health app
is an unobtrusive way to offer potential support in terms of
prevention activities [19-21]. The sensor technology built into
smartphonesis precise enough to alow extensive data collection
to record the user's state of health [14,22,23]. Different research
projects have aready addressed the topic of fall prevention
using varied approaches [14,24]. The FARSEEING project,
funded by the European Union (EU), developed a smartphone
app to measure users’ fal risk based on daily activities as it
incorporated an adapted version of the Timed-Up and Go test
[14,25]. Users of thisproduct were ableto get real-time feedback
regarding their individual fall risk. An intervention or decision
about treatment was not included in this app. The question on
how to decide about the right treatment was investigated by the
ProFouND project, also funded by the EU [26]. Within this
project, an app for health care professionals was devel oped,
which can help the decision process regarding a certain patient
[27]. A different approach was undertaken by the FallCheck
project at Coventry University [28]. They developed an app
that helps older adults identify typical tripping hazards within
their home [24]. The question on how to motivate and instruct
physical exercisesfor older adultsintheir homewasinvestigated
by the iStoppFalls project [29]. This project showed that a
continuous exercise plan could decrease older adults’ fall risk.
Within this project, older adults performed physical exercises
on their own. They wereinstructed and motivated by exergames
on atelevision. The correct performance of the exercises was
supervised using information and communication technology
such as activity tracker [29].

However, there has been no app that combines these approaches
into a single product. To design such afall app, it is necessary
to determine potential users expectations regarding such afall
prevention smartphone app.

Aim of This Study

This study investigates which product features potential users
expect of afall prevention app and how these features would
contributeto users’ satisfaction with such an app. A Web-based

http://mheal th.jmir.org/2018/3/e75/
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survey was performed questioning older adults who were not
participants in a prior fall prevention—related study conducted
by the authors [21,30].

Research Questions

In summary, the main research questions of this study were as
follows:

1. Which product features should a fall prevention app have,
to increase the likelihood of acceptance by the elderly and
consequently reduce the risk of fals in the elderly
population?

2. Which product featuresincrease or decrease use of such an
app?

This study aims to provide guidance on how to design a
user-friendly and acceptablefall prevention app for older adults.

Methods

Design

An open, self-selected, Web-based survey was designed to
investigate the research questions. The survey was designed in
German and provided for German-speaking Internet users. A
Web-based survey was used, given it is a suitable method to
reach individuals with particular characteristics or interestsin
ashort period without any limitations on physical space[31,32].

On the basis of research questions, the aim of this survey was
to collect data regarding expected product features of a fall
prevention app. Expectation was measured using the Kano
technique [33]. Thisis a preference classification technique to
identify user requirement and expectation during the early
product development stage [34]. Within the health care sector,
this technique is not awell studied and less used approach but
potentially a suitable one to design health care interventions
and services according to users' needs [35-37].

I nvestigated Product Features of a Fall Prevention App

For this study, features were identified based on literature of
former fall prevention projects and expert interviews. These
product features are related to 6 different topics, including
detection of a fall risk, decision making about a treatment or
intervention, comfort functions, advice and support functions,
physical exerciseadvice, and cost coverage by health insurance
companies (refer to Table 1).

Detection

Related to the topic detection, 2 product featureswereidentified
to be relevant: (1) the automatic detection of therisk of falling
through the app during general everyday activities and (2) the
detection during the execution of standardized tests. Both
product features have aready been implemented in the
“FARSEEING” project [14,25]. However, it remainsto be seen
whether potential users prefer continuous data collection in
everyday life, based on which a fal risk is determined or
whether they prefer to carry out explicit test procedures for
detection.
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Table 1. Investigated product features of afall prevention app. C: criteria.
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Topic Description
Detection
Cl The app recognizes your fall risk based on a standardized test.
Cc2 The app automatically detects your risk of falling if you carry your smartphone with you.

Decision making

C3 The app leaves the decision to treat your fall risk to your health care professional.
c4 The app itself decides about the treatment of your fall risk.
Comfort
C5 In addition to the risk of falling, other health data such as medication can be stored in the app.
C6 You can share the results of your fall evaluation with your health care professional or friends and family by email.
c7 The following treatment appointments can be stored in the app.

Advice and support

C8 The app contains a checklist of typical tripping hazards.

Cc9 The app contains a guideline on how to react in the case of afal for the falling person and the person who is helping.

Physical exercise

Thetraining integrated in the app can be adapted to your personal needs (scope of training, exercises, time expenditure, and so on).

C10 The app includes physical exercises to reduce your risk of faling.

C11 The app includes an ongoing workout program to reduce the risk of falling.

C12 The training integrated into the app is supervised by atherapist.

C13

Cl4 Within the integrated training, individual goals can be defined.

C15 New socia contacts can be made while using the app.

C16 The training within the app includes playful elements such as awards, rankings, and so on.

Cost coverage
C17

The costs of the app are covered by the health insurance company.

Decision Making

After the detection of acertain fall risk, the second question is
how to manage this risk and which interventions or treatments
could be applied [26,27]. Two potential product features were
included in the study: (1) a health professional decides on the
possibl e treatment measures based on data collected by the app
and (2) the app itself makes arecommendation for the treatment
of a possible fall risk. Here too, the question arose as to what
would be preferred by potential users.

Comfort

Several product features related to certain comfort of an app
were derived from literature. Product featuresinclude additional
data storage, sharing data, and setting reminder for medical
appointments. Mendiola et al identified these features to be
valuablefeatures of health apps[19]. Other health appsincluded
such functions to increase users' adherence to the app [38,39].

Advice and Support

Another question within this study was whether potential users
would appreciate achecklist of typical tripping hazards aswhat
the FallCHeck website offers [24]. Furthermore, the option of
an emergency guideline to guide users' actions after a fall
incident was included in this investigation [38].

http://mheal th.jmir.org/2018/3/e75/

Physical Exercise

Physical exercise is known to reduce a potential fall risk
[4,40-43]. Hence, the integration of physical exercises in the
fall prevention app seemed to be an important aspect. In this
context, 7 different product features were investigated. First,
including physical exercises itself was questioned. Second,
participants were asked whether they prefer a continuous
exercise plan or not. Third, participants were asked whether
they want to have a therapist to oversee their training such as
what the Otago program includes [42,43]. It was further
guestioned whether the trai ning should be adaptabl e to personal
needs as, for example, types of exercise or time spent on
training. Whether potential userswant to set individual training
goals was asked as fifth product feature. This was included as
a study by Schlomann et al implicates older adults to exceed
their abilitiesin physical training by missing individual training
goals and exercises [44]. Lastly, 2 product features, one
regarding making new social contacts and another regarding
gamification wereincluded in thisinvestigation as both features
wererecommended by Mendiolaet a to bevalued onesin health

apps[19].

Cost Coverage

The last product feature investigated was cost coverage by a
health insurance company. With this characteristic, it should
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be examined whether the general customary assumption of costs
by the health insurance company is desired or presupposed in
the case of afall prevention app [45].

Kano Technique

Each of the 17 predefined product features was eval uated twice:
first, according to afunctional (product feature isimplemented
inthe app), and subsequently by adysfunctional (product feature
isnot implemented in the app) question. Thistechniqueisbased
on the Kano model, widely used in the user-oriented product
development realm [35-37].

Both types of questionswere asked in succession. Five possible
answers were available for both questions:

« | would be very happy
+ | takethat for granted
« ldon'tcare

« | barely accept this

«  That would annoy me

Through the combination of answers of functional and
dysfunctional questions, the classification of a product feature
wasderived, asdefined earlier inthe section [29]. Thistechnique
differentiates 7 categories.

«  Must-be (M): These product features are taken for granted
when fulfilled but result in dissatisfaction if they are not
fulfilled.

+ Onedimensional (O): These product features result in
satisfaction when fulfilled and dissatisfaction when not
fulfilled. These are product featuresthat are spoken and the
ones in which companies compete.

« Attractive (A): These product features provide satisfaction
when achieved fully but do not cause dissatisfaction when
not fulfilled. These product features are not expected by a
normal customer and thereby have the potential to please
the customer.

« Indifferent (I): These product features refer to aspects that
are neither good nor bad, and they do not result in either
customer satisfaction or customer dissatisfaction.

« Reverse (R): These product features refer to a high degree
of achievement, resulting in dissatisfaction and to the fact
that not al customers are alike. For example, some
customers prefer high-tech products, whereas others prefer
the basic model of a product and will be dissatisfied if a
product has too many extra features.

«  Questionable (Q): Product featuresin this category should
be reviewed. It is most likely that the questions for this
product feature were not appropriate for the app of the Kano
technique.

Generally, a product feature is assigned to the category most
frequently rated [33]. To verify the results of the encoding by
the Kano technique, 2 different decision rules are available: (1)
category and total strength [46] and (2) the Fong test, if category
and total strength led to no clear categorization [47].

Furthermore, customer satisfaction (CS) coefficients were
calculated for al investigated products. This coefficient is a
measure of whether a product feature can explicitly increase
the satisfaction of the potential user or whether the existing

http://mheal th.jmir.org/2018/3/e75/

Rasche et d

product characteristic can only prevent the potential user from
being dissatisfied with the overall product [48,49]. According
to this definition, the CS coefficient is divided into 2
components. One component has a positive sign and describes
whether the satisfaction of the potential user can be increased
beyond an expected level by fulfilling the product characteristic
(CS+). The second component of the CS coefficient has a
negative sign and thus indicates to what extent the satisfaction
of the potential user would fall below an expected level if this
product characteristic is not taken into account in the overall
product (CS-). If theindividual component of the CS coefficient
(CSt+ or CS-) has an absolute value greater than .5, this
component and thusthe CS coefficient of the associated product
characteristic is assumed to be significant [48,49].

Willingness to Pay for a Fall Prevention App

Willingness to pay (WTP) was assessed as monthly payment
[50,51]. A potential fall prevention app should be available in
the common app stores for users to explore use without having
to purchase it (Freemium Business model) [13,50]. Hence,
necessary revenues to develop and maintain the app need to be
generated afterward, meaning monthly payments by a
subscription model or in-app purchases. WTP was studied to
explore how much money potential userswould spend onin-app
purchases so that devel opers could estimate potential revenues
[50Q]. This topic was addressed after participants rated the 17
product features. Participants were able to enter an amount
between 0 and several hundred euros, including 2 decimals.

Characterizing Participants of This Survey

Measuring Health Status

Participants self-reported known medical conditions and chronic
diseases. Health competency of participants was measured using
an adapted version of the European Health Literacy Scale with
16 items [52]. Corresponding statements were evaluated on a
4-point Likert scale (1=not correct and 4=fully correct).
Subsequently, final score was calculated according to Réthlin
et al [53]. Final score ranges between 0 points and 16 points,
with a high score indicating a high health competency [52].

Quality of life was assessed with the EuroQol Questionnaire
(EQ5D-3L) [54], whichisavalidated tool for measuring general
health-related quality of life. It consists of 5 items (mobility,
self-care, usual activities, pain or discomfort, and anxiety or
depression), each of which is rated as causing “no problems,”
“some problems,” or “extreme problems.” The EQ5D-3L thus
distinguishes 243 unique health states. Each unique health state
has a utility score which lies within a range between 0 (poor
health) and 1 (perfect health). This single EQ5D-3L summary
index score was used in this study [54].

Measuring Fall Risk

Given that purpose of this study was to investigate the desired
functions of a fall prevention app, measurements to access
participants' objective and subjective risk of falling were
included as measured by the individual’s history of fallsin the
past year [55], the Aachen Falls Prevention Scale (AFPS) [10]
and the short Falls Efficacy Scale-Internationa (FES-1) [56].
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Objectivefall risk was determined retrospectively based on the
individual’s history of fallsin the past year [55]. Using fall risk
screening criteria, participants reporting =2 noninjury falsin
the past year or =1 injury fall were categorized as “falers’;
participantsreporting no fallswere categorized as“ nonfallers’;
the remaining subjects were defined as indifferent [55,57]. On
the basis of the answer whether participants have fallen or not,
detailed questions about the falls and their circumstances were
asked.

Subjective fall risk was accessed by 2 aspects: the AFPS and
the FES-I. The AFPS is a self-assessment test containing 3 steps
participants had to performin thissurvey [10]. Firgt, participants
answered a self-test containing 10 standardized yes or no
guestions (positive criterion=5 “Yes’). Questions addressed
relevant risk factors derived from several fall risk assessment
tools [10]. Second, participants performed a balance test on
their own. During this test, participants had to position their
feet next to each other and hold this position for at least 10 s
without compensatory movement (positive criterion:
compensatory movement). In the third and fina step,
participantsrated their “ subjectiverisk of falling” on a10-point
Likert scale based on the results of the first 2 steps. A score of
more than 5 points on this scale indicates a certain fall risk
(cutoff score >5 points).

The short FES-I questionnaire was used to assess participants
Fear of Falling (FOF) [56,58] to investigate whether certain
product features are related to this psychological aspect of
patients fall risk. This questionnaire contains 7 items rated on
a 4-point Likert scale (1=not at al concerned to 4=very
concerned). The results of all 7 items are added into a final
score, ranging from 7 (no concern about falling) to 28 (severe
concern about falling) [56].

M easuring Technology Readiness

Technology readiness was included as it might influence the
use of modern information and communication technology as
well asthe engagement with these products[59]. It iscalcul ated
based on 12 standardized items which are rated on a 5-point
Likert scale (1=not correct and 5=fully correct). For negatively
formulated items, the scale is converted so that a high point
value corresponds to high technology readiness. Subsequently,
final scoreis calculated by mean value over al 12 items; thus,
the score ranges between 1 and 5 points [59].

Measuring Attitude Toward a Fall-Related I ntervention

Participants’ attitude toward the fictive fall prevention app was
accessed using the Attitudes Falls Related Intervention Scale
(AFRIS) [60,61]. Hence, it was possible to evaluate whether a
participant isgenerally interested in afall intervention program
or not. The questionnaire consists of 6 items rated on a 7-point
Likert scale (1=l totally disagree to 7=l totally agree). The
results of all 6 items are summed up to afinal score, ranging
from 6 points (no intention) to 42points (absolute intention)
[60,61].

Questionnaire

The questionnaire started by presenting a short description of
the context, followed by demographic questions regarding
participants’ age, educational level, and health status. Next, the
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participants performed a sel f-assessment of their subjective fall
risk and their FOF. In addition, participants fulfilled a
standardized questionnaire regarding their technological
readiness. Then participants evaluated the 17 product features
regarding described measurements and entered an amount of
money they would spend to use such an app. Finally, participants
fulfilled the AFRI S questionnaire measuring whether participant
would engage with a prevention program or not.

Data Collection

Datawere collected between September 1 and October 31, 2017.
The questionnaire was programmed and made available on a
website hosted using the Unipark software (QuestBack GmbH,
Cologne, Germany) [62]. The survey wasintroduced as a study
examining the desired functions of afall prevention smartphone
app (see Multimedia Appendix 1).

All participantswereinformed about the duration of the survey,
data storage, and the leading investigator. Each participant
decided to take part in this survey voluntarily by following the
designated link to the survey. A monetary incentive of €3 per
participant was offered for participation.

The survey was tested properly by 2 independent examiners
with regard to wording and technical functionality. The survey
included 63 items, distributed over 16 different pages.
Participants were able to review their entries per page before
moving on.

Recruitment

Different channels of recruitment were applied to reach abroad
range of potential participantsin thisopen survey. It was avoided
to address existing users of the Aachen Fall Prevention App or
participants of a different fall prevention-related study of the
authors as these participants might have a different opinion
about the design and necessity of features of afall prevention
smartphone app [21,30]. Further exclusion criteriaor screening
guestionnaires were not applied. The sampling procedure was
nonprobabilistic, and respondents were sel ected based on their
voluntary willingness to participate [31].

The Web-based survey was promoted by a Clickworker
advertisement, targeting persons aged older than 60 years[63].
This method of recruitment was chosen because this platform
offersthe possibility of providing monetary incentives. Finally,
the link to the open Web-based survey was distributed in a
mailing list for elderly who are regularly taking part in studies
at the Institute of Industrial Engineering and Ergonomics of
RWTH Aachen University, Germany. In al cases, the
recruitment was based on the sametext as shown in Multimedia
Appendix 1.

In total, 157 unique individuals visited the website of the
Web-based survey. The identification of different individuals
was performed using the Unipark software based on Internet
Protocol address and cookie function. Of 157, 49 visitors never
started the survey. Nine discontinued completing the survey.
In total, 99 visitors finally participated in the survey and
completed the whole questionnaire. Three of these were
excluded for analysis as attention checkmarks within the
guestionnaire showed inappropriate data quality. The
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participation rate was thus 68.8% (108/157), and the completion
rate was 63.1% (99/157). The average duration of completing
the survey was 17 min and 12 s, with a median of 15 min and
13s.

Statistical Analysis

Data were analyzed with SPSS 22 (IBM, USA) and
MatlabR2017b (The MathWorks, USA). Investigated product
features were assigned to the corresponding category according
to the Kano technique. Furthermore, the category strength and
total strength of each product feature are provided. In case that
applying category and total strength rule resulted in an
indifferent categorization, Fong test was performed . In addition,
CS coefficients were calculated to analyze and prioritize
investigated product features in terms of their contribution to
users’ satisfaction with afall prevention app.

Ethics Statement

The Ethics Committee at RWTH Aachen Faculty of Medicine
authorized this study and its ethical and legal implications in
its statement EK236/16.

Results

Participants

In total, 96 participants took part in this study. The mean age
was 63.8 years (SD 7.02), and 51% (49/96) were female. All
participants lived autonomously in aflat or house. In al, 29%
(19/96) lived together with their family, 56% (54/96) with their
marriage partner or companion, and 29% (28/96) lived alone.
The level of education varied from minor educational degree
to postsecondary degree.

About 78% (75/96) of all participants stated to use asmartphone;
however, none of the participants had any experience at all with
a smartphone app aiming to prevent falls, and 19% (19/96)
stated to already use health apps.

Health Status

About 64% (62/96) of al participants suffered from a chronic
disease such as high blood pressure (37%, 36/96), back pain
(20%, 20/96), cardiovascular disease (16%, 16/96), or diabetes
(12%, 12/96).

Health literacy varied a median score of 15.00 points
(interquartile range, IQR 4) on a range from 0O to 16 points,
indicating ahigh qualification and interest in managing personal
health.

Median score of quality of life as measured by the EQ5D-3L
was 0.716 (IQR 0.365) ranging from O to 1 and thereby
indicating a good quality of life within the sample.

Fall Risk

Fifty-eight (60%, 58/96) participants stated that they had fallen
within the last year. Furthermore, 31 (32%, 31/96) reported to
have fallen at least once within the last year, and finaly, 7
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participants (7%, 7/96) indicated to have fallen between 2 and
3timeswithinthelast year. Seven of these 38 participants, who
had fallen, needed to visit the hospital for medical care as a
direct result of their fall. Hence, 84 participants (87%, 84/96)
wereclassified as“nonfallers,” and 12 participants (12%, 12/96)
were classified as “fallers” Fallers are defined as participants
reporting =2 noninjury fals in the past year or =1 injury fall.
Main reasons for falling were tripping (26%, 25/96), dizziness
(4%, 4/96), and physical weakness (4%, 4/96), whereas
combination of reasons are possible as multiple answers were
allowed.

For 8 participants (8%, 8/96), the self-test (step 1 of the AFPS:
10 standardized questions, positive criterion =5 points) was
positive. In contrast, 6 (6%, 6/96) participants did not pass the
balancetest (step 2 of the AFPS: balancetest, positive criterion:
compensatory movement). After steps 1 and 2 of the AFPS had
been completed, 88 (91%, 88/96) participants estimated their
“subjective risk of falling” to be low (<5 points), and 8 (8%,
8/96) participantsrated their “ subjectiverisk of falling” ashigh
(>5 points). The overall median value was 2.0 points (IQR 2.0)
on a 10-point Likert scale ranging from 0 to 10 points.

The median FOF was 8.0 points (IQR 2.5) on a scale ranging
from 7 to 28 points, suggesting alow FOF.

Technology Readiness

The median technology readiness was 4.0 points (IQR 0.917)
on a scale ranging from 1 to 5 points, indicating a high
technology readiness.

Attitude Toward a Fall-Related | ntervention

Median score for the attitude toward afall-related intervention
was 24.0 points (IQR 9.5) ranging from 6 points (no intention)
to 42points (absolute intention), indicating moderate intention
to attend afall intervention program.

Classified Product Features According to Kano
Technique

Table 2 presents the investigated product features assigned to
the corresponding category according to the Kano technique.
Furthermore, the category strength and total strength of each
product feature are provided. The Fong test was performed in
case that category and total strength rule did not lead to aclear
categorization. According to these rules, al product features
were valid categorized.

Figure 1 provides CS coefficientsfor each product feature. Both
components of the CS coefficient (CS+) and (CS-) are shown
as one bar, whereas darker color indicates (CS+) values.

Willingnessto Pay for a Fall Prevention App

One of the last questions asked was how much money
participants would spend per month to use a fall prevention
smartphone app. Results showed a wide variety ranging from
€0 to €80 per month with a median amount to spend €5 per
month (IQR 10; see Figure 2).
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Table 2. Investigates functions of a fall prevention app and their results. C: criteria. N/A: not applicable. Sig: significant categorization according to

Fong test.
Topic Product feature Category Category strength (%)  Total strength (%) Fong test
Detection
C1l Fall risk identification by standardized test Must-be 60.42 95.80 N/A
Cc2 Automatically identification of fall risk Must-be 17.71 94.80
Decision
C3 Decision about treatment by health care professional Must-be 82.29 99.00
Cc4 Decision about treatment by app Must-be 50.00 91.70
Comfort
C5 Additiona data storage Must-be 46.88 99.00
C6 Data sharing via email Must-be 41.67 97.90
c7 Appointment reminder Must-be 25.00 97.90

Advice and support
Cc8 Checklist of typical stumbling blocks Attractive 11.46 99.00 Sig
C9 Guidelinein case of afall incident Attractive 6.25 97.90 Sig

Physical exercise

C10 Description of physical exercisesto reduce fall risk Attractive 14.58 100.00

C11 Continuous workout program Attractive 18.75 100.00

C12 Training integrated is supervised by a therapist Must-be 8.33 100.00 Sig
C13 Individualization of training within app Must-be 10.42 97.90 Sig
Cl4 Define individual training goals Must-be 0.00 97.90 Sig
C15 Make new social contacts Must-be 33.33 100.00

C16 Serious gaming elements Must-be 60.42 97.90

Cost coverage

C17 Cost coverage by health insurer Attractive 33.33 97.90
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Figure 1. Customer satisfaction (CS) coefficients of investigated product features.
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Figure 2. Histogram for the willingness to pay.
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Separate univariate one-way anayses of variance (ANOVA)
revealed no significant effects of the between-subject factors
“age,” “gender,” “education,” “Health Literacy Scale,” “number
of chronic diseases,” “fdler or nonfdler,” “FES-1,” “technology
readiness,” or “attitude toward a fall-related intervention” for
the WTP. Separate univariate ANOVAS revealed significant
effectsfor the WTPif the categorization of the product features
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is treated as between-subject factor. Regarding 4 product
features, significant effects were revealed (decision about
treatment by app, F,5=3.593, P<.05; description of physical
exercises to reduce fall risk, F; 53=8.964, P<.05; continuous
workout program, F;¢=4.87, P<.05; and make new social
contacts, F, gg=1.124, P<.05). Regarding the feature “decision
of treatment by app,” 8 participants categorized this feature as
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guestionable. Within these 8% (8/96), mean amount spent per
month was higher than within the group of participants who
categorized this feature as attractive or must-be one. In case of
the other 3 features, participants who rated these as attractive
ones were also willing to spend a higher median amount of
money to use such an app.

Discussion

Principal Findings

In an exploratory approach, requirements were ascertained
which may influence users acceptance of a fal prevention
smartphone app. Seventeen product features were rated
according to the Kano technique. According to the calculated
category and total strengthsaswell asthe Fong tests, all product
features have been validly categorized by the Kano technique.
In total, 12 must-be product features were identified ranging
from “automated detection of a fal risk,” over “storing
additional medical data” within the app up to “letting a health
care professiona and the app make decisions about the type of
intervention treatment.” Five remaining product features were
identified as so-called attractive ones. These are features
participants do not expect a fall prevention app to have but
would be attracted to the app if it would have this function.
Product features within this group were mainly related to
offering a physical training program via the app, including a
personalized workout plan and individual goal setting. In
addition, a checklist of typical tripping hazards and an action
guidein case afall occurs were identified as attractive product
features.

Detailed analysis using CS coefficient calculations revealed
that al except one product feature significantly increased or
prevented loss of users satisfaction. The exception was the
product festure “ defineindividual training goals,” asthisfeature
showed no significant contribution regarding an extent of
satisfaction or dissatisfaction.

Missing fall risk detection, missing consultation of ahealth care
professional regarding the trestment, and missing seriousgaming
aspects within the app were rated highest among negative CS
coefficients and therefore would greatly reduce users
acceptance  (CSgecigon by hedth care profonalz_o-gzv
CSyetection=—0-82, and CSyyioys gaming=—0-81). Product features,
for example, cost coverage by health insurance companies, a
continuous workout plan, and instructions for home-based
physical exercises, both aiming to decrease a fall risk, would
significantly increase users’ acceptance and attraction to afall
prevention smartphone app (CSyg coverage=0-67, CSiorkout

plan:O-ng and CSexerciseinstructions:O-57)-

These results impressively show how difficult it isto design a
user-accepted fall prevention app as all suggested product
features of a possible app were evaluated as “must-be” or
“attractive” product features. Hence, afall prevention app would
need numerous featuresto be devel oped and implemented. One
reason for the categorization might be that participants had not
ever used afall prevention smartphone app and thereby desired
as many features as possible. After their first experience, they
might have amore concrete idea of the featuresthey might need.
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Nevertheless, CS coefficients indicate a clear priority order
among investigated must-be and attractive product features.
Developers should address the topic of decision making and
fall risk detection as well as serious gaming aspects in their
potential app. In addition, clear instructions for exercises and
workoutsthat would decrease afall risk, aswell ascost coverage
by health insurance companieswould increase users' acceptance
aswell astheir attraction to use such an app.

Investigated WTP revealed a median amount of €5 per month
(IQR 10) participants would invest to use a smartphone app,
incorporating the 17 products features as they rated them. This
amount is similar to the average price of paid apps within the
Apple App Store and Google Play as measured in 2017 [64].

Different independent ANOVA indicate that participants who
rated the features “description of physical exercises to reduce
fall risk,” “ continuousworkout program,” and “ make new social
contacts’ asattractive oneswerewilling to pay ahigher amount
of money to use such an app as participants who did not. Only
for the fourth significant product feature (decision about
treatment by app) was a reverse correlation identified.
Participants who did not rate this feature as an attractive one
were willing to pay a higher amount of money. This might be
because of the 8% (8/96) of participants who categorized this
feature (decision about treatment by app) as questionable.
Results show that attractive product features result in a higher
WTP. Features such as “description of physical exercises to
reduce fall risk,” “continuous workout program,” and “make
new social contacts’ would motivate potential users to spend
significantly more money for the ability to use afall prevention
app as the other investigated ones.

Comparison With Prior Work

Product Features

The FARSEEING demonstrated the technical possibility of
measuring users fall risk during daily activities by a special
device [14,25]. This study could extend this knowledge as it
shows that potential users would appreciate an automated fall
risk assessment and detection as this would be done by a fall
prevention smartphone app. The survey revealed detection of
users' potential fall risk to be amust-be product feature, whereas
automated detection without performing standardized test as a
Timed-Up and Go test would be preferred (product features:
criteria (C)1; C2).

An intervention or decision about treatment was not included
in the app of the FARSEEING project. Nevertheless, this was
considered to be the next mandatory step to design an innovative
fall prevention app. Therefore, the product features “decision
of treatment by health care professional” (product feature: C3)
and “decision of treatment by app” (product feature: C4) were
investigated in this survey. Related results show that thedecision
about a necessary intervention is a must-be product feature,
whereas “decision of treatment by health care professional”
even reached the highest negative CS coefficient, indicating
that missing this feature would reduce potentia users
satisfaction significantly. Hence, future research should try to
include such optionsinto afall prevention app. A recent attempt
was made by the ProFouND project [26]. Within this project,
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an app for health care professionals was developed, which
should support them during the decision process about the
treatment of a certain patient [27].

Mendiolaet a identified in their content analysis 12 features a
health app might profit from [19]. In this study, 3 of these 12
features were investigated regarding their relevance for a fall
prevention app. In this survey, participants classified product
features as additional data storage, data sharing via email, and
appointment reminder as must-be features of afall prevention
app. Hence, this survey supports the content analysis of
Mendiola et al by empirical data.

Physical exerciseis known to be an important factor to reduce
aperson’s fall risk [4,29,40-43]. Therefore, it was part of this
study to investigate how a physical exercise program should be
designed according to potential users' expectations. Theresults
indicate that participants are aware of the positive effect physical
exercise has on a potential fall risk, as all related product
featureswere at least rated as must-be features. Interestingly, a
continuous workout program such as the Otago program and
the instruction of physical exercises within the app were even
classified as attractive features. On the basis of the resultsfrom
this study, physica exercise interventions within a fall
prevention app should be designed as continuous workout
programs, which are supervised by a health professional or
clinician. Nevertheless, instructionsfor the exercisesthemselves
should be available within the app; so potential users are able
to exercise on their own. Such an exercise program is also
expected to support social contact and add an element of fun or
be more satisfying as serious gaming elements were classified
as must-be features.

These results are similar to the findings of Danbjerg et a [65].
Their study revealed that older adults appreciate a persona
therapist asthe therapist could motivate them through comments
and personal socia contact. Furthermore, they did identify
“motivation by competition” to be a highly relevant factor to
motivate older adults to perform physical activities [65]. The
feature of defining individual training goals was rated
ambivalent. This result is quite reasonable as a study by
Schlomann et al identified diverse acceptance of fixed training
goals within fitness apps among older adults [44]. Their study
revealed that the elderly try to achieve asocially accepted goal,
asitissuggested by afitness app, eveniif thisisexceeding their
physical abilities [44].

Willingnessto Pay

Participants WTP was quite small compared with the expected
product features of a fall prevention smartphone app. Cost
coverage of afall prevention app was classified as an attractive
feature according to the Kano technique. Comparing measured
WTP for fall risk prevention to Alzheimer prevention shows
how small the amount of money isthat potential patientswould
invest in a fal prevention service. WTP for an Alzheimer
prevention was about $155 per month, whereas amedian amount
around €5 per month was revealed for a fall risk prevention
[66]. Nevertheless, to the best of the authors' knowledge, this
is the first survey being able to price a fal prevention
smartphone app and therefore is able to support developersin
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Rasche et d

designing an app satisfying users expectations. Prior studies
primarily investigated the clinical costs of fall patients as well
as the amount of money saved by different intervention
programs [67,68]. On the basis of the results of this survey,
researchers, aswell as practitioners, can better understand which
product features are necessary to design a smartphone app that
will be acceptable to potential users and also be cost-effective.

Limitations

This study has several limitations related to its methodol ogical
design as well as the reported results. The open Web-based
study was not representative because of regional recruiting in
Germany via Clickworker. A biasin recruitment might lead to
differences in the groups in the accessed fall risk or desired
product features of afall prevention app.

Furthermore, participants' health status and quality of life were
good within the sample. Therefore, results might differ with a
sample of participants suffering from worse health status or
who have poorer quality of life. Just asmall portion had already
experienced afal incidence; therefore, rating of product features
might change with asampleincluding individual swith ahigher
number of experienced fall incidents. Future research might
address this topic by in-depth focus groups to design a fall
prevention app, especially for aready fallen older adults.

Conclusions

Fall incidents are severe problems among the elderly [2]. A
major problem in this context is that older adults are unaware
of their potential fall risk asit risesslowly [4,5]. It is, therefore,
necessary to offer older adults alow-threshold service to assess
their own risk of falling. In view of theincreasing use of health
appsin society and especially inthe group of elderly individuals,
an app appears to be a useful long-term approach to helping
older peopleto prevent falls [12-16].

Theaim of this study wasto determine potential product features
of afall prevention app adults aged older than 60 years would
appreciate irrespective of whether they already experienced a
fall or not.

In an exploratory approach, product features were ascertained
that potential users would expect from a fall prevention
smartphone app. To the best of the authors' knowledge, thisis
the first study explicitly investigating this aspect. In total, 17
product features were investigated, which were derived from
different recent research projects about fall prevention. Twelve
aspects were determined to be “must-be” product features,
including unobtrusivefall risk detection, decision making about
necessary treatment, and offering physical exercises to reduce
the risk of falling. Attractive features of afal prevention app
would include educational features such asachecklist for typical
tripping hazards and a guide of action in case of afall. Hence,
the authors are of the opinion that such an app could be
successfully adapted within a common app store. This may
enable interested older adults to identify, monitor, and treat
under the supervision of ahealth professional their risk of falls,
albeit the effectiveness of such an app would need to be
evaluated in follow-up research studies.
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Abstract

Background: Theintroduction of clinical information systems has increased the amount of clinical documentation. Although
this documentation generally improves patient safety, it has become a time-consuming task for nurses, which limits their time
with the patient. On the basis of a user-centered methodology, we have developed a mobile app named BEDSide Mohility to
support nurses in their daily workflow and to facilitate documentation at the bedside.

Objective: Theaim of the study wasto assessthe usability of the BEDSide Mobility app interms of the navigation and interaction
design through usability testing.

Methods: Nurses were asked to complete a scenario reflecting their daily work with patients. Their interactions with the app
were captured with eye-tracking glasses and by using the think aloud protocol. After completing the tasks, participants filled out
the system usability scale questionnaire. Descriptive statistics were used to summarize task completion rates and the users
performance.

Results: A total of 10 nurses (aged 21-50) participated in the study. Overall, they were satisfied with the navigation, layout,
and interaction design of the app, with the exception of one user who was unfamiliar with smartphones. The problemsidentified
were related to the ambiguity of someicons, the navigation logic, and design inconsistency.

Conclusions: Besidesthe usability issuesidentified in the app, the participants' results do indicate good usability, high acceptance,
and high satisfaction with the developed app. However, the results must be taken with caution because of the poor ecological
validity of the experimental setting.

(JMIR Mhealth Uhealth 2018;6(3):€57) doi:10.2196/mhealth.9079

KEYWORDS
clinical information system; mobile health; usability testing

: care [1-3], the use of such systems has also resulted in an
Introduction increasein the documentati on workload with a subsequent shift
Background of nursing activity from the patient bedside to the computer

[3-5]. Studies have reported that up to 30% of daily workload
was spent on documentation [6]. Until recently, all thisclinical
documentation was performed on desktop computers, which
keeps nurses away from the patient bedside [7], induces

Theintroduction of clinical information system in hospitalshas
impacted the workflow of nurses in several ways. Despite
positive consequences in terms of patient safety and quality of
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transcription errors [8], and creates a delay in the availability
of collected data within the electronic health record (EHR). To
some extent, this problem has been addressed with the use of
wireless networks and computers on wheels (COWSs) [9], but
mobility can be further increased by the use of smartphonesand
mobile apps[10,11].

Thetransition from a system designed for desktop computer to
asmall smartphone screen isacomplex task. Careful attention
must be given to choosing the most useful functionalities of
such systems and for the design of the user interface [12].
Otherwise, thistransition can easily lead to unexpected failures
such as an increased number of input errors [13], loss of data,
or decreased efficiency, as well as user frustration, and
discontent [14-16].

In this paper, we have presented the usability testing of amobile
app named BED Side Mobility, which was devel oped to support
nursing workflow at the patient bedside.

The Current I ntervention Process

The University Hospitals of Geneva is a consortium of public
hospitals in Geneva, Switzerland. It provides primary,
secondary, tertiary, and outpatient care for the whole region
with 50,000 inpatients and 950,000 outpatient visits a year.

Patient dataare managed by aclinical information system (CIS)
that possesses most features of modern CIS such as
computerized physician order entry, clinical pathways, care
management, laboratory, imaging, etc. One of its modules
supports the work of nurses by providing a list of their daily
tasks. These tasks cover alarge range of interventions such as
assistance for bathing, drug administration, or wound care.

Figure 1. Main screen and vital sign screen of the BEDSide Mobility app.
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Interventions are planned by nurses, either as a nursing-based
task or in response to a physician's prescription. They are
defined by several parameters such astheir type, date and time
of planning, and the start and end dates. The task list module
of the CIS alows visualization of a patient’s intervention list
in several ways such as by shift, by type of task, by room, and
by nurse, etc.

There is no clear guidance regarding the way nurses have to
manage their list of interventions. However, most of the time,
they take a printout of the list of interventions they have to
perform during the day at the beginning of their shift. Then,
they perform their care following the instructionsthat are given
onthelist. Every time nurses perform one of these interventions,
they tick the intervention on their printouts, indicating that the
task has been completed. At alater time of day, they enter these
validations and other gathered information into the CIS. This
process has only partly changed even with the implementation
of COWSs in the wards. Indeed, the COW trolley is not always
adapted to the room setting, preventing accessto the CIS at the
bedside.

The BEDSide Mability App

The introduction of the BEDSide Mobility app aims at
suppressing mediadisruptions and at enabling the management
and documentation of interventions at the patients bedside[17].
The app was developed based on a user-centered design
approach [18]. Theiterative development included focus group
sessions and informal usability evaluations at different timesin
the agile development cycle aswell as a heuristic evaluation of
an advanced version of the prototype. Thisallowed acontinuous
improvement of the app.
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The tool supports the entire nurse workflow [19,20]. Nurses
start by selecting the rooms and patients under their
responsibility during their shift and accesstheir patient’s charts
either by selecting a ward with a patient list or by scanning a
quick response (QR) code on the patient’s hospital bracelets
with the smartphone camera [21]. In the patient charts, the
nurses have access to all the planned interventions (Figure 1).
Theseinterventions are presented in chronological order, starting
at the current time of app use (Figure 1, point 2). Interventions
of similar nature (different types of medication, for example)
are grouped together for easier readability. Interventions can
be validated with rapid swipe motions but can al so be modified,
delayed, or repeated (Figure 1, point 4). These functions are
often used when documenting in the EHR. Each patient chart
also includes administrative patient information (identity, age,
length of hospital stay) and clinical data on the current
hospitalization such as comorbidities and daily nursing
objectives. These components wereincluded to provide support
for the handoff process[22-24]. Vita signsand clinical scores
can be entered and visualized easily in the app as dataentry is
directly available from the task list to facilitate usability. Users
can also add vital signs and clinical score results through the
data visualization screen, even when they are not planned tasks
(Figure 1, point 5). The vital signs graph is similar to the EHR
graphs for familiarity and easier readability [25,26]. The “pro
re nata” (PRN) use medication (or medication “as needed”) is
avalable in another part of the app, with indications of
prescribed doses and frequencies [27]. It aso records when
these PRN medications have been administered during the past
24 hours.

Before the usability study, a heuristic eval uation was performed
on the app using Neilsen'susability heuristics[28]. The heuristic
review identified usability issues such as problems with
confusing and unclear labels as well as icons, unexpected
behavior, confusing navigation, and consistency issues. Users
were not surewhere an icon or label would take them and were
frustrated by iconography or patterns that did not generate the
same behavior in the app. Alternatively, similar tasks required
the user to have different input or actions to accomplish them.
Remedies addressing these identified usability issues were
implemented before the lab tests reported in this paper.

Methods

Study Design
The usability test consisted of a human-computer interaction
evaluation, which focused on an outcome quality, user
perception, and user performance in the laboratory setting. It
consisted of the completion of 10 goal-oriented tasks by targeted
end users[29].

Thetestswere carried out between August 8, 2016 and August
12, 2016 in the Evalab, amedical informatics lab room, which
was arranged to simulate a hospital room. It contained a bed
with amannequin that had a patient identification bracelet with
a QR code. The tests were run on a Samsung Galaxy Xcover 3
with a4.5-inch screen size and aresolution of 480 x 800 pixels
and an Android OS V4.4.4 (KitKat).

http://mhealth.jmir.org/2018/3/e57/

Ehrler et al

To record the participants interactions, participants wore
eye-tracking glasses (ETG by SMI, sampling rate 30 Hz).
Although the glasses are less discreet than peripheral cameras,
they have the advantage of allowing us to also see the
smartphone screens clearly, rather than just the users’ actions.
Participants were asked to perform the scenario and tasks, which
are described below. To gain a deeper insight into the behavior
and the considerations of the users, participants were asked to
describe their actions by using the “think aloud” protocol [30].

Scenarios

Two scenarios, asurgical and amedical one, were created and
validated by a surgical head nurse, amedical head nurse, and a
physician. Both scenarios intended to recreate a readlistic
situation where nurses would have to use the app to interact
with the clinical information system. During these scenarios,
the participants had to interact with the app to complete 10
typical tasks reflecting the most frequent actions in the nurses
daily work. This allowed us to validate most of the
functionalities of the toal. It is important to highlight that the
actions requested by the nurses were strictly limited to the
interaction with the app and therefore their completion of atask
only required the app. To have a high level of realism and to
reflect the actual workflow in the different wards, drug names,
dosages, etc, were adapted for surgical and medical unit settings.
Although the details of the tasks differed between the scenarios,
performing these tasks required the use of the same app
functionalities, enabling us to combine the results of the
scenarios.

The following list provides an overview of the requested
interactions according to the tasks of the surgical and medical
scenario:

1. ldentification of the patient by scanning the QR code on
his bracelet

2. Review of the interventions performed during the night

3. Stating the necessary interventions for the medication
rounds (3a); validating the administration of drugs (3b);
removing the validation for breakfast (3c)

4. Postponing (4a) and duplication (4b) of an intervention

5 Vadidating the start of an intravenous (IV) drug (5a),
checking the PRN painkillers, administration of a dose of
painkiller, and validation of this action in the app (5b)

6. Indication of the elapsed volume for the intravenous drug
(6a), documentation of the patient's pain level (6b)

7. Documentation that the patient refused to eat his dinner

8. Completing a Braden scale (8a) and taking a photo (8b)

9. Listing of remaining interventions to be completed before
the end of the working shift

10. Validation of all open interventions and log out

Participants

The study participants were recruited in several medical and
surgical wards of our hospital. The only inclusion criterion was
to have more than 6 months experience (clinical experienceand
experience with our EHR).
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Procedure

The participants were invited to an individual session. After
signing the consent form, the participants filled out a short
guestionnaire about demographics, satisfaction with the CIS,
and their familiarity with smartphones and mobile apps.
Subsequently, the test manager presented the main
functionalities of the tool to the participants in 5 to 10 min.
After setting up and calibrating the eye-tracking system,
participants began the evaluation. The test manager gave the
participants a printout of the scenario with the list of 10
goal-oriented corresponding tasks. The participants were asked
to complete the tasks by themselves and to think aoud if
possible. The test manager did not offer any help during the
task execution. Thisaimed at minimizing any disruptionsof the
spontaneous thoughts of the participants aswell asto avoid bias
on the results.

After completing the goal -oriented tasks, the participantsfilled
out a paper version of the system usability scale questionnaire
(SUS). SUS is a standardized and simple tool to get a global
view of the participants subjective assessment of usability
based on 10 questions[31]. For this study, a French trandation
of the original items was used.

Data Analysis

The videos from the test sessions that were created with the
ETG were imported into Techsmith Morae. We used mixed
methods for the analysis with quantitative analyses of the
success rates and task duration and a qualitative analysis of the
problems the nurses encountered.

Two independent evaluators analyzed the video recordings for
the duration of the tasks. The timer began after the participant
read the task instructions and ended when the participant
performed the correct action or gave the proper answer to the
final task. The reported time was computed asthe mean between
thetwo calculations. In case of adisagreement larger than 10%,
athird evaluator helped to reach a consensus.

The analysis of the SUS score was conducted according to the
scoring strategy of Brooke [31]. The score for each item ranges
from O to 4. With regard to the positively worded items (1, 3,
5, 7, 9) the score contribution is computed as the scale position
minus 1. For the negatively worded items (2, 4, 6, 8, 10), the
contribution is computed as 5 minus the scale position.
Afterwards, the sum of the scoresismultiplied by 2.5to get the
overal value of SUS ranging from 0 to 100 [6].

Results

Participants

Intotal, 10 nurses participated in the study. Sixty percent (6/10)
of the nurses had more than 5 years of professional experience,
with therest (4/10) having between 1 to 5 years of experience.
This duration corresponded with their experience with the use
of the ingtitutional CIS since it has existed for more than 10
years. Overdll, the nurses were satisfied with the CIS. Sixty
percent (6/10) indicated that they were very satisfied (20%) or
satisfied with the CIS (40%). The remaining 40% (4/10) were
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rather satisfied with the system. Table 1 provides more detailed
descriptions of the participants.

Visual and I nteraction Design

The test session for P1 did not record properly and was not
included in the video analyses. Therefore, only the data of 9
participants could be analyzed for the goal-oriented tasks. For
the analyses, the results of both scenarios were summarized.
They are presented in the sequence of the surgical scenario.
Figure 2 gives an overview of the success rates for al tasks of
the evaluation.

Task 1—Patient | dentification

The first task, which was to select the patient by scanning the
QR code, was completed successfully by all participants. Two
nurses had problems while scanning the code due to the
orientation of the camera during the scan. Since thisis more a
camera usability issuerather than an app issue, we did not code
thisas a usability issue. Another participant misunderstood the
instructions. Heinitially attempted to select the patient through
the manual selection (unit—room—patient) and not with the
QR code. After the test manager advised him to reread the task
description, he scanned the code without problems. However,
before scanning the QR code, he returned to the home screen
of the app, even though that function was available on the screen
he was on.

Task 2—Interventions Completion Control

The second task was to verify the correct completion of
interventions performed during the previous shift. Although all
participants managed thistask, 3 participants had problemswith
the use of the “back button” (see Figure 3). Indeed, clicking an
intervention opens an accordion that displays advanced
interaction options. The participants attempted to close this
accordion using the back button, which led them back to the
previous screen. Participantsthen had to rescan the bracel et and
therefore took longer to compl ete the task.

Task 3—Medication Round

The third task consisted of three actions. First, the participants
had to identify the interventions associated with the medication
round (Task 3a). Then, they had to validate the administration
of the drugs in the app (Task 3b). Finally, they had to cancel
the validation of a meal intervention that had been previously
validated by mistake (Task 3c).

Thefirst subtask (Task 3a) was completed by all nurseswithout
any problems. Two nurses chose a suboptimal approach for the
second subtask (Task 3b): although the swiping validation is
quicker, atask can also be validated via an icon that appears
when clicking on the intervention. The two oldest participants,
who aso have the least experience with smartphones and mobile
apps did not recognize this possibility, yet had no trouble
validating viathe icon. Three other participants had difficulties
with the third subtask (Task 3c). They mixed up the icons for
validating an uncompleted task and for undoing the validation
of an intervention (see Figure 4). Initialy, they clicked on the
red icon with the cross, but this validates that the intervention
was not compl eted rather than undoing the validation. One nurse
recognized this mistake herself. The other 2 participants only
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corrected this error after the test manager asked them whether  unintentionally pressed the home button of the smartphone and
they were sure about their correct completion of thistask. One  closed the app. After opening it again, he could not find an
participant was not able to solve the last subtask at al. First, he  option to remove the validation of the intervention.

Table 1. Demographics of the study participants (n=10).

Characteristics n (%)
Age
21-30 years 3(30)
31-40 years 5 (50)
41-50 years 2 (20)
Gender
Female 6 (60)
Male 4 (40)
Professional experience
< than 1 year 0
1-5years 4 (40)
>than 5 years 6 (60)

Experience with the CIS?

<than 1 year

1-2 years 3(30)

>than 2 years 7 (70)
Type of personal smartphone

i0S 5 (50)

Android 4 (50)

Nokia 1(10)

Freguency of mobile appsuse
Often (daily) 8(80)
Regularly (several times per week)
Sometimes (1 to several times per month) 1(10)
Rarely (1 to several times per year)
Never 1(10)

8CIS: clinical information system.
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Figure 2. Success rates for task completion (n=9).
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Figure 3. Problem related to use of back button. Whereas an opened intervention is closed by clicking on it again, many users used the back button
and returned on the previous screen (patient selection screen).
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Figure 4. Problem with distinction of icons. The red “X” button is used to document an incomplete intervention and the “rounded arrow” button is

used to undo the validation of atask.
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Task 4—Postponing and Duplication

All nurses except one managed to postpone (Task 4a) and to
duplicate (Task 4b) an intervention requested in Task 4. Instead
of postponing the intervention, the nurse made a copy of the
intervention. Another user navigated out of the patient chart
after clicking on the wrong button (see descriptions of results
for Task 1). But after reopening the patient data, he performed
all subtasks without problems.

Task 5—PRN Medication

To complete Task 5, nurses had to begin an intravenous
medication for the patient and document in the app (Task 5a).
Furthermore, as described in the scenario, the patient complained
of pain during the administration. The nurse wasthen supposed
to look up which PRN painkiller the patient had before
administering a dose of that drug and validating this action
(Task 5b). Three participants had problemswith the completion
of thistask. Contrary to the interventionsthat had to be validated
in Task 3, the administration of a PRN medication can only be
validated via the swipe gesture (clicking on an entry opensthe
history of administration; see Figure 5). One nursewas not able
tovalidate thedrug administration at al. The other 2 participants
needed moretimeto find this solution. However, the participants
facing difficulties with this task were the same as those who
did not use the swiping validation for the completion of Task
3.
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Task 6—Documentation of Pain L evel

Task 6 was related to the previous one. After documenting the
PRN painkiller (Task 6a), the participant was asked to document
the pain level in the app (Task 6b). Two participants were not
able to complete the second subtask. This action is accessible
via an icon (“clinical scale’) in the footer bar of the app.
However, those nurses were not able to link thisicon with the
associated functionality (see Figure 4, second icon from right).

Task 7—Documentation of Uncompleted I ntervention

Task 7 was performed successfully by al nurses except for one.
He did not understand that intervention could be flagged as
incomplete. Instead, he validated the intervention as done and
entered a free-text comment indicating that intervention was
incompl ete because the patient refused to eat.

Task 8—Braden Scale and Photo

For Task 8, participants were asked to take a photo of a red
lesion on the patient’s elbow (Task 8a) and to fill out a Braden
scale (Task 8b) to report the risk of pressure ulcers. This scale
was accessi ble through the sameicon used for the documentation
of the pain level for Task 6. All participants were able to take
the photo without difficulties. However, the 2 users who did
not manage to document the pain level did not succeed to
document the Braden scale either.

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 3| €57 | p.45
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH Ehrler et a

<& Jeanne SCHNEIDER 36 ans

Sang veineux (cathéter) 2 paires d'hémocs :
Bactéries aérobies+anaérobies (Culture) si
EF>38.5 dés le 02.05.2016

morphine sulfate Sevredol cp 10 mg 1x/4h
‘.. (max) PO enréserve -refuse les doses
systématiques
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Table 2. Task completion by participants (S=Success, P=Problem, F=Failure).

Tasks P2 P3 P4 P5 P6 P7 P8 P9 P10 %S NbP NbF
1. Patient Identification S S S S S S S S S 100 0 0
2. Reading interventions P S P S P S S S S 67 3 0
3A. List drug interventions S S S S S S S S S 100 0 0
3B. Validate drug interventions S S S S S S S S S 100 0 0
3C. Cancel intervention S S S P P P F S S 56 3 1
4A. Postponing S S S S S S F S S 89 0 1
4B. duplication S S P S S S S S S 89 0 0
5A. Starting infusion intervention S S S S S S S S S 100 0 0
5B. Reserve administration P S S F S S F S S 67 2 1
6A. Ending infusion intervention S S S S S S S S S 100 0 0
6B. Documentation of pain level S F S S S S F S S 78 0 2
7. Signal incomplete S S S S S S F S S 89 0 1
8A. Fill Braden scale S F S S S S F S S 78 0 2
8B. Take a photo S S S S S S S S S 100 0 0
9. Filtering interventions S S S S S S S S S 100 0 0
10. Log out S S S S S S F S S 89 0 1
Task success rate (%S) 88 88 88 88 88 94 56 100 100
Total problem (Nb P) 2 0 2 1 2 2 0 0 0
Total failure (Nb F) 0 2 0 1 0 0 7 0 0
10S (1), Android (A), Nokia (N) I [ A I A I A A N
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Task 9—Filtering Interventions

Task 9 was to filter the completed interventions, keeping only
the pending tasks visible during their work shift. Thistask was
completed successfully by all participants.

Task 10—Validation of Open I nter ventionsand L ogout

Thelast task of the test was to perform alogout. All except one
participant managed through this task. He unintentionally
clicked on the “back” icon and was dropped out of the patient
screen. He did not try to disconnect after that. Instead, he gave
feedback about the design of several icons, which were not clear
for him.

Table 2 provides an overview of the success rates of the
individual participants for the different tasks. “S’ (success)
means that the user solved the task easily. “P’ (problem)
indicates that the user had a problem but finally managed to
complete thetask. “F’ (failure) indicates uncompleted tasks.

Timeon Task

The 2 evaluators differed on their measurement of duration for
more than 10% on 25.7% (37/144) of the observations. The
inter-rater agreement was high with a score of 0.976 obtained
using the Krippendorff aphatest.

Regarding the time spent on the different task, we observed
(Figure 6) that Task 2, which was requesting to review the
completion of previousinterventions, took thelongest timewith
amean of 94.4 s. Task 8a, which consisted of completing the
Braden scale, also took along time, with an average of 72.1s.
Finally, Task 4b regarding duplication took a very long time
for participant 4 because he first postponed the task instead of
duplicating it.

Figure 6. Boxplot of time spent on each tasks.
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Per ceived Usability and Satisfaction
Theresults of the SUS score are displayed in Table 3.

Asvisible in Table 3, the app was rated with a mean average
score of 76.3 (SD 16.75). According to Bangor et a (2009), a
mean SUS score of 71.4 or higher can be interpreted as good
[32]. Sixty percent (6/10) of our participantsrated the BEDSide
Mobility app as good, 20% (2/10) assessed it as excellent, and
only 20% (2/10) rated it as okay (10%, 1/10) or poor (10%,
1/10). The adjective rating of the app is shown in Figure 7.

Forty percent of the participants completed all tasks without
any problem. Thirty percent of participants had difficultieswith
one subtask but were finally able to accomplish all tasks. Only
2 users (P3 and P8) had problems with more than one task. In
the SUS score, participants rated the app as good usability
overal. It is not surprising that the participants who gave the
lowest SUS ratings (P8 and P10) also had the most difficulties
during the goal-oriented tasks.

Tasks 6b and 8a (Braden scale and pain level scale) both
required accessing the clinical scale screen via an icon on the
foot menu of the app and was not completed by P3 and P8.
Either the icon used to represent this function was not
comprehensible for some participants, such as P3, or the
participants mental modelsfor documentation did not correlate
well with the design of the app.

The most difficult tasksfor the participantswere Tasks 2 (review
interventions), 3c (cancel intervention) and 5b (validate PRN
medications). The issue with Task 2 was related to the
navigation in the app—clicking on the intervention opens an
accordion to see advanced functions and details. Users tended
to click the back button to close the accordion, but it actually
led them back to the previous page.
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Table 3. Results of System Usability Scale (SUS).

Ehrler et al

Questions P1 P2 P3 P4 P5 P6 p7 P8 P9 P10 Average Mem
1.1 think that | would liketo usethissystem frequently 3 4 3 3 4 1 2 2 4 2 28 30
2. | found the system unnecessarily complex 4 4 4 2 4 4 2 2 4 3 33 4.0
3. | thought the system was easy to use 4 4 3 3 4 3 4 2 4 2 33 35
4.1 think that | would need the support of atechnical 4 1 3 3 4 4 4 1 4 3 31 35
person to be able to use this system

5. | found the various functionsiin this system were 3 2 3 3 3 4 1 1 4 2 2.6 3.0
well integrated

6. | thought there was too much inconsistency in this 3 4 4 3 4 4 2 1 4 4 33 4.0
system

7.1 would imaginethat most nurseswould learntouse 2 3 2 4 2 0 4 1 3 3 24 25
this system very quickly

8. | found the system very cumbersome to use 3 4 4 3 4 4 4 0 4 3 33 4.0
9. | felt very confident using the system 4 3 2 3 4 2 2 2 3 2 27 25
10. | needed to learn alot of things before | could get 4 4 3 3 4 4 4 2 4 3 35 4.0
going with this system

SUS-score (sum x 2.5) [maximum 100] 850 825 775 750 925 750 725 350 950 675 758 76.3

Table 4. Identified shortcomings and correction measures.

Identified shortcomings

Correction measures

Miscomprehension of the clinical scaleicon
Unexpected navigation of the back button when an intervention is open

Canceling the validation of an intervention

Inconsi stent implementation of the functional design validating the admin-
istration of a PRN? drug

I dentification with the users of amore appropriateicon to represent clinical
scale

Modification of the navigation mechanism by closing the intervention
when opened rather than returning to the previous page

Improved explanations before app use can help avoid this confusion

Integration of similar validation mechanism to administer PRN drug using
consistent icons

3PRN: pro re nata.

Figure 7. Adjective rating of BEDSide Mobility app.
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One participant remarked:

In fact, the mistake is that | clicked there to go back

[the user pointsto the arrow icon (back button)]. You

just have to click above. [P4]
Overall, the evaluation results and SUS scores show that the
tested prototype of the app already has a good usability.
Correction measureswereidentified to address the shortcomings
(Table 4). These correction measures did not only involve
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modifying the interface but also have implications for the
deployment and user training at that time.

Discussion

Principal Findings
The purpose of this study was to assess the usability of the

BEDSide Mohility app, which can inform the development of
similar tools in other settings. A previous study utilized a
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heuristic review to identify usability issues before this user
study, which were then subsequently fixed. This study isaimed
at identifying further issues, as users may have unexpected
issues or problems that were not anticipated by the designers
of the app.

While participants rated the app as having good usahility overall,
there are someissuesthat can be fixed to improve the experience
for usersand hopefully help agreater number of userscomplete
their specified tasks smoothly. The participant who gave the
lowest SUS score had the most difficulty completing the tasks
and al so happened to be the oldest participant in the study (P8).
This participant also reported alow use of mobile apps outside
the study, suggesting that it was probabl e that the failure of task
completion was partly due to alack of familiarity with maobile
apps, complaining that:

It'sthe app that isnot logical. It isnot logical.

This participant aso gave a much lower rating of the app with
SUS than dl others (see Table 3).

Such reactions suggest that designers should take into
consideration the wide variance of people who could be using
the app, from people who have a high familiarity with mobile
app conventions and useto those who have very littlefamiliarity
with technology and mobile app conventions. These two
populations are often correlated, with older adults showing
lower mobile adoption than younger adults. This observed
resistanceisasoinlinewith previousfindingsin theliterature,
which show that low familiarity with computer and older age
are barriers to the adoption of new technologies[33]. As such,
if the said population constitutes a sizable amount of the users
that may use any future apps, extracare should go into education
and easy learnability of the app by both tutorials and best
practices, depending on the makeup of the potential users.

Some participants had issues linking functionality to certain
iconography within the app. For example, one-third of the (n=3)
participants had problems with distinguishing the icons related
to tagging an intervention as incomplete versus undoing a
validation of an intervention. Also, a number of associated
participants had trouble identifying the icon that would allow
datacollectionviaaclinical scale. If designerswishto maximize
the number of users who can easily pick up the app and use,
iconography should be tested with the target population.
However, some more complex workflows may not be able to
work only with icons, and text labels could greatly improve the
ease of use of the app. Alternative methods could include
education or aquick tutorial to see whether theicon makes sense
after pointing out the functionality behind it.

Having an easy undo to actions could also encourage users to
explore the interface more since they know there would be a
quick way to undo any action if they take the wrong action. We
recommend implementing such functionality so that users are
encouraged to use the app with minimal chance for permanent
errors.

The consistency of actions design is also an important way to
keep users happy with the workflow. For example, issues with
Task 5b were caused by an inconsistent implementation of the
functional design. In general, al interventions in the app can
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either be validated by using a specific icon or by a swiping
gesture. However, validating the administration of a PRN drug
isonly possible by swiping sincethereisnoiconinthat dialog.
By changing the actions available, participants had issues
completing the task. Future designers should clearly identify
what functionality and interface actions they wish to support
and keep it consistent throughout the whole app to facilitate
ease of task completion.

Our findings are consistent with existing guidelines, previous
studies, and recommendations. For example, previous guidelines
recommend allowing user control and freedom with easy undo,
to have consistency and standards, and have users use
recognition rather than recall in the interface to minimize
memory load. While these guidelines are a great place to start,
for maximum use and usability, extensive user testing should
take place throughout the design process to make sure that the
app will match user’s mental model and to have them use an
easy, intuitive app that meets their needs.

Limitations

With regard to the results of the study, two main limitations
have to be noted. On the one hand, a sample of 10 nurses may
beinsufficient to reveal all usability issues. However, previous
workswith 9 to 10 participants have shown good cost efficiency
and should allow most of the usability problemsto beidentified
[7,8,34]. On the other hand, we used an artificia lab
environment, which has alow degree of fidelity. We simulated
the patient with a static mannequin, and the environmental
influences such as noise, interruptions from patients or other
colleagues, etc, have been eliminated. Therefore, the
generalizability and transferability of the results may belimited
inareal setting.

Conclusions

This study aimed to assess the usability and the suitability of
the BEDSide Mobility app to facilitate the caregivers workflow
at the patient’s bedside. Our study identified several usability
flaws. Among them, the navigation incoherence, in particular,
was cumbersome during use and should be corrected in priority.
Some inconsistencies in the design were barriers to the
successful completion of some tasks. Other problems were
linked to the lack of clarity of some icons and their associated
functionalities. This can be improved by choosing better
signalization. If theinterface can beimproved to mitigate some
issues, appropriate training, and deployment measures should
also be implemented to avoid misuse of the app. It was
reassuring that no data entry problems occurred during our
study, as this can be an important source of errors.

Besides the problems identified, the results indicate a good
usability, a satisfactory acceptance, and satisfaction of the
participants with the developed app. This tends to demonstrate
the relevance of our end user-centered approach in the
development of tools dedicated for care providers. Indeed, end
users were involved in formative eval uation rounds throughout
the specification and development phase to minimize the gap
between their requirements and the actual realization.

Finaly, it isimportant to recognize that the ecological validity
of the experimental setting was quitelow. Therefore, additional
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usability flaws may occur when the tool is used in the real  efficiency of the app that will be tested in areal setting.
setting. This study is a part of a more global assessment of the
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Abstract

Background: Painisachallenge for patients following hematopoietic stem cell transplantation (HCT).

Objective: This study aimed to develop and test the feasibility, acceptability, and initial efficacy of a Web-based mobile pain
coping skillstraining (mPCST) protocol designed to address the needs of HCT patients.

Methods: Participants had undergone HCT and reported pain following transplant (N=68). To guide intervention devel opment,
gualitative data were collected from focus group participants (n=25) and participants who completed user testing (n=7). After
their input wasintegrated into the mPCST intervention, apilot randomized controlled trial (RCT, n=36) was conducted to examine
the feasibility, acceptability, and initial efficacy of the intervention. Measures of acceptability, pain severity, pain disability, pain
self-efficacy, fatigue, and physical disability (self-report and 2-min walk test [2MWT]) were collected.

Results: Participantsin thefocus groups and user testing provided qualitative datathat were used to iteratively refine the mPCST
protocol. Focus group qualitative data included participants' experiences with pain following transplant, perspectives on ways
to cope with pain, and suggestions for pain management for other HCT patients. User testing participants provided feedback on
the HCT protocol and information on the use of videoconferencing. The final version of the mPCST intervention was designed
to bridge the intensive outpatient (1 in-person session) and home settings (5 videoconferencing sessions). A key component of
the intervention was awebsite that provided personalized messages based on daily assessments of pain and activity. The website
also provided intervention materials (ie, electronic handouts, short videos, and audio files). The intervention content included
pain coping advice from other transplant patients and instructions on how to apply pain coping skillswhile engaging in meaningful
and leisureactivities. Inthe RCT phase of thisresearch, HCT patients (n=36) were randomized to receive the mPCST intervention
or to proceed with the treatment as usual. Results revealed that the mPCST participants completed an average of 5 out of 6
sessions. The participants reported that the intervention was highly acceptable (mean 3/4), and they found the sessions to be
helpful (mean 8/10) and easy to understand (mean 7/7). The mPCST participants demonstrated significant improvementsin pre-
to post-treatment pain, self-efficacy (P=.03, d=0.61), and on the 2MWT (P=.03, d=0.66), whereas the patients in the
treatment-as-usual group did not report any such improvements. Significant changesin pain disability and fatigue were found in
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both groups (multiple P<.02); the magnitudes of the effect sizes were larger for the mPCST group than for the control group
(pain disability: d=0.79 vs 0.69; fatigue: d=0.94 vs 0.81). There were no significant changes in pain severity in either group.

Conclusions: Using focusgroupsand user testing, we developed an mPCST protocol that was feasible, acceptable, and beneficial

for HCT patients with pain.

Trial Registration: ClinicalTrials.gov NCT01984671; https://clinicaltrial s.gov/ct2/show/NCT01984671 (Archived by WebCite

at http://www.webcitation.org/6xbpx3clZ)

(JMIR Mhealth Uhealth 2018;6(3):€66) doi:10.2196/mheslth.8565
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Introduction

Background

Persistent pain is a major challenge for patients following
hematopoaietic stem cell transplantation (HCT) [1-5]. Thispain
can be related to diverse sources including patients' disease,
treatment regimens, medications, or pre-existing conditions[1].
HCT patients may experience multiple sources of painincluding
joint, bone, headache, mouth, gastro-intestinal, neuropathic,
and thoracic pain [1,6]. Moderate to severe pain has been
reported by 30-58% of HCT patients [4,5,7,8]. Pain occurs
before, acutely following, and in the months and yearsfollowing
the transplant [4-6]. Persistent pain in patients with HCT is
related to lower levels of physical functioning, less energy, and
more psychosocial problems [4,7,9,10]. There are limitations
of analgesic regimens in HCT patients (eg, side effects and
limited relief); there is a clear need for adjuvant strategies to
manage pain in these patients [11].

Psychosocial Pain Interventions

Psychosocial interventions that teach patients with chronic
diseases skills to manage their pain can improve their abilities
to cope with and reduce the pain [9,10]. Addressing
psychosocial, cognitive, and behavioral factors related to
persistent pain may be especially important for HCT patients
[12-14] who face unique challenges and may have particularly
low levels of confidence in their abilities to control their pain
(ie, self-efficacy for pain control) [15,16]. HCT patients with
low self-efficacy for pain control are more likely to report high
levelsof pain disability and other bothersome symptoms[17,18].
Assuch, apsychosocia pain intervention designed to help HCT
patients manage their pain in the context of their unique
pain-related challenges may proveto be particularly beneficial.

Psychosocial pain protocols are typically delivered in-person,
require patients to travel to amedical center setting, and/or are
not tailored to the unique challenges faced by HCT patients
[19-21]. Patients undergoing HCT face substantial burden
resulting from the life-threatening, chronic illness that has led
to HCT, invasive treatment regimens (including HCT), and
interruptions to their normal routines and functioning. When
undergoing HCT, patients are required to spend several days
pre- and post-transplant in an inpatient or intensive outpatient
setting. Then, patients and their caregivers transition to
temporary housing that is in close proximity to the medical
center to receive several weeks of daily outpatient care. Finally,
after weeks of intense care in the medical center setting, they

http://mhealth jmir.org/2018/3/e66/

are discharged home as they continue to recover, often many
milesfrom the clinic. These unique challenges canincrease pain
and make pain management particularly difficult. Using mobile
health (mHealth) technologies to deliver psychosocia pain
interventions may increase the feasibility, acceptability, and
efficacy of these interventionsfor HCT patients.

Study Objectives

The objective of this line of research was to develop a mobile
health pain coping skills training (mPCST) protocol, designed
to addressthe specific pain and psychosocial challengesof HCT
patients. We used an iterative development model to design the
protocol; methods from grounded theory were followed [22].
First, we developed an initial mPCST intervention for HCT
patients using our study team'’s expertise and experience in
PCST, cognitive-behaviora pain interventions, mobile health
technol ogy, and the treatment of HCT. Wethen conducted focus
groupswith both HCT patientsand providersto refine and adapt
the intervention. Following this, the enhanced intervention was
delivered to a separate small group of patients who completed
user testing. Qualitative data gathered from each stage of
development were used to inform the subsequent modification
of theintervention.

A pilot randomized controlled trial (RCT) was conducted to
examine the feasibility, acceptability, and initial efficacy of the
final mPCST protocol. The first aim of the pilot RCT was to
show that the mPCST protocol would be feasible (ie, accrual,
attrition, and adherence) and acceptable. The second aim was
to examinetheinitial efficacy of themPCST protocol (compared
with a treatment as usual condition) on pain severity, pain
disability, pain self-efficacy, fatigue, and physical disability (ie,
self-report and 2-min walk test [2MWT]).

Methods

Participants

All participants were recruited from the adult bone marrow
transplant clinic (ABMT) at a major academic medical center.
Eligible patients were >21 years old, had cancer that led to
transplant, and had at least one clinical post-transplant pain
score of >3/10. Exclusion criteriaincluded cognitive impai rment
(eg, dementia, psychosis) and inability to conversein English.
Eligible health care providers were recruited through ABMT
administrators and included nurse practitioners, physician’'s
assistants, and registered nurses.
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Development of the M obile Pain Coping SkillsTraining
Protocol

An initial mPCST protocol was developed that was informed
by the investigators’ expertise in several areasincluding PCST
protocol development [9,23-31], mHealth applications[32-34],
and observational studies of pain and other symptomsin HCT
patients[8,35]. Traditional PCST protocols have been delivered
over several weekly sessions (eg, 6-12), conducted face-to-face
at amajor medical center or sometimes by telephone, and are
often about an hour long [36-39].

Most PCST protocols include some combination of the
following content and skills training. A rationale is provided
[40,41] to help patients understand that pain is a complex
experience influenced by thoughts, feelings, and behaviors.
Patients are taught several skills (eg, relaxation training,
cognitive-restructuring, activity pacing, pleasant activity
planning, imagery, problem solving, and goa setting)
[21,23,31,42] to enhancetheir ability to cope with their pain by
changing their thoughts, feelings, and behaviors. Sessionsfocus
on reviewing content and skills practice from the previous
session, learning a new skill, skill rehearsal, and home skills
practice planning for the upcoming week.

The initial MPCST protocol we proposed included 6, 50-min
sessions delivered over a period of 6-10 weeks. This protocol
included severa innovative features designed to address the
unique challenges faced by HCT patients: it was brief, bridged
the intensive outpatient (1 session) and home (5 sessions)
settings, and used videoconferencing via an iPad for delivery
in patients homes. Theinitial mMPCST session was designed to
occur in-person in the medical center setting before discharge
hometo allow facilitation of arelationship between the therapist
and patient, and to establish carethat bridgesintensive outpatient
and home care. The subsequent 5 sessions were to be delivered
to the patients in their home environment through the use of
videoconferencing (iPad and Skype). Videoconferencing (vs
in-person and/or telephone delivery) provided the following
important advantages: (1) it allowed patientswho lived far from
the medical center to engage in the intervention, (2) there is
evidence that educational and psychosocia content is better
communicated through videoconferencing than through
telephone [43], and (3) socia cognitive theory suggests

Somers et a

videoconferencing could lead to improvements in pain
self-efficacy by having patients practice and receive feedback
on skills in their home environment (ie, where they need to
implement skills daily) [44].

The initial intervention included didactic and experiential
components, which were summarized in handouts and on the
study website. Homework on how to incorporate material from
the session into daily life was also given to facilitate skill
acquisition and generalization of skills use into their normal
routine [45,46]. Adherence was promoted by reviewing
homework at the beginning of each session, developing action
plans for skills use, and providing positive reinforcement. The
study website provided patients with a place to have a daily
connection with the mPCST intervention by recording their
symptoms and skills use, accessing study materias, and
receiving tailored feedback based on their daily assessment of
skills practice.

Figure 1 displays mPCST for the HCT focus groups, user
testing, and RCT development process.

Focus Groups

I ntervention Design Focus Groups

Two participatory design focus groups (n=10) were conducted
to guide investigators in tailoring the mPCST protocol to meet
the unique needs of HCT patientswith pain. Focus group guides
were developed based on the investigators' experience, past
work, and the larger empirical literature. Group discussions
focused on the patient’s experiences and challenges of HCT
pain, intervention content, and intervention characteristics (eg,
material types, topics).

I ntervention Development Focus Groups

Two intervention devel opment focus groups allowed participants
(n=11) to evaluate the tailored mMPCST protocol materials
devel oped in the intervention design focus groups. These groups
were conducted using both in-person examples and a visua
demonstration of the iPad and Skype system; patients were
asked to provide the research team with objective information
on challenges in using and preferences for delivery using this
modality.

Figure 1. Mobile pain coping skills training (mPCST) for hematopoietic stem cell transplantation (HCT) focus groups, user testing, and randomized

controlled trial (RCT) development process.

Focus groups
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evaluation focus
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I ntervention Evaluation Focus Groups

Thefinal two focus groups comprised HCT patients (n=4) and
providers (n=10). Providersrecruited for the focus groupswere
clinical providersinthe ABMT clinic and had no other rolein
this study. Using the feedback from theintervention design and
development focus groups, the evaluation focus group was
geared toward the final refinement of the mPCST protocol and
technology. Participants were provided with a description of
the intervention protocol, were asked detailed questions about
specific components of the protocol (eg, daily measures, iPad
technology, and use of pedometer), and were provided with an
example of the materials that would be given to the potential
participants (eg, iPad, patient manual, and handouts). Providers
were asked to review and provide feedback on the patient
manual and session handouts, and to use the study website on
the iPad.

User Testing

User testing of the developed mPCST protocol was conducted
with 7 participants who reported HCT-rel ated pain. Participants
completed the 6-session mPCST protocol and were asked to
provide feedback following each session. The information
collected was used to further refine the intervention protocol.

Pilot Randomized Controlled Trial

A separate group of participants (n=36) were randomized to
either the mPCST or treatment-as-usual, control group. Pre-
(before randomization) and postintervention assessments
included measuring pain severity, pain disability, pan
self-efficacy, fatigue, and physical disability (ie, self-report,
2MWT). Self-report assessments were completed viathe study
website; the 2MWT was conducted at the medical center.

Participants randomized to mPCST completed the first session
following their baseline study assessment and before discharge
home. The time between the baseline assessment and first
session was on average 4.5 days (SD 9) and from the first
session in the hospital to the first session at home was on
average 10.5 days (SD 10). Participants who did not have
Internet access to participate in videoconferencing and
Web-based assessments from home or who desired to have
study-provided hardware were loaned a tablet computer (ie,
iPad) equipped with 3G Internet access, most participants
elected to use the study-provided iPad to complete the
intervention. Participants randomized to treatment as usua were
aso loaned a tablet computer as needed to complete
assessments.

M easures

Pilot RCT participants completed self-reported measures of
acceptability, pain severity, pain disability, pain self-efficacy,
fatigue, and physical disability. Demographic and medical
variables were a so collected.

Feasibility

Feasibility was assessed by examining overall accrual, attrition,
and adherence.

http://mhealth jmir.org/2018/3/e66/
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Acceptability

Acceptability was assessed with the client satisfaction
guestionnaire (CSQ), 10-item version [47]. CSQ was completed
by participants in the mPCST intervention group at the
post-treatment assessment. The measure was shown to have
good reliability (Cronbach apha=.96).

Pain Severity

Pain severity was assessed with the 4-item brief pain inventory
[48]. Patientsrated their pain from 0=no pain to 10=worst pain
imaginable in response to average pain, worst pain, least pain,
and pain right now over the past 7 days. An average of the 4
items was used to create a single pain severity score. Internal

consistency at pretreatment was found to be Cronbach
alpha=.90.

Pain Disability

Pain disability was measured with the pain disability index [49].
This 7-item scale measures the degree of a patient’s disability
within 7 life domains and has demonstrated good reliability and

vaidity [49]. Internal consistency at pretreatment was Cronbach
alpha=.91.

Pain Self-Efficacy

Self-efficacy for pain control was measured using the 5-item
self-efficacy for pain subscale of the chronic pain self-efficacy
scale measure (pretreatment Cronbach al pha=.86) [50].

Fatigue

Fatigue was measured with the patient-reported outcomes
measurement information system adult fatigue profile short
form (6 items) [51,52]. This scale has good precision across
different levels of fatigue and has demonstrated good reliability
(>.90) [52]. Internal consistency in this sample at pretreatment
was Cronbach alpha=.95.

Physical Disability

Self-reported physical disability was measured with the
functional assessment of cancer therapy well-being scale (FACT;
7-items). FACT has demonstrated good internal consistency,
criterion validity, and sensitivity to change [53]. Internal
consistency at pretreatment in this sample was Cronbach
alpha=.84. Physical disability was also assessed using an
objective measure, the 2MWT. The 2MWT isalaboratory-based
assessment of patients' physical disability that measures the
functional capacity for physical lifestyle activity. The 2MWT
provides a self-paced, timed test of the total distancein meters
that a patient is able to walk over a 2-min period, and it has
been shown to be sensitive to change following medical
treatments. The 2MWT has shown moderate correlations with
physical disability [54].

Analytic Strategy

Focus groups were audio-recorded and 2 group leaders took
field notes. Audio files were transcribed by a member of the
research study team; asecond team member performed aquality
check by replaying the audio file and editing the transcript as
needed. Grounded theory methods were used to evaluate the
data gathered from the focus groups. Audio recordings were
reviewed using open coding (ie, in vivo) and memoing by 3
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members of the study team to generate repeated concepts. These
results were categorized into 5 major themes through selective
coding methods.

For the RCT, descriptive statistics were calculated for
demographic, medical, feasibility, study self-report variables
(ie, acceptability, pain severity, pain disability, pan
self-efficacy, fatigue, and physical disability), and 2MWT.
Analysis of variance (ANOVA), chi-square, or Fisher exact
testswere used, as appropriate, to examine baseline differences
between groups on medical and demographic variables.
Outcome analyses were conducted using both an intent-to-treat
approach (last value carried forward) and compl ete case analysis.
The results of both the analytic strategies were comparable.
Results using the compl ete case analysis approach are presented
below. Paired t tests were used to examine within group
differences from baseline to follow-up on study outcome
variables (ie, pain severity, pain disability, self-efficacy for pain
management, fatigue, and physical disability). The magnitudes
of the effect sizeswere defined according to standard convention
for Cohen d (small=0.2, medium=0.5, large=0.8) [55].

Results

Focus Groups and User Testing

Participants included 32 individuals with HCT pain who had
undergone autologous (87%, 28/32) or alogeneic (13%, 4/32)
stem cell transplant and reported having post-transplant pain.
Participants were 50% femal e (16/32), 72% Caucasian (23/32),
and were aged between 43 and 76 years (mean 61). Mgjority of
the participants were married (84%, 27/32) and 53% (17/32)
had a college degree or higher. Participants were on average 20
(SD 14) months post-transplant. The provider intervention
evaluation focus group consisted of 10 providers, all of whom
were females and held a position within nursing care for HCT
patients (5 nurse practitioners, 2 clinical nurse specialists, 1
registered nurse, 1 outpatient clinic nurse manager, and 1 clinical
research nurse).

Focus Group Results

Review of focus group recordings and field notes revealed 5
overall themes. Each theme is presented and described below;
theme order isreflective of the order of content presented to the
focus group and not related to rank or importance. A description
of how the intervention protocol was modified based on each
theme is provided. Textbox 1 provides representative patient
guotes related to each theme.

Theme 1: Pain Experiences Pre- and Post-Transplant
and Strategies Used to Cope With Pain

Participants reported experiencing post-transplant pain. The
majority also reported having pain before transplant, with some
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reporting increased pain following the transplant. Patients
reported that reasons for pain were neuropathy, graft versus
host disease symptoms, joint inflammation, and pre-existing
osteoarthritis. Neuropathy was frequently reported in handsand
feet, whereas osteoarthritis pain was most commonly described
in the hips, knees, hands, and feet. Participantsin focus groups
reported that pain was worse when they were sedentary and
improved when they were busy and moving. Notably, many
participants a so endorsed significant sleep or fatigue problems
following transplant.

Participants reported using the following measures to manage
their pain: taking pain medications, wearing supportive shoes,
receiving gentle massages, participating in regular exercise (eg,
physical therapy, chair yoga, stationary biking, walking, and
eliptical training), relying on their faith (eg, attending church,
prayer, and scripture reading), being active in volunteer work
(eg, cancer groups), and participating in hobbies (eg, cooking
or baking, gardening, reading, and playing a musical
instrument). Participants acknowledged that participating in
these activities helped to distract them from their pain. On the
basis of thistheme, information was added to the protocol that
describes the pain experiences of other transplant patients and
suggestions from other patients about helpful pain coping
strategies.

Theme 2: Post-Transplant Activities and Limitationsin
Activities

Participantsin theintervention devel opment focus groups were
asked to brainstorm pleasant activities that they could begin
again or start anew post-transplant. Participants listed playing
amusical instrument, watching grandchildren, visiting friends
and children, traveling, gardening, getting a pet, planning dinner
parties, baking and cooking, getting manicures or pedicures,
being more involved in their church, and volunteering.
Interestingly, many participants also mentioned an increased
post-transplant desire to participate in activities they find
meaningful. Figure 2 displays patient intervention materials
showing how this information was integrated into the study
protocol.

Participants also stated that their pain limited their abilities to
engagein leisureor recreational activities. In particular, several
participants noted that their abilitiesto engagein daily exercises
(eg, biking, running) had decreased or diminished. Participants
also reported overdoing activities related to their work, family,
and leisure time. Focus group participants recommended
extending and expanding the information provided to
participants on pleasant, meaningful, and leisure or recreational
activities. This information was added to both the therapist
protocol and patient handouts.
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Textbox 1. Representative quotes from focus group participants related to each theme.

Theme 1: Pain experiences and pain coping strategies

Theme 2: Activities and limitationsin activities

Theme 3: Pain-related cognitions

Theme 4: Advice for other transplant patients

Theme 5: Feedback on the mobile pain coping skills training (mPCST) protocol

It's ahard balance [getting off pain meds] because you can’t just stop. When you scale back, we're trying to work it out, so I’'m gradually dosing
down.

Always wind up with my hips hurting the most [post-transplant].

Honestly | can say | went from horrendous pain and can say I'm in no pain sitting here. It felt like a huge rubber band around my chest. And it
was just astight asit could possibly be. | couldn’t lie down; | would sit up and rock, just rock and pray, until | finally fell asleep.

| wonder if my chemo and the whole situation didn’t just age my whole body, and the pains that | feel now might have been pains | wouldn’t
feel, 5, 6, 17 years from now but that | think I’ m feeling now.

| have alot of bone pain, but | had it before the transplant because the chemo was eating away at the bonesin my back, so I've had some surgery
on my back to help with that. The pain in my back got better during the transplant because | was in so much pain everywhere else.

I’ve had some trouble with neuropathy. | still feel it, but I’ m not taking anything for it.

I’'m feeling more pain now post-transplant. After the transplant was when | really started having the pain.
Foot and leg cream—it has done wonders.

Walking is the best thing for me when | have pain.

| find that at night, even putting socks on makes a difference [in regards to the pain].

| need to sit properly; if | didn’t have support in my lower back the painisimmediate. Breathing helps, in through the nose out through the mouth.

| was avery athletic person, and still am, | try to keep up with my kids. | had my walking stick, | had to stop and rest for a bit.

| take breaks. | love baking Christmas cookies, but | can’t stand that long anymore. I'll do alittle bit; then take a break. Funny waysto do it and
still get something accomplished.

My husband bought me a piano for Christmas because |'ve aways wanted to play it. | just forget everything. It isreally a good relaxer.

| love to garden, even on my worst days, | take abucket and sit out there. Not only did | get something accomplished, but | did something | really
enjoy.

You're finally home and you're like | can do something, but you're not allowed to.
Right now I’ m just getting out of seclusion so I’'m not able to do much, but we're planning to take trips.

Now | have atotally different perspective on life, and it's nice to get out and do something.

| just try to deal withit.

Sometimes | just live with it because | don’t want to take the pain meds.

| feel better when | do anything.

| made it through the first time, if | have to go it through again, | know what to expect and | can do it again.
My cancer is back [in reference to thinking about the pain].

How long isthis [pain] going to last?

It's been 2 years, and if something strange happens [related to pain], | still worry.

When you don't really have any symptoms, it's scary.

Don't try to fight it [the pain]. Let the doctors know. 1t's not their first rodeo.
We're not supposed to be proud at atime like this; we're supposed to be honest.
Would have been helpful to have spoken to some who had been through transplant beforehand.

It does make you have to learn how to do things, such as learning how to take medication. And washing my hands, I’ m good at that now.

I’d call my daughter for help [with the iPad]. [I] wouldn't try if she wasn't there, sheisareal techie. It could be managed with her.

| can barely turn a computer on.
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«  I've been wearing a pedometer for about 3 years, so | wouldn’t have a problem. | do it already.

« I’"dbewilling to give this [the iPad and videoconferencing] atry with help.

Figure 2. Intervention handout for pleasant and meaningful activities for hematopoietic stem cell transplantation (HCT) patients.

Pleasant and Meaningful Activities
Circle things to try

Play a musical instrument Sing

Watch a sunset

Listen to music Go to a movie

Get up early and enjoy the quiet

Dance Read a good hook

Meditate or pray

Take an easy stroll

Buy some new clothes

Gardening (when appropriate
and carefully!)

Clean out a closet Sit by a fire

Read scripture

Go fishing Take a long bath

Do a crossword puzzle

Have a cup of hot tea Visit a friend

Go golfing

Spend time with family Go to a concert

Pick a new hobby

Take a nap Go to a ballgame

Take some pictures

Computer games Get a pet

Take a trip

Facetime,/Skype someone Eat a good meal

Window shopping

Use Facebook

Be around positive people

Day or weekend trip

Do some online shopping

Buy someone a present

Quilting

Go bhoating Start a TV series

Organize a dinner party

Watch a TV show Take a car ride

Manicure/Pedicure

Theme 3: Pain-Related Cognitions

Focus group participants were asked about their thoughts
(negative and positive) surrounding their pain experience pre-
and post-transplant. Many patientsworried that their pain might
indicate disease recurrence or progression. For example,
participants endorsed the following cognitions: “What are they
going to find at my next check-up appointment?,” “My cancer
isback,” and “ Something iswrong.” For others, thoughts were
associated with perceptions of their pain and their abilities to
reduce their pain. Negative thoughtsincluded the following: “I
want to get rid of this” “How long will this pain last?,” “Will
thisever go away?,” and “Why me?.” Overall, participants said
that staying positive yet realistic was the best way for them to
cope with these negative cognitions related to post-transplant
pain. Positive thoughts that helped patients cope with pain and
combat the aforementioned negative cognitions included the
following: “This too shall pass,” “I am blessed,” and “Thisis
my life right now.” Common negative and positive cognitions
about pain provided by focus group participants were used as
examplesin the protocol during sessions with the therapist and
in patient handouts.

http://mhealth jmir.org/2018/3/e66/

Theme 4: Advice for Other Transplant Patients

We asked participants what pain-related information they wish
they had known before their own transplant. Group members
acknowledged that it would have been helpful to receive more
information on neuropathy and the different types of pain that
might be experienced post-transplant. M ore broadly, participants
expressed a desire for communication with prior transplant
patients regarding the pain experience and general
transplant-related information. Most of the participants agreed
that having someone who had gone through a similar situation
to talk to about their pain was helpful and comforting, and that
such an outlet should be made available to HCT patients
approaching transplant. On the basis of this consistent
observation acknowledged across the focus groups, patient
materials were updated to reflect advice from other transplant
patients. The most common suggestion among HCT patients
was to communicate any pain, discomfort, or other concernsto
themedical team and caregiversrather than holding back. Group
members advised future patients to be honest about their pain
and about what physical and emotional help they needed. Figure
3 shows how the theme of advice for other transplant patients
was incorporated into the patient handouts. Throughout the
protocol, we used language that indicated that the information
had come directly from other HCT patients.
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Figure 3. Intervention handout examples using advice from other transplant patients.
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How some patients explain pain
following their transplant...

* Not all experience pain, but many do

* Many say that pain decreases with time, though
others say that they continue to have pain

*+ Some patients report pain prior to transplant (often
from other treatments), while others report pain
only following transplant

* Patients report neuropathic pain (particularly in
feet and hands), joint pain, mouth pain, back pain,
arthritis pain, stiffness
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Common activities that patients report
overdoing after transplant

Cleaning
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Shopping
Holiday preparation
Traveling
Spending time with kids, grandchildren
Work
Baking, cooking

Yard work
Walking
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Unhelpful pain related thoughts
Reported by other transplant patients

* | want to get rid of this terrible pain.

* Will this ever go away?

* What are they going to find?

* Something is wrong.

* | feel like a burden to my family.

* Why me?

* How do | explain this to family?

* This pain makes me so frustrated.

4.7

Theme 5: Feedback on the Mobile Pain Coping Skills
Training Protocol

Focus group participants provided feedback on the mPCST
protocol and technology. The majority of participants agreed
that they would be willing to use the iPad, Skype, and website
technology with adequate instruction. Many of the participants
reported that it would be hel pful to have aconnection with their
medical team and a therapist during the transition to
post-transplant life, as they often missed the daily contact with
their medical team once discharged from daily care. This
feedback reinforced our position that the most appropriatetiming
of thisprotocol was once the patient returned home. Participants
responses also led to theinclusion of detailed instruction in the
use of the technology (eg, iPad, Skype) for this study in the
patient handouts.

Provider Results

Providersrecommended that the study team collect daily fatigue
levels in addition to daily pain scores and daily steps due to
their strong observed relationship between pain and fatigue.
Providers also expressed that it would be worthwhile to have
participants wear a pedometer to track activity. One aspect of
the website that was particularly popular with the providerswas
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Some advice from other transplant patients...

* Don't self search on the Internet too much

* Go to your medical team with questions,
concerns

* Don't fight pain, let your medical team know

= Seek support from honest, realistic and optimistic
people

* Talk with someone who has the same disease as
you

* Be honest about the help and support you need
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the Just for You feedback box designated for individualized
therapist feedback for participants (See Figure 4). Providers
also made suggestions about the appearance of the website (ie,
use an easy to read font and color scheme).

Providers were asked how they currently help patients who
experience post-transplant pain. The most common methods
recommended by providers to deal with pain were medication
and/or distraction. When providers recommended exercise, they
frequently advised patients to use a recumbent bike, exercise
bands for muscle strengthening, and yoga or chair yoga
Providers were asked to outline the most commonly reported
challenges that patients face 5 to 10 weeks post-transplant
besides pain. Fatigue, nutrition, and depression were listed as
frequently encountered problems, and it was recommended that
information be included in our protocol to help patients deal
with such issues. For fatigue, providers underscored that patients
should avoid going back to bed if tired; rather, they should take
brief cat naps throughout the day. They also recommended
establishing a routine to keep busy and making a point to get
dressed every morning as well as pacing and prioritizing
activities. Finally, when patients have pain, psychol ogical issues
such as depression are prevalent post-transplant, and providers
recommended that study therapists be aware of this and
encourage patients to seek help when needed.
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Figure 4. Intervention website page providing patient with tailored feedback.

Progressive Muscle
Relaxation

Mini-Practice

Imagery

Activity Rest Cycle

Pleasant Activities

Examining Thoughts

Problem Solving

Goal Setting

User Testing Results

User testing (completed with separate participants than from
the focus group) was designed to identify problems with the
mPCST protocol and videoconferencing technology. Overall,
participants reported enjoying the relationship they fostered
with their therapist first in-person and then by
videoconferencing. Participants noted that they ooked forward
to sessions and appreciated having someone to talk to about
their pain and progress each week. Progressive musclerelaxation
and goal-setting skills were reported to be especially helpful.
Although participants acknowledged that some skills presented
were new, they described that it was helpful to receive a
refresher course for previously learned skills (eg, problem
solving, goal setting) to remind them of the importance of the
skill and how the skill applied to pain management.

Overall, positive feedback was common, yet 2 noteworthy
criticismswere reported. One participant believed the 6-session
protocol felt too condensed for the amount of information
delivered. Another participant recommended we tailor the
sessions to suit the individual needs of different patients, for
example, spending more or less time on certain sessions
depending on the patient’s specific needs and preferences. Three
testers reported difficulties in using the iPad and connecting
with their therapist via videoconferencing; these difficulties
were resolved and all participants were able to finish the
protocol. We added visual information to the directions for the
protocol based on these technical difficulties. All participants
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improving cancer pain management
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Information Just for You

Hello. I'm glad we could review the cognitive model and
talk through problem solving for some upcoming events.
| hope it's helpful for you. | think you have a great plan of
attack! | hope you enjoy the events you have planned for
the weekend — including your time sewing. Look forward
to seeing you again next Thursday for session 6]

Warmly, Sarah

reported videoconferencing to be more convenient than
in-person pain coping skills training sessions. Two of the 7
user-testersindicated it would be beneficial to also include the
caregiver in these sessions due to the stress experienced by
caregiversof HCT patients. Along theselines, 1 patient indicated
the title of the protocol could be changed to “Pain and Stress
Coping Skills Training” dueto the relevance of the coping skills
introduced in the intervention for both pain and stress
management. Table 1 provides an overview of the mPCST
content and how the mPCST content was adapted for HCT
patients.

Pilot Randomized Controlled Trial Results

The pilot RCT participants (n=36; different than all previous
participants) were on average 56 (SD 12) years old and 50%
female (18/36). Most participants were white (83%, 30/36) and
17% were black (6/36). The majority of participants were
married (81%, 29/36) and just over half (56%, 20/36) had a
college and/or professional degree. Most participants received
an autologous HCT (83%, 30/36); 61% (22/36) had been
diagnosed with multiple myeloma, 19% with lymphoma (7/36),
and the remaining with various other hematological diseases.
The average time since cancer diagnosis was 22 months (SD
30). Participants reported 1 other medical comorbidity, on
average, with hypertension (28%, 10/36), osteoarthritis (14%,
5/36), diabetes (11%, 4/36), and sciatica (11%, 4/36) being the
most common. There were no significant differencesin medical
or sociodemographic variables by the treatment group.

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 3| €66 | p.61
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Somers et a

Table 1. Mobile pain coping skills training (mPCST) protocol adaptations made for hematopoietic stem cell transplantation (HCT) patients.

Session  Pain coping skills content Adaptations for mPCST?for HCTP patients
1 «  Psychoeducation on pain o  HCT patients pain experiences
.  Gate-control theory « Audio of relaxation
«  Progressive muscle relaxation « Relaxation video didactic
o  Track daily pain
2 e Mini-relaxation practice «  Procedure-related mini-relaxation
«  Imagery for relaxation «  Mini-practices in routine returning home
o Pair mini-practices with lifestyle recommendations (eg, walking) to increase
use of both
3 « Activity rest cycle « Activitiesthat HCT patients report overdoing
«  Pleasant and meaningful activity planning «  Conceptual addition of meaningful activities
« Activities suggested by HCT patients
«  Volunteer activity ideas
o  Physical activity for HCT patients
4 «  Examining unhelpful thoughts « Painrelated thoughts reported by other HCT patients
5 e  Problem solving e Themeof life after transplant
« Painrelated challengesfor HCT patients
«  Pain management suggestions from other HCT patients
«  Training in asking for support from family and friends
o  Generd advice from other HCT patients
6 «  Moving forward . Lifepriorities

« New life goasreported by HCT patients
«  Training in shifting goalsin response to physical health

3MmPCST: mobile pain coping skills training.
bHCT: hematopoietic stem cell transplantation.

The consort diagram for the RCT is presented in Figure 5.
Ninety percent (36/40) of the intended participants were
recruited during the proposed study timeframe. Of the 36
participants recruited, 92% completed the study (n=33). Of the
3 non completers, 2 were randomized to the intervention group
and 1 was randomized to the control group. Reasons for
noncompletion included patient illness and loss to follow-up.
The Mann-Whitney U-test or Fisher exact test, whichever was
appropriate, was used to determineif the baseline characteristics
of noncompleters systematically differed from participants
completing the study. There were no significant differencesin
the basdline sociodemographic characteristics between
individuals who completed the study and those who did not.
However, noncompleters reported significantly greater pain
severity at baselinewhen compared with compl eters (mean 6.17
vs 3.14; Mann-Whitney U=13.50, P=.03).

Out of al the patients accrued, 50% (18/36) were randomized
to the intervention group. Patients in the intervention group
completed an average of 5 of the 6 sessions offered to them. A
total of 14 participants completed all 6 sessions (1 in-person
and 5 via videoconferencing); on average, these participants
completed the intervention in 34 days (SD 5). Following the
final session, 85% of participants reported using the skills they
had learned on several days of the week. Participants reported
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the sessionsto be hel pful (mean 8/10), easy to understand (mean
7/7), and highly acceptable (mean 4/4). Overall, 75%
participants rated the intervention as excellent and 25% rated
it as good.

At baseline, there were no significant differences in outcome
variables (ie, pain severity, pain disability, pain self-efficacy,
fatigue, and physical disability [ie, self-report, 2MWT]) between
randomization groups. Within-group comparisonsfrom baseline
to postintervention are presented in Table 2. Individualsin the
i ntervention group saw improvementsin all variables of interest.
The pattern of effect sizes suggests that individuals in the
intervention group showed greater improvements in pain
disability (d=0.79 vs 0.69), pain self-efficacy (d=0.61vs0.10),
fatigue (d=0.94 vs 0.81), and on the 2MWT (d=0.66 vs 0.41),
an objective assessment of physical disability. Although
differences between the outcomes are fairly subtle, the largest
relative difference between the intervention and control groups
appears to be for pain self-efficacy, which is a natural
intermediate outcome that the intervention was designed to
address directly. The magnitude of the effect sizes was greater
for the control group with regard to self-reported physical
disability and pain severity; however, both groups evidenced
large and small-to-medium effect sizes, respectively, on these
variables.
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Figure5. Pilot randomized controlled trial consort diagram.
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Mohile pain coping Usual care
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(n=18) (n=18)
Discontinued due Lostto
to health follow-up
(n=2) (n=1)
Post-treatment Follow-up
a?;:;:ln;ggt assessment
(n=16) (n=17)
Table 2. Comparative pre- and postintervention data.
Outcome variables Pretreatment, mean (SD)  Post-treatment, mean (SD) Mean difference (SD)  95% CI Pvaue d
Intervention (n=16)
Pain severity 3.00 (2.09) 2.69 (1.89) 0.31 (1.20) -0.33t00.95 .32 0.26
Pain disability 30.26 (13.97) 19.22 (12.59) 11.04 (13.92) 3.48t03.63 .006% 0.79
Pain self-efficacy 60.50 (23.39) 77.13 (19.39) -16.63 (27.42) -31.24t0-201 .03° 0.61
Fatigue 18.60 (5.75) 13.27 (4.89) 5.33 (5.68) 2.19t08.48 .0032 0.94
Physical disability 12.36 (4.11) 16.11 (4.14) -3.76 (4.56) -6.19t0-1.32 0052 0.82
2-min walk test 125.88 (19.69) 134.94 (19.05) -9.06 (13.75) -17.00to-1.12 .03? 0.66
Treatment asusual (n=17)
Pain severity 3.28 (2.40) 2.50(1.87) 0.78 (1.67) -0.08t01.64 .07 0.47
Pain disability 23.84(20.11) 18.00 (15.84) 5.84 (8.50) 1.31t010.38 .02° 0.69
Pain self-efficacy 61.53 (25.52) 63.76 (24.52) -2.24 (21.72) -13.40t0 8.93 .68 0.10
Fatigue 19.29 (4.83) 15.35 (5.41) 3.94 (4.88) 1.43t06.45 .0042 0.81
Physical disability 11.72 (5.76) 16.61 (3.85) -4.89 (3.80) -6.8410-2.93 <001 1.29
2-minwalk test 121.12 (19.24) 126.99 (21.71) -5.87 (14.19) -15.40t0 3.67 .20 0.41
3P<.01.
bp< 05.
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Discussion

Primary Outcomes

The goal of this study wasto develop a PCST intervention that
could be used to enhance the ability of HCT patientsto manage
their pain following transplant. HCT patients face many
pain-related challenges and challenges accessing behavioral
i nterventi ons post-transplant. We used both patient and provider
focus groupsto adapt the effective components of existing PCST
protocols to meet the unique needs of patients following
transplant. After developing the HCT-focused protocol, we
conducted a small RCT to examine feasibility, acceptability,
and initia efficacy of the developed mPCST protocol.

The developed mPCST protocol included 1 in-person session
at the medical center between the patient and study therapist,
which led to the development of a successful working
relationship and the integration of mPCST with the patient’s
medical care. Then, once the patient returned home following
intensive outpatient care, 5 more sessionswere conducted using
videoconferencing. This bridge between hospitalization and
home maintai ned the continuity of care as patients moved awvay
fromthe medical center. This mixed delivery modality fostered
a strong patient-therapist relationship that likely increased the
feasibility, acceptability, and efficacy of the intervention. To
our knowledge, thisisone of thefirst studiesthat has examined
the use of videoconferencing to provide patients with PCST
upon their return home from inpatient or intensive outpatient
care.

Patient focus groups highlighted several areas of consideration
in the development of the intervention content including the
importance of strategies for coping with pain that was unique
to HCT patients, enjoyable activities following transplant,
pain-related thoughts following HCT, and connecting with other
HCT patients for support. Accordingly, we addressed many of
these areasin the devel oped mPCST protocol. For example, we
highlighted advice from other patients throughout the sessions
and in patient materials. Although we were unable to include
all patient suggestions (eg, incorporate a caregiver as an active
member of the intervention, tailoring the protocol to meet the
specific needs of each patient) into the protocol, wewill consider
these suggestions in our future work.

Provider focus group information was used as one of the last
stepsin refining theintervention protocol and website. Providers
emphasized the importance of helping participants track and
manage not only their pain but also their fatigue. They also
suggested that participantswear pedometersto track daily steps.
Weincorporated these suggestionsinto this study by modifying
the study website to collect daily pain, fatigue, and steps; we
used the data clinically to help patients increase their activity
by providing feedback in the Just for You portion of thewebsite
(see Figure 4). In our planned future work, we will incorporate
daily reports of pain, fatigue, and stepsto tailor theintervention
content to meet patients’ specific needs. Astechnology use has
advanced from primarily Web-based platforms to mobile
phone-based platforms, it will be important to consider data
entry (eg, through apps) on hand-held devicesand the provision
of immediate feedback through programming (eg, push
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notifications) in future work. In the time since provider focus
groups and the end of this study, there has been evidence that
providersfind themPCST protacol to befeasible and acceptable
to patients. First, HCT providers have continued to refer HCT
patients for pain coping skills to our clinical practice. Second,
thelarger transplant program isworking with our pain program
to incorporate videoconferencing pain coping skills and other
psychosocial services for HCT patients in both their clinical
practice and their research protocols.

The pilot RCT was designed to put us in a good position to
perform amore definitive RCT in asubsequent follow-up study.
Apart from assessing the feasibility of the study methods, we
asked the following 2 questions: (1) would the intervention
group improve and, if so, how much, and a so which outcomes
would show the greatest improvement, and (2) how much
improvement would we see in the control group? This latter
question is critical for the design of the more definitive RCT.
We used asmall pilot RCT to examine the pattern of effectsfor
those who received mPCST and those who did not. We found
that participants who received the intervention experienced
greater improvements in pain disability, pain self-efficacy,
fatigue, and the 2MWT, with the largest relative difference
between the intervention and control groups being for pain
self-efficacy and the 2MWT. The finding that HCT patients
completed the mPCST intervention at the intended pace of about
1 session per week adds support for past work suggesting that
videoconferencing intervention protocols compared with
in-person protocols can be completed at the pace of 1 session
per week, whereas in-person protocols can take twice as long
[56].

These outcomes suggest that mPCST is particularly likely to
help patients manage their pain in a way that might lead to
decreases in the impact of pain on their day-to-day activities
(ie, pain disahility). Inlinewith social cognitivetheory, teaching
and receiving feedback on pain coping skills practice in their
own home (vs a medical center setting) may have been
particularly helpful for increasing participants' self-efficacy for
pain management. Furthermore, the finding that an objective
measure of the physical ability (ie, the two-min walk test)
appears to have been positively impacted by mPCST has
important implications for improving patients physical
functioning in their daily activities. It may aso be said that
hel ping patients control their pain and other symptoms can lead
to increased physical activity.

Both the groups evidenced small-moderate effect sizesfor pain
severity. The magjority of individuals participating in the RCT
had been diagnosed with multiple myeloma (62%) for which
autologous transplantation is most commonly recommended
[56]. Complete remission is achieved in only about half of all
cases following autol ogous transpl antation [ 56]. Persistent pain
(ie, in bone) is common among these patients, and may result
from the disease, therapeutic interventions, or indicate disease
progression [56-60]. Typically, pain isassociated with functional
limitations [57] as well as increased mood disturbance [61].
Although large changes in ratings of pain severity were not
found, participants receiving theintervention experienced greater
improvementsin self-efficacy for pain control and pain disability
when compared with participants in the control group. Given
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the chronic nature of multiple myelomaand persistence of pain
in this population, an intervention that improves the patients
confidence in their ability to manage their pain and decrease
pain disability early in their disease trajectory may be critical
for helping them better manage |ong-term complications.

Thesmall effect sizesfor pain severity ratings may indicate that
it isnecessary to target patientswith higher baseline pain levels
to find a change in pain severity. The average pain severity of
patients recruited in this study was 3 on a 10-point scale; this
relatively low pain level may not have been high enough to
demonstrate significant change from pre- to postintervention.
Another important consideration is that patients with higher
pain were less likely to complete the study and may have been
less likely to enroll; future work may want to consider
recruitment and retention strategies to provide treatment to
individuals with the highest pain levels who may need it the
most. Finally, thereis evidence that changesin self-efficacy for
pain control and pain disability are critical for owverall
functioning and as such, investigators may want to consider
using these variables as primary outcome variables with actual
pain severity being a secondary outcome.

Limitations

This study has severa limitations. First, this work was
completed through the use of iPads, which require either adata
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plan or Internet connection to be able to videoconference with
thetherapist. Theintervention itself is scalable for use on either
apersona computer or mobile phone; the number of individua’s
accessto apersonal computer, tablet, or mobile phoneisgreater
than 50%, and future work should be designed to be inclusive
of al possible technology devices. Second, the RCT was
relatively small (N=36), conducted in a single medical center,
and had a short follow-up period; future work should expand
the study size, consider using multiple sites, and examine longer
term outcomes.

Conclusions

In summary, this study relied on past work and the expertise of
the large study team to develop a mobile pain coping skills
training intervention that was efficacious and could be delivered
to patientsfollowing HCT. The devel oped intervention was al so
informed by patient and provider focus groups and included a
6-session, hybrid protocoal (ie, in-person and videoconferencing).
Our pilot RCT found that the devel oped intervention was highly
feasible and acceptableto HCT patients with pain. Preliminary
data suggest that the developed mPCST intervention likely
improves patients abilities to manage their pain (ie, pain
self-efficacy), decrease pain-related disability, and decrease
symptoms of fatigue.
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Abstract

Background: Treatment of hyperglycemia in women with gestational diabetes mellitus (GDM) is associated with improved
maternal and neonatal outcomes and requires intensive clinical input. This is currently achieved by hospital clinic attendance
every 2 to 4 weeks with limited opportunity for intervention between these visits.

Objective: We conducted a randomized controlled trial to determine whether the use of a mobile phone-based real-time blood
glucose management system to manage women with GDM remotely was as effective in controlling blood glucose as standard
care through clinic attendance.

Methods: Women with an abnormal oral glucose tolerance test before 34 completed weeks of gestation were individually
randomized to a mobile phone-based blood glucose management solution (GDm-health, the intervention) or routine clinic care.
The primary outcome was change in mean blood glucose in each group from recruitment to delivery, cal culated with adjustments
made for number of blood glucose measurements, proportion of preprandial and postprandial readings, baseline characteristics,
and length of timein the study.

Results. A total of 203 women were randomized. Blood glucose data were available for 98 intervention and 85 control women.
There was no significant difference in rate of change of blood glucose (—0.16 mmol/L in the intervention and —0.14 mmol/L in
the control group per 28 days, P=.78). Women using the intervention had higher satisfaction with care (P=.049). Preterm birth
was less common in the intervention group (5/101, 5.0% vs 13/102, 12.7%; OR 0.36, 95% CI 0.12-1.01). There were fewer
cesarean deliveries compared with vaginal deliveriesin the intervention group (27/101, 26.7% vs 47/102, 46.1%, P=.005). Other
glycemic, maternal, and neonatal outcomeswere similar in both groups. The median time from recruitment to delivery wassimilar
(intervention: 54 days; control: 49 days, P=.23). However, there were significantly more blood glucose readingsin the intervention
group (mean 3.80 [SD 1.80] and mean 2.63 [SD 1.71] readings per day in the intervention and control groups, respectively;
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P<.001). There was no significant difference in direct health care costs between the two groups, with a mean cost difference of
the intervention group compared to control of —£1044 (95% CI —£2186 to £99). There were no unexpected adverse outcomes.

Conclusions: Remote blood glucocse monitoring in women with GDM is safe. We demonstrated superior data capture using
GDm-health. Although glycemic control and maternal and neonatal outcomes were similar, women preferred this model of care.
Further studies are required to explore whether digital health solutions can promote desired self-management lifestyle behaviors
and dietetic adherence, and influence maternal and neonatal outcomes. Digital blood glucose monitoring may provide ascalable,
practical method to address the growing burden of GDM around the world.

Trial Registration: ClinicalTrials.gov NCT01916694; https://clinicaltrial s.gov/ct2/show/NCT01916694 (Archived by WebCite

at http://www.webcitation.org/6y31h2BOQ)

(JMIR Mhealth Uhealth 2018;6(3):671) doi:10.2196/mheslth.9512
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Introduction

The prevalence of gestational diabetes mellitus (GDM) is
increasing, creating demand for sustainable, cost-effective, and
innovative approaches to care. There is enthusiasm for
integration of digital technologies into health systems [1].
Although thereis some evidence of clinical benefit with the use
of digital health technologies in type 1 and 2 diabetes [2-4],
large studies are lacking in the GDM population. There is
potential for an integrated digital health solution for GDM: the
condition requires frequent self-monitoring of blood glucose
over a short time frame (typically 3 months), pregnant women
areamotivated group willing to engage with health monitoring
and advice, and women of reproductive age usualy have an
excellent grasp of digital technologies. Combining a digital
blood glucose diary with real-time clinician review and feedback
may improve glycemic control, reduce diabetes-associated
complications, and mean potentially fewer outpatient contacts
with the diabetes care team with cost savings to the health
system, and it is likely to be more acceptable to women.

Severa groups have devel oped remote blood glucose monitoring
systemsfor women with GDM; however, trial s have been small
in size with potentially significant sources of methodological
bias[5]. Inthe context of these limitations, telehealth monitoring
systems have not been demonstrated to be superior to standard
carefor glycemic control and clinical outcomes[6-9]. Limited
evidence supports that digital solutions are acceptable to
pregnant women and possibly reduce the number of clinic visits
[7,9,20]. Notrial to date has assessed the associated health care
costs.

We developed a digital blood glucose management system,
GDm-health, to facilitate remote blood glucose self-monitoring
and bidirectional communication between theclinical team and
pregnant women. The system, described in detail elsewhere
[11], was developed by patients, midwives, obstetricians,
physicians, and biomedical engineers, and showed high levels
of user satisfaction in a small service evaluation project [12].
We hypothesized that the real-time feedback and support offered
by the system would improve glycemic control in women with
GDM. To test this hypothesis, we conducted arandomized trial
to assesswhether digital remote management of GDM improved
glycemic control compared to standard paper-based blood

http://mhealth.jmir.org/2018/3/e71/

glucose monitoring, with secondary outcomes of maternal and
neonatal outcomes, cost of care, and patient satisfaction.

Methods

Study Design and Participants

This was a single-center, balanced randomization 1:1,
open-label, parallel-group, individually randomized controlled
trial, conducted in alarge UK tertiary referral hospital between
September 2013 and June 2015 [13].

Sample Size

There were no published data on precise estimates of the likely
standard deviation in mean blood glucose, making sample size
calculation challenging. Therefore, we pragmatically decided
to assume a standard deviation of 0.8 mmol/L for the mean
blood glucose level at the end point. Thus, with 100 patientsin
each arm, we would be able to detect a difference between the
arms of 0.32 mmol/L, with power of 80% and a significance
level of .05.

Allocation

Participantswere randomly allocated to two groups: intervention
(the GDm-health management system; Multimedia Appendix
1) or control (usual care). Randomization used a partial
minimization procedure to balance important covariates
including gestational age, weight, and ethnic group using the
Oxford University Primary Care Clinica Triads Unit
computer-generated randomization system Sortition [14].

This trial received ethical approval from National Research
Ethi cs Service Committee South Central-Berkshire B (reference
number 13/SC/0176). Written informed consent was obtained
for each participant. The trial was registered at
Clinical Trias.gov (ref: NCT01916694).

Participants

Screening for GDM was based on risk factorsas per UK clinical
guidelines [15] and GDM was defined using the International
Association of Diabetes and Pregnancy Study Group [16]
criteria.

Eligible women were aged between 18 and 45 years with a
viable singleton pregnancy of less than 35 weeks and O days,
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and had GDM diagnosed by 75 g oral glucose tolerance test
[13].

Following diagnosis of GDM, women wereinstructed to perform
preprandial and 1-hour postprandial blood glucose monitoring
and were given information about the trial. If after thisinitial
week they did not require immediate treatment with insulin,
they were eligible for inclusion.

All women were asked to test their blood glucose six times a
day on at least 3 days of the week, as per the local guideline.
This consisted of a fasting sample, 1-hour postbreakfast,
prelunch, 1-hour postlunch, predinner, and 1-hour postdinner.
The target blood glucose range was fasting readings >3.5 and
<5.8 mmol/L and 1-hour postprandial readings less than 7.8
mmol/L. Thresholds for further dietetic support were the same
in both groups. A decision to start pharmacological treatment
was made by a number of doctors unblinded to treatment
allocation, but following the same local treatment guidelines
for participants in both the intervention and the control arms.

Intervention and Control

Standard Clinic Care Group (Control Group)

Participantsin the control group were instructed to record their
blood glucose valuesin a paper diary. Every 2 to 4 weeks they
attended the outpatient clinic for review. Women wereinstructed
to contact the diabetes midwifeif their blood glucose breached
predefined thresholds [13].

Remote Glucose Monitoring Group (I ntervention Group)

Participants in the intervention group were loaned a mobile
phone with the preinstalled GDm-health app and taught how to
record, tag, and review blood glucose readings by a research
midwife. Every 4 to 8 weeksthey attended the outpatient clinic
(ie, half as many clinic visits as the standard clinic care group).

A diabetes midwife reviewed the blood glucose readings on a
securewebsite at least threetimes aweek. The system generated
an dert if the same predefined thresholds as for the control
group were breached [13]. An automatic alert was also generated
if the participant was not recording a predefined number of
blood glucose readings per week or more glucose testing strips
were needed. A short message service (SMS) text message
containing advice about diet, dose adjustments of hypoglycemic
medications, and messages of encouragement were sent to the
participant by the diabetes midwife between clinic visitsviathe
website.

Analysis of Blood Glucose Data

Primary Outcome

The predefined primary end point was the rate of change in
glycemia, measured as a function of blood glucose
measurements (mmol/L/28 days), compared between the two
groups. Change over time in glycemia in both groups was
compared from recruitment until delivery.

Timed and tagged blood glucose data were extracted from the
GDm-health management system to determine glycemiafor the
intervention group. Blood glucose data for the control group
were extracted from the paper diaries completed by the women
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at each clinic visit. Paper diary data were entered into an
electronic file, with a subset double-entered to check accuracy.

Paper diaries were used in preference to glucose meter
downloads because the meters employed (LifeScan OneTouch
Ultra Mini) did not allow mealtime tagging. Meter-generated
time stamps were found to be inadequate surrogates.

Secondary Outcomes

Other predefined markers of glycemia were rate of change of
glycated hemoglobin A, (HbA.); overall mean blood glucose
and mean fasting, preprandial, and postprandial blood glucose;
and time to treatment from recruitment in weeks. Maternal
outcomes known to be associated with diabetic control were
compared between the groups. weight was recorded at each
visit and body mass index (BMI) was caculated,
preghancy-induced hypertension or preeclampsia, gestational
age a delivery, birthweight and proportion of large for
gestational age babies (>90th percentile for gestation and
gender), mode of birth, and perineal severe trauma. Neonatal
outcomes were shoulder dystocia or birth injury, neonatal
hypoglycemia, neonatal hyperbilirubinemia, or admission to
neonatal intensive care.

Participant attitudes were assessed using the Oxford Maternity
Diabetes Treatment Satisfaction Questionnaire [12]. This
12-item questionnaire has previously been validated for this
population and was given to all women who participated in the
trial within 6 weeks of the birth of the baby. Questions 1 to 9
asked women about their satisfaction with their care, their
relationship with their diabetes team, and the reliability and
convenience of the system, and were scored on a 7-point Likert
scale (O=not satisfied to 6=very satisfied). Question 10 asked
women about whether they felt the number of visits was too
few, just right, or too many; question 11 asked whether they
would be interested in using a mobile phone app to help with
blood glucose monitoring; and question 12 asked whether they
would recommend the app to a family member or friend with
GDM. Scores for the first nine questions were summed with a
maximum score of 54.

Direct health care costs, within the UK National Health Service
(NHS) were compared between the two groups from the time
of recruitment until hospital discharge after birth of the mother
and baby. The complete list of services included in the cost
analysis is reported in Table A in Multimedia Appendix 2
[17-19]. It was assumed that for some clinical outcomes (eg,
shoulder dystocia, birth trauma, or neonatal hypoglycemia), and
to avoid double counting, the costs associated with these
outcomes were captured by the hospital length of stay. The cost
analysis aimed to identify the additional costs of one group
versus the other; therefore, the costs of the glucose meter and
strips were excluded from the analysis because these were
recommended for identical use by women in both groups. As
GDm-hedlth is free to install on a participant’s mobile phone,
no specific intervention costs were included in this analysis.
We present unit costs, resource use, and costs separately between
treatment arms [20]. Costs were expressed in 2014-2015 UK
sterling pounds (£) and no discounting was employed given the
short time horizon of the analysis [21].
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Statistical Analysis

The analyses were based on the intention-to-treat population,
which included all patients randomized. The primary analysis
of blood glucose was repeated for the per-protocol population.
The inclusion criteria for the per-protocol analysis were the
population with more than 67% of expected numbers of blood
glucose measurements (at least 28 of 42 readings for weeks
when on pharmacological treatment and at least 12 of 18
readings for weeks not on pharmacological treatment).
Primary Analysis

The primary objectives were to compare rate of change in
glycemia in the intervention arm with that in the control arm.
Glycemia was assessed as a function of blood glucose
measurements. The dependent variable, the blood glucose
measurement, was recorded by each patient up to six times per
day between recruitment and delivery. The change in blood
glucose over gestation was modeled using a linear regression
equation. A random coefficient model was fitted that allowed
for differences between patients in the rate of change of blood
glucose. Factorsincluded in the model asfixed effects were (1)
a two-level factor indicating the treatment group; (2) a factor
with threelevelsindicating the time of day of the blood glucose
measurement, breakfast, lunch, or dinner; (c) atwo-level factor
indicating whether the measurement was premeal or postmeal;
and (d) baseline characteristics.

Secondary Analyses

The methods of linear mixed models were used to analyze the
HbA . data. The rate of change of HbA,. over gestation was
modeled using a first-order regression equation. A random
coefficient model wasfitted that allowed for differences between
patients in the rate of change, as performed for the primary
outcome.

To compare maternal and neonatal outcomes in the treatment
groups, continuous normally distributed variableswere analyzed
using analysis of covariance, including baseline characteristics
as covariates, and binary outcomes using logistic regression.
Resultsare reported as atreatment effect or odds ratio with 95%
confidence limits. For continuous variables that were not
normally distributed, the median and interquartile ranges (IQRS)
are reported and a nonparametric test was used to compare
treatment groups. For binary variables with zero or very small
number of events, exact logistic regression was used.

Costs were estimated by multiplying quantities of health care
resource use by the corresponding unit costs (Multimedia
Appendix 2, Table A). Descriptive statistics were employed to
summarize health care resource use and costs between the two
treatment arms. A complete-case analysiswas carried out given
the small number of missing data present in the dataset.
Parametric mean cost differences and associated 95% confidence
intervals for each category of resource use were calculated to
identify potential cost differences[21]. In addition, a summary
mean total cost per delivery over thetrial period was computed
adding the costs of antenatal care and intrapartum and postnatal
care before discharge together.
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All analyseswere carried out using SASversion 9 (SAS Ingtitute
Inc, Cary, NC, USA) and Stata MP14 (StataCorp LP, College
Station, TX, USA)).

Results

Participant Characteristics and Data Capture

Of 301 women with GDM approached to participate in the
study, 62 did not meet theinclusion criteria (6 outside age range,
22 had insulin prescribed after first week of monitoring, 11 were
more than 34 weeks gestation, 6 had other medical conditions,
4 could not understand spoken English, and 13 other reasons)
and 33 declined. Of the 206 women who met the inclusion
criteria and provided written informed consent, 103 were
randomized to the intervention group and 103 to the control.
Two women in the intervention group and one in the control
group chose to withdraw from the study before delivery, thus
results from 101 women in the intervention and 102 in the
control group areincluded in theintention-to-treat analysis (see
Figure 1).

Baseline characteristics of the intervention and control groups
were similar at recruitment (Table 1). At time of recruitment,
17 women in theintervention group and 13 womenin the control
group were taking hypoglycemic medication.

The number of hospital doctor visits were mean 4.65 (SD 2.89)
and mean 5.06 (SD 2.86) in the intervention and control groups,
respectively. The difference did not reach statistical significance.

Blood glucose data were obtained from 98 women (21,494
readings) for the intervention group; 85 patients (14,472
readings) in the control group used paper records. The median
times from recruitment to delivery in theintervention and control
groups were 54 (IQR 40 to 64) and 49 (IQR 41 to 60),
respectively. Data capture was significantly greater in the
intervention group with amean 3.80 (SD 1.80) readings per day
in theintervention group and mean 2.63 (SD 1.71) readings per
day in the control group (P<.001).

Missing data in the intervention group were due to
noncompliance with the protocol or technical failure. The
possible reasons for missing datain the control group included
noncompliance, missing blood glucose readings recorded by
participants, or lost paper diaries.

In total, 78 women in the intervention group and 52 women in
the control group were included in the per-protocol anaysis.

Primary Outcome

From study recruitment until delivery, the mean blood glucose
fell in both groups. On average, blood glucose declined by 0.16
mmol/L/28 daysin the intervention group and 0.14 mmol/L/28
days in the control group; the difference was not statistically
significant (difference —-0.01 mmol/L, 95% CI —0.10 to 0.08).
Figure 2 shows change in mean blood glucose.

In the per-protocol analysis, the mean blood glucose decline
was 0.17 mmol/L/28 days (95% Cl -0.24 to —0.11) in the
intervention group and 0.10 mmol/L/28 days (95% CI —-0.19to
—0.01) in the control group. The difference between the two
groups was not statistically significant.
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Figurel. CONSORT Flow Diagram for TREAT GDM.
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Secondary Outcomes

Glycemic Control

Data for HbA,. levels were obtained from 100 women (320
HDbA ;. values; mean 3.2 values per woman) in the intervention
group and from 101 women (338 HbA ;. values, mean 3.4 values
per woman) in the control group.

Despite an overall decrease in mean blood glucose, amarginal
increasein HbA ;. was observed in both groups from recruitment
until delivery, with a mean 0.02% rise per 28 days in the
intervention group and a 0.03% rise per 28 days in the control
group. There was no sttistically significant difference
(intervention vs control: —0.01%, 95% CI —0.05 to 0.03).

At delivery, 45 of 101 (44.6%) women in theintervention group
and 57 of 102 (55.9%) women in the control group were on
metformin (OR 0.63, 95% CI 0.36-1.10).

Mean blood glucose and range and percentage of “on target”
readings over four weekly time points asafunction of meal tags
are presented in Tables B and C in Multimedia Appendix 2.
Mixed model analysis showing the effect of BMI and smoking
is presented in Table D in Multimedia Appendix 2.
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Other predefined secondary outcomes, specifically, number of
dose adjustments of hypoglycemic medications and maximum
dose of insulin or metformin, were inconsistently recorded in
the clinical record and have therefore not been included in the
results.

Maternal and Neonatal Outcomes

Maternal and neonatal clinical outcomes are reported in
Multimedia Appendix 3. Women in the intervention group had
amedian gestational age at delivery 3 days greater than those
in the control group, but the difference was not statistically
significant (log-rank test: x?,=14.5, P=.22). Preterm birth was
less common in the intervention group (5/101, 5.0%) versusin
the control group (13/102, 12.7%; OR 0.36, 95% CI 0.12-1.01).
The cesarean delivery rate compared with other modes of
delivery was lower in the intervention group compared to the
control group (27/101, 26.7% vs 47/102, 46.1%, P=.005), with
notably fewer emergency cesarean deliveriesin theintervention
group. Rates of other maternal complications, including
hypertensive disorders of pregnancy, perineal trauma, and
maternal admission to a higher level of care, were low across
both groups, with no significant differences demonstrated.
Weight gain from recruitment to delivery did not differ between
the groups.
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Table 1. Baseline characteristics of participants (N=203). BMI: body massindex; GCSE: General Certificate of Secondary Education; GDM: gestational

diabetes mellitus.
Characteristic Intervention Control
N2 Mean (SD) n (%) N& Mean (SD) n (%)
Maternal age (years) 101 33.9(5.5) 102 33.0(5.6)
Parity 101 102
0 36 (35.6) 42 (41.2)
1 33(32.7) 40 (39.2)
>2 32 (31.7) 20 (19.6)
Height (m) 101 1.63 (0.08) 102 1.63(0.07)
Weight at booking (kg) 100 82.9(18.2) 102 84.7 (21.5)
BMI at booking (m/kg?) 100 31.1(6.7) 102 31.6(7.3)
Smoking in pregnancy 101 3(3.0) 102 5(4.9)
Essential hypertension 101 2(2.0) 101 6(5.9)
First-degree relative with diabetes 929 39(39.4) 100 43 (43.0)
Previous GDMP 65 10(13.8) 60 7(11.7)
Previous baby weighing >4.5 kgb 64 5(7.8) 60 5(83)
Previous cesarean delivery? 65 22(33.8) 60 24.(40.0)
Highest educational attainment 101 99
GCSE or less 27 (26.7) 24(24.2)
A Level 22(21.8) 30(30.3)
University 52 (51.5) 45 (45.5)
Ethnic group 100 102
White 77 (77.0) 80 (78.4)
South Asian 10 (10.0) 13(12.7)
African/Caribbean 6 (6.0) 4(3.9)
East Asian 3(3.0) 1(1.0)
Other 4(4.0) 4(3.9)
Gestational age at recruitment (weeks) 101 30.9 (3.6) 102 31.0(3.4)
Oral glucose tolerance test (mmol/L)
Fasting 98 5.2(0.9) 9% 5.2 (0.9)
1 hour 79 9.9(1.7) 87 10.4 (1.7)
2 hour 99 7.4(2.2) 97 7.0(1.9)
Patients on metformin at recruitment 101 17 (16.8) 102 13(12.7)
HbA 1. at recruitment® (%) a2 5.42 (0.34) 46 5.39 (0.35)

8N refersto the total number of participants for whom data for each variable available.
OMulti parous women only.
®HbA ¢ glycated hemoglobin Alc.

9HbA 1c & recruitment was measured between 18 and 35 weeks gestation.
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Figure 2. Change in mean blood glucose.
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Neonatal outcomeswere similar between the groups. Therewas
no significant difference observed between the groups with
respect to mean birthweight, proportion of large for gestational
age babies, neonatal sex, shoulder dystocia, neonatal
hypoglycemia, neonatal jaundice, or admission to the neonatal
intensive care unit.

Satisfaction with Care

In all, 60 of 102 patients in the control group and 60 of 101
patientsin theintervention group returned the compl eted Oxford
Maternity Diabetes Treatment Satisfaction Questionnaire. One
guestion was misunderstood by approximately half of the
patients and was omitted from the total score. Both groups
reported high levels of satisfaction with the care they received
(intervention: median 43, QR 39-46; control: median 44.5, IQR
41-46; Kruskal-Wallis x21:3.9, P=.049). In the control group,
48 of 60 (80%), and 53 of 60 (88%) in the intervention group,
felt that the number of visits was just right (P=.22) compared
with too few or too many. In the intervention group, 57 of 60
women who used the app stated they would useit again and 51
of 60 in the control group said they would consider using a
mobile phone app. In the intervention group, 59 of 60 women
replied that they would recommend the app to friends or family
with the same condition. Free-text comments emphasized the
convenience of GDm-health, the additional support out of
hospital, and the benefits of avoiding the hospital for
appointments.

Cost Analysis

No statistically significant cost differences were observed
between the two groups over the trial period (Multimedia
Appendix 4). Estimated mean cost per delivery was £5697 (SD
£3068) and £6741 (SD £4640) in the intervention and control
groups, respectively, with a mean cost difference of —£1044
(95% Cl —£2186 to £99).
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Compliance With the Protocol

Compliance with blood glucose readings was significantly better
in the intervention group. In all, 78 of 98 women in the
intervention group and 52 of 85 women in the control group
recorded at least 67% of the expected number of readings (OR
2.44, 95% Cl 1.29-4.61).

Discussion

Principal Findings

In this randomized trial, digital remote management of blood
glucosein women with GDM was associated with similar blood
glucose control compared to usual care, as assessed by mean
change in blood glucose. We demonstrated that women using
the GDm-health system had significantly more blood glucose
readings, higher satisfaction scoresand fewer cesarean deliveries
compared to women in the control group, and these reached
statistical significance. There were longer gestations and fewer
preterm birthsin the intervention group compared to the control
group which did not reach gtatistical significance. Other maternal
and neonatal outcomes were similar in both groups. We were
not able to demonstrate a significant cost savings.

This digital health solution has proven popular with women
who commented that they appreciated the additional support
and monitoring it provided, as well as the perceived time and
cost savings of avoiding hospital appointments. The UK strategy
for improving health care is to give individuals shared access
to their own health records and for them to be at the center of
all decison making [1]. By directly allowing women to
contribute to and access their blood glucose monitoring data,
we believe GDm-health is agood example of a system moving
toward this goal.

Thisisthelargest randomized controlled trial to date of adigital
health solution for the management of women with GDM. Our
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findings are in keeping with our published systematic review
[5], which concluded there was no evidence of superior glycemic
control using digital monitoring. As with other trials, patient
satisfaction was higher in the intervention group. We did not
show a significant effect on secondary clinical outcomes. It is
of note that interventional trials in women with GDM that are
powered to show significant effects on clinical endpoints are
usualy much larger than our trial (typically in excess of 500
women in each arm). These trials also compare any treatment
against no treatment for GDM; therefore, they arelikely to have
abigger effect on outcome [22].

Fewer women in the intervention group transitioned to
hypoglycemic medication during the study, which may have
been related to better dietetic adherence, although we did not
collect data on diet and exercise in this study. Although not
statistically significant, there was an average 3-day prolongation
of pregnancy and fewer preterm birthsin the intervention group
compared to the control group, which may have influenced the
significantly fewer emergency cesarean deliveries. Theclinical
benefit of influencing self-managed lifestyle behaviors and
dietetic adherencein this population using digital technologies
warrants further study.

Determining the adequacy of blood glucose control during
pregnancy is challenging. Although we report no differencein
HDbA ., it isapoor measure of glucose control in the context of
rapid changes in glycemia over a short period of time [23].
Likewise, we did not have access to continuous glucose
monitoring, thus the overall linear rate of change of blood
glucose we present was reliant on thewoman’s capillary testing
and may have missed differences in fetal glucose exposure
during thetrial. Assessing end organ effects such asfetal growth
has been suggested as an indicator of blood glucose control
[24]; however, by its nature this measure is retrospective
indicating past rather than current glycemic status. Trends in
fasting and preprandial and postprandial capillary blood glucose
monitoring, therefore, remain the mainstay of glycemic
assessment in women with GDM.

Capturing the data in the paper diaries presented several
challengesin this trial, with incomplete, untagged, inaccurate,
and missing records. Poor compliance has been associated with
poor concordance between paper diaries and meter readings
and poorer glycemic control [25]. Digital blood glucose
recording with automated delivery of blood glucose data
provides a reliable and secure source of data for clinical
interpretation. Beyond fidelity in data capture, digital datalinked
to mealtimes and other clinical parameters (eg, fetal growth)
could be used in dynamic analyses, giving feedback to patients
and clinicians about overall trends in blood glucose contral. In
our service development cohort, we demonstrated that 2-week
moving-average blood glucose valueswere significantly higher
in women with GDM who delivered large for gestational age
infants compared to those with normal infants [26]. For this
trial, we did not incorporate any predictive algorithms into the
system, other than agraphical display of blood glucose trends,
as algorithms have yet to be validated for clinical practice.
However, digital technologies incorporating artificial
intelligence or clinician based feedback as well as optimized
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reporting and alerting visuals could have the potential to promote
desired self-managed lifestyle behaviors and dietetic adherence.

Current thresholds for treatment targets in GDM are based on
consensus, historical practice, and targets selected for use in
clinical trias. The ability to accurately correlate dynamic data
with clinical endpoints will be an important development for
future research in GDM, eventually enabling individualized
glycemic management plans. As technologies for continuous
glucose monitoring become more reliable and affordable, a
natural progression would be to incorporate their output into a
digital health system such as GDm-health [27].

Strengthsand Limitations

The strengths of this study are the rigorous design and attention
to randomization, which ensured similar groups at study entry
and the high levels of follow-up until delivery in both groups.
The trial was conducted under “real life” conditions in a busy
maternity diabetes service. We considered a range of clinical
and nonclinical outcomes, important for comprehensive
evaluation of the potential benefits and harms of a new
technology. We also present the first randomized comparison
of direct costs of maternity-associated care.

The trial also has limitations. We were unable to demonstrate
a difference in the number of clinic attendances between the
groups, despite this being specified in the protocol. Booking
follow-up appointments based on study allocation proved
challenging, as routine 2-week, rather than modified 4-week
follow-up appointmentsfor participants assigned to receive the
GDm-hedlth intervention were often made by clerica staff,
most of whom were unaware of the study. Therefore, it is not
possiblefor usto determine whether thistechnology can safely
replace clinic visits and this clearly impacted on direct health
care costs.

A full economic assessment was not performed, with costs of
implementation, medications, and indirect costs not included.
The trial was conducted in a single referral center, where the
technology was also developed and, as such, uptake and
effectiveness may differ in other settings. We are currently
evaluating a pilot scale-up program in three other public
hospitals. At the time of writing, more than 250 women each
month are using GDm-health, with similar satisfaction scores
and sustained use over 2 years [28]. A further limitation is that
the trial was limited to women who could understand written
and spoken English to be able to provide valid consent without
the need for aninterpreter. In populationswith large non-English
speaking popul ations provision would need to be madeto ensure
equity of accessto the system.

Conclusion

Thereisanationa drive to incorporate digital health solutions
into routine UK health care delivered through the NHS;
however, the evidence for their efficacy and clinical and
cost-effectiveness is lacking. This pilot study describes the
largest randomized evaluation to date of a system to monitor
and manage GDM remotely. The system appears safe with
comparable glycemic control, maternal, and newborn outcomes
between allocated groups, with improved patient satisfaction
and superior data capture in the intervention group. Further

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 3| €71 | p.76
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH Mackillop et al

large, detailed health economic evaluation of these systemsat  predictive and bespoke individualized management plans are
scaleis required to understand their potential impact on health  also required. Finally, studiesto evaluate whether these digital
care systems. Likewise, studies to understand whether such systemshavethe potential to promote desired self-management
real-time digital monitoring systems incorporating continuous behaviors and better dietetic adherence which could also
glucose monitoring technologies can provide new insightsinto  influence clinical outcome, are required.
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Abstract

Background: Adolescence can be afertile time for relationship issues, with interpersonal conflict being arisk factor for poor
mental health. Mobile app interventions may have a significant appeal to young people in assisting with relationship distress.
However, currently available apps have not been formally evaluated. Youths' perspectives on engaging with mobile technology
to assist with relationships are also unknown.

Objective: This study aimed to examine adolescents’ attitudes toward the concept of a mobile phone app for relationship help
and support, and whether they would be likely to use such an intervention.

Methods: A cross-sectional Web survey consisting of 42 questions, including 13 free responses, was delivered. The proposed
app, including character vignettes, was presented, and participants were asked to indicate whether they had experienced the same
relationship issues, whether their peers would relate to the issues, and how helpful they found the proposed advice. Participants
were also asked to provide their own suggestions for help, which were analyzed using thematic analyses.

Results: A total of 150 adolescents (aged 15 to 18) participated. Overall, 60.7% (91/150) werelikely to use an app for relationship
problems, and thiswas not associated with demographics or social support (all P values>.05). Likelihood of app usage was found
to be influenced by perceived need for help, personal beliefs about app effectiveness, and whether the app is engaging and easy
to use. Overall, adolescents were receptive of the proposed content with an average of 99.3% (149/150), rating the strategies
provided as somewhat to very helpful.

Conclusions: Adolescentswerelikely to use amobile phone app for relationship support, and use was not influenced by gender,
age, social support, or any other background characteristic. Instead, likely use wasinfluenced by need, personal beliefs, usability,
and the appropriateness of app content. App developers must address these factors if the app is to have a wide-scale uptake.

(IMIR Mhealth Uhealth 2018;6(3):€56) doi:10.2196/mhealth.8831

KEYWORDS
family relations; peer group; help-seeking behavior; mobile apps; adolescence

of poor health outcomes [4], including menta illness [5].
Adolescence is an active phase of relationship devel opment

Across the lifespan, relationships are important to well-being  [6-8]- During this time, young people manage the desire for
[1]. Relationships generate social support that helpsindividuals — Peer interaction and approval, with an increasing independence
to buffer psychological distress and prevents mal adaptive coping from the family. Youn_g people beg_| n _to establish relationships
[2,3]. Positive relationships are highly protectiveagainst arange " Shared values, idess, and intimacy rather than the
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convenience and common interests, which characterize
childhood friendships[9]. Adolescence can be afertiletimefor
relationship problems, and although expected, some can be
disruptive and distressing. One in 5 youths is concerned about
the level of interpersonal conflict in their life [10]. Up to 25%
have reported experiencing recent psychological distressbecause
of afamily or interpersonal issue, and rates were higher among
females [11]. Relationship problems can elevate the risk of
suicide [12,13], depression [14], anxiety [15], school
disengagement [16], substance misuse [17], and poor physical
health [18]. Given these negative consequences, it isimportant
to ensure young people are adequately supported when faced
with relationship distress.

Help-Seeking for Relationships

In general, little is known about adolescents help-seeking
specifically for relationships. Much more is known about
adolescents' help-seeking for mental health issues, which has
been found to be inhibited by stigma, accessibility, and
self-reliance [19]. Conversely, positive past experiences, social
support, and encouragement from others is found to aid
help-seeking. Although mental health issues are more complex,
similar factors may affect hel p-seeking for relationships. Many
adol escents report feeling embarrassed and ashamed of personal
issues [20], believing relationship problems to be significantly
more intimate than other types of problems, such as physical
health, education, finance, or legal issues [21]. Help-seeking
for relationships may be complicated by young people’s
preferences for turning to friends and family [22,23]. If these
sources have been compromised because of conflict, the capacity
of the support network may be diminished, and help-seeking
may be inhibited. In a study by Boldero and Fallon [11],
interpersonal problemswere found to be associated with greater
help-seeking when compared with family problems, despite
family problems being more frequently reported [11]. Young
people perceived interpersona problems to be more serious
than those with family, and that their locus of control over
interpersonal problemswas greater. Help-seeking was predi cted
by gender, and problem type, with femalesmorelikely to report
problemswith familiesand interpersonal relationships, whereas
maleswere more likely to report problemswith education [11].
Combined, past studies depict acomplex picture of the factors
influencing hel p-seeking among youths.

Mabile Appsfor Relationships

There are evidence-based therapies (eg, cognitive behavioral
therapy [CBT] and interpersonal therapy [IPT]) that have been
found to be effective for relationships [24-26]. These types of
interventions are delivered by trained professionals and are
typically conducted over a series of weekly sessions. Despite
the effectiveness, uptake among youths is likely to be low
because of limited financial capacity and areluctance of formal
help [20,22,23]. CBT has been adapted for Internet delivery in
the form of self-directed programs, overcoming many of the
access barriers. However, these programs are designed to treat
symptoms of depression and anxiety rather than prevent
relationship distress. Consequently, these programs may not
appeal to youths who are seeking help specificaly for
relationships. A recent systematic review found that mobile

http:/mhealthjmir.org/2018/3/e56/
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health interventions are aviable health behavior change modality
for youths[27]. A benefit of mobile help-seeking interventions
isthat they can deliver brief and engaging content that has the
potential to prevent mental health issues, without pathologizing
normal relationship patterns. Although there are some mobile
apps currently available for relationships, they predominately
focus on relationship separation and neglect the range of other
relationship issues young people face, for example, family
conflict and psychosocial experiences[28,29]. These apps aso
primarily use one type of therapeutic intervention, behavioral
activation, in which the user is encouraged to schedule
pleasurable activities with others [30]. Few of these apps have
been formally evaluated. Therefore, there is limited evidence
to support the use of currently available interventions.

Our Study

Given the emotional impact of relationship conflict, the lack of
help being sought for theseissues, and the preference for digital
health solutions, there is a clear need for an evidence-based
mobile app that has universal appeal, covers a range of
relationship types (eg, friendships, family relationships, romantic
relationships) and psychosocial issues (eg, anxiety, body image,
negative thinking, help-seeking), and is easily accessible to
youths. Researchers at the Black Dog | nstitute have devel oped
the content for such an app. However, to ensure that the
proposed app has uptake, acceptability needs to be assessed. In
the context of health care, acceptability is defined as a
multifaceted construct that reflects the extent to which people
delivering or receiving an intervention consider it to be
appropriate, and suited to their needs, based on anticipated or
experimental responses [13]. As outlined by their review,
Sekhon et a [31] argue that acceptability should be assessed
beforeindividuals engagein anintervention and should measure
how a person fedls about an intervention, the extent to which
the participant understands the intervention content, the extent
to which the intervention is perceived as likely to achieve its
purpose, and the participants confidence in using the
intervention. Guided by this framework, this study aimed to
examine young peopl€'s attitudes toward the concept of amobile
phone app for relationship help and support, and whether they
would be likely to use such an intervention. Using a series of
vignettes designed to be incorporated into the app’s content,
this study aimed to examine the following: (1) whether young
people had experienced the types of relationship issues
presented; (2) the extent to which young people felt their peers
would relate to the proposed content; and (3) the level of
acceptability of the relationship strategies offered by the app.
The study also examined whether acceptability wasinfluenced
by demographic factors or socia support levels. Results will
help to highlight which aspects of the proposed content could
be modified to increase acceptability, and thus participation.
Thisstudy presents asystematic approach to understanding end
users’ needs[32,33], which will support the future devel opment
of engaging and effective mobile help-seeking interventions.
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Methods

Design
A cross-sectional Web survey was delivered. This study was

approved by the University of New South Wales Human
Research Ethics Committee (#HC15583).

Participants and Procedure

Australian adolescents aged 15 to 18 years were invited to
participate in the study by responding to an online
advertisement, which included a link to the online survey
published on Facebook as well as the Black Dog Institute’'s
website, Facebook, Twitter, and Instagram platforms. The online
survey was delivered by the Key Survey software, hosted by
the University of New South Wales. The survey included the
participant information sheet and consent form in which
participants were asked to provide consent online. Parental
consent was not required, as young people aged 15 years and
over were deemed to be mature minors capable of consenting
to their own participation in thislow-risk research. Once consent
was given, the survey questions appeared. After completion of
the survey, participants were redirected to a separate webpage
on which they were asked to enter their name and email address
to be reimbursed with an Aus $20 online gift voucher. Personal
details were not linked to survey responses.

Survey

The survey consisted of 42 questions, including 13 free-response
guestions.

Demographics

A total of 7 questionswere asked, assessing age, gender (male,
female, or other), country of birth (Australiaor other), language
spoken at home (English or other), living situation (with both
parentstogether or al other), work and study status (high school,
working, university, apprenticeship, or none of the above), and
whether they identified aslesbian, gay, bisexual, trans, intersex
(LGBTI; answered yes, no, or rather not say) or Aboriginal and,
or, Torres Strait Islander (ATSI; answered yes, no, or rather not
say). Participants were also asked whether they owned a
smartphone (yes or no) or mobile tablet (yes or no) and the
primary device used to access the Internet.

Social Support

To determine whether the acceptability of the app was associated
with current social support levels, the Schuster Social Support
Scale [34] was used to measure the extent of positive and
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negative social interactions in 3 domains. peers, family, and
partner. The scale consists of atotal of 15 items: 5 itemsrelated
to participants peers (2 positive and 3 negative), 5 items (2
positive and 3 negative) to participants family, and 10 items
(5 positive and 5 negative) to participants partner, where
applicable. Participants responded using a Likert scale with 4
possible degrees of agreement, ranging from 1 to 4 (How often...
guestions answered never, rarely, sometimes, often and How
much... questions answered not at al, alittle, some, or alot).
Positive and negative subscal e scoresfor each source of support
were calculated by adding each item score and then dividing
by thetotal number of items. Higher scoresreflect higher levels
of positive or negative support.

Likelihood of App Usage

Participants were asked how likely they were to use a mobile
phone app for relationships (answered likely, neutral, or
unlikely). Using free response, they were also asked to provide
reasons why or why not, which were to be analyzed
qualitatively.

Acceptability of App Content

The survey included 4 nonstandardized character vignettes that
each described relationship issues experienced by 4 young
people named Abigail, Jasper, Emily, and Angus. Outlined in
Table 1, these vignettes were created specifically for this study
by mental health researchers and clinicians and were designed
aspotential charactersto beincluded in the app for the purposes
of social learning. Each vignette was approximately 250 words
in length and had a Flesch-Kincaid Grade Level score of 6,
indicating a Grade 6 reading level. Vignettes are provided in
Multimedia Appendix 1.

Parti cipants were asked to read the vignettes and report whether
they or a friend had experienced this situation (experience
answered yes, no, or not sure). They were then asked to rate
how much they felt their peers would relate to the character
(relatedness answered not at all, a little, moderately or a lot).
Given that the aim was to design a universal app with broad
appeal, the relatedness variable was collapsed (alot, moderately,
alittle vs not at al) to better capture what types of youths did
not at al relate to the content. Using free response, participants
were asked to report what they would do if faced with the
character’sissue, and what they would suggest afriend doin a
similar situation. Finally, evidence-based coping strategieswere
presented. Participants were then asked to rate the helpfulness
of these using a 5-point scale of not at al helpful (1) to
extremely helpful (5).

Table 1. Relationship issues and coping strategies outlined in the character vignettes.

Character I ssues explored Coping strategies

Abigail Peer conflict, intimate relationship problems, eating disorders, Coping with distress, hel p-seeking, and relaxation and meditation
negative thinking, and low self-esteem

Jasper Relationship breakdown, socia anxiety, bullying, onlinerelation- Problem solving, sleep strategies, anxiety desensitization, and help-
ships, and low self-esteem seeking

Emily Academic pressure, parental conflict, peer conflict, drug use, sex- Help-seeking, relaxation, cognitive restructuring, and social map-
uality, and negative thinking ping

Angus Family conflict, parent separation, intimate relationship problems, Help-seeking, relaxation, conflict resolution, and cognitive restruc-
anger management, substance use, and change turing
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There were no minimum levels of experience, relatedness, or
helpfulness expected. Instead, the study aimed to identify the
aspects of the app content that may influence acceptability.

Analysis

The data were exported from Key Survey, and statistical
analyses were conducted in SPSS v22 (Chicago, IL, USA).
Descriptives were conducted and reported. Correlational and
chi-square tests were used to examine whether background
factors were associated with having experienced a character’s
issues, peer relatedness, and helpfulness ratings. This would
help to determine whether the app content was more likely to
be acceptable among certain youths. Dueto thelow cell counts,
participants who reported that their gender was other (n=5) or
that they would rather not report their LGBTI status (n=3) were
excluded. Furthermore, this sample was inappropriate for
examining ATSI effects because of low numbers (2.0%; 3/150),
and the saturation of technology ownership (98.0%; 147/150)
meant that these variables were inappropriate for inclusion in
the variance analyses. For the analysesincluding the experience
variable, participants who reported that they were unsure were
excluded. This was done to ensure integrity of the data
Free-response data were analyzed using Braun and Clarke's
thematic analysis guidelines [35]. The analysis involved
manually coding the 13 free-response questions. Using an

Table 2. Participant characteristics (N=150).
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inductive approach, patterns and themes were identified. Two
researchers (BOD and MA) refined the initial codes for
cohesiveness, sorted to combine related concepts into
encompassing main themes, and reached an agreement on the
final themes. Using the predetermined framework, the datawere
then reviewed by athird researcher (Y P). The mean intercoder
reliability between the 2 coders (Y P and MA) was 77% (range:
70%-83%). Inconsistencies were identified and resolved using
consensus. In accordance with recommendations [36,37],
frequency counts and percentages were reported to highlight
the representativeness of themes and clarify meaning inferred
from the dataset.

Results

Participants

A total of 150 adolescents completed the survey (age range:
15-18 years, mean 16.8 years [SD 1.1]). Table 2 outlines
participant characteristics.

Table 3 presents the reported levels of social support. Overal,
participants had higher positive support than negative support
in each domain. Results show that family membersand partners
provided dlightly higher positive support compared with
participants’ peers. Family members also provided the highest
level of negative support across the domains.

Demographic n (%)
Female 104 (69.3)
Bornin Australia 130 (86.7)
English is main language 138 (92.0)
LGBTI? 38(25.3)
ATSIP 3(2.0)
At high school 98 (65.3)
At university 39 (26.0)
Working full-time 6 (4.0)
Living with both parents together 95 (63.3)
In arelationship 44 (29.3)
Owned a smartphone 147 (98.0)
Owned atablet 92 (61.3)
Owned both 90 (60.0)
Did not own either 1(0.7)
Device mainly used to access | nternet

Personal |aptop or desktop computer 77 (51.3)

Smartphone 69 (46.0)

Tablet 4(27)

3_GBTI: leshian, gay, bisexual, trans, intersex.
bATSI: Aborigina and/or Torres Strait Islander.
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Table 3. Socia support levels within the sample.
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Support source and nature of support n Mean (SD) Range
Peer
Positive 147 3.22(0.63) 154
Negative 145 2.42 (0.65) 1-4
Family
Positive 149 3.31(0.74) 1-4
Negative 148 2.96 (0.70) 1-4
Partner
Positive 44 3.34(0.77) 14-4
Negative 44 2.03(0.72) 1-34

Likelihood of App Usage

A total of 60.7% (91/150) of participantsreported that they were
likely to seek help from a mobile app for relationship issues,
26.7% (40/150) had a neutral response, and 12.7% (19/150)
were unlikely. Likelihood of app use was not significantly
associated with any participant characteristics or social support
(al P values >.06). Thematic analysis (Table 4) found that 3
key themes influenced participants likelihood of use: (1)
perceived need, (2) beliefs, and (3) engagement and
accessihility.

Acceptability of App Content

Overdll, only 10.6% (16/150) of participants reported that they
had not experienced any of the issues presented; that is, most
participants (134/150, 89.4%) had experienced 1 or more of the
issues presented. All participants reported that their peerswould
relate to at least one of the characters, with 94.0% (141/150)
reporting that their peers would relate moderately or alot to 1
or more of the characters, and 56.0% (84/150) reporting that
their peers would relate a lot to 1 or more of the characters.
Table 5 outlines participant responses to the vignettes.

Participants with higher negative family support were more
likely to experience Abigail’s issues (r&<=-.25, n=69, P=.03),
whereas females were more likely than males to report
experience of Emily’s issues (x°=6.1; OR 5.8, 95% ClI
1.50-22.09; P=.01). Participants with lower positive family
support (r=.25, n=69, P=.04) and higher negative family support
(r—.28,n=69, P=. 02) were morelikely to report experiencing
Angus' issues. No other significant associationswerefound (all
P values >.07). On average, 99.3% (149/150) of the sample
reported that the proposed suggestions were helpful to some
extent. Participants were more likely to rate the advice given
for Abigail ashelpful if they had some experience of her issues
(r&.239, n=70, P=.05). For Emily, participantswere morelikely
torate suggestionsfor her ashelpful if they reported higher peer
relatedness (r=.255, n=70, P=.03). Younger participants were
more likely to rate suggestions for Jasper as helpful (r&=-.412,
n=70, P<.001) aswell as Emily’s suggestions (rs=—.265, n=70,
P=.03). No other significant associations were found (all P
values >.43).

Table 4. Themesinfluencing the likelihood of app usage (N=150). R: respondent.

Theme Definition n (%) Example
Perceived need Thedegreeto which theyoung person hasidentified 74 (49.3) «  “... would be able to have a better relationship with my
aneed for relationship help and support potential girlfriend.” [R132]
o “ldon'tfeel | need it at this current stage.” [R2]
Beliefs The degree to which the young person believed in - 74 (49.3) «  “...if it doesno harm then it isworth a shot.” [R26]
the effectiveness of mobile apps for providing «  “I’'mopen to the advice and possibly using such an app,
genuine relationship support but it also seems a bit silly to use an app for relationship
advice” [R102]
Engagementand  The degree to which the young person valued the  50(33.3) «  “If had useful things and was easily accessible, | would
accessibility user experience aspects of the app, such as being useit. If it was outdated, not useful, hard to interact with

easy to use, as well as engagement aspects such as
being interesting and different

etc, | wouldn't.” [R90]

. “..if it contains constructive advice and is designed in a
way that targets my age group in apositive and welcoming
way.” [R64]
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Table 5. Participant responses to the vignettes (N=150).
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Responses Abigail, n (%) Jasper, n (%) Emily, n (%) Angus, n (%)
Experience
Yes 79 (52.7) 49 (32.7) 53(35.3) 27 (18.0)
No 51 (34.0) 68 (45.3) 65 (43.3) 96 (64.0)
Unsure 20 (13.3) 33(22.0) 32(21.3) 27 (18.0)
Peer relatedness
A lot 51 (34.0) 23(15.3) 32(213) 15 (10.0)
Moderately 68 (45.3) 58 (38.7) 70 (46.7) 53 (35.3)
Alittle 27 (18.0) 63 (42.0) 42 (28.0) 76 (50.7)
Not at all 4(27) 6(4.0) 6 (4.0) 6(4.0)
Helpfulness, mean (SD) 4.03 (0.81) 4.12(0.88) 3.84(0.89) 3.95(0.87)

Table 6. Themes influencing the acceptability of the proposed relationship-coping strategies (N=150). R: respondent.

Theme Definition n (%) Example

Nature The degreeto which ayoung personviewed theadvice 127 (84.7) «  “It'svery helpful useful information.” [R11]
as appropriate, effective, feasible, or credible « “Theadviceistheoreticaly perfect but inreality isvery diffi-

cult to implement for someone in Emily’s shoes.” [R12]

Scope The degreeto which ayoung personfelt that theadvice 38(25.3) «  “Therewere many elementsthat | did not imagine, and the
adequately addressed the full range of issues being points were very comprehensive.” [R68]
faced e “You did not address the issue of Emily pressuring her to try

marijuana.” [R116]

Approach  Thedegreetowhich ayoung personfelt that theadvice 11 (7.3) o “Ilikethat this suggestion understands his reluctance to talk
was nonjudgmental, collaborative, empowering, or to his parents, or anybody in general, but tries to find ways
condescending around that.” [R69]

o “lthink it's pretty good advice because it doesn't place any
blame on the person receiving it.” [R99]

Personal Thedegreetowhich ayoung personidentified persona 10 (6.7) « “l havebeeninasimilar situation and those were pretty close

experience experience using the advice in the past

to the steps | took.” [R98]
«  “When| stopped going to school due to my anxiety | did try
seeing the school counsellor and they did nothing.” [R10]

Outlined in Table 6, thematic analysis identified 4 key themes
that influenced participants acceptability of proposed
relationship-coping strategies: (1) nature, (2) scope, (3)
approach, and (4) personal experience.

When asked what participants would do themselves and
recommend to a friend, 8 themes were identified. Outlined in

http://mheal th.jmir.org/2018/3/e56/
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Table 7, 3 themes (seek help, active coping, and perceived
coping efficacy) captured participants' recommendations for
what they would do themselves, and 5 themes (genera
emotional  support, informational support, encourage
help-seeking, shared activities, and practical support) captured
recommendations to a friend facing a relationship issue.
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Table 7. Participants' recommendations for what they would do themselves and recommend to a friend when faced with a relationship issue (N=150).

R: respondent.

Recommendation type and theme

Definition

n (%)

Example

What young people would do themselves

Seek help

Active coping

Perceived coping efficacy

What todo to help afriend

General emotional support

Informational support

Encourage help-seeking

Shared activities

The degree to which ayoung person
expressed that they would ask for help
if faced with asimilar issue

The degree to which ayoung person
reported an action-orientated attempt
to solve or cope with the problem if
faced with a similar issue

The degree to which ayoung person
felt that they would have the ability
to copeif faced with asimilar prob-
lem

Thisinvolved acting in a supportive,
reassuring, comforting, empathetic,
caring, nonjudgmental, and encourag-
ing manner

This involved providing advice, sug-
gestions, or useful information

This involved encouraging help-
seeking from both formal and infor-
mal sources

Thisinvolved spending time together
and engaging in shared activities

64 (42.7)

50 (33.3)

50 (33.3)

90 (60.0)

61 (40.7)

41(27.3)

22 (14.7)

“Talk to my support teacher to help advise me
in the situation.” [R43]

“Gain help and advice from trusted friends.”
[R66]

“Ditch the smoking friend and find better
friends.” [R37]

“Just try to relax and make myself feel better
by doing things | loved.” [R81]

“1 would tell myself that things get better and
try and focus on the positivesin life” [R141]
“Not sure, probably withdraw.” [R120]

“1 would comfort them and make sure they
feel loved” [R117]

“1 would betherefor themin thedifficult time
that they are going through.” [R110]

“Warn her about the effects of marijuana.”
[R129]

“Convince her to move on and that there are
other guys better than Brendan.” [R150]

“Encourage them to talk to as professional ”
[R1]
“1 would urge them to see atherapist.” [R80]

“Get out and do some sport or hang out.”
[R34]

Practical support

Thisinvolved providing doingsome- 19 (12.7) «
thing helpful for the friend

«  “Organize to do things with them to distract
them.” [R145]

“1 would offer to help her with homework.”
[R13]

Discussion

Principal Findings

This study aimed to examine young people’s attitudes toward
using a mobile phone app for relationship problems and to
determine the acceptability of the proposed content. In the
current sample, technology ownership was high, with only 1
participant not owning a smartphone or tablet. Almost half of
the sample accessed the Internet from their mobile phone.
Importantly, two-thirds of the sampleindicated that they would
be open to using a mobile help-seeking intervention for
relationships, irrespective of background factors or levels of
social support. These findings suggest that delivering
relationship support via a mobile phone app is likely to be
accessible to ageneral youth population and confirms a degree
of acceptability for amobile help-seeking intervention. Interms
of future development, several key factors were found to
influence the likely use of a mobile app for relationships
including perceived need, personal beliefs, engagement, and
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accessibility. The acceptability of the help-seeking information
wasinfluenced by the nature, scope, and approach of the content
aswell asusers personal experience of the suggestions. These
aspects are likely to be relevant to a range of other youth
hel p-seeking interventions and must be systematically addressed
if amobileintervention isto have broad uptake and appeal.

Notably, likelihood of seeking help from an app wasinfluenced
by whether a young person identified a need for relationship
support and whether they believed an app would be beneficial.
In this study, when asked what they would do when faced with
relationship issues, only one-third of the participants reported
that they would seek help. Fewer suggested seeking help from
afriend. Thelow level of help-seeking reported by participants
aligns with past research on menta health issues, in which
youths prefer self-management [19]. These findings are also
consistent with depression and suicide, in which individuals
reported perceived need as a key driver of help-seeking,
alongside personal help-seeking thresholds, beliefs about the
usefulness of help-seeking, and trouble identifying symptoms
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[19,38]. This finding may pose a potential challenge to app
developers. For an app to have wide uptake, developers of
mobile hel p-seeking interventions must carefully consider how
to address issues of need and usefulness. In the context of the
proposed app, a strategy to help users identify areas of need
could be theinclusion of screening, in which a user conducts a
self-assessment of their relationships to help establish need.
However, screening may not always be effective for changing
hel p-seeking behavior [39]. Therefore, it isimportant that future
evaluations of help-seeking apps assess the effectiveness of any
functionality aimed at increasing need. In terms of usefulness,
positioning an app as aresource that could be used to also help
afriend may broaden its appeal because of theimportance young
people place on relationships. Integration with other youth
activities, such as school curriculum or sport, may significantly
enhance young people’'s knowledge and awareness of maobile
hel p-seeking interventions [40].

Unsurprisingly, young people identified that accessibility and
engagement issues, including user experience, influenced their
likelihood of using a mobile help-seeking intervention. Thisis
consistent with maobile health app ratings in which users report
to value apps that are easy to use, deliver a clear outline of the
stepsinvolved to reach adesired goal, and provide personalized
information and education tailored to a user’s needs [41]. This
can be difficult to achieve in universal programs, and it
highlightstheimportance of considering users’ preferencesand
contexts early in the design process. Devel opers must consider
content and interface to avoid users feeling as though their
needs have been disregarded [42,43]. Inrelation to the proposed
app content, all participants reported peer rel atednessto at least
one of the characters, even though many were uncertain of their
own experience of the issues presented. This suggests that the
character-driven content has appeal, and as social learning still
occurs regardless of similarities [44], the use of character
vignettes is likely to be an effective model for changing
help-seeking behavior. Furthermore, almost all participants
rated the proposed strategies as hel pful . Hel pfulness was found
to be influenced by the general nature of the strategies and
whether they adequately addressed the breadth of issues that a
young person was experiencing. Interestingly, scheduling shared
activities was only suggested by 14% of the sample as a useful
strategy, and this may explain why previous apps that focus on
behavioral activation may not be effective in this population
[30]. A strength of this study is that it enabled end-user
assessment of content devel oped by clinicians and researchers,
which Grist and Porter [45] suggest enhances the quality and
efficacy of mobile health apps. In addition to an evaluation of
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effectiveness, next steps will include assessing young people’s
views of the proposed app design, including the user interface
and app structure, to ensure that the functionality and user
experience within the app is positive and engaging.

Limitations

The current findings must be considered within the study’s
limitations. First, this study examined young people’'s
help-seeking intentions, rather than actual behavior, and may
therefore not be atrueindication of how young people respond
when faced with a relationship problem. Although this is
appropriate for acceptability research, future trialswould benefit
from assessing other objective measures of acceptability,
including app usage. Second, the use of an online survey
restricted participation only to those who had access to the
Internet, and the sample may not have been representative across
arange of characteristics. In addition, the sample was recruited
primarily from Facebook and Black Dog Institute social media
sites. Future studieswould benefit from targeting amore diverse
sample as this study may have reached a more mental health
literate subgroup of youths and those with an interest in mobile
apps. Third, it is possible that the suggestions provided in the
survey influenced participants' free responses, thereby creating
alearning effect. However, visual inspection of the qualitative
datadid not indicate participants’ reported hel p-seeking, coping
strategies, or suggestions differed across characters. Finaly, a
strength of this study is the representativeness of youths who
identified as LGBTI, being twice as many than the general
population, which is approximately 10% to 11% [46]. It is
unclear why this survey achieved such a high level of
participation from the LGBTI youth.

Conclusions

Existing evidence has outlined that young people frequently
experience relationship problems and associated distress. The
findings of this study substantiate the need for additional
relationship support and echo previous research that highlighted
young people’s reluctance to seek help from formal services
[20,22,23]. This study confirms that youths are likely to use a
mobile app that attempts to address these issues. Adolescents
in this study were likely to use a mobile phone app for
relationship support, and this was not influenced by gender,
age, or other background factors. The development of such an
app may provide a valuable help-seeking resource for young
people. However, acceptability of an app may be increased by
addressing the factors of need, personal beliefs, usability, and
appropriateness of content. These findings will help to ensure
that evidence-based apps have a broad appeal and uptake.

This project was funded by Brain Sciences, University of New South Wales. The authors would like to acknowledge the support
of fellow researchers Dr Elizabeth Mason, Dr Jill Newby, Dr Angela Nickerson, and Erin Kelly in achieving funding. PJB and
ALC are supported by National Health and Medical Research Centre Fellowships 1083311 and 1122544, respectively.

Conflictsof I nterest

BOD and PJB are on the editorial boards for Journal of Medical Internet Research (JMIR) journals.

http:/mhealthjmir.org/2018/3/e56/

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 3| €56 | p.87
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH ODeaet d

Multimedia Appendix 1
Online survey including the questionnaire, character vignettes, and the app suggestions.

[PDE File (Adobe PDF File), 258K B - mhealth_v6i3e56_appL.pdf |
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Abstract

Background: The incidence of melanoma is increasing faster than any other major cancer both in Brazil and worldwide.
Southeast Brazil has especially high incidences of melanoma, and early detection is low. Exposure to ultraviolet (UV) radiation
isaprimary risk factor for developing melanoma. Increasing attractivenessis a major motivation among adol escents for tanning.
A medical student-delivered intervention that takes advantage of the broad availability of mobile phones and adolescents’ interest
in their appearance indicated effectivenessin arecent study from Germany. However, the effect in ahigh-UV index country with
a high melanoma prevalence and the capability of medical students to implement such an intervention remain unknown.

Objective: In this pilot study, our objective was to investigate the preliminary success and implementability of a photoaging
intervention to prevent skin cancer in Brazilian adolescents.

Methods: We implemented a free photoaging mobile phone app (Sunface) in 15 secondary school classes in southeast Brazil.
Medical students“mirrored” the pupils’ atered 3-dimensional (3D) selfies reacting to touch on tablets via a projector in front of
their whole grade accompanied by a brief discussion of means of UV protection. An anonymous questionnaire capturing
sociodemographic dataand risk factors for melanomameasured the perceptions of the intervention on 5-point Likert scalesamong
356 pupils of both sexes (13-19 years old; median age 16 years) in grades 8 to 12 of 2 secondary schoolsin Brazil.

Results: We measured more than 90% agreement in both items that measured motivation to reduce UV exposure and only 5.6%
disagreement: 322 (90.5%) agreed or strongly agreed that their 3D selfie motivated them to avoid using a tanning bed, and 321
(90.2%) that it motivated them to improve their sun protection; 20 pupils (5.6%) disagreed with both items. The perceived effect
on motivation was higher in female pupils in both tanning bed avoidance (n=198, 92.6% agreement in females vs n=123, 87.2%
agreement in males) and increased use of sun protection (n=197, 92.1% agreement in females vs n=123, 87.2% agreement in
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males) and independent of age or skin type. All medical students involved filled in a process evaluation revealing that they all
perceived the intervention as effective and unproblematic, and that all pupils tried the app in their presence.

Conclusions: The photoaging intervention was effective in changing behavioral predictors for UV protection in Brazilian
adolescents. The predictors measured indicated an even higher prospective effectiveness in southeast Brazil than in Germany
(>90% agreement in Brazil vs >60% agreement in Germany to both items that measured motivation to reduce UV exposure) in
accordance with the theory of planned behavior. Medical students are capable of complete implementation. A randomized

controlled trial measuring prospective effectsin Brazil is planned as aresult of this study.

(JMIR Mhealth Uhealth 2018;6(3):e60) doi:10.2196/mhealth.9794

KEYWORDS

skin neoplasms; primary prevention; adolescent; schools; students, medical; mobile applications; skin aging; smartphone

Introduction

According to the World Health Organization, the incidence of
melanoma is increasing more rapidly than any other major
cancer both in Brazil and worldwide. Melanoma is one of the
most common cancers in young adults and poses substantial
health and economic burdens[1].

Approximately 90% of melanomas are associated with
ultraviolet (UV) exposure, in particular with the frequency of
severe sunburns, and are therefore eminently preventable [2].
Multiple studies showed that daily use of a sunscreen with a
sun protection factor above 30, asrecommended by international
dermatol ogy guidelines, may prevent sunburns and skin cancer,
including melanoma [3-6].

Brazil has one of the highest UV indexes on earth; additionally,
tanning is culturally established, and Brazilians commonly
experience unprotected overexposure to the sun, especialy in
their childhood and teenage years [7-11]. In a 2008
population-based survey with 1604 participants in the south of
Brazil, 48.7% reported at least one sunburn in the prior year
[10]. In an attempt to mitigate the health damage caused by
excessive UV exposure, Brazil was the first country to prohibit
indoor tanning in 2009, albeit with limited success [9]. The
southeast of Brazil (the location of this study) is especialy
populated by citizens with a European ancestry and therefore
has high incidences of melanoma (up to 23.5/100,000
inhabitants) with alack of early diagnosisand an overall surviva
rate below worldwide rates [12-15].

I nterventions encouraging sun protection habits are important,
particularly among adol escents, asincreased risk of skin cancer
is associated with cumulative UV exposure and sunburns early
inlife[16-18]. Inlinewith this association, recent experimental
studies to test these effects in young target groups aimed at
promoting sunscreen use as an end point [19-22], and others
used various UV protection behaviors (including avoiding
sunbeds) or behavior scores [23-34]. Given the substantial
amount of time that children and adolescents of al socid
backgrounds spend in the school environment, addressing skin
cancer prevention inthissetting is crucia and providesaunique
opportunity to propel skin cancer prevention programs[35].

http://mhealthjmir.org/2018/3/60/

Current Knowledge on School-Based Skin Cancer
Prevention

Unhesalthy behavior with respect to UV exposure is mostly
initiated in early adolescence [36], commonly with the belief
that atan increases attractiveness [26,37,38], and the problems
related to melanoma and skin atrophy are too far in the future
for them to fathom.

A recent randomized trial with Australian high school students
demonstrated that appearance-based videos on UV-induced
premature aging were superior in encouraging sunscreen use to
videos of the samelength focusing exclusively on health aspects
[19]. These findings are in line with international studies
demonstrating the important influence of self-perceived
atractiveness on self-esteem in  adolescence [39,40].
Furthermore, enhancing one€'s attractiveness is a primary
motivation for tanning in adolescents both in Brazil and
worldwide [36,37,41]. In addition, the success of
appearance-based photoaging intervention maobile apps, inwhich
an imageisaltered to predict future appearance, in the fields of
tobacco and adiposity prevention have shown promisefor these
interventionsin behavioral change settings [42-47].

In the setting of melanoma prevention, a quasi-experimental
study by Williams et a demonstrated significantly higher scores
for predictors of sun protection behavior in young women from
the United Kingdom (70 participantsin total) using aphotoaging
desktop program [48]. Furthermore, the photoaging software
showed a promising reduction in young adults tanning
intentionsin a study with 10 participantsin total (7 female and
3male) [49]. However, prior studieswerelimited by their small
sample size and limitations related to expanding the target
population.

Introduction to the Sunface App

We harnessed the widespread availability of mobile phonesand
adolescents' interest in appearance to develop the free mobile
phone app Sunface, which enables the user to take a selfie and
then offersachoice of 3 categories: daily sun protection, no sun
protection, and weekly tanning, showing the altered face at 5
to 25 yearsin the future (Figures 1, 2, 3, and 4). All effectsare
based on theindividual skin type that the user can choose at the
start of the app (Figure 5). The app also showsthe most common
UV-induced skin cancers via extra buttons and cal culates how
the odds ratio is increased with different behaviors.
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Figure 1. Effect view: 5 years of skin aging with sun protection.
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Figure 2. Effect view: 25 years of skin aging with sun protection.
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Figure 3. Effect view: 5 years of weekly tanning without sun protection.
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Figure 4. Maximum effect view: 25 years of UV damage due to weekly tanning.
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Figure5. Start screen of the app prompts users to pick their skin type.

Brinker et al

Select your skin tone

Did you know? Darker skin tones can
increase natural sun protection by up to a
factor of 13 due to high amounts of
melanin in the skin.

In addition, the app gives advice on sun protection, explainsthe
facial changes, and encourages skin examinations using the
ABCDE rule (asymmetry, border irregularity, color variety,
diameter, and evolution [50]).

Afterward, the app offers many options for sharing (animated
photo or video; see Multimedia Appendix 1) with family and
friends. By this means, the social network of the user may also
be informed about the various photoaging effects of excessive
UV exposure and potential health consequences, as well as
potentially learning about the benefits of using the app [34].

To produce redlistic effects (Figure 6) and to show the user
realistic odds ratios for the options they choose in the app for
thethree most strongly associated skin pathologies, an extensive
review of the literature on UV-induced skin damage [51,52]
was conducted for each specific skin type. Asno trialswith 25
years of follow-up were available, we had to extrapolate the
evidence on UV-induced skin damagefor the specific skin types.
The evidence consists of more than 50 publications to create
realistic effects from aclinician’s standpoint (which may differ
from what the average person perceives as realistic).

We recently implemented this app in 2 German secondary
schools via a method called mirroring. Mirroring means that
the student’s altered 3-dimensional (3D) selfies are “mirrored”
viaaprojector in front of the entire class. Using an anonymous
guestionnaire, we then measured sociodemographic data and
risk factors for melanoma, as well as the perceptions of the

http://mhealthjmir.org/2018/3/60/

RenderX

intervention on a 5-point Likert scale among 205 students of
both sexes aged 13 to 19 years (median 15 years).

In our pilot study, we found more than 60% agreement in both
items measuring motivation to reduce UV exposure and only
12.5% disagreement: 126 (63.0%) agreed or strongly agreed
that their 3D selfie motivated them to avoid using a tanning
bed, and 124 (61.7%) agreed or strongly agreed to increasetheir
use of sun protection; only 25 (12.5%) disagreed with both
items. [33].

An explanation for these results is offered by the theory of
planned behavior, according to which the subjective norm (eg,
“my friends think that tanning makes you unattractive’),
attitudes (consisting of beliefs, such as “tanning leads to
unattractiveness’), and perceived behavioral control (eg, “I can
apply sunscreen correctly”) influence both the behavioral
intentions of a person and his or her behavior. Photoaging
interventions have the potential to affect all three of these
predictors, and the mirroring intervention specifically had a
strong influence on the subjective norm in the previous pilot
study [33].

This study investigated whether the results of our novel
photoaging intervention would be reproducible in Brazil, a
country with a high UV index and, thus, higher preval ences of
malignant melanoma and an even stronger need for effective
skin cancer prevention programs. Also, a process evaluation
investigated whether volunteering medical students would be
capable of complete implementation.
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Figure 6. Explanatory graphic of the effects within the app.
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Methods

Setting
We conducted the study in 2 regular public secondary schools
in the city of Ponte Nova, southeast Brazil. Students who were

13 to 19 years of age and attending regular secondary schools
in the city of Ponte Novawere eligible.

Intervention

The mirroring approach was implemented by medical students
from the Education Against Tobacco nonprofit organization
who were attending the Federal University of Ouro Preto in
Brazil [46,53]. To increase the pupils familiarity with the
Sunface photoaging app and their participation in the mirroring
intervention, we asked them to download the app before our
visit, via a letter 1 week in advance. When we visited the
schools, 12.6% (45/356) had the app on their mobile phones.

The intervention consisted of a45-minute app-based mirroring
educational module in the classroom setting. It was presented
by 2 medica students per classroom to approximately 24
students at atime (mean 23.7, SD 6.1 students).

In the first 10-minute phase, the displayed face of one student
volunteer was used to show the app’s altering features to the
peer group, providing an incentive for the rest of the class to
test the app. In front of their peers and teachers, students could
interact with their own animated face via touch (coughing,
sneezing, etc) and display their future self based on their skin
type and use of sun protection or tanning beds 5, 10, 15, 20, or
25 years in the future. Multiple device displays could be
projected simultaneously, which we used to consolidate the
altering measures with graphics (eg, to explain skin atrophy and
solar elastosis). Weimplemented mirroring with 10 Galaxy Tab
A tablets (Samsung, Seoul, South Korea) via Apple’'s AirPlay
interface (Apple Inc) using the app Mirroring360 (Splashtop
Inc) for the Android operating system (Google Inc).

In the second 15-minute phase, studentswere encouraged totry
the app on one of the tablet computers. We calculated the
number of provided tablet computers so that this phase would
take up to 12 minutes at most after factoring in a use time of
approximately 4 minutes per student. By this calculation, 25
minutes of the mirroring intervention and 10 provided tablets
were sufficient to have every student within aclass of 40 pupils
successfully photoaged at |east once.

In the following 15 minutes, the medical students discussed the
remaining functions of the app with the students: facial changes,
the ABCDE rule, and the guidelines for sun protection were
addressed in an interactive setting. In the last 5 minutes, we
measured the students’ perception of the intervention via an
anonymous paper-and-pencil questionnaire.

Data Collection

We measured the students' sociodemographic data (sex, age,
school type) and their risk profile (skin type, sex, age, sunburn
in the past, sunbed use) directly after the intervention via an
anonymous survey. The reactions to the intervention were
captured via 6 items on 5-point Likert scales: (1) increase of

http://mhealthjmir.org/2018/3/60/
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UV protection intentions due to the photoaging intervention (2
items: indoor vs outdoor tanning); (2) perceived reactions of
the peer group on change in attractiveness (2 items: indoor vs
outdoor tanning), whether they perceived the intervention as
fun (1 item), and the effects of the app asrealistic (1 item).

The items used were transferred from previously published
studies[33,43,54] and pretested in advance in accordance with
the guidelines for good epidemiologic practice [55].

The medical students filled out a brief process evaluation
consisting of 6 items capturing the complete implementation
of the intervention, as well as how the medical students
perceived its effectiveness when in class.

Results

Participants

We included 356 Brazilian secondary school students of both
sexes in the age group of 13 to 19 years (mean 15.95, SD 1.73
years; 141/356, 39.7% male; 214/356, 60.3% female) in this
cross-sectional pilot study. They were attending 2 regular public
secondary schoolsin the city of Ponte Novain southeast Brazil.
Almost all participants (336/356, 94.4%) owned a smartphone.

From a risk profile standpoint, 43.9% (156/356) of the
participants had a Fitzpatrick skin type of 1 or 2 [56]; indoor
tanning bed use in the past year was reported by 2.0% (7/356)
and use at least onceintheir lifewas reported by 4.5% (16/356)
[57]. Most students (205/356, 57.6%) remembered at |east one
sunburn in the past [58], 18.3% (65/356) reported one or more
sunburns in the last 12 months, and 15.8% (56/356) reported
that they frequently went out in the sun to get atan.

We analyzed and illustrated all data in regard to overal
perceptions of theintervention within thewhole sample (Figure
7), but aso to learn about how well the app was received by
students of different Fitzpatrick skin types (Figure 8), sex
(Figure 9), and age groups (Figure 10).

Realism of the Created Selfies

In our sample, we measured overal agreement with the
subjective realism of the created selfies (n=305, 85.9% strongly
agreed or agreed on realism, while only n=8, 2.3% disagreed
or strongly disagreed; Figure 7). These results did not vary
notably between male (n=119, 85.0% agreement; n=3, 2.1%
disagreement) and female participants (n=185, 86.5%
agreement; n=5, 2.4% disagreement; Figure 9). However, the
13- to 16-year-olds (n=185, 82.6% agreement; n=7, 3.1%
disagreement) and those with skintypes 1 and 2 (n=133, 85.8%
agreement; n=4, 2.6% disagreement) tended to perceive the
selfiesaslessredlistic, asopposed to 17- to 19-year-olds (n=120,
91.6% agreement; n=1, 0.8% disagreement) and participants
with skin types 3 to 6 (n=155, 77.5% agreement; n=13, 6.5%
disagreement; Figure 8 and Figure 10). The group that reported
at least one sunburn in the last 12 months had a 92.3% (n=60)
agreement and 1.5% (n=1) disagreement compared with 84.5%
(n=245) agreement and 2.4% (n=7) disagreement among
participants without sunburns in the past 12 months.
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Figure 7. Overall results of the whole sample. 3D: 3-dimensional.
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Figure 8. Resultsin Fitzpatrick skin types 1-2 versus 3-6. 3D: 3-dimensional.
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Figure 9. Resultsin male versus female participants. 3D: 3-dimensional.
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Figure 10. Resultsin 13- to 16-year-old versus 17- to 19-year-old participants. 3D: 3-dimensional.
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Motivation to Reduce Ultraviolet Exposure

We measured more than 90% agreement in both items that
measured motivation to reduce UV exposure and only 5.6%
disagreement (n=322, 90.5% agreed or fully agreed that their
3D sdlfiewould motivate them to avoid the tanning bed; n=321,
90.2% agreed or fully agreed that they would increase their use
of sun protection); only 20 (5.6%) disagreed or fully disagreed
with both items. The perceived effect on motivation wassimilar
between participants with different Fitzpatrick skin types in
both tanning bed avoidance (=142, 91.0% agreement in skin
types 1-2 vs n=179, 90.0% agreement in types 3-6) and
increased use of sun protection (n=144, 92.3% agreement in
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skin types 1-2 vs n=176, 88.4% agreement in types 3-6; Figure
8), and also similar between the age groups (Figure 10).
Comparing by sex, the perceived effect on motivation was
higher in female pupilsin both tanning bed avoidance (n=198,
92.6% agreement in femalevsn=123, 87.2% agreementin male
participants) and increased use of sun protection (n=197, 92.1%
agreement in female vs n=123, 87.2% agreement in male
participants).

Per ceived Subjective Norm During the Mirroring
I ntervention

The 2 items measuring the perceived reactions of the peer group
toward the individual selfie showed positive peer pressure in
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regard to both use of sun protection (n=275, 78.3%) and tanning
bed avoidance (n=209, 58.9%; Figure 7). The subjective norm
on decreasing UV exposurein order to look more attractive was
similarly perceived between the different age groups (Figure
10). However, female participants (n=169, 80.4% agreement;
n=15, 7.2% disagreement) tended to feel a stronger urge to
increase the use of sun protection due to the behavior of their
classmates than did male participants (n=105, 75% agreement;
n=8, 5.7% disagreement). Participants with Fitzpatrick skin
types 1 and 2 (n=87, 55.8% agreement; n=22, 14.1%
disagreement) tended to perceiveless peer pressurefor avoiding
tanning beds than did skin types 3 to 6 (n=121, 61.1%
agreement; n=22, 11.1% disagreement). Participants with at
least one sunburn in the last 12 months had a higher agreement
in the increased use of sun protection item (n=49, 75.4%
agreement; n=>5, 7.7% disagreement vsn=197, 67.9% agreement;
n=26, 9% disagreement in participants without sunburn in the
past 12 months) and in the avoidance of sunbeds item (n=55,
84.6% agreement; n=5, 7.7% disagreement vs n=220, 76.9%
agreement; n=18, 6.2% disagreement, respectively).

Global Feedback

Most participants claimed that they perceived the intervention
as fun (n=351, 98.9% agreement vs n=1, 0.3% disagreement),
and this fraction of agreement was similar throughout all
subgroups. Most participants (n=271, 77.0%) reported that they
would try the app again later on, 283 (80.2%) planned to show
the app to another person after school, and 352 (98.9%) agreed
that they had learned new things about the advantages of sun
protection.

Data Obtained From the M edical Students

Our process evaluation conducted among al of the 6
volunteering medical students via a short questionnaire after
every classroom visit revealed that 100% of the secondary
school students received the mirroring intervention as outlined
in the methods section, and that 100% of the medical students
were capable of having an empathic communication with the
students and regarded the intervention as enjoyable.

Discussion

Principal Findings

Our data showed that the mirroring intervention was effective
in changing the predictors of behavior in young risk groups
living in Brazil, a country with a high UV index and where
tanning is culturaly established. The predictors measured
indicated an even higher prospective effectivenessin southeast
Brazil than in Germany (>90% agreement in Brazil vs >60%
agreement in Germany to both items that measured motivation
to reduce UV exposure [33]).

While teledermatology [59,60] and, more specifically, skin
cancer diagnostic apps [61-65] are emerging, early diagnostics
may only be successful if apatient is sensitized for an eventual
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skin cancer risk and about skin cancer in general. Photoaging
smartphone apps seem capable of filling thisimportant gap by
appealing to vanity.

Interpretation

Available data on appearance-based behavioral change settings
for adolescents reveal that photoaging interventions appear to
be more effectivefor girls[46]. Also, datafrom our recent study
in Germany indicated that the intervention was more effective
in changing motivational predictors in those with Fitzpatrick
skintypes1and 2, aswell asin older adolescents. In our sample,
the perceived effect on motivation was higher among female
pupilsin both tanning bed avoidance (n=198, 92.6% agreement
infemalevsn=123, 87.2% agreement in mal e participants) and
increased use of sun protection (n=197, 92.1% agreement in
female vsn=123, 87.2% agreement in male participants), while
it was independent of age or skin type. We hypothesize that the
most likely explanation for this is that gender roles are more
established in southeast Brazil than they are in Germany and
that peer pressure plays alarger role, which thus flattened out
the differences for age and skin type that we found in our
German study [33]. Accordingly, this hypothesisisin linewith
the finding that an intervention like the mirroring intervention,
which aimsat yielding peer pressure effects and addresses social
norms, had alarger impact in acountry like Brazil, where social
norms play alarger role than in Germany.

Limitations

As we conducted this study only in Brazil, our results might
not be generalizable to other cultural or national settings.
However, cosmetics are used by adolescents in most countries
and appearance is a strong motivator for behavior in different
cultural contexts [39,66].

In addition, our results stemmed from anonymous self-reports
via paper-and-pencil questionnaires filled out after the
intervention. While anonymity decreases social desirability bias
in self-reports, they may not be regarded to be as objective as
externally measurable markers, such as biochemical findings
or clinical observation. Furthermore, handing the questionnaires
out after the intervention rather than before might provoke a
social desirability bias despite anonymity.

Conclusions

The photoaging intervention was effective in generating an
increased intention for UV protective behavior in Brazilian
adolescents. The predictors measured indicated an even higher
prospective effectiveness in southeast Brazil than in Germany
(>90% agreement in Brazil vs >60% agreement in Germany to
both items that measured motivation to reduce UV exposure)
in accordance with the theory of planned behavior. Medical
students are capabl e of completeimplementation. A randomized
controlled trial measuring prospective effects in Brazil is
planned as aresult of this study [67].
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Abstract

Background: Although mobile technologies such as smartphone apps are promising means for motivating people to adopt a
healthier lifestyle (mHealth apps), previous studies have shown low adoption and continued use rates. Developing the means to
address this issue requires further understanding of mHealth app nonusers and adoption processes. This study utilized a stage
model approach based on the Precaution Adoption Process Model (PAPM), which proposesthat people passthrough qualitatively
different motivational stages when adopting a behavior.

Objective: To establish a better understanding of between-stage transitions during app adoption, this study aimed to investigate
the adoption process of nutrition and fitness app usage, and the sociodemographic and behavioral characteristics and decision-making
style preferences of people at different adoption stages.

Methods: Participants (N=1236) were recruited onsite within the cohort study Konstanz Life Study. Use of mobile devices and
nutrition and fitness apps, 5 behavior adoption stages of using nutrition and fitness apps, preference for intuition and deliberation
in eating decision-making (E-PID), healthy eating style, sociodemographic variables, and body massindex (BMI) were assessed.
Results: Analysis of the 5 behavior adoption stages showed that stage 1 (“unengaged”) was the most prevalent motivational
stage for both nutrition and fitness app use, with half of the partici pants stating that they had never thought about using a nutrition
app (52.41%, 533/1017), whereas | ess than one-third stated they had never thought about using afitness app (29.25%, 301/1029).
“Unengaged” nonusers (stage 1) showed ahigher preferencefor anintuitive decision-making style when making eating decisions,
whereas those who were already “acting” (stage 4) showed a greater preference for a deliberative decision-making style
(F4,1017=21.83, P<.001). Furthermore, participants differed widely in their readiness to adopt nutrition and fitness apps, ranging
from having “decided to” but not yet begun to act (stage 2; nutrition: 6.88%, 70/1017; fitness. 9.23%, 95/1029) to being
“disengaged” following previous adoption (stage 5; nutrition: 13.77%, 140/1017; fitness: 15.06%, 155/1029).

Conclusions: Using a behavior stage model approach to describe the process of adopting nutrition and fitness apps revealed
motivational stage differences between nonusers (being “unengaged,” having “decided not to act,” having “decided to act,” and
being “disengaged”), which might contribute to a better understanding of the process of adopting mHealth apps and thusinform
the future development of digital interventions. This study highlights that new user groups might be better reached by apps
designed to address a more intuitive decision-making style.

(JMIR Mhealth Uhealth 2018;6(3):€55) doi:10.2196/mheslth.8261

KEYWORDS
mHealth; eating; physical activity; exercise; smartphone; mobile applications; health promaotion

; smartphone apps have becomeincreasingly popular. More than
Introduction 70,000 mHealth apps are currently available for download on

In recent years, services supporting medical and public health Android and iOS smartphones [2], and more apps are released

practices via mobile technology (mHedth) [1] such as SVery year [3]. The proportion of smartphone owners currently
using an mHealth app ranges between 36% [4] and 58% [5] in
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the United States and between 11% [6] and 21%[7] in Germany,
where this study was conducted. Although mHealth apps have
the potential to deliver effective interventions [8-12] and cut
health care costs [13,14], for example, because medical
interventions can be delivered remotely instead of in person, a
large proportion of the popul ation does not actively use mHealth
apps [15]. The European Union therefore set a goal to make
Web-based health promotion, including mHealth apps, more
effective, user-friendly, and widely acceptable [16,17].

A first step to attaining this goal isto identify who is currently
using mHealth apps and who is not. Usually, studies divide the
participants into a “user group,” comprising participants who
currently usean mHealth app (eg, [6]) or have oneinstalled (eg,
[4,18]), and a “nonuser group,” which typically lacks further
specification. Few studies have described mHealth app users
and nonusers using sociodemographic and health-related
characteristics or assessed further information about nonusers,
such as discontinued mHealth app use (eg, [5,19]) or interest
in mHealth app use (eg, [20,21]). Compared with nonusers,
mHealth app userstend to have more education and are younger
[18]. All genders use mHealth apps equally often [4-7,22,23].
Regarding health-related parameters, such as current health
status or body massindex (BMI), research yiel ded mixed results.
Although some suggest that mHealth app users tend to be
healthier and lesslikely to be overweight [24,25], others report
more comorbidities and a higher BMI for users[4,7].

However, more than a basic understanding of the core
sociodemographic characteristics of users and nonusers is
needed to increase mHealth app adoption rates. That is, we
require a better understanding of the motivational processes
underlying the decision making for adopting mHealth apps. In
health behavior research, stage theories of behavior change
[26-29] suggest that people can be differentiated according to
the levels of awareness of and motivation to adopt a healthier
lifestyle, such as quit smoking [30], become more physically
active [31], change dietary behaviors [32-35], or to take
preventive action such as increasing calcium intake to prevent
osteoporosis [33]. Specifically, stage models such as the
Transtheoretical Model of Health Behavior Change (TTM)
[36,37], the Health Action Process Approach (HAPA) [26,38],
or the Precaution Adoption Process Model (PAPM) [39-41]
assume that people pass through qualitatively different
motivational stages when adopting a behavior (see [27,42] for
an overview). For example, the PAPM claims that people pass
through 7 distinct stages of decision making for health behavior,
including being “unaware,” “becoming engaged,” “starting to
make a decision,” “decided to act,” “decided not to act,
“acting,” and finally “maintaining” (or “disengaging”) fromthe
behavior [39,43]. Importantly, the PAPM introduced
differentiation between people who have “decided not to act”
and people who are yet undecided. People who have already
formed an opinion about an issue might be more difficult to
persuade than people who did not yet form an opinion, and
therefore might require different intervention approaches
[40,41]. Furthermore, in the PAPM, stages are defined by
psychological characteristicsinstead of external factors such as
time, asinthe TTM [28,41], which has been criticized asbeing
arather arbitrary criterion [44]. Using stage models to describe
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aperson’s position in the behavioral adoption process has been
shown to improve recruitment, retention, and progress in the
behavior change process[36,37] by providing information about
barriers of change for individua stages as well as methods to
facilitate stage transitions [36,40,43]. Drawing on the stage
model conception from health psychology research and
especialy the PAPM, we used a stage model approach to assess
5 different stages in the adoption process of mHealth apps. In
particular, the 5 different stages include those who have never
thought about using mHealth apps (“unengaged”), intend to use
mHealth apps in the future (“decided to act”), have decided
against using mHealth apps (“ decided not to act”), are currently
using mHealth apps (“acting”), and have ceased to use mHealth
apps (“disengaged”). The later stage was added based on a
previous adaptation of the PAPM [45], because comparing
“disengaged” nonusers to other groups, especialy “acting”
users, provides valuable information about when and why
mHealth app use is maintained or discontinued [19]. Thus, the
present stage model also includes the perspective of models of
engagement with digital behavior change interventions that
focus on preventing the transition from the “acting” stage to
disengagement.

When stages of mHealth app adoption have been identified, a
second and important step isto characterize the people at each
stageto identify potential transition barriers[43]. Characterizing
groups at each stageisimportant to both tailoring and improving
the services according to users needs and preferences and
thereby enhancing user engagement and promoting the use of
mHealth appsto new user groups[46-48]. The extent of mHealth
app use, for example, seems to covary with health
consciousness, health information orientation, and eHealth
literacy [49]. These results suggest that mHealth apps are more
likely to be adopted by people who are conscious about their
health. Research in hedth screening decision-making
furthermore showed that decision-making styles affect
information processing. Specifically, people with a rational
decision-making style engaged morewith intervention materials
such as ledflets than those with an intuitive decision-making
style [50]. As mHealth apps that are currently available
predominantly focus on self-regulatory strategies such as
self-monitoring, providing instruction or feedback, and goal
setting [51-53], using mHeath apps might necessitate
self-regulatory competencies such as a deiberative
decision-making style. Similarly, previous research suggests
that self-regulatory constructs that support goal-directed,
intentional behaviors (eg, self-efficacy, attitudes) may act as
transition barriersinthe PAPM [34]. Consequently, peoplewho
use a deliberate style when making health-related decisions,
such as preferring to rely on health recommendations, may be
morelikely to adopt mHealth apps. A preferencefor deliberation
might help to exert the self-control needed to perform the
behavior. Conversely, people who prefer an intuitive
decision-making style, that is, relying on affect and heuristics
[54,55], might belesslikely to adopt mHealth apps as such apps
tend to stand in stark contrast to their preferred decision-making
strategies. Accordingly, decision-making style preferences might
systematically relate to stagesin the adoption process.
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Although mHealth apps have different functionalities, the
majority of available apps are targeted at lifestyle and
well-being, with the majority being designed to monitor eating
behavior and physical activity [56,57]. Previous research,
however, predominantly focused on investigating use and
nonuse of mHealth appsin general, instead of investigating the
use or nonuse of different categories separately (eg, [4,5,7]).
However, the use of mHeath apps that target different
behavioral domains, for example, eating or physical activity,
might be correlated with different sociodemographic, behavioral,
or psychological characteristics. For instance, women are more
strongly preoccupied with eating [58]; thus, one might expect
that women are more interested in nutrition apps than men.
Therefore, this study focused on nutrition apps, but also included
fitness appsto examine whether the results are behavior-specific
or generalize across behavioral domains.

Theaims of this study aretwofold. First, it aimed to investigate
different stages in the adoption process of nutrition and fitness
apps by utilizing a newly developed stage model based on the
PAPM. Second, building upon and extending previous research,
the study aimed to investigate sociodemographic, behavioral,
and psychological characteristics of people at the different
adoption stages for nutrition apps to inform a better
understanding of stage transitions. Specifically, we assumed
that an intuitive decision-making style might act as atransition
barrier and thusis more pronounced in participants who are not
“acting”

Methods

Design and Procedure

Data were collected as part of the Konstanz Life Study, an
ongoing longitudinal cohort study that was launched in spring
2012 with 1321 participants (for more details, see [59-63]). The
overarching aim of the study is to investigate psychological
influences on eating behavior, physical activity, and health
within the general population across time [59]. The study was
part of the SMARTACT research project funded by the German
Federal Ministry of Education and Research. Further points of
measurement, 2, 3, and 4, took place in autumn 2012, spring
2013, and spring 2016, respectively. For each point of
measurement, participants were recruited via flyers, posters,
and newspaper articles. Additionally, participants of the
preceding points of measurement were reinvited via email and
phone calls. People aged 18 years and older without acute
infectious diseases were eligible for participation. The
measurementsincluded the collection of fasting blood samples,
questionnaires, as well as a standardized check-up including
anthropometric measures and cognitive and physical fithess
tests. As compensation for participation, participants received
feedback about their objective health status referenced to the
current norms. This paper presents questionnaire and
anthropometric data collected in the fourth point of measurement
(spring 2016).

Ethics

For data processing and security, a register of processing
operations was devel oped in cooperation with and approved by
ZENDAS in 2012 and reviewed in 2016 (Zentrale
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Datenschutzstelle der Baden-Wiirttembergischen Universitaten/
Center for Data Protection of the Universities in
Baden-Wiirttemberg) and reviewed by the L andesdatenschutz-
Beauftragte, Baden-Wirttemberg (Commissioner for Data
Protection in Baden-Wirttemberg). All participants gave written
informed consent before participation. The study adhered to the
guidelines of the German Psychological Society (Deutsche
Gesellschaft fiir Psychologie) and the Declaration of Helsinki,
and was conducted in compliance with relevant laws and
institutional guidelines. The study protocol was approved by
the University of Konstanz ethics committee.

Sample

In total, 1236 participants were recruited for the fourth wave.
For 21 participants, no questionnaire data were obtained,
reducing the sasmple analyzed to 1215 (for adetailed overview,
see Figure 1). The sample had a mean age of 41.11 years (SD
17.56) and 64.44% (783/1215) were female. BMI ranged from
16.77 to 42.45 kg/m? (mean 24.21 [SD 3.63]). The mgjority of
participants had a university entrance diploma (71.26%,
858/1204), and 53.16% (640/1204) had a university degree.
Compared with the German population, the sample consisted
of 13.7% more females, was 3.19 years younger, and had a
lower BMI by 1.69 points [64,65]. Furthermore, the present
samplewas better educated than the general German population,
in that 29.5% have a university entrance diploma and 16.3%
have a university degree [66].

M easures

Mobile Device Ownership and Nutrition and Fitness
App Use

Participants were asked to indicate whether they owned a
smartphone or tablet, (1) yes; (2) no. If the participants owned
a mobile device, they were subsequently asked to indicate
whether they had ever installed an app to monitor their physical
activity (fitness app) or their eating behavior (nutrition app) on
a4-point Likert scale ranging from (1) never to (4) currently.
If they indicated that they currently had a fitness or nutrition
app installed on their mobile device, they were further asked to
indicate the frequency of use on a 5-point Likert scale ranging
from (1) once amonth or lessto (5) at least once a day.

Stage Model for the Adoption Process of mHealth Apps
(Nutrition and Fitness)

For this study, in accordance with the PAPM [40] and an
adaptation of the PAPM by Renner and Hahn [45] (see aso
Multimedia Appendix 1), we defined each participant’s stage
in the adoption process based on their response to 5 different
statements representing the different stages. Participants were
asked to choose the one statement they would agree with most
regarding the usage of an mHealth app for physical activity or
food intake. Participants were categorized using the following
5 behavior adoption stages: (stage 1) being “unengaged” (“I
have never thought about using an app for that
[nutrition/fitness]”), (stage 2) “decided to act” (“I have thought
about using an app for that [nutrition/fitness], but so far | did
not doit”), (stage 3) “ decided not to act” (“| have thought about
using an app for that [nutrition/fitness], but it is not necessary
for meto do it"), (stage 4) “acting” (“I am currently using an
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app for that [nutrition/fitness] and intend to continueto useit”),
and (stage 5) being “disengaged” (“| have used an app for that
[nutrition/fitness], but | do not useit anymore™). Stages 1-3 and
5 encompass nonusers, whereas stage 4 includes current users.

Preference for Intuition and Deliberation in Eating
Decision-Making

A 7-item scale was used to measure the habitual preference for
intuition and deliberation in eating decision-making (E-PID;
unpublished data [67]; see also Multimedia Appendix 1). The
E-PID scale, consisting of 2 subscales, was developed based
on the inventory for preference for intuition and deliberation
by Betsch [54]. Participants answered each item on a 5-point
Likert scae from (1) | do not agree to (5) | agree. A
confirmatory factor analysis was conducted using a latent
structural equation model in MPlus to test the hypothesized
two-factor structure. The comparativefit index (CFI=.988), root
mean square error of approximation (RMSEA=.048, 90% ClI
0.034-0.062), and the standard root mean square residual
(SRMR=.024) indicated agood model fit [68]. All items showed
statistically significant factor loadings (P s<.001), indicating
convergent validity. The first factor “preference for intuition”
(E-PI) consisted of 3 items (eg, “When deciding what to eat, |
rely on my gut feeling.”; mean 3.34 [SD 0.83], alpha=.78) that
describe decision making based on feelings or affect (cf Betsch
[54]). The second factor “preference for deliberation” (E-PD)
consisted of 4items(eg, “| prefer making plans about my eating
behavior instead of leaving it to chance.”; mean 3.19 [SD 0.95],
alpha=.84) that describe decision making based on deliberation
and planning.

Healthy Eating Style

Healthy eating style was measured with 16 items assessing
general food consumption patterns (eg, “1 do not eat fast food,”

Figure 1. Flowchart of the study sample.
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“1 only eat foods containing little salt,” “If | eat sweetsor cakes,
| only eat little,” and “I eat alot of fruit and fresh vegetables”)
using a 7-point Likert scale from (1) strongly disagree to (7)
strongly agree (cf, Renner et a [69], Leppin [70]). Toinvestigate
thefactor structure, an exploratory factor analysiswas conducted
using a principal component analysis and promax rotation.
Global diagnostic indicators showed adequate factorability of
the correlation matrix, with Kaiser-Meyer-Olkin=.81 and a
significant Bartlett test of sphericity (x?1,=3106.1, P<.001).
Both eigenvalues on the scree-plot aswell asthe MAPtest [71]
suggested aone-factor solution. A total of 4 itemswere excluded
because they loaded less than A=.30 on the factor, yielding a
12-item scal e that accounted for 29.39% of the variance. Items
were aggregated, and ahigher score represents ahealthier eating
style (mean 4.34 [SD 0.90], apha=.77).

Body Mass | ndex

BMI was cal culated using the height and weight measurements
taken by trained research staff following a standardized
procedure. Participants wore light indoor clothing and were
asked to take off their shoes. Height was measured using a
wall-mounted stadiometer, and weight was measured using a
digital scale (Omron Body Composition Monitor, BF511).

Sociodemographic Variables

Participants age and gender were assessed. Additionally,
participants’ level of education was assessed and converted into
years of education.

Means and standard deviationsarelisted in Table 1 for nutrition
apps and in Multimedia Appendix 2 for fitness apps.

‘ N=1236 participants recruited l

—* No questionnaire data available for n=21 participants

‘ n=1215 participants included in analysis ‘

* n=161 participants did not own a mobile device

n=1054 participants owned at least one
mobile device

l—' Missing data n=3

'—r Missing data n=37

P Missing data n=25

Mutrition and fitness app use (n=1051)

Adoption stages nutrition apps (n=1017)

Adoption stages fitness apps (n=1029)

l—‘—. v

Nutrition app Fitness app + Age:

+ Gender:

installation rates

n=806
+ Previously n=159
= Currently n=86

» Newver

« Mever

installation rates

n=550

+ Previously n=246
= Currently n=255

Nutrition app use
frequency (n=86)
see Figure 2

Fitness app use
frequency (n=255)
see Figure 2

-
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+ Years of education:

+ Healthy eating style:
BMI:

+ E-PID:

n=1015 * Age: n=1027
n=1017 + Gender: n=1029
n=1013 * Years of education: n=1026
n=1017 * Healthy eating style: n=1029
n=1014 « BMI: n=1026
n=1017 « E-PID: n=1029
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Table 1. Descriptive statistics of correlates of nutrition app adoption.

Konig et d

Steges of behavioral adoption  Gender? n (standardized adjusted residuals) A9e mean(SD) - Years of BMIP mean(sD) Hedlthy eating
Female Male P value education, style, mean (SD)
mean (SD)
Stage 1 “unengaged” 312(-3.25)  221(3.25) .001 41.33(15.88) 16.18(2.33)  24.01(3.24) 4.29(0.92)
Stage 2 “ decided to act” 44 (-0.07) 26 (0.07) 94 37.33(16.28)  15.06 (2.54)  24.86 (4.17) 4.08 (0.94)
Stage 3“decided not toact” 126 (0.77) 66 (-0.77) 44 35.15(15.35) 15.89(2.43) 23.63(3.32) 4.26 (0.79)
Stage 4 “acting” 58 (1.47) 24 (-1.74) 14 3293(14.14) 15.10(244) 24.44(3.49) 450 (0.84)
Stage 5 “ disengaged” 103 (2.73) 37(-2.73) .006 3216 (12.91) 15.69(2.28)  24.24(4.26) 4.29 (0.86)

3For gender, the number of participantsin the cell and the standardized adjusted residuals (in brackets) are displayed. Due to multiple comparisons, the

significance level was adjusted to al pha=.005.
bBMI: body mass index.

Statistical Analysis

Analyses were performed using IBM SPSS Statistics (Version
23). Missing values were 0.00% (0/1215) for gender, 0.08%
(1/2215) for hedlthy eating style and E-PID, 0.16% (2/1215)
for age, 0.25% (3/1215) for BMI, 1.4% (17/1215) for years of
education and ownership of mobile devices, and 6.09%
(74/1215) for fitness and 7.74% (94/1215) for nutrition app
adoption stages. Participants with missing data on a variable
relevant to an analysis were excluded for that specific analysis
only. Descriptive statistics are reported for the full dataset
(N=1215). All analyses on differences between nutrition and
fitness app use stages were conducted using a subsampl e that
had indicated owning at least one mobile device (N=1054). To
investigate differences between nutrition and fitness app use
stages by age, years of education, BMI, and healthy eating style,
one-way analyses of variance (ANOVA) were conducted. Post
hoc analyses were conducted using Bonferroni correction.
Levene tests were conducted to test for the precondition of
homogeneity of variances. This precondition was not met for
analyzing differencesin age (F 4 1910=7.84, P<.001) or BMI for
nutrition app adoption stages (F 4 1000=3.27, P=.011) or for age
differences between fitness app adoption stages (F 14,,=8.00,
P<.001). To analyze these relationships, Welch tests and
Games-Howell post hoc tests were conducted. Gender
differences were examined using chi-square tests. Post hoc tests
were performed using standardized residuals and Bonferroni
correction [72]. Adoption stage differences in preference for
intuition and deliberation were analyzed using mixed ANOVAS,
with Stages of Behavioral Adoption asabetween-subjectsfactor
and E-PID as awithin-subjects factor. Significant results were
followed up by simple effects (cf, Page et a [73]). For these
comparisons, the apha level was adjusted to .001 to account
for multiple comparisons.

Results

Moaobile Devices and Nutrition and Fitness App Use

Of the tota sample, 84.95% (1010/1189) of participants
indicated owning asmartphone, and 40.89% (480/1174) owned
atablet. Taken together, 1054 (87.98%) of the study population
owned at least 1 mobile device that allowed them to use apps.

http:/mhealthjmir.org/2018/3/e55/

Installation rates of nutrition and fitness apps were further
investigated in the subsample that owned at least 1 mobile
device (seeFigure 1). Of al the participants, 76.69% (806/1051)
indicated that they never had installed a nutrition app, 15.13%
(159/1051) had previoudly installed one, and 8.18% (86/1051)
reported having one currently installed on their mobile device.
For fitness apps, 52.33% (550/1051) reported never having had
afitnessappinstalled, 23.41% (246/1051) had had oneinstalled
previously, and 24.26% (255/1051) currently had one installed
on their smartphone or tablet.

In a next step, frequency of use was investigated in those
participants who had indicated having a currently installed a
nutrition (N=86) or fitness app (n=255) on their mobile device
(for a summary, see Figure 2). For nutrition apps, most
participantsindicated using the app at |east once aday (37.65%,
32/86), whereas for fitness apps, the largest proportion of
participants indicated that they used a fitness app several times
aweek (36.7%, 93/255).

Stages of Behavioral Adoption

Of al the participants who owned a mobile device (see aso
Figure 3; means and standard deviations are listed in Table 1),
52.41% (533/1017) indicated that they had never thought about
using a nutrition app and were therefore classified as
“unengaged” nonusers (stage 1). Another 6.88% (70/1017)
indicated that they are planning to use a nutrition app in the
future and were thus categorized as “decided to act” nonusers
(stage 2), and 18.88% (192/1017) were classified as “decided
not to act” nonusers (stage 3) as they indicated having decided
against using a nutrition app. Moreover, 8.06% (82/1017)
indicated that they were currently using a nutrition app and
categorized as*“acting” users (stage 4), and 13.77% (140/1017)
reported having previously used a nutrition app and were
categorized as “disengaged” nonusers (stage 5).

In relation to the 5 stages of fitness app adoption, 29.25%
(301/1029) of the participantswho owned amobile devicewere
categorized as “unengaged”’ (stage 1), 9.23% (95/1029) as
“decided to act” (stage 2), 20.80% (214/1029) as “decided not
to act” (stage 3), 25.66% (264/1029) as“acting” (stage 4), and
15.06% (155/1029) as “disengaged” (stage 5) (see also Figure
3).
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Figure 2. Frequency of use of nutrition (n=86) and fitness apps (n=255).
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Use frequency
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Figure 3. Stages of behavioral adoption of nutrition and fitness apps.
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Figure 4. Differencesin preference for intuition and deliberation between
5
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stages of behavioral adoption of nutrition apps.

O preference for deliberation

3.19 297 3.87 3.50

Stage 1 "unengaged" Stage 2 "decided to act”

Stage 3 "decided not to act”

Stage 4 "acting" Stage 5 'disengaged’

Stages of behavioral adoption (nutrition)

Sociodemographic Correlates

Significant age differences between the 5 stages of behavioral
adoption of nutrition apps emerged (F; »5,00=16.85, P<.001,

w?=.06), with the participants in stage 1 (“unengaged”) (mean
41.33 [SD 15.88]) being older than the participants in stage 2
(“decided to act”) (mean 37.33 [SD 16.28], P<.001), stage 4
(“acting”) (mean 32.93 [SD 14.14], P<.001), and stage 5
(“disengaged”) (mean 32.16, [SD 12.91], P<.001). Furthermore,
asignificant association between stages of behavioral adoption
of nutrition apps and gender emerged (x%,=14.9, P=.007, Cramer
V=.12). Men were more often in stage 1 (“being unaware”) than
women. Moreover, significant stage differences were found for
years of education (F4 1005=6.65, P<.001, partial n°=.03). Post
hoc tests revealed that participants in stage 1 (“unengaged”)
(mean 16.18 [SD 2.33]) were better educated than participants
in stage 2 (“decided to act”) (mean 15.06 [SD 2.54], P=.002)
and stage 4 (“acting”) (mean 15.10 [SD 2.44], P=.001).

Further analysis of the differences between the stages of fitness
app adoption showed similar age differences as for nutrition
app adoption (F sgg 20=22.38, P<.001, «0’=.08). Participantsin
stage 1 (“unengaged’) (mean 45.31, [SD 16.61]) were
significantly older than participants in the remaining 4 stages
(stage 2 “ decided to act”: mean 37.14[SD 15.64], P<.001; stage
3 “decided not to act”: mean 36.18 [SD 15.37], P<.001; stage
4 “acting”: mean 34.76 [SD 13.95], P<.001; and stage 5
“disengaged”: mean 33.74 [SD 13.52], P<.001). No significant
differences were found both for gender ()(24:8.7, P=.07) and
years of education (F4 10,=2.16, P=.07).

Behavioral Correlates

For nutrition apps, no significant differencesfor the 5 stages of
behavioral adoption were found for both healthy eating style
(F4,1012=2.10, P=.08) and BMI (F 4 400,=1.72, P=.15).

http:/mhealthjmir.org/2018/3/e55/

For fitness apps, analyzing stage differences in healthy eating
style (F41024=2.92, P=.02, n%=.01) revealed atendency for stage
1 participants (“unengaged”) to report a healthier eating style
(mean 4.43[SD 0.94]) than stage 4 participants (“acting”) (mean
4.23 [SD 0.84], P=.07). Regarding BMI, no significant stage
differences were found (F 4 10»,=1.71, P=.15).

Psychological Correlates: Preferencefor Intuition and
Deliberation in Eating Decision-M aking

The characteristics of the different stages of behavioral adoption
of nutrition apps show that participants differed significantly
in terms of their preference for a deliberative or an intuitive
style when making eating-related decisions (see Figure 4; see
also Table 1). Specifically, a5 Stages of Behavioral Adoption
(Nutrition) x 2 E-PID mixed ANOVA yielded significant results.
Both a main effect for the between-subjects factor Stages of

Behavioral Adoption (F 10;,=6.96, P<.001, partial n°=.03) and
amain effect for the within-subjectsfactor E-PID (Fy 191,=5.21,

P=.02, partial n°=.01) emerged. Moreover, the interaction of
the 2 factors was significant (F,41,=21.69, P<.001, partial

n2=.08). Theinteraction effect wasfollowed up by simple effects
to test differences between E-Pl and E-PD at al levels of the
Stages of Behavioral Adoption. Significant differencesemerged
between stage 1 (“unengaged”) (F; 141,=49.55, P<.001) and
stage 4 (“acting”) (F;101,=32.80, P<.001). Although stage 1
(“unengaged”) participants preferred on average amoreintuitive
eating decision-making style, stage 4 (“acting”) participants
preferred on average amore deliberative eating decision-making
style.

A 5 Stage of Behavioral Adoption (Fitness) x 2 E-PID mixed
ANOVA was conducted to analyze stage differences in terms
of the preference for a deliberative or intuitive style when
making eating-related decisions to examine whether the stage
characteristics are behavior specific or also generalize to the
fitness app adoption process. The interaction between the
between-subjectsfactor Stage of Behavioral Adoption (Fitness)

IMIR Mhealth Uhealth 2018 | vol. 6 | iss. 3| €55 | p.111
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

and the within-subjects factor E-PID reached significance
(F41004=6.17, P<.001, partial n?=.02). The interaction effect
was followed up by simple effects, testing differences between
E-PI and E-PD at all 5 stages. A significant difference emerged
only for the participantsin stage 1 (“unengaged”), with a higher
preference for an intuitive style when making eating decisions
(meang_p 3.41 [SDg.p=0.84]; meang.pp 3.00 [SDg.pp 0.98];
P<.001).

Discussion

Nutrition and Fitness App Use

In this study, the adoption process of nutrition and fitness apps
and associated characteristics were investigated using a stage
model approach. The present data show that there is a great
potential for mHealth apps, as more than 80% of the participants
owned a mobile device, whereas only 8% of them were using
anutrition app and 26% were using a fitness app. In line with
other studies, the results show that fitness apps are more popular
than nutrition apps, with 3 times as many fitness app than
nutrition app users. For example, in arepresentative survey in
Germany, 17% reported to use an mHealth app, of which 67%
were using a fitness app and 39% a nutrition app [22]. In
addition, fitness apps were mostly used several times a week,
whereas nutrition apps were typicaly used on a daily basis.
This mirrors the actual frequency of the behavior, as fitness
apps are used to track specific activities such as running or
working out [ 74], whereas nutrition apps often require that all
meal s arelogged to provide meaningful measures and feedback.
Hence, one obvious reason for the marked difference in usage
of nutrition and fitness apps might be that physical activity often
is tracked automatically by using smartphone sensors [75] or
wearables [22,76], whereas food intake has to be tracked
manually. Manual entriesin food journals can be effortful and
time-consuming [77,78], and therefore, fewer people might be
willing to monitor their diet. Some attempts have been made to
reduce effort in food journaling, for example, by including
barcode scanners, digital scales[79], or reducing extensive food
databases to a list of food groups [80], but these features have
yet to be included in commercially available nutrition apps.

Stages of Behavioral Adoption

By using a stage model approach, this study expanded the
dichotomy of mHealth app users and nonusers and shed more
light on the psychological differences between nonacting
participants. In the behavior adoption process, it isassumed that
people move from a state of being unaware but starting to form
opinions (stage 1) to adecision-making stage where they become
engaged. They may decide to adopt the behavior (stage 2) or
decide not to take action (stage 3). In this study, the two
behavioral domains differed particularly in respect to the
prevalence of stage 1 (“unengaged”) as half of the participants
stated that they had never thought about using a nutrition app
and less than one-third stated they had never thought about
using afitness app. In comparison, similar prevalence rates for
stages 2 (“decided to act”) and 3 (“decided not to act”) emerged
for nutrition and fitness apps. Previous research has shown that
people who have not yet decided often show different responses
to information and are often less resistant to persuasion than
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people who have reached a definite position on an issue, even
if they have not yet acted on their opinions [43]. Accordingly,
there seems to be greater potential to increase a nutrition app
uptake using tailored information to foster the transition from
being “unengaged” to becoming engaged, for example, by
promoting apps that target the potential user’s health needs
during medical counseling. These results also underline the
importance of developing quality criteria and guidance for
consumers and medical personnel to decide which appsto use
or recommend [56].

A substantial number of participants stated that they had
“decided not to act” (stage 3), which poses a qualitatively
different transition barrier and therefore requires a different
approach to changing beliefs and attitudes than for people in
stages 1 or 2. A wealth of psychological research shows that
people have atendency to adhere to their own beliefs, which is
challenging to overcome. In this case, providing information,
for example, about the pros and cons of the target behavior,
which has been effective for supporting people in the early
stages of the behavioral adoption process [43], might be less
effective. Transition might be more likely to be motivated by
socia influences such as significant others or social horms
[34,81,82]. One might even argue that it istoo costly to target
thisgroup and therefore more effective to focus on other groups
of nonusers.

Although this study recorded few nonusers who had “ decided
to act” (stage 2), this group represents a qualitatively different
and important target group for interventions. A great body of
research suggests (1) that there are important gaps between
intending to act and carrying out this intention, and (2) that
hel ping peopl e devel op specific implementation plansthat spell
out the when, where, and how of goal striving in advance can
reduce these barriers [83,84]. Such detailed implementation
information is however seldom effective for people in stages 1
(“unengaged”) or 3 (“decided not to act”). Likewise, perceived
self-efficacy seems particularly important for thetransition from
“decided to act” to taking action (eg, [34,85,86]).

Participantsin the “acting” stage (stage 4) showed a significant
different pattern of apreferencefor adeliberative or anintuitive
style when making eating-related decisions. As expected, the
current nutrition app users showed higher preference for
deliberation than intuition, whereas“ unengaged” nonusers (stage
1) showed a greater preference for intuition than deliberation.
Accordingly, nutrition apps seem to be especially appealing to
peoplewho tend to decide what to eat after conscious reflection.
mHealth apps are targeted toward this deliberative
decision-making style by helping to gain insight into and control
over energy intake, for example, by allowing self-monitoring
and providing instruction [52]. Interestingly, participants in
stage 2 (“decided to act”) expressed interest in using nutrition
apps, although reporting alower preferencefor deliberation and
ahigher preference for intuition than the current app users. This
might indicate that the mismatch between the design of current
available apps and preferred decision-making styles creates a
significant transition barrier. Developing apps that are more
tailored to an intuitive decision-making style might motivate
higher stagetransition rates. For example, thismight be achieved
by associating health behaviors with positive emotions (eg,
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[87]) or including game-like features, which might also increase
the likelihood of habit formation [88]. However, it has yet to
be investigated which app features and behavior change
techniques[89] best support an intuitive decision-making style,
and whether including these features actually leadsto increased
mHealth app adoption. As differences in preferred
decision-making style between fitness app adoption stageswere
similar but less pronounced than differences between nutrition
app adoption stages, results highlight that psychological
correlates of mHealth app use are behavior-specific and therefore
need to beinvestigated separately for different health behaviors
(cf, [90]). Moreover, it is important to note that preferred
decision-making style was only assessed for eating-related
decisions. Thus, future studies need to test for further differences
between fitness app adoption stages and the preferred
decision-making style for physical activity.

In line with previous research [5], participants in the “acting”
stage (stage 4) were younger than “ unengaged” nonusers (stage
1). This might be due to a general higher interest in the use of
mobile technology, as indicated by a higher proportion of
younger smartphone owners [91] and younger people being
more convinced of the efficacy of mHealth apps[4]. Moreover,
the results of this study show that current nutrition app users
arelesseducated than “ unengaged” nonusers. Thisisin contrast
with previous studies describing mHealth app users as being
more educated. One reason for this difference might be that the
present sample was recruited onsite as part of a cohort study,
rather than online as with most previous studies. The present
sample includes a broader age range and potentially less
technology savvy participants. Moreover, the continuous
measure used might also have had animpact as previous studies
compared participants with high school and university degrees
[4,5,23]. The participants in this study were generally highly
educated. Moreover, the observed differences in level of
education between stages were small [92]. In contrast, no such
relationshipswere found for fithess apps, suggesting that gender
and education differences might be more pronounced for
nutrition than for fitness app use.

Although no differences in psychological, behavioral, and
sociodemographic variableswere found between “ acting” users
(stage 4) and “disengaged” nonusers (stage 5), the two groups
differ substantially in their mHealth app use behavior. Although
one might argue that “disengaged” nonusers ceased using an
app because they had reached their goal, research suggests that
most “ disengaged” nonusers might rather have abandoned their
goa [19]. This lack of engagement could, for example, be
overcome by using effective behavior change techniques that
help maintain the intention or the behavior [93], for example,
by boosting self-efficacy or prompting planning [38]. Moreover,
users might disengage from the app because tracking is too
time-consuming or not interesting enough in the long term [5].
Developments in mobile technologies such as image-based
assessment methods for dietary intake [94] hold great promise
for reducing user burden, which might in turn boost user
motivation. Thus, when further devel oping and testing the stage
model presented in this study, models of engagement with digital
behavior change interventions can provide valuable insights as
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they have already identified many potential transition barriers
and enablersfor thetransition from “acting” to “ disengagement”
(cf, [95]). Furthermore, engagement model s might also provide
further insights into transition barriers as well as enablers for
the transition to the “acting” stage and re-engagement [96].

In line with previous research [4,24,25], no significant
differences between stages of adopting nutrition apps were
found with respect to a healthy eating style and BMI, and
differencesfound between stages of adopting fitness appswere
small [92]. This might be explained by the various reasons for
using mHealth apps: Although some people use them to lose
weight [19], others use them without any intention to change
their behavior, for example, to maintain their weight [97] or to
learn more about their physical activity or eating patterns[77].
However, to examine the effect on actual changes in dietary
patterns or related outcome such as BMI, longitudinal studies
such as randomized control trials are needed. Although there
has been much enthusiasm for delivering interventions through
mobile devices such as smartphone apps, academic research on
the development and evaluation of these mobile devices is at
an early stage. Most currently available devices and programs
have not been empirically evaluated, and the existing studies
have predominantly focused on clinical samples, including text
message-based mobile interventions [98-102]. Recently,
Schoeppe et a [103] identified 27 studiesin 6926 publications
from 2006 to 2016 that used a smartphone app to improve diet
and/or physical activity as a health precaution with mixed
results: only 7 of the 13 studies targeting diet and 14 of the 21
targeting physical activity reported significant improvement.
As most current mHealth apps focus more on user interface
aspects to keep consumers engaged than evidence-based
behavior change methods [104,105], incorporating effective
behavior change techniques[89,106,107] might be apromising
avenue for further research.

Limitations

A strength of the study isthe large sample, which represents a
wide age range and was recruited onsite from the community.
Although mean BMI and age were comparable to the general
German population, femaleswere overrepresented and both the
university entrance diplomaand the university degree rate were
above the national average, potentialy limiting the
generalizability of the findings. Furthermore, the study was
advertised as a health check; thus, the participants might have
been more interested in their health than the average citizen,
possibly boosting mHealth app use rates.

Conclusions

Still, the mHealth app usage rates found both in this study and
in previous research (eg, [6,22]) were low, underlining the
potential to engage more people in the use of mHealth apps.
Using abehavior stage model approach to describe the process
of adopting mHealth apps revealed motivational stage
differences between nonusers, including being “unengaged,”
“decided not to act,” “decided to act,” and being “disengaged,”
which might contribute to a better understanding of the process
of adopting behavior changes and tailoring interventions to
foster transitions between stages.
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Abstract

Background: Inadequaciesin mental health care coverage remain an enormous problem in the United States. Barriers include
scarcity of accessible mental health care professionals. Use of a mental health mobile app incorporating social cognitive theory
may help improve confidencein coping skills and improve anxiety and depression. Sinasprite isamobile app that recruited users
via self-referral and clinician referral. Users completed questionnaires to obtain demographic and medical histories. At baseline
and 6-week follow-up, users completed the Patient Health Questionnaire 8 (PHQ-8), General Anxiety Disorder 7-I1tem (GAD-7),
and the Coping Self-Efficacy Scale (CSE). It is unknown how self-directed use of a maobile app improves confidence in coping
skills and its effects on self-reported depression and anxiety.

Objective: The objective of this study was to evaluate the Sinasprite database to assess self-directed engagement and how use
of this mobile app impacted self-reported confidence in coping skills and severity of depression and anxiety.

Methods: This retrospective longitudinal study involved users recruited via clinician referral and self-referral through social
media and news media. Questionnaires were used to record demographic, medical, and prescription medication histories. Mental
health status was assessed via PHQ-8, GAD-7, and CSE questionnaires. A deidentified dataset reporting mobile app use datawas
provided to investigators. Individuals with verifiable usage data and at least one completed questionnaire at 6 weeks of use were
included. Mann-Whitney U and Kruskal-Wallis tests were used to assess whether demographic data and psychotherapy were
related to baseline questionnaire scores and usage. A Spearman rho (p) test was used to assessthe rel ationshi p between improvement
in the CSE and GAD-7 and PHQ-8 questionnaires. Changes in mental health status were assessed using Wilcoxon signed-rank
test. A mixed-effects repeated-measures linear regression model assessed the main effects of time, concomitant counseling, and
psychotropic prescription medication use on mental health status.

Results: Thirty-four users were eligible for inclusion in the analysis. Users were predominantly female, white, married, and
college educated. At baseline, 35% (12/34) of respondents reported the use of individual/group counseling, and 38% (19/34)
reported using prescription medications for their mental health. The median user completed 5.7 (interquartile range 2.7-14.1)
trackable activities per week. Statistically significant improvements using a Wilcoxon signed-ranked test were observed in the
PHQ-8 (P<.001), GAD-7 (P=.002), and CSE (P<.001) questionnaire scores. A strong positive correlation between improvement
inthe GAD-7 and CSE questionnaire scores (p=.572, P=.001, n=28) was observed. The mixed-effects repeated-measuresregression
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model revealed a statistically significant effect of time on improvements in the PHQ-8 (P<.001), GAD-7 (P=.007), and CSE

(P=.001).

Conclusions: This6-week retrospective study showed that self-directed use of the mobile app, Sinasprite, resulted in significant
improvements in self-reported questionnaire scores reflecting depression, anxiety, and confidence in coping skills.

(JMIR Mhealth Uhealth 2018;6(3):€64) doi:10.2196/mhealth.9612

KEYWORDS

mental health; retrospective studies; longitudinal studies, mobile apps; anxiety; depression

Introduction

Approximately 43 million adults in the United States
experienced mental illness in 2015 [1]. The national cost of
mental illnesswas $467 billion in the United Statesin 2012 [2].
Uncontrolled mental health conditions are associated with
increased costs from medications, clinic visits, hospitalizations,
incarceration, homelessness, emergency room visits, and
premature mortality [3]. The financia burden, stigma, lack of
perceived need for treatment, and gaps in access to health care
professionalsand facilities are among the barriersto attainment
of mental health care in the United States [4,5]. Thus, viable
alternatives are needed to address this escalating mental health
carecrisis.

Depression and anxiety are ranked the first and sixth global
causes of disability, respectively [6]. Contemporary practice
guidelines recommend initiation of antidepressant medications
and/or psychotherapy such as cognitive behavioral therapy
(CBT) inthetreatment and management of patients’ depression
and anxiety [7-11]. Furthermore, one-half of all patients with
anxiety [6] and one-third of those with depression [12] may
benefit from early CBT interventions.

Two-thirds of the American population owns a smartphone,
thereby presenting an opportunity for health care services that
can overcome geographical and financia limitations [5]. This
resulted in the release of 165,000 health-related mobile appsto
the publicin 2015 on Android and iOS platforms[5]. However,
only 7% of these mobile apps provided servicesto track, assess,
or treat mental health conditions [5].

A study by Burns et al demonstrated that a mobile app, which
incorporated the use of machine learning, behavioral training,
and coaching, was able to assist in the care of patients with
major depressive disorder [13]. Lyet et al found the delivery of
behavioral activation and mindfulnesstherapy through amobile
app, complemented by face-to-face therapy, to be an effective
means of improving depression severity [14]. The Get Happy
Program based on the principles of CBT resulted in improved
self-reported Patient Health Questionnaire 9 (PHQ-9) scoresup
to 3 months after program completion [15]. Another study found
a mobile app that incorporated CBT, behavioral activation,
mindfulness, and psychoeducation in conjunction with coaching,
significantly improved self-reported depression severity among
users [16]. Cognitive bias modification interventions for
attention via a mobile app were beneficial in the management
of anxiety among patients [17]. Arean et a found that
individualswith moderate level s of depression may benefit most
from mobile apps[18]. Meta-anayses reported that smartphone
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interventions positively improved symptoms of depression and
anxiety among users [19,20]. In addition, a recent systematic
review also concluded that the utilization of CBT therapiesvia
a mobile app platform might improve the management of a
variety of mental health conditions [21].

Although there are significant published data on the effects of
mobile health apps on depression and anxiety, little is known
about the effects of these interventions on coping skills and
their relationship with the management of depression and
anxiety severity. Coping is defined as the behavioral and
cognitive effortsindividual s use when faced with psychological,
emotional, and physical stressors [22,23]. Problem and/or
emotional-focused coping strategies may be used to address
these stressors [22,23]. Perceived self-efficacy in coping is
expected to reflect one’s confidencein their ability to copewith
stressors, threats, and challenges [23]. Individuals with higher
levels of coping self-efficacy are expected to better mediate
potential stressors and challenges [24]. Previous research has
highlighted theinverse rel ationshi p between coping self-efficacy
with depression and anxiety [23-25]. Furthermore, theincreased
uses of coping strategies have been shown to reduce severity
of depression and anxiety [26]. Little is known about how a
mobile app designed to improve confidence in coping skills
may impact depression and anxiety severity.

Sinasprite is a self-directed mobile app developed using
Bandura's socia cognitive theory that includes elements of
CBT and mindfulness strategies to improve an individua's
ability to cope with stressors and is expected to decrease the
severity of an individual’'s anxiety and depression. Litesprite
(Bellevue, WA, USA), an organization that develops mental
health mobile apps, released Sinasprite in the iOS and Android
app stores as a beta (Multimedia Appendix 1). To download
the mobile app, users accessed the Litesprite website, completed
voluntary questionnaires, and received a beta key permitting
access to the mobile app. Users were recommended to use
Sinasprite for 6 weeks and to complete a voluntary follow-up
guestionnaire afterward. The objective of this study was to
conduct an assessment of the Litesprite database to evaluate
engagement with the mobile app and how a self-directed mobile
app can impact confidence in coping skills and depression and
anxiety severity.

Methods

Thisretrospective longitudinal study evaluated user engagement
and outcomes associated with the use of Sinasprite, a native
mobile app developed by Litesprite. Investigators received a
deidentified dataset from the mobile app development team
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contai ning usage data, questionnaire responses, and demographic
data. The Ohio State University Institutional Review Board
deemed this study to be exempt from human subject’s research.

Maobile App Design

Thismobile app was devel oped using Bandura's social cognitive
theory and included elements of CBT and mindfulness-based
stress reduction [27]. The game-based modules incorporate
features such as visualization, diaphragmatic breathing,
meditation, anxiety journal writing, augmented reality exercise,
and mindfulness. Users participate in these modules to help
Socks the Fox (a digital avatar) become a Zen master. The
mobile app aso uses intrinsic incentives and in-game prompts
and rewards to reinforce engagement and the use of multiple
modules. Repeated use of the mobile app is expected to
gradualy improve an individua's self-efficacy, sense of
self-control, reinforcements, and coping skills to ultimately
improve the management of their stress, depression, and anxiety.
Sinaspriteisanative mobileapp for iOS and Android operating
systems that does not require an active internet connection.
Once the mobile app isfinalized and updated, prospective users
would be able to access it through the iOS and Android mobile
app stores.

Recruitment

Themobile app wasreleased to the publicin alive betato allow
users to use and potentially benefit from it with minimal
intervention and support from health care practitioners. Anyone
aged 18 years or older wasinvited to use the maobile app. Users
were recruited via clinician referrals and self-referral through
social mediaand news media such as Facebook advertisements
and presentations and news articles published in VentureBeat,
Puget Sound Business Journal, The Northwest Guardian,
GeekWire, Elevar, Serious Games Market, SVP Fast Pitch, The
Huffington Post, Casual Connect, Seattle Met, Counseling
Washington, Medgadget, Chase, 425 Business, The Law of
Sartups, Seattle Health Innovators, Marketplace, Women 2.0,
The Seattle Times, Portland Business Journal, International
Business Times, and iMedi cal Apps. Potential usersweredirected
to the Litesprite website and signed up to use the mobile app.
Users were then emailed alink to a secure website where they
completed avoluntary questionnaire. On submission, userswere
sent a beta key via email within a day, providing access to the
beta version of the mobile app. They subsequently downloaded
the mobile app from the app store of choice and used the beta
key to access the mobile app.

Questionnaires

Userswere electronically sent accessto a secure website where
they completed a voluntary questionnaire requesting
demographicinformation, medical history, use of psychotherapy
and prescription medications, and mental health status via the
Patient Health Questionnaire 8 (PHQ-8) [28,29], Generad
Anxiety Disorder 7-1tem (GAD-7) [30], and the Coping Self
Efficacy Scale (CSE) questionnaires[23]. The PHQ-8 was used
over the PHQ-9 to measure depression severity because the
nonproctored format of the survey prevented the appropriate
assessment of suicidal ideation, which is uncommon in the
general population [29]. The GAD-7 and CSE questionnaires
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were used to assess anxiety severity and confidence in coping
skills [23,30]. Users did not need to completely fill out the
survey to be able to submit. After 6 weeks of using the maobile
app, userswere sent alink to a secure website, where they were
ableto complete the mental health status questionnaires (PHQ-8,
GAD-7, and CSE). Questionnaires with incomplete PHQ-8 or
GAD-7 questions were excluded from analysis. CSE
guestionnaires were included in the analysis if at least 80%
(21/26) of the questions were answered [ 23]. Missing responses
were replaced by the mean of completed items, resulting in a
corrected sum [23].

Data Analysis

Datawere organized and coded in IBM SPSS Statistics (v24.0;
Armonk, NY, USA) and were assessed for normality using the
Wilk-Shapiro test and histograms. All users were included in
theinitial dataset. Userswho did not compl ete any of the surveys
after 6 weeks of use or did not have verifiable usage data were
excluded. Due to the low sample size and non-normal
distribution of the data, Mann-Whitney U and Kruskal-Wallis
statistics were used to assess the relationship between
demographic data, psychotherapy, baseline PHQ-8, GAD-7, or
CSE questionnaire scores and the usage metrics. A 2-tailed a
priori alphalevel of .05 was used.

Mabile App Engagement

Several indicators were used to evaluate the mabile app.
Included were the average length of in-game on, completed
meditation sessions, mindfulness paintings, anxiety journal
entries, and self-assessment questions. Given thein-devel opment
(beta) status of the mobile app, it was not possible to collect
data from some modules. These included the fishing module
and an augmented reality exercise module that encouraged
walking. Theweekly amount of user activity was cal cul ated by
adding the number of completed activities and dividing by 6
weeks. Although the mobile app wasintended to be used severa
times aweek, users were encouraged to use the modulesin the
frequency they felt will be of most benefit to them. This was
intended to allow users to determine their own experience and
make use of the app as “nonconfrontational” as possible [31].
Thus, adherence could not be adequately assessed in the scope
of this study [31]. The Sinasprite development team also
provided investigators with a retention rate of users included
in the analysis.

Relationships Between Outcome M easur es

A Spearman rho (p) test was used to assess the relationship
between improvement in the CSE and GAD-7 and PHQ-8
results. A preliminary analysis using a scatter plot of the results
was performed to ensure the rel ationship between improvements
in the questionnaire scores followed a monotonic relationship.

Effects of Sinasprite on Self-Reported Questionnaire
Outcomes

To assess the change in self-reported questionnaire outcomes
among users, a Wilcoxon signed-rank test was performed. This
test was then repeated with users who reported no concomitant
therapies. Cohen d effect size was calculated for each test [32].
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Mixed-Effects Repeated-M easures Linear Regression
Model

To further eva uate the effects of using the mobile app on mental
health, a mixed-effects repeated-measures linear regression
model using unstructured variance, restricted maximum
likelihood, and intercepts was conducted. This method was
chosen because of its superiority to analysis of variance in
assessing correlations [13]. Q-Q plots and a Wilk-Shapiro test
were used to assess the appropriateness of the model for each
mental health status outcome. Transformations were used to
normalize datawhen required. The main effects of time, receipt
of prescription drug therapy, and individua or group counseling
were included in the linear regression model.

Results

The sample included data from 450 users of the mobile app.
However, 275 userswere excluded because of lack of verifiable
usage data, and an additiona 141 were excluded for not
completing at least one 6-week follow-up questionnaire (PHQ-8,
GAD-7, or CSE). Thefinal samplefor the analysisincluded 34
users (Figure 1).

In this study, users included for analysis were predominantly
female 77% (26/34), white 41% (14/34), married 62% (21/34),
and college educated 71% (24/34) with a median age of 40
(interquartile range [|QR] 32.75-50.75) years. Moreover, 35%
(12/34) of users reported receiving individual or group
counseling, and 38% (13/34) reported using prescription
medications for their mental health (Table 1). After 6 weeks of
use, 74% (25/34) of users who were included in the analysis
continued to use the mobile app. Retention of users who were
excluded was unable to be assessed. Users who reported
attending individual or group counseling sessions were more
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likely to report a higher GAD-7 (P=.04) than those who did not
receive counsaling. Individuals currently using prescription
medicationsfor their mental health conditionsweremorelikely
to report higher baseline GAD-7 (P=.01) and PHQ-8 (P=.03)
and lower CSE (P=.01) questionnaire scores compared with
their counterparts. Use of the mobile app was not significantly
associated with demographic characteristics or receipt of
prescriptions or counseling services for their mental health
conditions.

Maobile App Engagement

Mobile app usage data are presented in Table 2. The median
user averaged 6 min per session and used the mobile app once
aweek. The most used feature was self-assessment questions
with users completing a median of 15 questions. The second
most used feature was meditation; amedian of 5.5 sessionswas
completed, and users meditated for 1 to 3 min. Completion of
paintings and use of anxiety journal entries were comparable
with a median of 4 and 3.5 per user, respectively. Users
performed a median of 5.7 trackable activities per week.
However, one user completed the pre- and postquestionnaires
and yet completed no activities in the first 6 weeks, whereas
the top 10 most active users completed 12 to 50 activities per
week. These data highlight the large degree of interuser
variability with the use of the mobile app. Therewasamoderate
to strong, positive correlation between journa entries and
self-assessment questions (p=.418, n=34, P=.001), meditation
sessions (p=.631, n=34, P<.001), and paintings (p=.681, n=34,
P<.001). A strong positive correlation between meditation
sessions and paintings (p=.927, n=34, P<.001) also was
observed. Use of the mobile app was moderately and positively
correlated with the baseline self-reported GAD-7 questionnaire
score (p=.365, n=32, P=.04).

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram illustrating exclusion criteria.

Assessed for eligibility (n=450)

Y
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Table 1. Demographic and clinical characteristics of users of Sinasprite mobile app (N=34). Percentages may not equal to 100% because of rounding.

Characteristics Statistics
Agein years, median (interquartile range) 40 (33-51)
Gender, n (%)
Male 6 (18)
Female 26 (77)
Prefer not to say 2 (6)
Highest level of education, n (%)
Did not graduate high school 1(3)
High school diploma 9(27)
Bachelor’s degree 10 (30)
Graduate degree 14 (41)
Racial background, n (%)
White 14 (41)
Asian 1(3)
Prefer not to say 19 (56)
Marital status, n (%)
Single or never married 6 (18)
Married or partnered 21 (62)
Separated 2(6)
Divorced 3(9)
Household income before taxesin US dollars, n (%)
$20,000-$29,999 3(9)
$30,000-$49,999 2(6)
$50,000-$69,999 1(3)
$70,000-$99,999 2(6)
$100,000-$149,999 2(6)
>$150,000 2(6)
Prefer not to say 22 (65)
Received individual or group counseling, n (%)
Yes 12 (35)
No 21(62)
Did not say 1(3)
Used prescription medication for behavioral health, n (%)
Yes 13(38)
No 19 (56)
Did not say 2(6)
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Table 2. Freguency of Sinasprite mobile app use by users.

Silva Almodovar €t d

Usage data per user

Median (interquartile range)

Self-assessment questions completed
Number of meditation sessions completed
Mindful ness paintings completed

Anxiety journal entries completed
Sinasprite activities per week

Sinasprite total activity

Total number of sessions

Average length of session (min)

15.0 (5.0-41.3)
5.5(2.0-13.3)
4.0 (1.0-12.0)
35(1.75-8.3)
5.7 (2.7-14.1)
34.0 (16.0-84.5)
6.0 (3.0-13.85)
6.0(3.8-85)

Relationships Between Outcome M easur es

Therelationship between improvement in the CSE questionnaire
and the GAD-7 and PHQ-8 questionnaire scores was assessed.
Preliminary analysis indicated no violation in the assumption
monotonicity. There was a strong positive correlation between
improvement in the GAD-7 and CSE questionnaire scores
(p=.572, P=.001, n=28). However, there was a statistically
insignificant, small, positive correlation observed between
improvement in the PHQ-8 and the CSE questionnaire scores
(p=.178, P=.37, n=28).

Effects of Sinasprite on Self-Reported Questionnaire
Outcomes

Before using the mobile app, the median user reported aPHQ-8
score of 7 (IQR=2.0-11.5, indicating mild depression) and a
GAD-7 score of 5.5 (IQR=3.0-11.0, indicating mild anxiety)
[29,30]. After 6 weeks of using the mobile app, the median user
reported a PHQ-8 score of 3.0 (IQR=2.0-6.0, indicating none
or minimal depression) and aGAD-7 score of 4.0 (IQR=1.3-7.0,
indicating no or minimal anxiety symptoms) [29,30]. Figures
2-4 illustrate changes in the PHQ-8, CSE, and GAD-7
self-reported questionnaire scores. The CSE at basdline was

1749 (IQR=128.0-210.6), which improved to 194.0
(IQR=164.3-228.5) after 6 weeks of using the mobile app. A
statistically significant improvement was observed inthe PHQ-8
(n=32, z=-3.501, P<.001, effect size=0.44), GAD-7 (n=31,
z=—-3.138, P=.002, effect size=0.40), and CSE (n=30, z=—-3.557,
P <.001, effect size=0.46) questionnaire scores after 6 weeks
of engagement with the mobile app.

Before using the mobile app, the median user not currently
receiving psychotropic medications or counseling services
reported a PHQ-8 of 4.5 (IQR=1.3-10.5, indicating mild
depression) and a GAD-7 score of 3.0 (IQR=2.0-9.0, indicating
none or minimal anxiety) [29,30]. After 6 weeks of using the
mobile app, the median user reported a PHQ-8 score of 2.0
(IQR=1.0-4.0, indicating none or minimal depression) and a
GAD-7 score of 3.5 (IQR=0.3-4.8, indicating none or minimal
anxiety) [29,30]. The CSE a baseline was 178.0
(IQR=161.0-215.5), which improved to 219.0
(IQR=189.0-230.0) after 6 weeks of using the mobile app.
Significant improvements were observed in the PHQ-8 (n=16,
Zz=—-2.884, P=.004, effect size=0.51), GAD-7 (n=15, z=—2.282,
P=.02, effect size=0.42), and CSE (n=15, z=—2.840, P=.005,
effect size=0.52) questionnaire scores, after 6 weeks of
engagement with the mobile app.

Figure 2. Changesin self-reported depression at baseline and after 6 weeks of using the Sinasprite mobile app on the Patient Health Questionnaire 8

(PHQ-8).
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Figure 3. Changesin self-reported anxiety at baseline and after 6 weeks of using the Sinasprite mobile app on the General Anxiety Disorder 7-1tem

(GAD-7).
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Figure4. Changesin self-reported confidencein coping skills at baseline and after 6 weeks of using the Sinasprite mobile app on the Coping Self-Efficacy

Scale (CSE).
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Mixed-Effects Repeated-M easures Linear Regression
M odel

To assess the effects of concomitant therapies on outcomes, the
changes in the self-reported questionnaire outcomes (PHQ8,
GAD-7, and CSE) were modeled using a mixed-effects
repeated-measures linear regression model. The variables
included main effects of time, receipt of individual or group
counseling, and use of prescription medications. The GAD-7
scores were transformed using sguare root arithmetic.
Wilk-Shapiro test and Q-Q plotsindicated anormal distribution,
and no further transformations were necessary. This model
assessed changes before and after 6 weeks of using the maobile
app. The complete results can be found in Table 3. There was
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a significant effect of time on the PHQ-8 (P<.001), GAD-7
(P=.007), and CSE (P<.001) questionnaire scores. In addition,
a significant effect of prescription medications was noted on
the PHQ-8 (P=.003) and CSE (P=.009); however, statistical
significance was not achieved for the GAD-7 survey. The main
effect of counseling or group therapy was not statistically
significant for any of the questionnaires. The main effect of
time indicated that there was a statisticaly significant
improvement between the pre- and posttests for al 3
guestionnaires after controlling for concomitant therapies. Use
of prescription medications was also a statistically significant
variable for depression severity (PHQ-8) and confidence in
coping skills (CSE).
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Table 3. Results from mixed-effects repeated-measures linear regression model.

Questionnaires F statistic (degrees of freedom) P value
Patient Health Questionnaire (PHQ-8)
Intercept 67.1(1.0,30.0) <0012
Time 15,5 (1.0,30.0) <0012
Individual or group counseling 0.1(1.0,30.0) .78
Prescription medication use 10.2 (1.0,31.0) 0032
General Anxiety Disorder 7-1tem (GAD-7)
Intercept 186.9 (1.0,28.0) <.0012
Time 8.4(1.0,29.0) 0072
Individual or group counseling 1.7 (1.0,29.0) 21
Prescription medication use 3.8(1.0,29.0) .06
Coping Skills Self-Efficacy Survey (CSE)
Intercept 731.9 (1.0,30.0) <.0012
Time 17.7 (1.0,29.0) <0012
Individual or group counseling 0.3(1.0,28.0) .56
Prescription medication use 7.9 (1.0,28.0) 0092

agignificant at the .05 significance level.

Discussion

Comparison With Prior Work

Over 4800 areas around the United States reported a shortage
of mental health providersin 2017 [33]. Furthermore, one-half
of patientswith mental illnessreported not to have received any
mental health care in 2014 [34]. Use of maobile apps may be
able to reach individuals beyond geographical, financial, and
socia circumstances. The results of our study are in line with
previous meta-analyses that concluded maobile app—based
interventions might positively impact the severity of depression
and anxiety [19,20].

The results from this study are similar to previously published
studies that detailed the positive effects of different mobile app
interventions on depression severity [14-16,18,35-37]. It is
important to note that several of these studies included access
to additional resources or health care practitioners[14,15,35,36].
Furthermore, the effect size of the present mobile app (effect
size=0.44) on depression severity is comparable with other
self-guided mobile apps (effect size=0.21-0.70) [35]. Regarding
anxiety severity, the resultsfrom this study are similar to others
that demonstrated that mobile apps may positively improve
management of anxiety [17,36-39]. However, it is difficult to
adequately compare the results of this study with others because
of the differences in populations, methodology in assessing
mental health status, execution of interventions, and follow-up
period. Thisstudy also found the mobile app positively impacted
self-confidence in coping skills. To our knowledge, thisis the
first study to assess how amobile app may influence confidence
in coping skills.

http://mhealth.jmir.org/2018/3/e64/

Principal Findings

Key findings from this study showed self-directed engagement
of Sinasprite after 6 weeks of use was associated with
statistically significant improvements in self-reported PHQ-8,
GAD-7, and CSE questionnaire scores. Statistically significant
improvementswere seen even after controlling for concomitant
prescription medication and counseling or group therapies. This
study also found a strong positive correlation between
improvement in the CSE and GAD-7 questionnaire scores.
Unexpectedly, a statistically insignificant correlation was
detected between improvement in the CSE and the PHQ-8
guestionnaires.

Over the 6-week study period, the median user performed
approximately 6 activities per week in the Sinasprite app.
Although users were encouraged to use the maobile app to meet
their needs, not al activities were tracked and assessed; thus,
an underestimation of actual engagement in the mobile app may
have occurred. Moreover, the beta status of the mobile app may
have resulted in lower levels of user engagement; use of the
mobile app may substantially increase when afully functional
version is made available to the general public. However, it is
noteworthy that the degree of engagement shown from the beta
version resulted in statistically significant improvements in
guestionnaire scores for depression and anxiety severity and
coping skills. Summary data provided by the Sinasprite
development team reported that 74% (25/34) of usersincluded
in the analysis continued to use the app after 6 weeks of use.
This is consistent with previously reported retention rates,
ranging from 10% to 70%, for internet and mobile app
interventions [16]. However, it isimportant to note, among the
entire sample, only 38.9% (175/450) of users actually presented
with usage data.
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Use of the Sinasprite mobile app for various features may
subsequently prompt use of other features. For example, the
mobile app prompted usersto make a painting after completion
of a meditation session to promote self-awareness from the
meditation experience. Also, on completion of an anxiety
journal, entry users were prompted to complete a breathing
exercise although thisis an untracked feature. The moderate to
strong correlations detected between the trackable features
suggest that users were not selectively using specific features
and were likely to use multiple features that may be guided by
in-game prompts. Further study is needed to assess which
features are more valuable for particular populations once the
mobile app is finalized and released to the public.

An underestimation of the effects of the mobile app on change
in self-reported questionnaires responses may have occurred
for several reasons. Users may have experienced glitches and
errors in the beta version that impeded their ability to benefit
from the mobile app fully. Despite thislimitation, it isimportant
to emphasize that a statistically significant change was till
observed between theinitial and follow-up questionnaire scores.

The CSE questionnaire measures one's confidence in their
ability to carry out coping strategies when faced with external
stressors and does not have thresholds to differentiate between
specific levelsof coping [23]. A statistically significant median
improvement of 19 points on the CSE questionnaire items
suggests that use of the mobile app helped users improve their
confidence in the execution of coping strategies. Thisstudy also
found a strong relationship between improvement in the CSE
and GAD-7 scores. Theseresults support the notion that as users
improvetheir confidencein coping skills, they may alsoimprove
their ability to handle stressors and anxiety. This is supported
by previous research that found coping strategy interventions
improved depression and anxiety symptoms[26]. However, the
lack of statistical significance between the CSE and PHQ-8
guestionnaires conflicted with previous findings and suggested
that one’s confidencein their coping skills may not significantly
impact depression severity among patients. This finding may
have occurred because of the low sample size. It is still
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important to note that significant improvement in the PHQ-8
survey was observed.

Limitations

These study results are subject to severa limitations. The
retrospective nature of this study prevented investigators from
accounting for initiation and discontinuation of mental health
services during the 6 weeks of the Sinasprite mobile app use
and recruitment of specific populations. The study also did not
have acontrol group for comparison. Thein-development status
of the Sinasprite mobile app may have limited full user
engagement. The fact that the vast mgjority of the original
sample was excluded 92.4% (416/450) because of the lack of
verifiable usage 61.1% (275/450) or completion of the postuse
survey scores 31.3% (141/450) is concerning and leadsto greater
potential for bias (eg, nonrandom, self-selection). This, however,
is expected as dropout rates among internet-based studies can
fluctuate between 50% and 90% [18,40]. Comorbidities were
not assessed in this study. Length of previousor current therapy
was not collected. The unassisted platform of the survey may
have resulted inincorrect input by users. Use of the mobile app
was not supplemented by administrative or clinical assistance,
which may have resulted in lower engagement [16,41,42]. The
significant dropout ratein this study is concerning; however, it
is important to note that the mobile app assessed is in a beta
phase and is still being optimized to improve the user
experience. Once afinalized product is made available viaiOS
and Android platforms, further study is needed to understand
how the mobile app is used and how it may impact larger and
more diverse populations without the use of additional health
care resources.

Conclusions

Thisstudy found that individuals' scoresfor self-reported coping
skills and depression and anxiety symptoms improved without
additional investment of health care resources after 6 weeks of
using the Sinasprite mobile app. Although encouraging, further
study is warranted to evaluate the fully functional Sinasprite
mobile app among a larger and more diverse population with
mental health conditions, including anxiety and depression.
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Abstract

Background: The mgjority of breast cancer survivors do not meet recommendations in terms of diet and physical activity. To
addressthis problem, we devel oped amobile health (mHealth) app for assessing and monitoring healthy lifestylesin breast cancer
survivors, called the Energy Balance on Cancer (BENECA) mHealth system. The BENECA mHeadlth system is a novel and
interactive mHealth app, which allows breast cancer survivorsto engage themselvesin their energy balance monitoring. BENECA
was designed to facilitate adherence to healthy lifestylesin an easy and intuitive way.

Objective: The objective of the study was to assess the concurrent validity and test-retest reliability between the BENECA
mHealth system and the gold standard assessment methods for diet and physical activity.

Methods: A reliability study was conducted with 20 breast cancer survivors. In the study, tri-axial accelerometers
(ActiGraphGT3X+) were used as gold standard for 8 consecutive days, in addition to 2, 24-hour dietary recalls, 4 dietary records,
and sociodemographic questionnaires. Two-way random effect intraclass correlation coefficients, a linear regression-analysis,
and a Passing-Babl ok regression were calculated.

Results:  The reliability estimates were very high for al variables (alpha=.90). The lowest reliability was found in fruit and
vegetable intakes (alpha=.94). The reliability between the accelerometer and the dietary assessment instruments against the
BENECA system was very high (intraclass correlation coefficient=.90). We found a mean match rate of 93.51% between
instruments and a mean phantom rate of 3.35%. The Passing-Bablok regression analysis did not show considerable bias in fat
percentage, portions of fruits and vegetables, or minutes of moderate to vigorous physical activity.

Conclusions: The BENECA mHealth app could be anew tool to measure energy balance in breast cancer survivorsin areliable
and simple way. Our results support the use of this technology to not only to encourage changes in breast cancer survivors
lifestyles, but also to remotely monitor energy balance.

Trial Registration: Clinical Trials.gov NCT02817724; https://clinicaltrials.gov/ct2/show/NCT02817724 (Archived by WebCite
at http://www.webcitation.org/6xV'Y 1buCc)

(JMIR Mhealth Uhealth 2018;6(3):e67) doi:10.2196/mhealth.9669
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Introduction

Although the relationship between diet, physical activity, and
health is widely known, excess energy intakes (diet) and
sedentary lifestyles are common negative habits in cancer
survivors [1]. This energy imbalance may not only be highly
associated with the increased risk of incidence of some of the
most frequent types of cancer, but they may also be determinants
in the appearance of new cancers, the increase of relapses, and
even mortality due to cancer [2,3].

International guidelinesfor cancer survivorsinclude maintaining
ahealthy weight, limiting the consumption of high-caloriefoods,
and engaging in physical activity [4,5], together known as
energy balance. Unfortunately, only 20% to 32% of cancer
survivors adhereto these standards[6,7]. Thus, the devel opment
of feasible, reliable, and accurate diet and physical activity
assessment methods, as well as the promotion of cost-effective
personalized behaviors are necessary to improve adherence to
healthy lifestyles.

Currently, the gold standard instruments for measuring physical
activity levels and diet in different populations include
accel erometry and direct observation, daily records, and 24-hour
dietary recall, respectively [8,9]. Despite their widespread use,
new evaluation strategies are necessary to ensure that they (1)
are less time consuming for patients and researchers; and (2)
do not require the presence of a specialist.

Information and communication technologies are emerging as
new methods to accurately and remotely evaluate different
pathological processes [10-13], including oncology [14].
Literature has reported the use of electronic health (eHealth)
toolsthat collect dataon or that promote healthy lifestylesusing
the internet and Web-based programs [15-20]. Even though
some eHealth programs were used in studies with patientswith
cancer [21-24], none of them quantified energy balance.

Mobile health (mHealth) apps offer many advantages over
eHealth systems, including (1) instantaneous and personalized
feedback; (2) self-directing data collection; (3) user-friendly
interfaces; (4) evaluator bias reductions; and (5) lower costs by
reducing face-to-face procedures[25]. To date, several mHealth
apps have been developed to promote healthy lifestyles in the
general population [26-30], and for some pathologies, such as
cardiac rehabilitation [31], weigh loss interventions for
endometrial carcinoma [32], and exercise and nutrition
counseling for breast cancer survivors [33]. However, no
mHealth app has been devel oped specifically for breast cancer
survivors that simultaneously records energy balance (intake
and physical activity), and providesimmediate energy balance
feedback.

The Energy Balance on Cancer (BENECA) mobile app,
developed to help breast cancer survivors overcome energy
balance challenges, aimsto motivate and sensitize breast cancer
survivors to adhere to fully personalized physical exercise
programs and nutritional plans in compliance with the
international guidelinesfor cancer survivors. Here, we describe
the development of the BENECA system, its test-retest

http://mhealth.jmir.org/2018/3/e67/
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reliability, and concurrent validity against the gold standard
methods to assess diet and physical activity.

Methods

Overview

A descriptive reliability study was used to test inter- and
intrarater responses for a novel mhealth assessment app for
energy balance in breast cancer survivors. The app, BENECA
mHealth system, was developed by the CUIDATE research

group.
Participants, Sample, and Procedures

Breast cancer survivors were enrolled from the Complejo
Hospitalario Universitario in Granada, Spain, following their
oncologist’s suggestion to join the test-retest reliability study
between September 2016 and December 2016. Cancer survivors
wereeligibleif (1) they had been diagnosed with breast cancer
(estrogen-receptor-positive [ER+]); (2) had a body mass index
(BMI) higher than 25 kg/m?; (3) were between 30 and 75 years
old; (4) had basic abilities to use mobile apps; and (5) had
completed their cancer treatment (adjuvant therapy) at least 6
months prior. The participantswere excluded if they had chronic
diseases or orthopedic issues that could interfere with their
ability towalk. The project followed the Declaration of Helsinki
guidelines and Law 14/2007 on biomedical research [34]. The
study was approved by the local ethics committee of the
Andalusian Health Service. All participants provided written
informed consent.

A total of 20 patients was estimated to be necessary to achieve
90% power, to identify a correlation coefficient of 0.8 between
the evaluation methods (gold standard versus the BENECA
mHealth app), and to have an aphaerror of 5%. Previous studies
on the agreement between remote assessment methods had
comparable sample sizes [12,14,35]. Taking into account
potential study dropouts, 25 patients were invited to participate
in this study. A pilot study was carried out with 10 healthy
participantsto develop, test, and improve the BENECA mHesalth
system. The data from the pilot study were not included in this
study.

The participants attended the Sport and Health Center in
Granada. A member of the research team downloaded the
BENECA mHealth system app to the patient's mobile phone.
The patients were asked to use the mHealth app at least once
in the presence of aresearch team member to ensure the correct
use of the system and ask questionsif heeded. Each participant
was aso equipped with a tri-axia accelerometer
(ActiGraphGT3X+, Pensacola, FL, US). A specialized
nutritionist with 3 years of experience with patientswith cancer
recorded the participant's sociodemographic data and their diet
from the previous day using 24-hour dietary recals. The
participants al so received 4 daily dietary record questionnaires,
which they completed on 4 of the working days. When
necessary, a member of the CUIDATE group telephoned
participants if they were having difficulties with the BENECA
mHealth system.
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Gold Standard Methods

Physical Activity

An accelerometer was used to assess the level of physical
activity of the participants following a previously published
protocol [36]. The patients received a daily questionnaire and
were equipped with pre-programmed accel erometers (tri-axial
accelerometer, ActiGraphGT3X+, Pensacola, FL, US). They
were instructed to wear the accelerometer for 24 hours for 8
consecutive days. Only records obtained from 4 or more days
of use (excluding thefirst day) and at least 10 hours of recording
(1 minute intervals) per day were analyzed. The accelerometer
data were blinded to the participants.

Dietary Habits

The gold standard method for measuring diet is direct
observation. However, in this study, direct observation of the
participants dietary habitswas not feasible. Therefore, together
with the diet information, 24-hour dietary recalls and dietary
records were used as references [9]. With 4dietary records and

2, 24-hour dietary recals, the intake of 6 days, with 5 eating
occasions per day, could be collected.

Twenty Four-Hour Dietary Recalls

The 24-hour dietary recalls were obtained through interviews.
The participants did not know in advance when they would be
contacted. The specialized nutritionist asked, either in person
or by phone [37], about their dietary intakes on the previous
day. On the day of the evaluation, an interviewer (trained
dietitian) systematically collected detailed information on the
diet in the preceding 24 hours. The nutritional value (energy
and macronutrients) was evaluated using the Alimentacion y
Salud software, version 2.0 (Instituto de Nutricidn, Universidad
de Granada, Spain).

Dietary Records

Due to their validity, dietary records are considered one of the
best systemsto evaluate dietary intake. Theserecordsare akind
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of diary in which the patient must log all the food and beverages
consumed during a full day [9]. Four dietary records were
completed, coinciding with the accel erometer wearing time.

Description of the BENECA Mobile Health System

The BENECA system was devel oped by the CUIDATE group,
which consists of physiotherapists, occupational therapists,
physical activity professionas, nutritionists, and a sports
physician. BENECA is a native-Android mobile app (Figure
1), with a commercial server and centralized data storage. Its
internal technological development has been described
previously [38].

On first use, the users of the app record their persona and
anthropometric data, such as weight, height, age, and type of
cancer. They arethen asked to record what they ate (every item)
and what they did (in terms of physical activity) the day before.
Regarding intake, BENECA usesadietary record questionnaire,
structured with 6 consumption times. On each day, for each
period, usersreport all food and beveragestaken. The app limits
the food and drink options that can be selected, based on an
internal, predefined list adjusted from the Spanish food database
(Agencia Espafiola de Seguridad Alimentariay Nutricion/Base
de Datos Espafiola de Composicion de Alimentos v1.0; 2010).
The users are asked to record the most alike possibility offered
if the food or drink is not on the predefined list.

The BENECA mHealth system was created from the validated
Spanish version of the Minnesota L eisure-time Physical Activity
Questionnaire [39]. The patients can record the activities
completed during the day (intensity and duration), from 3
possible time periods (morning, afternoon, and evening).
BENECA only records those activities that have a duration of
at least 10 minutes. Internally, the app assigns a metabolic
equivalent value (MET) to each activity based on the
Compendium of Physical Activities[4Q].

Figure 1. Screenshots of the Energy Balance on Cancer (BENECA) mobile health system.
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Once the diet and physical activity are recorded, the users
receive a daily straightforward notification about their energy
balance, detecting if there has been an imbalance. Moreover,
considering their individual profile and theinformation entered
onto the BENECA mHealth app, the users can also obtain
physical activity and dietary recommendations based on the
guidelines of the World Cancer Research Fund International
(WCREF), the strategiesfor physical activity and diet in patients
with cancer from the American College of Sports Medicine
[41], and the recommendations of the American Cancer Society
[42]. A tutoria video of the BENECA mHealth app can be
found in Multimedia Appendix 1.

Statistical Analysis

For each outcome measure—minutes of moderate-to-vigorous
physical activity, number of portions of fruits and vegetables,
and percentage of fat—the agreement between gold standard
assessment methods and the mHealth system was calculated.
To evauate a systematic change in the mean (bias) from test to
retest, the mean difference with 95% CI was used. Moreover,
we used 2-way random effect intraclass correl ation coefficients
(with their Cls) to the interrater reliably trials.

The agreement between diet (foods and drinks) recorded by
BENECA and those reported in gold standard diet evaluation
approaches were estimated based on the analysis reported
previously by Hillier et al [10,11]. Match rates (food or drink
items reported in gold standard methods that had also been
recorded by the BENECA mHealth system), and phantom rates
(items reported in gold standard methods that had not been
recorded by the BENECA mHealth system), were calculated
following the formulas described by Hillier et a [10].

Mean daily values of percentage of fat, portions of fruits and
vegetables, and moderate-to-vigorous physical activity reported
by BENECA were calculated for aconcurrent validity analysis.
The accuracy of the mHealth system was calculated using a
linear regression analysis, and the correlation coefficient was
determined. Finally, a Passing-Bablok regression was used to
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control bias[10]. IBM SPSSversion 20 was used for all analyses
(IBM Statistical Program for Social Sciences SPSS Statistic,
Corp., Armonk, NY), and XLSTAT was used for Apple
computers (2016 version, Addinsoft SARL).

Results

Test-Retest Reliability

The data obtai ned with each assessment method (gold standard
versus BENECA mHedlth system), and the mean differences
are shown in Table 1. The mean difference of each outcome
measure (gold standard versus BENECA mHealth system) and
its alpha reliability estimate are also shown in Table 1. The
reliability estimates in all analyses were high (alpha=.90);
portions of fruits and vegetables achieved the lowest reliability
estimate with an alpha value of .94. The interrater intraclass
correlation coefficients for each gold standard method and the
BENECA mHeath system showed evidence of very good
interrater reliability (intraclass correlation coefficient=.90)
(Table 1).

Concurrent Validity

A total of 21 breast cancer survivor participants were recruited
for this study. Of the participants, 1 (1/21, 5%) could not be
included in thefinal sample because the Android version of her
phonewas not compatiblewith the BENECA system. Therefore,
thefinal study sample consisted of 20 participants, with amean
age of 47.5 (SD 7.07) years.

The mean BMI of the sample was 26.51 (SD 3.06) kg/m?. Of
the participants, 12 (12/20, 60%) had higher education, of which
only 2 (2/20, 10%) had sick leave. The most commonly affected
side was the right breast (11/20, 55%), and both breasts were
affected in only 10% (2/20) of the survivors. Most of the
participants were right-handed (18/20, 90%). Of the partici pants,
55% (11/20) had stage Il breast cancer, and 20% (4/20) had
stages| and I11A.

Table 1. Cronbach alpha reliability estimates and interrater reliability between the gold standard measurement and the Energy Balance on Cancer

(BENECA) mHealth system. ICC: intraclass correlation coefficient.

Variable

Mean difference between methodsin  Cronbach alphareliability
units of measurement, 95% ClI

Interrater reliability ICC
estimate interrater

p? 95% Cl
Per centage of fat
Total 0.15(-1.44t01.74) .956 916 0.80t0 0.97
Dietary record 1.32(0.23t0 2.4) .957 918 0.81t00.97
24-hour dietary recall 0.29 (-0.99 to 1.59) .985 971 0.93t00.99
Portions of fruitsand vegetables
Total 0.01 (-0.22t0 0.23) .982 .964 0.91t00.99
Dietary record —-0.07 (-0.44t0-0.30) .948 .901 0.771t00.96
24-hour dietary recall 0.26 (-0.11to 0.63) .970 941 0.85t00.97
Minutes of moderate-to-vigorous physical activity ~ 8.89 (6.16 to 11.64) 991 .982 0.95t00.99

8 CC (p) was calculated using a 2-way mixed effect model.

A unilateral mastectomy and alumpectomy had been performed
on 40% (8/20) and 50% (10/20) of the participants, respectively.

http://mhealth.jmir.org/2018/3/e67/
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adjuvant radio-chemotherapy, and 75% (15/20) were aso
receiving hormonal therapy (the estrogen receptor antagonist
tamoxifen).

Compliance With Methods

Paired data for the comparison between the BENECA mHealth
system and the dietary records or accelerometer were collected
for all participants. The compliance rates for all assessment
methods were very high. All participants completed the
BENECA system on the 6 requested days. In addition, 18
participants (90%, 18/20) completed the BENECA system on
more days than requested. Similarly, compliance with the gold
standard assessment methods was 100%. Breast cancer survivors
completed the 4 dietary records and the 2, 24-hour dietary
recalls; they also wore the accelerometer for the 8 requested
days. Compliance with the accelerometer was very good; there
were no incomplete sets of data, and the participants did not
report any problemswith the device (ie, allergic skin reactions).

The BENECA mHeadlth system showed excellent agreement
with both dietary evaluation approaches (Table 2). The dietary

Lozano-Lozano et d

records and 24-hour dietary recalls showed high match rates
and low phantom rates. There were 30 intake times and 1630
diet items recorded; only 106 items were not recalled in the
BENECA system (omitted or forgotten). “Vegetables” wasthe
most frequently ignored item, followed by biscuits and crisps.
Of thetotal, there were 21 (1.29%, 21/1630) occasionsin which
the food was not available on the BENECA system. In most of
these cases the food items were replaced by an appropriate
alternative from the BENECA food option list. However, some
food items, such as “couscous,” were not replaced, and the
choiceswere entered as“ matches’ for replaced items. Fifty nine
“phantom” itemswererecorded in the BENECA system without
being recorded in the gold standard dietary assessment methods,
with biscuits and sweets being the most common “phantom”
items.

No significant differences were found between the BENECA
mHealth system and the gold standard assessment methods
regarding percentage of fat compared to the 24-hour dietary
recall (Table 3).

Table 2. Food item agreement between the Energy Balance on Cancer (BENECA) app and the gold standard dietary instruments.

Day Match rate Phantom rate
Dietary record (%)

1 94.41 5.63

2 88.87 2.53

3 89.04 2.02

4 94.01 19.10

Mean (SD) 91.58 (9.55) 7.32 (14.96)
24-hour dietary recall (%)

1 (working day) 97.82 1.46

2 (holiday) 98.61 2.69

Mean (SD) 98.21 (2.68) 2.08 (2.88)
Global, mean (SD) 93.51 (6.36) 3.35(4.33)

Table 3. Agreement between the Energy Balance on Cancer (BENECA) mHealth system and each gold standard assessment method.
Variable BENECA mHealth System, Gold standard method, Difference of means 95% Cl
mean (SD) mean (SD)

Per centage of fat

Total 38.46 (8.97) 38.61 (7.59) -0.15 -1.74t0 1.44

Dietary record 37.44 (5.81) 38.76 (5.69) -1.32 —2.41t0-0.23

24-hour dietary recall 38.17 (11.50) 38.47 (11.38) -0.29 -1.59t00.99
Portions of fruitsand vegetables

Total 3.66 (1.91) 3.66 (1.71) -0.01 -0.24100.22

Dietary record 3.09 (1.56) 3.03(1.96) 0.07 -0.30t0 0.44

24-hour dietary recall 3.89 (2.24) 4.15 (2.10) -0.26 -0.63t00.11
Minutes of moderate-to-vigorous physical activity ~— 85.51 (23.07) 86.91 (22.57) -1.40 -3.34t00.55
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Table 4. Passing-Bablok regression variables of the Energy Balance on Cancer (BENECA) mHealth system versus the 24-hour dietary recall, dietary

records, and accel erometer.

Variable Slope 95% ClI Intercept 95% ClI
Per centage of fat
Total 122 1.03t0 1.65 —7.85 —24.58 to
-1.19
Dietary record 1.05 0.871t01.38 —2.84 -15.28t04.13
24-hour dietary recall 1.04 0.92t0 1.20 -117 —-8.19t02.94
Portions of fruitsand vegetables
Total 111 0.98t0 1.20 -0.27 -0.581t0 0.02
Dietary record 0.84 0.70t0 1.05 0.61 -0.01t01.07
24-hour dietary recall 1.05 0.86t0 1.25 -0.19 -1.19t0 0.45
Minutes of moderate-to-vigorous physical activity 0.97 0.87t0 1.07 11.2 1.37t016.93

Thelinear regression analysisrevealed coefficients of .93 (95%
Cl 0.88-1.34), .97 (95% CI 0.86-1.10), and .92 (95% CI
0.74-1.14), with respect to percentage of total fat, 24-hour
dietary recalls, and dietary records, respectively. The coefficients
for the portions of fruits and vegetables consumed were .97
(95% CI 0.95-1.22) for the total means, .94 (95% Cl 0.82-1.19)
for the 24-hour dietary recalls, and .93 (95% CI 0.59-0.86) for
the dietary records. The model also showed a coefficient of .98
(95% CI 0.91-1.09) for the minutes of moderate-to-vigorous
physical activity.

The Passing-Bablok regression analysis did not show
considerable bias in percentage of fat (dietary record and
24-hour dietary recall), or portions of fruits and vegetables
(Table 4). Only in terms of the percentage of total fat and
minutes of moderate-to-vigorous physical activity did the
analysis reveal afixed bias without a substantial proportional
bias. However, asubstantial proportional bias, but not substantial
fixed bias, was reveal ed when analyzing the percentage of total
fat or moderate-to-vigorous physical activity in each assessment
method (Table 4).

Discussion

Principal Results

The BENECA mHealth system can be used to assessthe energy
balance behaviors in breast cancer survivors. It is a
straightforward, fast, and consistent assessment system, as
shown by the results presented here. Although the BENECA
mHealth system has been validated for use in breast cancer
survivors, it could be used with other cancer survivors (ie,
prostate or colon) because it is based on International
Guidelines.

Comparison With Prior Work

The results of this study highlighted the positive agreement
between the BENECA mHealth system and daily, 24-hour
dietary recalls, as well as accelerometer data (high match rate,
low phantom rate). Moreover, intraclass correlation coefficient
data suggested satisfactory reliability, with high coefficients
for the average of the measurements. To our knowledge, since
thisisthe only strategy that has been devel oped to assess energy

http://mhealth.jmir.org/2018/3/e67/

balancein cancer survivors, it isdifficult to compare our results
to other investigations. Hillier et a (2012) designed SNAPA,
a Web-based computer platform that can evaluate the dietary
and physical activity conducts in grown-ups. However, our
resultswere not in agreement with this study, which had amatch
rate of over 75% and a phantom rate below 8.6%. Our results
displayed greater a match rate and a lesser phantom rate than
other studies, which reported match rates between 51% and
73% [10,11,15], and phantom rates between 20% and 55%
[15,43]. One possibility isthat these women, who felt neglected
after their medical intervention, adhered better to new
technologies[44,45]. Neverthel ess, the protocolsand evaluation
were not similar.

Similar to what has been observed with the SNAPA platform,
the most commonly forgotten food in the BENECA mHealth
system was*“ healthy” food, such asvegetables or fruits. It could
be that fruits and vegetables were often forgotten because of
how the dietary questionnairein BENECA system was designed.
The participants had to introduce each food separately making
it easy to forget about fruit and vegetable accompaniments. In
contract to our observations, thereisacollective perception that
people tend to record more “healthy” food and tend to forget
“unhealthy” food [10]. Moreover, compared with other
assessment methods that use communications and information
technologies in different populations, the BENECA mHealth
system shows equal or higher reliability [12-14].

Strengthsand Limitations

One of the advantages of the BENECA mHealth system is
making the main gold standard methods to assess diet and
physical activity readily available to patients. Moreover, the
BENECA mHealth systemissimpleto install, compatible with
commonly-used Android systems (in the future BENECA will
be developed for 10S), and ease of access (Google Play Store
inthefuture). Importantly, aninternet connectionisnot required
for its use. Despite these advantages, participants found it
difficult to introduce the diet data into the BENECA system,
wherethe grams of each individual food had to be entered. Other
disadvantages included: (1) a requirement for basic mobile
phone capabilities; and (2) it is only available in Spanish. Our
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goa is to address these disadvantages and improve future
versions of the app.

Given that one of theinclusion criteriato participate in the study
was to be able to use mobile apps, the average age of the
participants wasrelatively young. Technology capacity ismore
common in younger breast cancer survivors, so perhaps these
results may not be generalizableto older breast cancer survivors.
Future studies should be conducted to clarify this issue,
including a population with a higher average age.

Clinical Implications

We believe it would be interesting to combine BENECA with
some objective measurement instrument of physical activity,
such as an automatic monitoring bracelet, in order to fully
automate the recording of physical activity. BENECA is not
only useful in clinical research to evaluate the instantaneous
energy balance, but it could also be used as atool to remotely
evaluate the time change in this balance after different
intervention procedures or surgical procedures. Moreover,
BENECA could be used to facilitate the incorporation of
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physical exercise programsand healthy diet into the care system
of cancer survivors. It ispossiblethat the triangul ation generated
between the methods used in this trial to monitor physical
activity and diet (BENECA, accelerometers, professionals)
could have an educational and motivational impact on the
patient. However, due to the simplicity of the app, not having
to combine it with other components could produce even better
results by decreasing the time required to monitor physical
activity with accelerometers. Moreover, it could promote
patients autonomy from heath care professionas, lower
sanitary costs, and supply motivational support through its
real-time feedback system.

Conclusions

Our preliminary results showed that the mHealth app BENECA
may be a new tool to measure physical activity and intake in
breast cancer survivors, in areliable and simple way. Not only
will the real-time feedback system used in BENECA enable
positive changes in the lifestyles of breast cancer survivors, it
can be used to motivate them to maintain these changes over
time.
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Abstract

Background: To improve workers health and well-being, workplace interventions have been developed, but utilization and
reach are unsatisfactory, and effects are small. In recent years, new approaches such as mobile health (mHealth) apps are being
developed, but the evidence base is poor. Research is needed to examine its potential and to assess when, where, and for whom
mHealth is efficacious in the occupational setting. To develop interventions for workersthat actually will be adopted, insight into
user satisfaction and technology acceptance is necessary. For this purpose, various qualitative evaluation methods are available.

Objective: The objectives of this study were to gain insight into (1) the opinions and experiences of employees and experts on
drivers and barriers using an mHealth app in the working context and (2) the added value of three different qualitative methods
that are avail able to evaluate mHealth appsin aworking context: interviews with employees, focus groups with employees, and
afocus group with experts.

Methods: Employees of a high-tech company and experts were asked to use an mHealth app for at least 3 weeks before
participating in a qualitative evaluation. Twenty-two employees participated in interviews, 15 employees participated in three
focus groups, and 6 experts participated in one focus group. Two researchers independently coded, categorized, and analyzed all
guotesyielded from these eval uation methods with a codebook using constructs from user satisfaction and technology acceptance
theories.

Results: Interviewing employees yielded 785 quotes, focus groups with employees yielded 266 quotes, and the focus group
with expertsyielded 132 quotes. Overal, participants muted enthusiasm about the app. Combined results from the three evaluation
methods showed drivers and barriers for technology, user characteristics, context, privacy, and autonomy. A comparison between
the three qualitative methods showed that issuesrevealed by experts only slightly overlapped with those expressed by empl oyees.
In addition, it was seen that the type of evaluation yielded different results.

Conclusions:  Findings from this study provide the following recommendations for organizations that are planning to provide
mHealth apps to their workers and for developers of mHealth apps: (1) system performance influences adoption and adherence,
(2) relevancy and benefits of the mHealth app should be clear to the user and should address users’ characteristics, (3) app should
take into account the work context, and (4) employees should be alerted to their right to privacy and use of personal data.
Furthermore, a qualitative evaluation of mHealth apps in a work setting might benefit from combining more than one method.
Factors to consider when selecting a qualitative research method are the design, development stage, and implementation of the
app; the working context in which it is being used; employees mental models; practicability; resources; and skills required of
experts and users.
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Introduction

M obile Health Appsfor Health and Well-Being at
Work

Workers' health is of importance to the individual, as well as
to the organization in which a person is employed. As healthy
workers perform better, workplace interventions are being
developed to improve performance, health, and well-being of
workers [1-5]. However, research shows that interventions are
often not effective, or overall effectsaresmall [3-13]. Thiscalls
for exploring new approachesfor health and well-being at work.

Mobile and wireless technology (mobile health, mHealth),
defined aswirel ess devices and sensors, including mobile phones
worn by persons during their daily activities, isagrowing area
in supporting health behavior change [14-20].

Variousfeatures make mHealth agood candidate for workplace
interventions. For example, mobiletechnology offersthe ability
to continuously and unobtrusively monitor user's behavior.
Thereby, these technologies can better assess the user’s needs
and preferencesto deliver context-aware, personaized, adaptive,
and anticipatory interventions. In addition, it offers the
opportunity to bring interventions into situations where people
make decisions about their health and encounter barriers to
behavior change. It might also offer cheaper and more
convenient interventions with a high penetration and a large
reach. Finally, it can support a participative role of users, while
enhancing their responsibility over their own heath and
performance [18-23]. On the other hand, problems have been
reported as well, such as quickly declining engagement after
usage onset of mHealth apps [24].

Evidence Base for Mobile Health

Studies on Web-based interventions show that they can have
positive effects on health knowledge and behavior (eg, [25,26]).
These effects a so have been shown for Web-based interventions
aimed at workers’ health (eg, [27]). However, scientific evidence
of mobile apps (mHealth) is still limited [28,14].

mHealth apps are being developed and evaluated in a variety
of domains such asphysical activity (PA) [29-33)], obesity [34],
and stress management [35]. A lot of these apps have poor or
zero evidence base and have not been evaluated with scientific
methods [24,36,37]. In recent years, mHealth apps are being
developed specifically aimed at risk prevention and healthy
behavior in the work setting [38,39], but despite its potential,
hardly any research has been published on the content and the
effectiveness. Only one study on mobile apps targeting the
working population was found, which showed positive effects
of atailored mHealth intervention on PA, snacking behavior,
and sleep among airline pilots [40].

Evaluation of mHealth is important, not only to estimate the
magnitude of their outcomes but also to ensure they do no harm.

http://mhealth.jmir.org/2018/3/e72/

Research is not only lacking on health outcomes but also on
whether apps actually increase adherence to the behaviorsthey
target and whether apps perform better compared with traditional
interventions, either as a stand-alone strategy or integrated
within a program [24]. However, technologies can only be
effective when they are actually being used by end users. To
advance technology design, we therefore need insight into end
users real-life experiences. Hence, evaluation must involve
more than effectiveness evaluation. Testing acceptability and
satisfaction of end users plays an essential role as well; thisis
widely recognized ascritical to the success of interactive health
applications [17,41]. How is the system used by participants?
How well does the system fit into daily (working) lives and
context? Which aspects of the system do participants find most
helpful or frustrating? How do different components of the
system work together? What things do participants wish the
system could do? What problems do participants face? Why do
participants decline to participate? Why do participants (not)
remain engaged over time? [17]. To answer such questions,
gualitative methods are needed.

To sum up, despite its great promise, evidence is sparse for
mHealth in general [15,17,24] and specifically for risk
prevention and healthy behavior at work. Insight is needed
whether mobile apps are indeed a powerful medium to deliver
interventions at work, a context characterized with its own
specific barriers. Thisisamajor scientific knowledge gap and
might hamper the adoption of mHealth by the working
population. Research is needed to examine its potential and to
assess when, where, and for whom mHealth is efficacious,
specifically for the working context.

Evaluating Mobile Health

To study the potential of mHealth apps, quantitative as well as
gualitative studies are needed. However, mHealth interventions
challenge the way we conduct research. What types of
evaluations are appropriate and useful for mHealth apps?

An important challenge is to ensure that an evaluation method
matches with the development cycles of technology, which is
characterized by a highly iterative process. For instance, to
convincingly demonstrate that mHealth apps are effective in
changing behavior, often large-scale, long-term studies with
control groups such as randomized controlled trials are used
[15,17,42-44]. However, in mHealth research, the time it takes
to perform high-quality effectiveness studiesis critical because
technology may be obsolete before a trial is completed. The
rapidly evolving nature of both mHealth apps and their uptake
meansthat some components are continuously improved during
atrial, though changes to an intervention during an evaluation
pose athreat to internal validity [15,43,44)].

In addition, it is a challenge to conduct research in an
occupational setting [45]. Common examples of challengesare
as follows: (1) the organization wants to target al employees
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with an intervention, although workers might have different
needs and goals (eg, some workers suffer from sleeping
problems and others need to better balance their work-private
life balance); (2) organizations provide only few departments
to participate in the research (which might question whether
the results represent all employees); (3) the outcomes of
interventions depend on the context in which they are delivered,
which might be different within an organization (eg, employees
performing office tasks or working at an assembly line); and
(4) organizations prefer research among their employeesto have
minimal effect on the daily production processes [45]. The
occupational context leadsto additional constraints concerning
the design of an mHealth intervention and additional constraints
concerning the choice of methodologies.

Thefirst step when evaluating novel technologies already starts
at the earlier stages of development and consists of gaining a
deep understanding of how and why a system is used (or not)
[17]. Understanding how technology interacts with other
important factors that affect behavior change, such as people’'s
attitudes and preferences, their relationships, and the context in
which they work and live, is critical for the development and
adoption of apps[17,45-49].

The focus of this study was to gain insight in users’ real-life
experiences of mHealth apps in the working context and the
added value of different qualitative methods that might be
applied to assess this within this context.

Various qualitative evaluation methods to collect this
information are available to apply in one or more stages of an
iterative design process [17,46-50]. Expert-based methods are
commonly used for reasons of practicability, because they are
reported to be cheap, fast, and one does not haveto recruit users
[41,46,47,51]. However, results may not reflect mHealth app
usein real practice, as the context in which experts use an app
differsfrom the context of targeted workers. Commonly applied
user-based methods to gain insight in end users rea life
experiencesarefocusgroups, interviews, surveys, and loggings
[41,47,50,52,53]. Focus groups give aquick overview of users
opinions, and they give insights into the needs of the target
group. Part of its value lies in the unexpected findings that can
come from free-flowing discussion in the group [50,52,54].
Focus groups require less time burden for an organization than
interviews, another frequently adopted method in mHealth
evaluation studies [47]. Interviews can be useful to
understanding perceptions, opinions, motivation, context of use,
and behavior. Generally, compared with the focus group method,
interviews take more time but provide deeper insight [54].

Aim
This study aimsto:

« Gaininsight in the opinions and experiences of employees
and experts on drivers and barriers for using an mHealth
app for health and well-being in the working context to
develop recommendations for design and implementation

« Gaininsight into the added value of different qualitative
methods that might be applied within a working context
through comparing three different qualitative evaluation
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methods and ng whether they yield the same issues
evaluating an mHealth app

For this purpose, an mHealth app specifically developed to
improve health and well-being of workers at a high-tech
company is used as a case study. Three different qualitative
methods are used to gain insight in the opinions and experiences
of employees and experts on drivers and barriers for using an
mHealth app: (1) interviews with end users, (2) focus groups
with end users, and (3) focus group with experts. Usability
studies have shown that the types of issues revealed by end
users and experts evaluations and by different evaluation
strategies only dightly overlap [41,46,47]. Therefore, it is
hypothesized that (1) issuesreveal ed by end users’ (employees)
and experts evaluations only dlightly overlap and (2) issues
revealed by end users' interviews and users' focus groups only
dightly overlap. Issues are important topics or points, either
neutral, positive, or negative, brought forward by the participants
in this study on the use of the mHealth app.

Methods

Brightr, a Mobile Health App for Health and
Well-Being at Work

For this study, the Brightr app (version 1.0, Sense Health) was
evaluated (Figure 1). Brightr is an mHealth app especialy
devel oped for workers at a high tech company to improve their
health and well-being. Brightr continuously monitors worker’s
behavior, with modules for mental resilience, deep, PA,
nutrition, and shift work. Brightr aims to provide tailored and
personalized feedback at the time and place when it mattersthe
most: it offers the possibility to set personal goals that are
monitored by short questionnaires (ie, in the mental resilience
module) and incorporated sensor data of the mobile phone (ie,
to monitor PA and sleep). The collected raw dataiis then being
transformed into real-time human and environmental behavior
measurements. On the basis of intelligent algorithms, Brightr
providestailored feedback and advice. In addition, itispossible
to compare individual performance with the organization’s
average.

Qualitative Evaluation Methods

This study included end user as well as expert evaluation
methods. To get insight in users real-life experiences with
Brightr, three qualitative methods were used: interviews with
end users, focus groups with end users, and afocus group with
experts. These methodswere applied asis customary in practice,
and group sizes of each method were based on what was found
in literature. It was planned to conduct between 20 and 25
interviews. In scientific literature, the guideline for the number
of interviews is not clear. Some studies show that for an
assessment of needs, 10 to 15 interviewswill reveal about 80%
of the needs [54]. Other studies advice to conduct interviews
until saturation isreached and to stop when additional interviews
will not yield new information [54,55]. Researchers advice to
conduct between 6 and 200 interviews; most of them lie between
5and 35[55]. Therefore, aiming to conduct between 20 and 25
interviews was decided to be sufficient to get good results.
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Figure 1. Brightr, examples of the shiftwork, mental resilience, and physical activity modules.

seeo0 Sense-Health =

®

Try to sleep in a dark and
silent envirenment. Use te...

Have a light meal, but
avoid sugar and soda’s lik...

Your bierhythm is strongly
influenced by daylight...

O

Have your last meal of the
day to prepare your body... 10w ARE YOU

Light makes you stay alert
and awake. Do you have a..

Bed1 AM

& MENTAL RESILIENCE

vy v
78

TODAY? BENEFITS OF CARDIO b3
Enter inte a better relationship with
your heart; take up cardio exercise.

#ee20 Sense-Health =

a1 AM

A ACTIVITY

()

‘42min

Tap on the message to read more.

Semistandardized tel ephoneinterviews were conducted by two
experienced interviewers (researcher EK with a background in
human factors and ergonomics and researcher NW with a
background in social sciences). They worked with an interview
guide that contained alist of topics that should be addressed in
every interview. After an introduction to the procedures,
engagement questions on personal experiences with health and
well-being interventions a work were asked. Second,
exploration questions were asked on personal experienceswith
the use of general health and well-being apps and ideas on what
kind of features an ideal app for health and well-being at work
should have. Then, the Brightr app was evaluated using
guestions on general impression (eg, “What appeals to you,
what not, and why?"), goal (eg, “Could you tell in your own
words what the app aims to achieve?’), target group (eg, “For
whom do you think this app was developed?’), potential (eg,
“What would this app changefor you?"), use (eg, “Do you (still)
use the app and why (not)?’), outcome expectations (eg, “To
what extent does this app fit your needs as a user?’), and
information quality (eg, “What do you think about the amount
of information to the users?’). Theinterview ended with general
closing questions (eg, “Is there anything el se you would like to
say about Brightr?’). Before the start of the interview,
participants signed an informed consent form. Interviewslasted
up to 60 min. The interviews were transcribed verbatim and
audiorecorded to fix incomplete data during transcription.

The aim was to plan focus groups with arecommended size of
6 to 8 participants [54]. Three focus groups were conducted
with end users (duration 90 min) at their company and onewith
experts (duration 120 min, at the research ingtitute of EK and
NW) by two experienced focus group facilitators: researchers
EK and NW. Both researchers facilitated two focus groups and
transcribed verbatim two times during the group discussions.
The facilitator used a focus group guide that covered the same
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topicsastheinterview guide. Beforethe start of the focus group,
participants signed an informed consent form. The focus group
discussions were aso audiorecorded to fix incomplete data
during transcription.

Participants

Brightr was offered to all employees of a high tech company,
and they were able to download the app on a voluntary basis.
Before recruitment for the evaluation study started, employees
had the opportunity to use the app for at least 3 weeks.
Employees were recruited for this study by a message on the
company website and by messages on the information screens
in the hallways that contained a link to the message on the
company website. The message contained information on the
aim, the setup, and data privacy of the study. To get insight in
reasons for declining to use Brightr, employees were asked to
follow a link in case they stopped using Brightr. This link
directed to a questionnaire (Survalyzer) with two questions on
thereasonsfor not using Brightr and on conditions or situations
under which they would like to use an app such as Brightr.
Employees using Brightr who were interested to participate in
the study were asked to follow alink to another questionnaire
(Survalyzer). It contained gquestions on gender, age, function
group (operations and order fulfillment, sales and customer
support, development and engineering, or support staff), hours
working per week (flexible contract, 24 hours or less, 24-32
hours, or more than 32 hours), work experience at the company,
and email address. This information was used to plan
homogenous interview groups and focus groups. The email
addresseswere used to contact the participantsto plan interviews
and focus groups. Participants who declined an invitation for a
focus group, for example, because the focus group was planned
on an unfavorable timeslot for them, were asked to participate
in aninterview.
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The experts were recruited by sending them an email with an
invitation to participate in the study along with information
about the aim and the setup of the study. They were asked to
use the Brightr app for 3 weeks before they participated in a
focus group. A total of 15 experts were recruited among the
personal networks of two researchers (EK and NW) and
consisted of behavioral scientists, psychologists, ergonomists,
designers, human-computer interaction researchers, and policy
makers. Upon acceptance of the invitation, experts received the
Brightr app. To ensure a psychologically safe atmosphere, in
which participants felt no barriers to speak freely, developers
of the Brightr app (eg, researcher JJ) were excluded from the
expert focus group.

Analysis

Qualitative dataanalysiswas aimed to assess and compareissues
addressed by end users in interviews and focus groups and by
expertsin afocus group. Datawere collected from March 2015
to July 2015.

A codebook was constructed to analyze all transcripts. The
codebook uses constructs from user satisfaction and technol ogy
acceptance model sto understand and eval uate factors explaining
users perception about information systems to assess actual
usage of these systems. Definitions used in the codebook of this
study are adapted from the framework of Wixom and Todd [48],
Bailey and Pearson [56], and Vosbergen et al [46] and specified
further to the mHealth app that was used in this study. Thefinal
codebook can be found in Multimedia Appendix 1.

Data were categorized according to the following scheme:
domain from the codebook, topic from the codebook, and
whether the quote was positive, negative, neutral, or a
recommendation, comparable to the analysis performed by
Vosbergen et a [46]. In case a quote addressed multiple topics,
it was categorized multiple times using different codes.

Two researchers (EK and NW) independently coded transcripts.
After each transcript, they resolved discrepanciesin discussion
meetings up to the point they reached 80% matching codes,
which was at the sixth transcript. The remaining transcripts
werethen evenly divided between researchers. Coded transcripts
were included in Excel (Microsoft). Descriptive statistics were
used to assess whether the three different qualitative analyses
yielded the same issues evaluating Brightr and to gain insight
in experiences and opinions that were obtained in general on
drivers and barriers using Brightr in the working context.

Results

Nonparticipants

In the recruitment phase, 79 employees who declined to use
Brightr filled in the two questions in Survalyzer on reasons for
not using Brightr and conditions under which they would
consider using an app such as Brightr. This group consisted of
employeeswho never started using Brightr and employeeswho
stopped using Brightr after a short period of time. How many
employees never started to use Brightr is not known, nor is it
known how long employees used Brightr before they stopped
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using it. This may have varied between just having a look at
the app to using it for about 3 weeks. Figure 2 shows the main
reasons of employeesfor not using Brightr. The most important
reasons for not starting or quitting with Brightr were the large
battery consumption of the app, not having amobile phone, and
the app had no relevance for the person. A total of 51 employees
indicated that they would consider using Brightr under certain
conditions. Most important conditionsto consider using Brightr
were improvements in battery use, clearer relevance for the
user, and when the app would function on their mobile phone.
A total of 28 employees would not consider using Brightr at
all.

Participants

Reminders to participate in the study were sent twice via a
pop-up messagein the Brightr app to al users. After recruitment,
59 employees agreed to participate in the study. They received
an invitation to plan an appointment for an interview or focus
group. With 41 employees, an interview or focus group was
planned. With 18 employees, it was not possible to plan an
appointment because they did not respond to email messages
or were absent from work because of sickness or vacation. Due
to difficulties to recruit employees for the study, it was not
possibleto create homogeneous groupsfor interviewsand focus
groups.

With 22 employees, interviews were planned. The three focus
groups with employees consisted of 4, 5, and 6 participants,
respectively. Six more people were planned to participate in a
focus group but declined, and 2 of them participated in an
interview later on. Employee characteristics are shownin Table
1. Six experts (1 male, 5 femal€) participated in the focus group
for experts. All participants obtained a university MSc and/or
PhD in artificia intelligence, computer science, public
administration, social sciences, or human movement sciences.
They had expertise in the areas of behavior change, machine
learning, big data and sensor dataanalysis, work-related stress,
shiftwork, sustainable employability, electronic health or
mHealth, mental resilience, PA, and intervention methods. All
of the experts used Brightr for 3 weeks.

Issues Yielded With Three Qualitative M ethods

Interviewing employees yielded 785 quotes, focus groups with
employeesyielded 266 quotes, and the focus group with experts
yielded 132 quotes (Table 2).

Overview of Similarities and Differences per Domain

Table 3 gives an overview of issues (neutral, positive, or
negative) per domain. Interviews with employees yielded the
highest percentage of issues within the domain of usefulness
(25.5%, 200/785), followed by information quality (23.3%,
183/785). Focus groups with employees yielded al so the most
issues in the usefulness domain (27.4%, 73/266), which was
followed by system quality (21.1%, 56/266). The focus group
with experts yielded most issues in the system quality domain
(23.5%, 31/132), followed by usefulness (22.7%, 30/132). In
general, least issues were yielded on service quality.
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Figure 2. Main reasons (number of times mentioned) of 79 employees on why they declined to use Brightr and therefore, did not participate in the

study.
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Table 1. Employee characteristics.
Characteristics Interviews Focus groups
Number of employees, n 22 15
Years working at company, mean (SD) 6.6 (5.6) 10.4 (6.6)
Age (years), mean (SD) 39.0(8.7) 45.2 (11.1)
Gender, n
Mae 17 13
Female 5 2
Function, n
Operations and order fulfillment 7 5
Sales and customer support 1 1
Development and engineering 9 5
Support function 5 4
Working hours, n
Flexible or O hours 0 0
24 hours or less 1 0
24-32 hours 2 3
More than 32 hours 19 12

Table 2. Number of participantsin interviews and focus groups and number of quotes that were yielded with three different qualitative methods.

Quialitative method characteristics Interviews employees, n Focus groups employees, n Focus group experts, n

Number of participants 22 15 6

Number of quotes 785 266 132
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Table 3. Overview of issues per domain (number and percentage).

deKorteet al

Domain I ssues, n (%)

Interviews employees Focus groups employees Focus group experts
System quality 98 (12.5) 56 (21.1) 31(23.5)
Information quality 183 (23.3) 47 (17.7) 19 (14.4)
Service quality 8 (1.0 3(1Ly 0(0.0
Usefulness 200 (25.5) 73(27.4) 30 (22.7)
Ease of use 48 (6.1) 8(3.0) 11(8.3)
QOutcome expectations 126 (16.1) 39 (14.7) 17 (12.9)
Organizationa factors 121 (15.4) 40 (15.0) 24(18.2)

Overview of the Value of 1ssues per Domain

Table 4 shows the number and percentage of positive, negative,
or neutral issues and recommendations per domain.

Interviewsyielded mostly recommendations within the domain
of information quality and organizational factors. This method
generated mainly negative issues in the domains of system
quality, usefulness, ease of use, and outcome expectations. In
contrast to both other methods, employee focus groups yielded
mostly neutral issues within two domains; service quality and
organizational factors. This method also generated mainly
positiveissuesin the usefulness domain. Employeefocus groups
only yielded mostly recommendationsin the domain of outcome
expectations. This method generated mostly negative issuesin
the domains of system quality, information quality, and ease of
use.

Experts gave mostly recommendations within the domains of
system quality, outcome expectations, and organizational factors.
No issues were yielded within the domain of service quality. In
all other domains, experts mainly generated negative issues.

Similarities and Differences per Topic

In Table 5 for each domain the underlying topics that were
yielded by the employees (interviews and focus groups) and
experts (focus group) are shown. An overview of illustrative
examples of quotesis shown in Multimedia Appendix 2.

System Quality

Within the domain of system quality, issues of experts mostly
focused