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Abstract

Background: e-Bug, an educational health website for teachers and students, aims to help control antibiotic resistance by
educating young people about microbes, hygiene, and antibiotic resistance, reducing the incidence of infection and, therefore,
the need for antibiotics. The teachers’ section of the e-Bug website has not been evaluated since it was launched in 2009, and
worldwide page views have been steadily decreasing since 2013.

Objective: This study aimed to apply GoodWeb, a comprehensive framework utilizing methodologies and attributes that are
relevant to the digital era, to evaluate and suggest improvements to the e-Bug website.

Methods: Electronic questionnaires and face-to-face completion of task scenarios were used to assess content, ease of use,
interactivity, technical adequacy, appearance, effectiveness, efficiency, and learnability of the teachers’ section of the e-Bug
website.

Results: A total of 106 teachers evaluated the e-Bug website; 97.1% (103/106) of them reported that they would use e-Bug,
and 98.1% (104/106) of them reported that they would recommend it to others. Participants thought that there was a niche for
e-Bug because of the way the resources fit into the national curriculum. Suggestions for improvements included changing the
menu indication by highlighting the current page or deactivating links, improving home page indication, and providing a preview
of resources when hovering the mouse over hyperlinks. Additional features requested by users included a search function and
access to training opportunities.

Conclusions: This paper reports that the GoodWeb framework was successfully applied to evaluate the e-Bug website, and
therefore, it could be used to guide future website evaluations in other fields. Results from this study will be used to appraise the
current quality and inform any future changes, modifications, and additions to e-Bug.

(JMIR Form Res 2020;4(4):e14504)   doi:10.2196/14504
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Introduction

Background
According to Song and Zinkhan [1], an excellent website attracts
more web users and encourages revisits if the user’s interests
are carefully considered and incorporated in the design and
presentation. User-centered design means that the websites can
both fulfill the goals and desires of its users [2] and influence

their perception of the organization and overall quality of
resources [3].

There is no universally accepted method or technique for website
evaluation; various assessment techniques have been employed
to evaluate websites [4]. Both qualitative and quantitative
measures are appropriate to evaluate website user experience.
Questionnaires are the most widely used method for evaluating
websites [5-11]. These can be administered remotely or in
person [12] and used stand-alone or in combination with other
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methodology, such as observed browsing and interviews
following completion of task scenarios [13,14]. Allison et al
[7] incorporated methods and attributes from 69 studies to
suggest a simple but comprehensive guide to evaluating
websites, coined GoodWeb, which follows 4 basic steps:

• Step 1: What are the important website attributes that affect
a user’s experience of the chosen website? For example,
appearance, content, interactivity, ease of use, and technical
adequacy

• Step 2: What is the best way to evaluate these attributes?
For example, questionnaire and observed completion of
task scenarios

• Step 3: Who should evaluate the website? For example,
users

• Step 4: What setting should be used? For example,
face-to-face/controlled and remote

The Website
e-Bug [15] is an ongoing international project, operated by
Public Health England (PHE), that creates health education
resources for teachers and students, covering the subjects of
microbes, hygiene, and antibiotic use and resistance [16]. All
activities and plans have been designed to complement the
national curriculum, particularly Biology and Personal, Social,
Health, and Economic [15]. The National Institute for Health
and Care Excellence (NICE) recommended that schools could
use e-Bug when teaching about antibiotics and infections [17],
and e-Bug is a case study in the UK 5-year Antimicrobial
Resistance Strategy 2019-2024 [18]. A key component of the
e-Bug project is the e-Bug website, established in September
2009 [15]. The e-Bug website comprises 2 microsites: an
educator microsite that includes free teaching resources, such
as lesson plans and student worksheets [16], and a student
microsite that hosts interactive activities, games, and animations,
which are developed by graphic designers, researchers, and
microbiologists. The e-Bug resources, in particular, the digital
media, including the games, have been well evaluated [19,20].
Worldwide page views of the teachers’ section have been
steadily decreasing since 2013 (282,284 views in 2013-2014,
248,260 views in 2014-2015, 208,540 views in 2015-2016, and
197,740 views in 2016-2017) [21]. The fact that e-Bug is
recognized by both NICE [17] and the Department of Health
[18] as a recommended tool for teachers highlights the
importance of this evaluation to continually strive to improve
this part of the website to aid implementation.

In 2015, hard-copy e-Bug resources were sent to all schools in
England [22], and the e-Bug team regularly promoted the
resources at popular teacher conferences, such as Big Bang and
Association for Science Education (ASE) conferences. The
circulation of hard-copy resources may be one explanation for
the decrease in page views, but a formal evaluation of the

teachers’ website may provide other explanations and inform
improvements.

Aims
This study aimed to apply GoodWeb, a comprehensive guide,
to evaluate an educational health website, using recognized
methods to evaluate the most crucial website attributes. The
results of the evaluation will be used to appraise the current
website quality, inform any future modifications or additions
to the website, and the possibility of a full-scale evaluation of
the whole site. In addition, the evaluation will be used to advise
whether GoodWeb is an effective and appropriate website
evaluation guide.

Methods

Study Design
Following GoodWeb, this evaluation was based on the most
appropriate existing methodologies and techniques to evaluate
websites, determined by a robust review of the current website
evaluation literature [7]. The evaluation included a 2-part
questionnaire (Multimedia Appendix 1). Part A collected
baseline data, whereby users were asked users to rank the
importance of different website attributes under the categories
appearance, content, interactivity, ease of use, and technical
adequacy and then score the e-Bug website against these
attributes. Part B of the questionnaire allowed users to rate
e-Bug’s performance against the attributes ranked in part A. In
addition, a subset of users completed website task scenarios to
provide more in-depth feedback on the use of the e-Bug website.
These data were used to inform prioritization for changes to the
e-Bug website.

To assess feasibility and gain suggestions for improvements to
the study design, the questionnaire was piloted with 36 users
and the task scenarios with 14 users at a 2-day conference.
Changes and decisions made based on the pilot and feasibility
study include providing the questionnaire in an electronic format
rather than a paper-based format, finalizing which website
attributes to evaluate, recording the task completion as there
was too little time to make comprehensive notes and record
mouse clicks at the same time, and providing tick box options
to minimize free-text comment boxes.

Recruitment
To increase heterogeneity of participants, for example, to
incorporate a range of geographical locations in England,
different experiences of e-Bug and to include primary and
secondary school teachers, participants were recruited by email
from e-Bug contact lists and face-to-face meetings at educational
conferences (see Figure 1 for recruitment flowchart).
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Figure 1. Recruitment flowchart. RA: Rosalie Allison.

Questionnaire Participant Recruitment
Participants were sent a link to the electronic questionnaire,
hosted on SelectSurvey, via teacher mailing lists from e-Bug,
healthy schools’ leads, At-Bristol Science Centre, Microbiology
Society, and Gloucestershire Healthy Living and Learning
(GHLL); the e-Bug website’s teachers’ home page; e-Bug’s
Twitter and Facebook pages; and teacher contacts that visited
the e-Bug advertorial stand at conferences.

Completion of Task Scenarios Recruitment
Teachers visiting the e-Bug stand at 2 conferences (Big Bang
2016 and ASE 2017) were asked whether they would like to
participate in an e-Bug website evaluation. Interested teachers
were provided with an information sheet, given the opportunity
to ask questions, and ensured that they were comfortable with
the environment and surroundings, before informed written
consent was obtained. Some teachers participated at the
conference; others were visited in their own school.

As an incentive to participate in the website evaluation, all
participants were offered a £5 (US $6.50) high street gift
voucher and a professional certificate for Continuing
Professional Development. Participants that completed the
additional component of task scenario completion were offered
e-Bug resources. Questionnaire participants were entered into
a draw to win a set of giant microbes.

Data Collection

Questionnaire Part A: Baseline Questionnaire
Before assessing the e-Bug website, all 106 participants
completed an electronic questionnaire (Part A - Multimedia
Appendix 1), hosted on SelectSurvey, which asked general
questions, including the following:

• Demographic information, such as role, for example, teacher
and age groups they teach

• Which teaching resources participants currently use and
what devices they use to access resources

• Ranking the 5 main website attributes (appearance, content,
interactivity, ease of use, and technical adequacy) in order
of importance to themselves as educators. Then within each
main attribute, ranking the importance of the subcategories,
which ranged from between 2 and 6 subcategories within
each main attribute.

Familiarity With e-Bug
All 106 participants were provided with the website link and
asked to familiarize or refamiliarize themselves with the
teachers’ section of the e-Bug website. After 5 min of exploring
the e-Bug website, participants completing the questionnaire
remotely (n=87) moved on to questionnaire part B.

Completion of Task Scenarios
The 19 participants that were face-to-face with the researchers
(RA and CH) at the school or conference were asked to complete
task scenarios. Participants were provided with scenarios, typical
of users of the e-Bug website, and asked to think aloud [23] as
they attempted to complete the task. The screen recording
function on Skype for Business was used to record participants’
website navigation and capture audio output. Multimedia
Appendix 2 shows the task scenarios the participants were asked
to complete. Researchers (RA and CH) made observational
notes and probed about the ease of completion and ideas for
improvement after each task scenario. For the task completion,
some teachers participated at a conference; others were visited
in their own school.
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Questionnaire Part B
All 106 participants completed an electronic questionnaire (Part
B - Multimedia Appendix 1), hosted on SelectSurvey. This
electronic questionnaire included the following:

• Rating (5-point Likert scale) the e-Bug website against all
website attributes previously ranked by them in part A:
baseline questionnaire by indicating how strongly they
agreed or disagreed with statements about the website, for
example, “” (strongly disagree/disagree/neither agree or
disagree/agree/strongly agree).

• Overall satisfaction with the website, including ideas for
improvement

• Loyalty, measured by their enthusiasm to use e-Bug again
and/or inclination to recommend to a colleague/friend

• Importance to participants of suggestions of some additional
content, for example, search function; ability to like, share
on social media, or email specific e-Bug resources to a
friend; and development of an app for users.

Analysis

Task Scenarios
The task scenarios were used to analyze the following [24]:

• Effectiveness (whether it is possible to complete the realistic
tasks for end users, which is measured by the percentage
of tasks completed)

• Efficiency (whether end users are able to locate the
resources using the quickest and most direct route through
the website, which is measured by the number of
“additional” clicks to locate resources)

• Learnability (whether the structure of e-Bug’s website is
easy to remember for future use, which is measured by the
change in efficiency in the repeated task).

Questionnaire
Participants’ responses to ranking the importance of website
attributes and rating the e-Bug website against these attributes

were combined and averaged to provide a prioritization order
for implementing change [25]. This was done as follows:

1. Post data collection, the ranking importance given to the 5
main attributes (appearance, content, interactivity, ease of
use, and technical adequacy) and their subcategories was
reversed so that the least important categories scored only
one. This meant that, when calculated, the largest number
indicated the highest priority for change.

2. For each subcategory, multiply the rating by the subcategory
ranking by the category ranking (Figure 2).

3. Calculate the mean average for the respondents.
4. Divide by the number of subcategories within the main

attribute to account for the differing number of
subcategories in each main attribute group.

5. Order in descending order—highest number is the highest
priority for change.

A random number generator on Excel was used to calculate a
value for compatibility with other devices, guidance, sense of
community, modern features, and limited use of special plug-ins,
as it was not possible for participants to rate these attributes
because of the fact that the features did not currently exist, for
example, guidance, sense of community, and modern features,
or because of the fact that, in a controlled environment,
participants were not asked to browse the website on different
devices. It was necessary to assign a value to these attributes
so as to be included in the overall order for prioritization of
change.

Descriptive statistics were used to analyze the remaining
questionnaire data, and the free-text answers were collated and
qualitatively analyzed, in combination with the transcribed audio
output from completion of the task scenarios, using NVivo 10,
to provide the main themes. These were discussed and agreed
upon by the project team.

Figure 2. Calculation to combine importance of an attribute and performance.

Ethical Approval
This evaluation was approved by the PHE Research Ethics and
Governance Group (REGG). After review, the Research
Governance Coordinator for PHE confirmed that no ethical
approvals were needed.

Results

Overview
A total of 19 participants completed the task scenarios and the
questionnaire. Moreover, 87 participants completed the
questionnaire only, resulting in a total of 106 heterogeneous
participants evaluating the e-Bug website (see Figure 3 for the
visual summary of the data collection process and Multimedia
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Appendix 3 for an overview of participants and the devices used
to access teaching resources).

A total of 97.1% (103/106) of the participants would use the
e-Bug website in the future, and 98.1% (104/106) of the
participants would recommend it to a colleague or friend.
Moreover, 65.0% (67/103) of the participants that indicated that
they would use e-Bug again were first-time users of the website.
A yes or no option button within the questionnaire part B was
appropriate for the quantitative element of this attribute, with
an additional open comment box for participants to provide
reasons for their answers.

Participants’ commented as follows:

Great website which has been highly effective in
supporting the new science GCSE. [Teacher,
Secondary]

Definitely a niche in the market for it...useful to have
a site that does all and that makes it applicable and
user friendly for children. [Assistant Head Teacher,
Primary]

Multimedia Appendix 4 shows users’comments about the e-Bug
website.

Figure 3. Visual summary of data collection process.

Completion of Task Scenarios
Table 1 shows the effectiveness (whether it is possible to
complete the realistic tasks for end users, which is measured
by the percentage of tasks completed) and Table 2 shows the
efficiency (whether end users are able to locate the resources
using the quickest and most direct route through the website,
which is measured by the number of “additional” clicks to locate

resources) of the e-Bug website. Moreover, 100% (19/19) of
the participants were able to locate the full pack of resources
(task 1) and the link to the national curriculum (task 5).
Participants found it most difficult to return to the e-Bug home
page when they had navigated away from it, as only 59% (10/17)
of the participants were able to locate this, suggesting that this
is an obvious area for improvement of the website.

Table 1. Effectiveness of the e-Bug website. Tasks are arranged from most effective at the top to least effective at the bottom (N=17).

Effectiveness of participants that were able to complete the task, n (%)Description of taskTask number

17 (100)Full pack of resourcesTask 1

17 (100)National curriculumTask 5

16 (94)Task 1 again—full pack of resourcesTask 7

14 (82)Vaccinations timelineTask 3

14 (82)Antibiotic worksheetTask 4

13 (77)Hand hygiene complete packTask 2

10 (59)e-Bug home pageTask 6
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Table 2. Efficiency of the e-Bug website. Tasks are arranged from most efficient at the top to least efficient at the bottom.

Efficiency (average number of additional clicks participants needed to complete the task)Description of taskTask number

0.1Vaccinations timelineTask 3

0.2Task 1 again—full pack of resourcesTask 7

0.2National curriculumTask 5

0.3Hand hygiene complete packTask 2

0.7Antibiotic worksheetTask 4

0.8Full pack of resourcesTask 1

1.4e-Bug home pageTask 6

Most participants were able to complete scenarios typical of an
e-Bug user. The following feedback was included:

Really easy to navigate around. I’m sure even a
technophobe would be able to do it. [Teacher,
Secondary]

Possibly the fact I that had looked at the website
previously, even just for a couple of moments, it is
quite intuitive because each page is laid out in the
same way. I know that I can get the whole pack and
then individual resources: teacher’s sheets, pupil’s
sheets. Funny, because I put consistency as quite low
[referring to part A: baseline questionnaire], but
seeing how consistent e-Bug is proves that this is
actually quite important to me. [Teacher, Primary]

Very useful resources and tools. Nice and teacher
friendly. Doesn’t require a massive amount of time
browsing to find the information you need. [Teacher,
Secondary]

Participants were able to locate the vaccination timeline (task
3) most efficiently, with minimal unnecessary clicks around the
website. Conversely, participants found locating the e-Bug home
page most difficult (task 6). Those that were able to locate it
(only 10/17, 59%) took, on average, an extra 1.4 clicks
compared with the most efficient route, with 0-4 additional
clicks needed to locate the e-Bug home page.

Feedback and suggestions for improvement included the
following:

Would never think to click on the logo. Have a pop-up
description when hover over with mouse. Call
teacher’s home page, teacher’s hub. [Teacher,
Secondary]

Everything else is words so wasn’t looking for a
symbol. [Teacher, Primary]

Not consistent with “young adult page.” When
scrolling over, it doesn’t come up with “hand image”-
noticed when surfing the websites. And this does not
take you back to the e-Bug home page, so very
confusing. [Teacher, Secondary]

Expected home link to take to the e-Bug home.
[Teacher, Secondary]

In comparison with other task scenarios, participants also
struggled to find the most efficient route to the full pack of
resources (task 1—required an additional 0.8 clicks on average,

range of 0-3 additional clicks) and the antibiotic worksheet (task
4—required an additional 0.7 clicks on average; range of 0-8
additional clicks). When finding the full pack of resources,
participants were unaware that two separate links took them to
the same page, and therefore, they often clicked both options.
A suggestion to alleviate this included the following:

It would be useful that, when on a page, the link in
the menu goes a different colour. Or when on a
certain page, deactivate the link in the menu, so that
you know you’ve actually gone to that page. [Teacher,
Secondary]

To increase the efficiency of finding specific worksheets, such
as the student worksheet on antibiotics (task 4), suggestions
included:

Perhaps when hover mouse over link, a dialogue box
with info on each link could come up. [Teacher,
Secondary]

Would be useful to have a print-screen or image of
what the worksheet looked like. Or rollover
image...interactive feature. [Teacher, Secondary]

Owing to the small sample size and the high efficiency and
effectiveness of task scenario completion first time around, it
was not possible to statistically analyze learnability (whether
the structure of e-Bug’s website is easy to remember for future
use), which is measured by change in effectiveness and
efficiency in repeated tasks (comparing tasks 1 and 7).

However, qualitative feedback included:

Having done one, it then became clear what to do
with the other ones. Easy to learn. [Teacher,
Secondary]

A LOT easier than previous time. Would remember
in a month’s time. Practice made navigation easier.
[Teacher, Secondary]

Ranking Importance of Website Attributes
On average, participants ranked the content (68/106, 64.1%
participants) of the website as the most important website
attribute to themselves as educators and appearance (40/106,
37.7% participants) as the least important attribute (Figure 4).
For ranking of all subcategories, see Multimedia Appendix 5.

Reasons given for ranking content as the most important
attribute included:
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It doesn’t matter how flashy the website, if the content
is wrong then it’s no good. [Teaching Assistant,
Secondary]

If the content is not correct, relevant, or detailed
enough, then it is useless to me despite how nice it
may look, or how easy it is to use. [Teacher,
Secondary]

Reasons given for ranking appearance as the least important
attribute included:

Whilst the appearance is important to attract people,
I am more interested in appropriate, easily accessed
information. [Teacher, Secondary]

I don’t really care what it looks like, so long as I can
adapt resources. [Teacher, Secondary]

Figure 4. Importance of the five main website attributes to teachers.

Rating e-Bug Against the Website Attributes
Previously Ranked
Figure 5 shows that overall, e-Bug performs very well, as all
averages of the 18 attributes evaluated ranged between 1.708
and 2.151, with 1 being the best and 5 being the worst on the

Likert scale. Clarity of content, style consistency, and first
impression were rated as e-Bug’s best qualities. Attributes that
e-Bug was rated lowest against included uniqueness of content,
fonts, and page length, but they were still rated positively on
the Likert scale (<3).
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Figure 5. Users’ rating of the teachers’ section of the e-Bug website in regards to different website attributes.

Prioritization for Change
Figure 6 shows the priority score for implementing changes,
based on users’perception of importance of attributes combined
with how well e-Bug performed against these attributes. The
highest priorities for change, highlighted in red in Figure 6,
included modern features: the educational website reflects the
most current trend or trends, eg, Twitter feeds visible and blog
posts; navigation: navigating the educational website is intuitive,
and it is easy to find the desired information; reliability and
credibility: the educational website provides information that
is trustworthy; guidance: the educational website provides help
for users in recovering from common errors or assists them in
the completion of tasks, eg, frequently asked questions, help
option, and search tool; and relevance of content: the educational

website offers content that is relevant to educators. The attribute
of least priority is multilanguage support (the educational
website supports its users’ language preferences), which
corresponds with the fact that e-Bug is available in 23 different
languages.

Suggestions to improve reliability and credibility of e-Bug’s
content include:

Cite where the information given has come from.
Clearly show the year the information was updated.
[Science Technician, Secondary]

See Multimedia Appendix 6 for participants’ suggestions for
improvement, using the prioritization order for change as a
framework.
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Figure 6. Prioritization score combining users' ranking of attributes' importance and rating of e-Bug's performance with red dots representing the
highest priority for change, orange diagonal stripes lower priority, yellow block lowest priority.

Prioritization for Additional Features
Figure 7 shows the priority order for additional features to the
teachers’ section of the e-Bug website. Of features that e-Bug
does not currently have, the highest priorities, rated by the users,

include a search function (rated as “extremely important” or
“very important” by 66.9% [71/106] of participants) and access
to training opportunities (rated as “extremely important” or
“very important” by 48.1% [51/106] of participants).

Figure 7. Importance of additional features to the teacher’s section of the e-Bug website.
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Discussion

Principal Findings
Overall, teachers liked the e-Bug website; 97.1% (103/106) of
them would use it themselves, and 98.1% (104/106) of them
would recommend e-Bug to others. Feedback showed that there
are a lot of websites with science resources, but there was a
niche for e-Bug because of the bulk of resources that fit into
the national curriculum.

This study found that, for educational websites, users value the
content of the website over other attributes, such as appearance
(Figure 4). Teachers reported that they often take the content
from educational health websites and locally modify it to fit
their purpose or ability of the audience. Website designers of
health care websites should be mindful of this when designing
future platforms.

Findings from the completion of typical task scenarios with
users of the e-Bug website were that it is generally easy to
navigate and find resources, even with little previous experience
on the website. Participants were able to locate the vaccination
timeline efficiently, with minimal unnecessary clicks around
the website, suggesting optimal information architecture [2] of
this page. However, as participants were less able to return to
the home page, they may have missed the whole student’s
section of the website, which includes games, revision guides,
and quizzes for students to play, learn from, and complete as
well as resources for communities and training for educators.

In terms of other improvements to e-Bug, features such as
having a search function; developing an e-Bug app; and being
able to like, share on social media, or email specific e-Bug
resources to a friend could improve the “modern features”
attribute, voted as the highest priority for change, and the “sense
of community,” ranked in the ninth position for priority for
implementation. e-Bug was originally developed in 2009, and
this study has clarified that the technology is out of date as there
has been a shift in the digital market [26]. Further research is
needed in this area to see how new media can better support
teachers and educational providers.

Strengths and Limitations of GoodWeb
After piloting GoodWeb to evaluate the e-Bug website, it can
be said that a strength of the framework is the easy step-by-step
guide, which is adaptable and flexible to the website and
objective of the evaluation.

Previous evaluations of health websites focus specifically on
the quality of the content [27]. This study takes a holistic
approach assessing the quality of the website as a whole,
facilitated by the step-by-step guide of GoodWeb [7], which
highlighted areas for improvement that would not otherwise
have been identified.

A possible limitation is that the study design did not allow for
“learnability” to be measured, because of the small sample size
and the high efficiency and effectiveness of task scenario
completion first time around. It would be advised that a larger
sample size is required for this attribute, or conversely, more

complex task scenarios, although this was not appropriate for
e-Bug as most of the typical tasks are relatively simple.

A major strength of this study is the methodology chosen of
both ranking the importance of attributes and then rating how
well e-Bug performed against these attributes, which meant that
it was possible to calculate an overall prioritization order for
change. In addition, using a range of end users to evaluate the
website, including those who were familiar with e-Bug and
first-time users as well as participants with varying levels of
computer literacy, means that e-Bug can be tailored to the needs
of all end users.

A possible limitation of the methodology is that only a subset
of participants completed the task scenarios. This decision was
made because of the time taken for task completion and the
logistics of the researchers observing, in person. If the study
were to be repeated, the researchers could use a combination
of observing the task scenarios in person and remotely, for
example, utilizing the “share desktop” and “record” functions
of Skype for Business. In this study, screen capture with audio
output was essential to capture the task scenario data, as it
allowed the researcher to assess efficiency, effectiveness, and
learnability at a later time, and pull out and compare key themes
from the discussion between the user and researcher, without
compromising the situation at the time with excessive note
taking and counting of mouse clicks. This process provided
such rich data from just a subset of participants, that it was not
deemed essential for all participants to complete.

A possible limitation of this evaluation is the small sample size,
in comparison with larger studies [12]. However, there is still
uncertainty over how many participants are needed to assess
usability [28-32]. With the addition of the in-depth observational
data during and interviewing post completion of task scenarios,
data collected were rich and valuable for appraising quality and
suggesting modifications for implementation, and the data were
not dissimilar to other studies [33-38].

A constraint of this methodology is that subcategories could
not be compared with subcategories from other categories, that
is, ranking of clarity of content could not be compared with
ranking of compatibility with other devices as they are within
different categories (content compared with technical adequacy).
Feedback from the feasibility study suggested that participants
were unlikely to rank the 23 attributes assessed using the
questionnaire, in order of importance, and therefore, the chosen
methodology reflects the advice of users to successfully attain
a high completion rate. This highlights the importance of patient
and public involvement [39,40] throughout the evaluation
process.

Furthermore, a random number generator was used to rate the
attributes for features that did not currently exist, which could
have introduced inaccuracies. If the study were to be repeated,
it is advised that an average of other ratings is used instead, to
account for this.

Recommendations
Areas that users ranked as most important and where e-Bug is
currently not delivering as well as it could include modern
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features, navigation, reliability and credibility of content,
guidance, and relevance of content.

The highest priority for additional features that e-Bug does not
currently have include a search function and access to more
training opportunities, which may improve the subcategory
“modern features.” As a result, e-Bug has already reacted to
these findings and now advertises e-learning modules and
face-to-face e-Bug–approved educator training, through the
e-Bug website. This has been successful as e-Bug has now
trained over 100 educators (2016-2018), as advertising on the
website and page views have started to increase (220,045 views
in 2017-2018).

Users’ suggestions to make the website even easier to navigate
include highlighting or deactivating the current page in the menu

bar, improving home page indication, and a preview of resources
when hovering the mouse over hyperlinks.

Suggestions to improve reliability and credibility of content
were to cite where the information had come from and clearly
show the year that the content had last been updated.

By implementing the suggested changes and continuing to
promote e-Bug, it is hoped that the trend of reduced use of the
teachers’ pages will be reversed and current and new users will
be retained. It is recommended, therefore, that the e-Bug website
is evaluated again, following the implementation of the
suggested modifications.

Finally, GoodWeb, the comprehensive framework, was
successfully applied to evaluate this educational health website
and, therefore, could be used to guide future website evaluations
in other fields.
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Abstract

Background: HIV incidence among young adult men who have sex with men (MSM), particularly among black and Latino
men, continues to rise. As such, continued HIV prevention interventions for young MSM of color are of utmost importance. Male
Youth Pursuing Empowerment, Education and Prevention around Sexuality (MyPEEPS) Mobile is a comprehensive HIV prevention
and sexual health education smartphone app initially created to promote sexual health and HIV prevention among adolescent
sexual minority young men aged 13 to 18 years.

Objective: The objective of this study was to critically appraise the acceptability and usability of MyPEEPS Mobile for young
adult MSM aged 19 to 25 years.

Methods: Study participants used the mobile app, completed usability questionnaires and in-depth interviews, and reported
their experience using the app. Analysis of interview data was guided by the Unified Theory of Acceptance and Use of Technology
(UTAUT) to better understand the usability and acceptability of this intervention for young adults. Interview data were coded
using the following constructs from the UTAUT model: performance expectancy, effort expectancy, and social influence.

Results: A total of 20 young adult MSM (n=10 in Chicago, Illinois, and n=10 in New York, New York) were enrolled in the
study. Participants reported that MyPEEPS Mobile was free of functional problems (Health Information Technology Usability
Evaluation Scale scores and Post-Study System Usability Questionnaire scores consistent with high usability), easy to use, and
useful, with an engaging approach that increased acceptability, including the use of avatars and animation, and inclusive
representation of the diverse identities by race and ethnicity, gender identity, and sexual orientation. Recommended areas for
improving MyPEEPS Mobile for the target demographic included more adult-oriented graphics, advanced educational content,
scenarios for youth with more sexual experience, and search function to increase accessibility of key content.

Conclusions: Overall, young adult MSM aged 19 to 25 years described the MyPEEPS Mobile as educational, informative, and
usable for their sexual health education and HIV prevention needs, and they provided actionable recommendations to optimize
its use and applicability for this age group.

(JMIR Form Res 2020;4(4):e17901)   doi:10.2196/17901
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Introduction

Background
Of the 38,739 new HIV diagnoses in the United States and
dependent areas, young men, aged 13 to 24 years, accounted
for 18% of new diagnoses of HIV in 2017 [1]. Despite continued
advances in HIV prevention due, in part, to the widespread
promotion of treatment as prevention [2,3] for HIV-positive
individuals and pre-exposure prophylaxis (PrEP) [4,5] for
high-risk HIV-negative individuals, young men who have sex
with men (YMSM) continue to bear the burden of new HIV
infections. Of the young men diagnosed with HIV in 2017, 21%
were aged 15 to 19 years and 79% were aged 20 to 24 years,
with 93% of male cases attributed to male-to-male sexual contact
[6]. Further highlighting the severity of the epidemic among
subpopulations, young black/African American and
Hispanic/Latino youth account for the highest proportion of
new HIV diagnoses [6]. Given the racial/ethnic disparities in
the epidemic, access to culturally and developmentally
appropriate HIV prevention tools for YMSM of color is vital
to Ending the HIV Epidemic: A Plan for America initiative in
the United States, as proposed by the Department of Health and
Human Services [7].

Sexual risk factors among YMSM identified in the literature
include low rates of HIV testing; high rates of sexually
transmitted infections (STIs), particularly among youth of color
aged 20 to 24 years; substance use; as well as low levels of
consistent condom and PrEP use [6,8]. YMSM face additional
multilevel challenges to accessing effective sexual health
education and services, including low risk awareness,
intersectional stigma, poor access to care, high cost of care,
medical mistrust, homelessness, and lack of culturally
appropriate care [9-12].

According to the US 2020 National HIV/AIDS Strategy, public
health initiatives should focus on increasing HIV and STI
testing, linkage to care, universal viral suppression, and
increasing PrEP awareness and access [13]. In addition to these
strategies, access to HIV prevention information via Web and
mobile platforms has been shown to improve knowledge,
acceptability, and utilization of health prevention interventions
and services [14].

In consideration of the 2020 National HIV/AIDS Strategy,
several culturally tailored mobile health (mHealth) technology
interventions have been designed in areas of primary HIV
prevention (eg, myDEx, Male Youth Pursuing Empowerment,
Education and Prevention around Sexuality [MyPEEPS], and
HealthMindr), HIV testing and PrEP uptake (eg, P3: Prepared,
Protected, emPowered; Mychoices; and mLab), and linkage to
care (eg, LYNX and Get Connected) and are in various stages
of testing for feasibility, acceptability, and efficacy [14-20].
Advantages of mHealth apps include the ability to rapidly and
cost-effectively disseminate information broadly while also
addressing the stated needs and desires of men who have sex
with men (MSM) [14,21,22]. Moreover, use of mobile apps for
sexual health education may facilitate privacy for YMSM while
accessing sensitive and often stigmatized health information
[23].

Objective
The MyPEEPS curriculum was originally developed as an
in-person group-based intervention for racially and ethnically
diverse YMSM to improve HIV-related risk [24]. For the
group-based intervention, MyPEEPS was manualized and
consisted of six interactive sessions focusing on HIV and STI
epidemiology in YMSM, building knowledge and skills for
safer sex, minority stress, emotion regulation, interpersonal and
substance-related risk factors, developing risk reduction plans,
and condom negotiation. MyPEEPS Mobile was adapted from
the in-person, group-based intervention to a mobile app via an
iterative process, including expert panel reviews, in-depth
interviews with adolescent YMSM aged 13 to 18 years [25], a
rigorous usability evaluation [26], and pilot testing [18].

MyPEEPS Mobile is a mobile, responsive Website that is
viewable on small screens and usable with touch screens.
MyPEEPS Mobile provides educational information about STIs
and HIV for YMSM, builds skills for condom use, and raises
awareness of minority stress. The app content is guided by 4
peeps: Tommy, Philip, Nico, and Artemio, or composite
characters/avatars, who relay content through comics, animation,
and scenarios delivered through 21 brief activities in four
sequential modules (see Multimedia Appendix 1). A running
theme throughout the intervention is the “Bottom Line,” in
which participants can set goals about their sexual risk reduction
and commit to how much sexual risk they are willing to
undertake. Privacy is protected via password and automatic
log-off of the app after 20 min of inactivity.

In this study, we sought to assess the usability of MyPEEPS
Mobile among an older age group with increased risk for HIV
infection. To do so, we conducted in-depth interviews about
the app content with young adult MSM aged 19 to 25 years.

Methods

Study Period and Participant Inclusion
This study was approved by the Institutional Review Board
(IRB) at Columbia University Medical Center, which served as
the single IRB of record. Data were collected in New York,
New York, from August 2018 to October 2018 and in Chicago,
Illinois, from December 2018 to February 2019. An a priori
sample size of approximately 20 was estimated to provide
saturation of acceptability and usability themes [27]. Individuals
were recruited for participation via advertisement on social
media platforms (ie, Instagram, Grindr, etc), via flyer
distribution at local community locations and events (New York
City and Chicago), and among research participants from other
studies at the two sites. Inclusion criteria were as follows: (1)
aged 19 to 25 years, (2) male sex assigned at birth, (3)
self-identified as male or gender nonconforming/nonbinary, (4)
comfortable speaking and reading in English, (5) living within
the metropolitan area of New York City or Chicago, (6) anal or
oral sex with another male in the past 12 months, and (7)
self-reported HIV-negative or unknown status. Interested
individuals were screened for participation via a Web or phone
screening survey and, if eligible, enrolled in a subsequent
in-person study visit.
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Data Collection
Participants met the study staff at each study site for a single
visit, lasting approximately 3 to 4 hours. The interviews were
conducted in private conference rooms at the Lurie Children’s
Hospital and the Columbia University School of Nursing. After
initial informed consent and completion of a computer-assisted
self-interview, including demographic and behavioral questions,
participants were instructed to complete intervention activities
in the MyPEEPS Mobile app. While using MyPEEPS Mobile,
participants recorded notes on their perceptions of app design
and content. After completing the modules, participants
completed the following usability questionnaires: (1) Health
Information Technology Usability Evaluation Scale
(Health-ITUES) [28] and (2) Post-Study System Usability
Questionnaire (PSSUQ) [29,30]. Participants then completed
face-to-face, audio-recorded, qualitative interviews, facilitated
by study staff, using a semistructured interview guide. The
following questions were included in the guide: (1) Thinking
back about the information you learned from the MyPEEPS
app, how would you apply this information/lessons/activities
in your own life?; (2) How do the MyPEEPS activities reflect
your cultural beliefs, norms, values?; (3) How do you perceive
this app would be of relevance to other young adult MSM aged
19 to 25 years?; and (4) How would you modify these activities,
if needed, to make them more relevant to young adult MSM
aged 19 to 25 years? Data were collected until saturation was
reached.

Theoretical Model
The Unified Theory of Acceptance and Use of Technology
(UTAUT) model was originally developed as a conceptual
framework to explain individuals’ intention to adopt and use
technological innovations. In this study, we draw from this
theory to describe the applicability and likelihood of use of the
MyPEEPS Mobile app among young adult MSM aged 19 to 25
years [31-33]. Originally developed to explain employee
adoption of technology in the workplace, the UTAUT model
has been extended to new contexts, such as health information
systems and new populations (eg, consumers and health care
professionals) [34,35]. Here, we use the UTAUT model to
evaluate the applicability of MyPEEPS for young adult MSM
in community settings where they access and use mobile apps.
The following key theoretical constructs from the UTAUT
model guided the analysis of the in-depth interview data: (1)
performance expectancy, (2) effort expectancy, and (3) social
influence [32,33].

Performance expectancy is defined as the degree to which an
individual believes that using the technology will help them
attain gains in the outcome of interest, that is, work performance
in the original conceptualization, and herein, health protective
behavior. Effort expectancy is the degree of ease associated
with use of the technology. Finally, social influence is the extent
to which an individual perceives that important others believe
they should use the technology. These constructs are theorized
to drive behavioral intention, which leads to use behavior. That
is, if users expect use of the technology to improve the outcome
of interest, find it easy to use, and perceive that important others
believe they should use it, use of the technology will follow.

Several constructs that stem from organizational contexts used
in the original model (ie, facilitating conditions and extrinsic
motivation) were eliminated in this study, as they were not
applicable because use of the app does not depend on an
organizational structure to drive use.

In addition to the primary constructs, the UTAUT model also
includes moderators that are theorized to impact the pathway
from primary constructs’ technology use, based on individual
characteristics. For this study, we sought to identify potential
contextual factors that might also impact the pathway to use,
based on analysis of interview data.

Qualitative Analyses
The qualitative analysis process consisted of two rounds of
coding, including primary, open coding of emergent themes
and secondary, thematic coding of those themes onto UTAUT
constructs [36]. Audio recordings were transcribed verbatim
and coded by 2 independent coders (BG and RD) in NVivo
qualitative data analysis software (QSR International Pty Ltd,
version 12, 2018). Before coding, both reviewers wrote a
reflexivity statement of their background, preconceived notions,
and/or engagement in HIV research and lesbian, gay, bisexual,
transgender, queer affairs. This form of self-appraisal is utilized
to ensure rigor of the analyses and brings awareness to the
interpretive lens through which a qualitative analysis is being
performed [37].

Initial content analyses via line-by-line coding, a form of open
coding, was performed by the 2 coders independently to identify
emergent codes [36]. The coders then met to debrief and discuss
emergent codes derived from this process [38]. Secondary
content analyses were then performed by applying the UTAUT
as a semistructured framework; see Figure 1 [32,39]. Individual
coders were tasked to apply themes within the UTAUT
model—incorporating main constructs and subconstructs.

The coders met after completion of secondary analyses to
discuss the fit of their codes and any variances in the application
to the UTAUT model. Cognitive mapping of secondary codes
(development of a graphic map that represents the relationships
between concepts) was then performed in NVivo to facilitate
discussion, integration, and agreement for the development of
a preliminary version of the adapted model. Moreover, 3 of the
4 macro-constructs were agreed upon and utilized in the adapted
model to explain the applicability and likelihood of use of
MyPEEPS among young adult MSM, including (1) performance
expectancy, (2) effort expectancy, and (3) social influence.
Several constructs of the UTAUT model (ie, facilitating
conditions, extrinsic motivation, etc) were not apparent in the
interview data, and thus, they were not applied in the adapted
model. To facilitate credibility and reliability, the study team,
comprising the principal investigator, primary coders, and the
study coordinator, then convened for consensus coding of
UTAUT-related content. Applicability of constructs and codes
were discussed with any discrepancies among codes negotiated
and reached by majority [40,41]. An adapted version of the
UTAUT model is presented in Figure 1, highlighting the
thematic structure of the end user’s experience with MyPEEPS.

JMIR Form Res 2020 | vol. 4 | iss. 4 | e17901 | p.19https://formative.jmir.org/2020/4/e17901
(page number not for citation purposes)

Gannon et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Figure 1. Adapted Unified Theory of Acceptance and Use of Technology model.

Results

Study Sample
The study sample comprised 20 YMSM, aged 19 to 25 years,
recruited from New York (n=10) and Chicago (n=10), with a
median age of 22.5 years. Regarding sexual orientation, 90%
(18/20) identified as gay, 5% (1/20) identified as bisexual, and
5% (1/20) identified as pansexual. In terms of race/ethnicity,
50% (10/20) identified as white, 35% (7/20) black/African
American, 10% (2/20) multiracial, and 5% (1/20) other (Puerto
Rican). Of these participants, 45% (9/20) had completed college,
25% (5/20) had completed some college, 20% (4/20) had

completed high school, 5% (1/20) was currently enrolled in
high school, and 5% (1/20) had completed a master’s degree.

Usability Ratings
Overall, participants rated the app as highly usable on the
usability instruments. On the PSSUQ, all subscales, including
system quality, information quality, and interface quality, fell
below 2 on average, indicating high usability (see Table 1). The
overall mean (SD) PSSUQ score on all 16 items was 1.83 (0.43).
The subconstructs of the Health-ITUES, including system
impact, perceived usefulness, perceived ease of use, and user
control, were all rated above 4 on average, indicating that
participants rated the app as highly usable (see Table 2). The
mean (SD) Health-ITUES score on all 20 items was 4.41 (0.23).

Table 1. Post-Study System Usability Questionnaire scores (N=20).

Scoreb, mean (SD)PSSUQa constructs

1.49 (0.15)System quality

1.98 (0.42)Information quality

1.48 (0.10)Interface quality

aPSSUQ: Post-Study System Usability Questionnaire.
bScores range from 1=strongly agree to 7=strongly disagree.

Table 2. Health Information Technology Usability Evaluation Scale scores.

Scoreb, mean (SD)Health-ITUESa constructs

4.37 (0.24)System impact

4.29 (0.16)Perceived usefulness

4.67 (0.08)Perceived ease of use

4.38 (0.28)User control

aHealth-ITUES: Health Information Technology Usability Evaluation Scale.
bScores range from 1=strongly disagree to 5=strongly agree.

Qualitative Findings
Qualitative findings are arranged by the constructs of the
UTAUT model. Quotes from study participants are presented
below followed by their city of residence and their age in years.

Performance Expectancy
Participants described their intention to use the app within their
everyday lives. In particular, one participant said:

I think it’s applicable to anyone’s life who is sexually
active. Obviously, the messaging was catered to a
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gay demographic. So, identifying as a gay male, I did
find it applicable to my life; more specifically, my sex
life. So, yeah, I did think that the information that was
shared is something that I can use in my everyday
life. [Chicago, 24 years]

Performance expectancy and plans to use the MyPEEPS app
were further operationalized through the three subconstructs of
the UTAUT model: (1) perceived usefulness, (2) outcome
expectations, and (3) relative advantage [32].

Perceived usefulness of MyPEEPS was ascertained from end
users’summative experiences and perceived knowledge attained
while using the app. Most participants noted that the app was
informative and useful beyond standard sexual health education,
with statements such as:

I feel like even I learned something new today, so we
could all learn something new. [New York, 21 years]

Participants expressed a foreseeable usefulness of MyPEEPS
for YMSM who live in different geographic regions (ie, outside
of urban settings):

Obviously, in more conservative areas you still have
like very strong conservative values on that. Like, the
portion of sex ed that dealt with gay sex, was like five
minutes, you know. So, I think it would be applicable
for people who don’t have the same type of sex
education because there’s still plenty of places that
their sex education is still abstinence first, which is
just not reality, you know. [New York, 19 years]

On the other hand, participants who had more educational or
life experience perceived the app as less useful. For example,
one user noted:

For me it felt redundant because it didn’t change mine
[bottom line] at all, but maybe for someone who is
younger or has less sexual experience or education
it could still...it could be helpful for them. [Chicago,
24 years]

Another participant commented that the app was less useful to
him because of his educational background:

Coming from a student background, especially in a
school of public health, this is an activity that we had
done before, so it was kind of a little bit repetitive for
me just because I have seen these questions before,
and I know what we’re doing here. [New York, 23
years]

When probed by the interviewer regarding usefulness of the
app, one end user commented:

So, I guess it’s important to clarify – what is the
purpose of the app? Is it to be a one-time resource,
or is it to be a go-back-to-it resource? [Chicago, 25
years]

Outcome expectations were expectations regarding the impact
of the use of the app on health behavior. After participants used
the app, one user reflected his intent to change behavior with
his partner:

Me and my lover have to plan. I know I will be looking
at the app. When I get home, I am going to tell him
all about it. [New York, 19 years]

Furthermore, use of culturally representative avatars and
animation surpassed participants’ expectations relative to
expected traditional sexual health didactic content. One
participant stated:

I really like “Testing with Tommy” where it
literally...you go through what it’s like to go to an
HIV clinic and go through that experience. Like, you
take a number, and there are a bunch of people there.
It’s like it’s not a big deal. [Chicago, 25 years]

One of the major expectations “not met” by participants was
the availability and accessibility of sexual health resources. A
representative comment about this was as follows:

I really wish that all the references and everything
could have been provided somewhere versus going
back inside the modules. [New York, 23 years]

Although sexual health–related external references and hotlines
were provided in activities throughout the app, this did not meet
end user’s expectation of having a single “go-to” resource tool,
which was a content recommendation.

Relative advantage is the extent to which using the technology
is perceived as better than using its precursor [32]. In this study,
relative advantage included participants’ perceptions of the use
of MyPEEPS relative to the current standards of sexual health
education (ie, provided by either parent(s)/guardian, health care
provider, school system, etc). Uniquely, the use of relatable
avatars was lauded relative to the standard provision of sexual
health education. Moreover, end users conveyed that MyPEEPS
was useful for those with little to no sexual health education:

I think it’s also nice because it’s very educational and
kind of starts easy, like you don’t have to have any
prior knowledge, like any sexual education, before.
The app really provides you with a lot of baseline
sexual education, which is really important. [Chicago,
24 years]

Acknowledging the individual variability in sexual experience,
end users found the app to be useful for those who have less
sexual experience or knowledge:

I thought it did a great job about...talking about the
bottom line, like standing by the things that are
important to you. I could see as someone who didn’t
have much information about sexual education and
maybe didn’t know what the risks of different sexual
activities were they would get more information and
that would change their bottom line. [Chicago, 24
years]

Effort Expectancy
Effort expectancy is defined as the degree of ease associated
with the use of MyPEEPS, including ease of use and complexity.
Most end users described the mobile app as easy to use. For
example, one participant said:
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I felt the flow of the app was really easy to follow and
set up in a very nice way. [New York, 19 years]

Most end users found the overall interface of MyPEEPS to be
intuitive, approachable, and easy to use:

Well it’s pretty straightforward and easy to use. The
logo is cute. [New York, 20 years]

The MyPEEPS activity map was designed as an urban city
street, reflecting participant’s environment. Overall, participants
at these study sites related to the map design. Reflecting on the
ease of navigation, one participant noted:

I loved the platform of scrolling through the street. I
thought that was really cool because you can see
what’s still to come. While they’re only brief little
titles you can still see what’s going on, you can see
there is going to be a point in which you’re going to
see the experience of a clinic and things of that sort

that I enjoyed. It was, of course, really easy to go
back and click on other things if I did want to go back.
[Chicago, 24 years]

On the other hand, one user noted:

I didn’t like how it was so linear. [Chicago, 25 years]

Furthermore, although there were very few negative comments
about the gamification aspects of the app, most end users found
activity 18 (Figure 2), an interactive feature designed to simulate
the experience of intoxication, to be hard to use with the game
aspect distracting from the educational purpose. For example,
one end user commented:

With 18 the thing started shaking so I couldn’t read
the thing properly. I think they should change that. If
you ever have it shake, don’t have it shake too much.
[New York, 19 years]

Figure 2. App activity with the screen shaking to simulate being under the influence of drugs or alcohol.

Social Influence
Social influence was applied in this study as the degree to which
an individual perceives that important others believe that they
would benefit from the use of MyPEEPS app [32]. Subconstructs
included (1) subjective norms and (2) social factors.

Subjective norms are the end users’perception that most people
who are important to him think that he should or should not use
the MyPEEPS app. Several end users detailed that they would
share this mobile app with their peer(s) and/or current sexual
partner(s):

Me and my lover have to plan. I know I will be looking
at the app. When I get home, I am going to tell him
all about it. [New York, 19 yeas]

Conversely, other participants noted that they would not share
this app or content with their partner(s) or friend(s) because of
embarrassment, implied stigma, or discrimination:

I feel like for friends I would be okay telling them. If
it’s like a partner I might be embarrassed. It seems
a little bit like I don’t know what I am doing so I have
to use this app to help support me make all my

decisions. For friends I feel like I’d be more open to
share that with them. [New York, 23 years]

Social factors are the end user’s perspective of their
subjective culture (ie, YMSM) and physical
environment [32]. This construct was adapted to
include emergent subthemes derived from the analyses
that may influence the core determinants of usage
intention and behavior, including privacy, age,
gender, sexuality, and language.

Privacy
Participants’ reported use of the app was influenced by their
physical and social environment and sense of privacy while
completing app activities. Privacy was a salient concern because
of the sensitivity of sexual health content and associated concern
for being “outed”:

Also, the video was really blunt and direct, and so if
I was not listening to that without headphones...it was
like not safe for work kind of thing. And if my parents
were around, I would feel super uncomfortable. Yeah.
And just like making sure that I have privacy. I mean,
this stuff is pretty blunt. And I mean, that’s good, but
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at the same time being aware of who’s around is kind
of important. [New York, 23 years]

Age
Most end users found the applicability of the content depending
on age of the user. A representative quote is as follows:

Yes, and I think specifically younger adults would
benefit from this. If I were a college student still in
my freshman year, this would be perfect for some sort
of training. I think it would be really, effective for
young people who are going out into the world, like
18/19 years old...It gives you strategies. I think that
a lot of young people probably don’t get the sex
education they need until college, and not everyone
goes to college. [Chicago, 25 years]

Similarly, some participants commented that the scenarios are
most relevant for those still living with parents or caregivers:

It wouldn’t really be as relevant if I'm in my
mid-twenties...because you are in different
environments. You may not be living with your
parents...and you're navigating different other social
circles, and networking in other communities. Some
of the scenarios could be transferred over. [New
York, 20 years]

Another participant reflected:

I think maybe for the younger crowd; the visual style
can maybe be updated, to be a little more grown-up.
[New York, 21 years]

Some end users commented about the app’s graphics being
tailored to a younger audience, using descriptors such as
“juvenile,” “cartoonish,” and “elementary.” One participant
commented on the following for improving the interface for
young adults aged 19 to 25 years:

It’s just tricky, because I appreciated the creativity
there, but it did feel a little elementary. [Chicago, 24
years]

Gender/Sexuality
Participants discussed the variability of gender expression
among YMSM, which was reflected in the study sample,
including participants who described themselves as nonbinary,
two-spirit, masculine of center, and feminine of center. One
participant noted:

Something I also appreciated about the app was it
was representative of a lot of different identities that’s
you could have, and it also talked about the
intersection of identities, like gender identity and
sexual orientation and race and how all those can
play together and affect someone’s experience.
[Chicago, 24 years]

Thus, the match of key characteristics in the MyPEEPS Mobile
app is likely to resonate with participants.

In addition, several participants noted the desire for a narrative
or an avatar who was in the process of “coming out,” amid the
stages of disclosing one’s sexuality and/or gender. For instance:

How would you address coming out to parents, or
addressing to your friends that I think I might be into
guys or girls or look, I have these feelings, like how
to navigate those effective communicating strategies.
[New York, 21 years]

Language
Most participants related to language used in the delivery of
content:

Very sex positive, for sure, using vocabulary that we
use; And this is all really very accessibly worded...if
that’s a word...simply worded, simply put. [New York,
23 years]

In contrast, several participants did not relate to the use of
vernacular language:

I felt like, at that moment, some of the vocabulary I
thought was intrusive. [New York, 22 years]

Overall, participants found the language used by avatars during
quizzes and in case scenarios to be appropriate.

Discussion

Principal Findings
As mHealth interventions become increasingly available for
consumers, it is critical to ensure that mobile technologies are
designed and targeted to meet end users’ needs [34]. Given that
this app was designed for YMSM aged 13 to 18 years, a rigorous
evaluation of its usability in YMSM aged 19 to 25 years is
important to understand whether it is an acceptable intervention
for an older demographic age group.

Overall, end users of this study found the mobile app to be
highly usable, as indicated through the survey data
(Health-ITUES and PSSUQ), with no major bugs or functional
problems reported and no issues with flow of activities.
However, the qualitative analyses, based on the UTAUT
framework [32,33], provided important insight into nuances of
both the strengths and limitations of the app content, including
the overall intervention approach, activities, and images for
young adult MSM. Thus, emergent qualitative findings provided
context and further allowed for in-depth evaluation from the
user’s perspective.

The basic sexual health information in the app was deemed
useful overall, with limitations for those with preexisting sexual
health knowledge or sexual experience. The app was perceived
to be most useful among those with limited sexual health
knowledge and experience. To optimize content for a broader
group of young adult MSM, more advanced educational content
and social scenarios may need to be added.

Users reported the relative advantage of the MyPEEPS app over
standard sexual health approaches because of the use of avatars
and animation to aid in the understanding and absorption of
content. The use of the avatars also provided a relative
advantage, providing material that is salient and relatable to
YMSM.

Regarding the UTAUT construct of effort expectancy, the app
menu, which was depicted as an urban city street in which

JMIR Form Res 2020 | vol. 4 | iss. 4 | e17901 | p.23https://formative.jmir.org/2020/4/e17901
(page number not for citation purposes)

Gannon et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


participants advanced along activities sequentially, moving
horizontally along the street scene, was largely perceived as
both easy to navigate and interesting. Although there were no
functional problems with app activities, one activity in which
the screen shakes to simulate intoxication was perceived as
distracting, with the related text difficult to read, limiting its
effectiveness.

Social influence encompassed subconstructs including social
factors and subjective norms. Although many participants lauded
the “sex positive” nature of the app, basic educational
information, and frank language about sexual behavior, they
found that these may result in discomfort on the part of the user
to complete the activities in front of others because of the stigma
associated with the content, reflecting the subjective norms of
those around them. Although users are encouraged to use the
app in private, this was reinforced given these comments.

The participants were universally enthusiastic about
communicating and recognizing different gender presentations
and identities in the app and the recognition of intersecting
multiple identities, including gender, race/ethnicity, and sexual
orientation. Participants recommended a case scenario of an
avatar who is in the process of “coming out” disclosure of one’s
gender and/or sexuality. Although “coming out” is a common
thread in the community, the process of disclosing one’s sexual
and gender identity is dependent on one’s circumstance and
social context and intersecting social identities [9]. This process
may be explained as YMSM nascent from adolescence into
young adulthood; an emergence of self-concept and
independence is developed through (1) identity
formation—awareness and exploration of one’s sexual and
gender identity—and (2) identity integration—involvement in,
comfort with, and disclosure of one’s sexual and/or gender
identity [42]. As these processes are tangential and nonlinear,
the majority of participants responded that MyPEEPS is a
foreseeably useful tool for MSM who do not have access to or
are impeded by other contextual social barriers to comprehensive
sexual health education.

Although there are privacy and security concerns with the use
of mobile technology for storing personal health information
[43], educational mobile apps such as MyPEEPS may be useful
for protecting privacy for highly stigmatized topics such as
sexual health for MSM, HIV/AIDS education, gender identity,
and mental health [21,23,44]. In fact, MyPEEPS can be very
useful for YMSM who are fearful of disclosing their sexuality
to family or providers and want to access information about
how to protect their health. Thus, MyPEEPS may be particularly
useful to those students who do not want to disclose their sexual
or gender identities or to those who are living in regional areas
with less access to comprehensive sexual health education (ie,
varying abstinence policies at the state and school district level)
[45].

Limitations
Our study presents some limitations. First, the purposive sample
of young adult MSM from urban settings may not generalize
to suburban or rural settings and individuals therein. In addition,
this study did not include transgender men (assigned female at
birth) who have sex with men, and therefore, findings cannot
be generalized to that group.

Conclusions
Critical to the uptake and use of eHealth interventions is the
rigor in which they are appraised before implementation
[26,46,47]. Taking these factors into consideration, this study
aimed to rigorously appraise the potential use of the MyPEEPS
Mobile intervention, designed for adolescent MSM, to young
adult MSM, aged 19 to 25 years, with the goal of future
application and/or adaptation to this older group. The perception
of usability and acceptability of MyPEEPS Mobile among this
demographic of young adult MSM was overall favorable but
with key recommendations to improve the applicability of the
intervention material for this group with more sexual education
and sexual experience.
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Abstract

Background: Early nutrition interventions to improve food knowledge and skills are critical in enhancing the diet quality of
children and reducing the lifelong risk of chronic disease. Despite the rise of mobile health (mHealth) apps and their known
effectiveness for improving health behaviors, few evidence-based apps exist to help engage children in learning about nutrition
and healthy eating.

Objective: This study aimed to describe the iterative development and user testing of Foodbot Factory, a novel nutrition
education gamified app for children to use at home or in the classroom and to present data from user testing experiments conducted
to evaluate the app.

Methods: An interdisciplinary team of experts in nutrition, education (pedagogy), and game design led to the creation of Foodbot
Factory. First, a literature review and an environmental scan of the app marketplace were conducted, and stakeholders were
consulted to define the key objectives and content of Foodbot Factory. Dietitian and teacher stakeholders identified priority age
groups and learning objectives. Using a quasi-experimental mixed method design guided by the Iterative Convergent Design for
Mobile Health Usability Testing approach, five app user testing sessions were conducted among students (ages 9-12 years).
During gameplay, engagement and usability were assessed via direct observations with a semistructured form. After gameplay,
qualitative interviews and questionnaires were used to assess user satisfaction, engagement, usability, and knowledge gained.

Results: The environmental scan data revealed that few evidence-based nutrition education apps existed for children. A literature
search identified key nutrients of concern for Canadian children and techniques that could be incorporated into the app to engage
users in learning. Foodbot Factory included characters (2 scientists and Foodbots) who initiate fun and engaging dialogue and
challenges (minigames), with storylines incorporating healthy eating messages that align with the established learning objectives.
A total of five modules were developed: drinks, vegetables and fruit, grain foods, animal protein foods, and plant protein foods.
Seven behavior change techniques and three unique gamified components were integrated into the app. Data from each user
testing session were used to inform and optimize the next app iteration. The final user testing session demonstrated that participants
agreed that they wanted to play Foodbot Factory again (12/17, 71%), that the app is easy to use (12/17, 71%) and fun (14/17,
88%), and that the app goals were clearly presented (15/17, 94%).

Conclusions: Foodbot Factory is an engaging and educational mHealth intervention for the Canadian public that is grounded
in evidence and developed by an interdisciplinary team of experts. The use of an iterative development approach is a demonstrated
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method to improve engagement, satisfaction, and usability with each iteration. Children find Foodbot Factory to be fun and easy
to use, and can engage children in learning about nutrition.

(JMIR Form Res 2020;4(4):e15534)   doi:10.2196/15534

KEYWORDS

mHealth; children; child nutrition sciences; mobile apps; health education

Introduction

Background
Poor diet quality is a leading risk factor for chronic disease,
such that the risk of morbidity and mortality from a low-quality
diet now surpasses the risk associated with tobacco exposure
[1]. Globally, the greatest dietary risk factors are high intakes
of sodium and low intakes of whole grains, fruits, and vegetables
[1]. In Canada, 92% of children consume excess sodium, and
on average, children do not consume the recommended servings
of whole grains, vegetables, and fruits, findings that are
consistent with most other developed countries [2,3]. These
dietary risk factors are extremely relevant for children as they
require high-quality diets for growth, development, and
academic success [4]. Healthy eating behaviors are established
during childhood; therefore, it is important to optimize the
adoption of these behaviors early in life so that they will be
more likely to be sustained into adulthood [5].

Mobile health (mHealth) innovations present novel opportunities
to address public health challenges [6]. Systematic reviews and
individual studies demonstrate that mHealth interventions
improve a variety of dietary and health-related outcomes, such
as nutrition knowledge, overall eating patterns, fruit and
vegetable intake, intake of nutrients of public health concern
(ie, dietary sodium), body weight, blood pressure, and blood
cholesterol levels across various populations and age groups,
including children and adolescents [7-14]. In addition to health
benefits, mHealth interventions are a promising and an
innovative way to facilitate nutrition education as children and
adolescents increasingly have access to mobile devices at home
and school. In Canada, 47% of children aged 0 to 11 years and
80% of adolescents aged 12 to 17 years own a mobile device
[15]. However, few evidence-based mHealth nutrition apps for
children are publicly available on the app marketplace [16], and
there are currently no known apps available to support educators
in facilitating nutrition education in the classroom or clinic
settings [17,18]. These data point to a significant gap and an
opportunity to address an important public health issue in using
evidence-based and engaging mHealth nutrition interventions
as a way to engage children in learning about healthy eating.

Objective
The aim of this study was to describe the iterative design,
development, and testing of an engaging, evidence-based

mHealth nutrition education app, Foodbot Factory. The Foodbot
Factory app was developed as a public health intervention to
increase the knowledge and awareness about food and nutrition
among healthy children and was designed for use at home and
in school. This gamified mHealth app was developed by an
interdisciplinary team for children aged 9 to 12 years. The
overarching objective of Foodbot Factory is to improve food
and nutrition knowledge among children.

Methods

Study Design
An interdisciplinary team of experts was formed to develop
Foodbot Factory. This team included experts in nutrition
science, behavioral interventions, education, pedagogy and
technology, and game design. The team also collaborated with
the Office of Nutrition Policy and Promotion at Health Canada
who are responsible for improving the health of Canadians
through the implementation of nutrition policies and programs.

Foodbot Factory development and testing methodologies were
guided by the Obesity-Related Behavioral Intervention Trials
(ORBIT) model, which is used for developing behavioral
interventions for chronic disease prevention and management
(Figure 1) [19]. This model is useful for the development of
complex interventions as goals and milestones are established
for each phase, and developers are encouraged to revisit previous
phases to improve the intervention based on new evidence [19].
The ORBIT model also promotes the integration of behavioral
and social sciences research by requiring that the design phase
is informed by the latest research, ensuring that high-quality
evidence is incorporated into the intervention. The ORBIT
model was chosen because it emphasizes the process of
developing a behavioral intervention as opposed to the actual
content, which will vary across disciplines, populations, and
scenarios. It was further considered ideal in the development
of Foodbot Factory as it emphasizes a data-driven iterative
approach to optimize successive iterations of the intervention,
so that the intervention will effectively achieve its intended
objectives. In addition, the ORBIT model is highly
complementary to frameworks used by game developers, such
as the Design, Play, and Experience framework [20]. This paper
has presented the development and evaluation of Foodbot
Factory over three phases of the ORBIT model—Discovery,
Phase Ia: Define, and Phase Ib: Refine[19].
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Figure 1. Obesity-Related Behavioral Intervention Trial model.

Discovery Phase
During the Discovery phase, the central research question was
defined, and educational and behavioral strategies to effectively
engage children in learning about nutrition were identified [19].
This phase of development involved background research in
behavioral sciences, pedagogy, mHealth app development, and
nutritional sciences to identify important points for the
intervention and effective methods and techniques for delivery.
Background research included a systematic literature search of
the PubMed database, conducted in October 2017, to identify
peer-reviewed research of mHealth nutrition interventions
targeted at a child population. A scoping review was also
conducted to identify relevant systematic reviews and literature
on the dietary habits of Canadian children. An additional
environmental scan of existing mHealth resources was
conducted to establish a baseline understanding of the learning
tools available for nutrition education [16].

Phase I: Design
The overall goal of Phase I: Design was to identify the essential
features of the Foodbot Factory app, which included identifying
the goals and structure and tinkering with the nutrition content
and educational strategies to refine and improve upon it [19].
This phase required insights on the nutrition education priorities
for the target audience, alignment with behavioral theory, and
iterative development and testing of Foodbot Factory.

Phase Ia: Define
For the Define phase, three key components were outlined based
on the Discovery Phase findings: nutrition content, gamification,
and behavior change techniques (BCTs) [19]. Key stakeholders
were consulted from February to May 2017 to refine the (1)
target age group, (2) isolate the highest priority nutrition
education issues, and (3) identify the support needed to
implement nutrition curricula. Nutrition-focused stakeholders
included public health dietitians who were contacted through
Dietitians of Canada, Ontario Dietitians in Public Health, and
Health Canada. We also consulted with teachers at a local school
board. Stakeholders provided input via a Web-based
questionnaire that consisted of 22 items on 7-point Likert scale
questions. Open-ended questions were also included to capture
additional narrative feedback.

Specific learning objectives incorporating the curriculum and
public health priorities were defined based on data and feedback
from stakeholders. Considering published evidence on best
practices for mHealth apps targeted at children, it was decided
that learner engagement with the educational content in Foodbot
Factory would be enhanced by including (1) gamification, which
refers to the application of game design elements to engage and
motivate users [21], and (2) evidence-based BCTs, which are
“the observable, replicable, and irreducible components of an
intervention designed to alter or redirect causal processes that
regulate behavior” [22]. The Foodbot Factory content was
defined and redefined by the development team throughout the
iterative development process, incorporating the latest scientific
evidence and findings from Phase Ib user testing results.

Phase Ib: Refine
The purpose of the Refine phase is to ensure that an intervention
is robust and efficient at achieving its intended objectives.
Therefore, a quasi-experimental mixed method design was used
to structure formal user testing sessions to allow for the
examination of the user experience and impact of the
intervention on learning. These outcomes were assessed with
each iteration of Foodbot Factory, a method recommended by
the Iterative Convergent Design for Mobile Health Usability
Testing approach [19,23]. This mixed method approach provided
the development team with rich multi-faceted data on the users’
experience, which were then used to inform subsequent
iterations of the intervention. The Refine phase included five
iterative user testing sessions with the target audience. As
various aspects of Foodbot Factory were defined in Phase Ia,
they were tested with users and refined in Phase Ib. Throughout
the development process, successive iterations of Foodbot
Factory moved between Phases Ia and Ib as the app components
were optimized for usability and satisfaction to facilitate
engagement in learning.

The five iterative user testing sessions were conducted with
student participants in grades 4 to 6 (aged 9-12 years) from a
local school board and a science and technology summer camp
at Ontario Tech University. User testing sessions were
approximately 20 to 30 min in duration and began with an
explanation of the study procedures, followed by the collection
of informed assent from participants and brief instructions on
how to use Foodbot Factory. The participants tested the app on
an Apple iPad (iOS 12) or a Lenovo tablet (Android 8.1.0) for
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10 min, followed by interviews and questionnaires for another
10 min. Each student had their own device; however,
participants were able to discuss the app with their peers as they
played. Parental consent was obtained before user testing
sessions through letters of information and consent forms that
were sent home with students before the study. No compensation
was provided for parents, students, teachers, or camp
counsellors.

The user testing sessions assessed satisfaction, engagement,
knowledge, and usability, which were chosen to reflect the core
features and components necessary for the app to be successful.
Satisfaction refers to the user’s subjective experience with
Foodbot Factory and the appropriateness and suitability of the
platform and content for the target audience. Engagement refers
to how the target audience interacted with the app, (ie, found
the app enjoyable and wanted to play again). Knowledge refers
to how well Foodbot Factory supported the target audience’s
acquisition of information about healthy eating. Usability refers
to the technical aspects of the app, (ie, easy to use and navigate
and clear presentation of content). These metrics were assessed
using direct observations, interviews, and questionnaires.

During gameplay, direct observations were used by the research
and development team to evaluate usability and engagement
with the app. Direct observations included recording notes and
completing an internally developed semistructured form where
the rater recorded comments about usability and engagement.
At this time, perceived engagement with the app dialogue was
also rated on a 5-point Likert scale. After gameplay, one-on-one
semistructured interviews were conducted with the student
participants. The interviews included five questions to assess
user satisfaction and knowledge acquisition, with a focus on
obtaining feedback for the next iteration of the app, rather than
a formal evaluation of learning. Interview guides were created
by the development team. The interviews were not audio- or
video-recorded, rather verbatim notes were taken. The verbatim
notes were reviewed by the development team to identify
priority areas for improvement in the next app iteration. Answers
to questions regarding nutrition knowledge were summarized
based on student responses and have been presented as
frequencies. Finally, participants also completed an 8-item
(5-point Likert scale) questionnaire to assess engagement and
usability. Questions were adapted from a validated questionnaire
for adults as no known validated questionnaire was available
to assess game engagement in children [24].

Categorical data are reported as frequencies and percentages,
and continuous data are reported as means and standard
deviations. Likert scale responses ranged from strongly disagree
to strongly agree. For the analysis, strongly disagree and
disagree were pooled to reflect disagreement with a
questionnaire item and strongly agree and agree were pooled
to reflect agreement with a questionnaire item. An unpaired
2-tailed t test was used to conduct post hoc analyses that
compared user satisfaction between boy and girl participants.
SPSS (v 25) was used for the statistical analysis. A P value of
.05 was considered statistically significant.

Parental consent and child assent were obtained before the user
testing sessions. In total, five iterative user testing sessions were

conducted. An ethics board approval was obtained from both
Ontario Tech University and the Durham Catholic District
School Board (file numbers: 14426 and 14879).

Results

Discovery
The development process for Foodbot Factory began in October
2017, and the research presented in this paper was completed
in December 2018. The design process of Foodbot Factory was
facilitated by an interdisciplinary team who met on a weekly
basis to propose ideas, define specific app content, review user
testing results, and subsequently refine the app content.

A scoping review identified foods and nutrients of concern for
this population and found that the average Canadian child has
an inadequate intake of fiber and an excessive intake of saturated
fat, sugar, and sodium [25]. Canadian children also consume
inadequate amounts of vegetables, fruits, and whole grains and
acquire 30% of daily sugar calories from beverages containing
free sugars; therefore, the education of these foods and nutrients
was considered a priority for the app [3,26].

Existing systematic reviews of mHealth dietary interventions
for children and adolescents were identified. These studies
indicated that nutrition knowledge acquisition, nutrition-related
behaviors, and nutrition-related health outcomes improve with
mHealth interventions [7,9], and they highlighted the strengths
of gamification as a strategy to implement for child nutrition
mHealth apps [27,28]. An additional systematic search,
conducted by the Foodbot Factory research and development
team, focused on identifying other strategies demonstrated to
engage children in learning or behavior change through mHealth
nutrition apps [10,11,29-35]. Gamification was implemented
in two articles and was found to clearly engage children in
learning and improving their nutrition knowledge and behaviors
and health outcomes [10,31]. In addition, the use of BCTs was
also identified as a replicable and potentially effective approach
to include in the mHealth app [36]. There was minimal evidence
on the most effective BCTs to incorporate for our target
audience to achieve the goals of Foodbot Factory. Therefore,
the development team hypothesized which BCTs would be most
effective at facilitating learning among the target audience and
evaluated the user experience and learning throughout the
iterative development process.

An environmental scan of the app marketplace identified 249
mobile food apps targeted at children [16,37]; however, very
few were of high quality, as scored by the Mobile App Rating
Scale [38]. Furthermore, gamified apps were more likely to
display high-sodium and high-sugar foods and received a higher
number of downloads compared with nongamified apps. These
results identified gaps in the public app marketplace, where
food games are popular with children but are not aligned with
the existing dietary recommendations [16,37].

The research conducted in this phase identified research gaps
in the development of child nutrition mHealth apps; however,
positive findings from the available literature indicated that
gamified mHealth apps are a promising avenue to pursue for
education. Furthermore, evidence gathered in this phase
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demonstrated that mHealth nutrition apps are engaging and can
be accessed by the majority of the target population because of
the ubiquity of mobile technology in Canada [39]. The
Discovery phase led to the research question: “Can a mHealth
nutrition education app improve nutrition knowledge in children
aged 9-12?” This question defined the focus of Foodbot Factory
to improve users’ nutrition knowledge related to foods and
nutrients of public health concern [3,25]. With the central
research question and strategy identified, the development of
Foodbot Factory proceeded to Phase Ia [19].

Phase Ia: Define
Dietitian and teacher stakeholders (n=21) reported their
perceived priorities in relation to the target audience and learning
objectives for the app: 81% (17/21) ranked grades 7 to 8 as the
first priority age group and 86% (18/21) ranked grades 5 to 6
as the second priority age group for a nutrition education app.
The interdisciplinary app development team decided to target
students in grades 4 to 6 (aged 9-12 years) for the app as it was
believed this age group would be more interested in a gamified
nutrition app compared with older students. Overall, 86%
(18/21) of stakeholders agreed that increasing water
consumption and decreasing sugary beverage consumption was
important for this age group, and 57% (12/21) of them also
agreed that understanding the nutritional value of foods was
important.

In alignment with stakeholder feedback, the app was designed
to meet the 2018 Ontario Grade 4 Health and Physical Education
Curriculum expectations that students should “identify the key
nutrients (eg, fat, carbohydrates, protein, vitamins, minerals)
provided by foods and beverages, and describe their importance
for growth, health, learning, and physical performance” [40].
This expectation also aligns with the health curriculum
expectations from other Canadian provinces and territories,

providing teachers across the country with a mobile tool to aid
nutrition education in the classroom [41,42].

The goal of Foodbot Factory is to improve nutrition knowledge,
a component of food skills that has been identified as a gap in
the ability of Canadian youth to make healthy eating choices
[43]. Although knowledge is often insufficient to initiate dietary
behavior change, it is necessary for individuals to change their
behavior and is associated with better diet quality in adolescents
[44]. Furthermore, the most recent version of Canada’s Food
Guide (CFG), the leading government resource developed by
Health Canada for nutrition guidance, has been disseminated
entirely through digital platforms [45]. The CFG is a core
component of the school curriculum across Canada. However,
to date no tailored resources, messaging, or tools have been
created for children and teachers, highlighting a significant gap
in nutrition education in Canada [40-42]. As our target audience
of 9- to 12-year-old moves into adolescence, they will exercise
greater autonomy in their eating decisions. It is hypothesized
that the nutrition knowledge obtained from Foodbot Factory
will empower student users to make healthier dietary choices.
Therefore, the goal of this app is to provide the baseline
knowledge required to make informed healthy eating choices.

Nutrition Content
To align Foodbot Factory with the latest dietary guidelines, the
development team consulted with Health Canada to ensure the
app’s content aligned with the messages in the new 2019 CFG
recommendations. The nutrition content in Foodbot Factory is
structured into five modules, corresponding to the CFG food
groups and linking to specific learning objectives [45]. Specific
learning objectives were developed for the foods and nutrients
relevant for each food grouping, as detailed in Table 1
(Multimedia Appendix 1).

Table 1. Foodbot Factory modules, nutrients of concern, and learning objectives.

Module learning objectivesNutrients of concern includedLevel (food grouping)

SugarDrinks • Recall the best beverage choice for staying hydrated
• Describe the health effects of different types of beverages
• Recall different types of sugary drinks

FiberGrain foods • Explain the nutritional differences between whole grain and refined grain
products

• Recall the components of the grain kernel and how grains are refined
• Describe why consuming fiber is important for health

Fiber, vitamins, and mineralsVegetables and fruits • Recall the amount of vegetables and fruits that should be consumed with a
meal

• Explain why vegetables and fruits are a healthy choice
• Describe which forms of vegetables and fruit are healthiest to consume (ie,

canned, frozen, and juice)

Protein, saturated fat, and sodiumAnimal protein foods • Recall that some fats are healthy (unsaturated fats) and unhealthy (saturated
fats)

• Describe the health effects of excess dietary saturated fat and sodium.
• Explain why processed meats should be consumed less often
• Describe why fish are a healthy choice

Protein and fiberPlant protein foods • Describe what foods are plant protein foods and why they are a healthy choice
• Recall that plant protein foods contain fiber
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Gamification
The app included three main gamified elements to enhance user
interactions, engagement, and motivation to play: quizzes,
catching food, and sorting food. Foodbot Factory is a
story-based app set in a fictional town where residents have

nutrition robots (Foodbots) to help them make dietary decisions.
The storyline is driven by two nutrition scientists, Robbie and
Rebecca, who guide the user on a healthy eating adventure that
begins when one of the Foodbots experiences mechanical failure
(Figure 2 and Multimedia Appendix 2).

Figure 2. Foodbot Factory screenshots.

Each of the five modules has four unique components: dialogue,
gameplay, food quizzes, and food logs (Figure 3). Dialogue
communicates the nutrition content and allows for game
character development, incorporating elements of humor and
banter. A total of three modules contain additional interactive
dialogue allowing for the users’ choice in the content explored.
A Flesch Formula score of 88.9 indicates that the dialogue is
easy to read and appropriate for grade 4 readers [46]. Gameplay
opportunities are provided intermittently during each module.
Gameplay involves collecting or sorting a variety of food items
and is varied across the five modules to limit repetition. Food

quizzes conclude each module, allowing the users to self-assess
their learning. The quizzes allow for self-correction for incorrect
responses. The quizzes are interactive, requiring the user to help
game characters make healthy eating decisions. The interactive
quizzes were designed to simulate real-world dietary choices,
which may increase the user’s confidence in making real-life
healthy eating decisions. The food log (a compendium of foods
introduced in the app) is the final component of each module.
The food log provides a platform for the user to enhance and
expand their learning and explore food nutrition facts,
reinforcing information presented in the module.

Figure 3. Foodbot Factory game flow diagram for Drinks module.

Foodbot Factory employs multiple gamification characteristics,
as defined by the Taxonomy of Gamification Concepts for
Health Apps and highlighted in Multimedia Appendix 3 [47].
In summary, the app utilizes mediated communication where
information is delivered through a guided storyline. Rewards
are received within the app, and there is no competition with
other players or opportunities for collaboration. As Foodbot
Factory is educational, the content focuses on learning

objectives and does not include goal setting, eg, setting a goal
for daily water intake. Users receive positive and negative
reinforcement during gameplay. Negative reinforcement occurs
during gamified components when users do not sort or catch
the correct foods or when a question in the food quiz is answered
incorrectly. The persuasive intent of Foodbot Factory is to
positively change user’s attitudes and knowledge regarding
healthy eating.
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Behavior Change Techniques
BCTs were incorporated into the app to illustrate how the
knowledge gained can be applied to actual dietary decisions
and increase self-efficacy around these decisions. The main
BCT categories integrated throughout Foodbot Factory are
feedback and monitoring, social support, shaping knowledge,
natural consequences, and reward and threat [22]. In total,
Foodbot Factory utilizes seven BCTs across the game (Table

2) [22]. In each module, users have the opportunity to self-assess
their knowledge by helping game characters make dietary
decisions. The users are then provided with feedback on the
accuracy of those dietary decisions. Users also learn about the
natural health consequences that result from consuming certain
foods and nutrients. At the end of each module, users are
rewarded by unlocking new food items in the food log, where
they can review additional nutrition information.

Table 2. Behavior change techniques implemented in Foodbot Factory.

Behavior change techniques implementedModule

2.2 Feedback on behavior

4.1 Instruction on how to perform the behavior

4.2 Information about antecedents

5.1 Information about health consequences

10.3 Nonspecific reward

Drinks

2.2 Feedback on behavior

4.1 Instruction on how to perform the behavior

5.1 Information about health consequences

10.3 Nonspecific reward

Grain foods

2.2 Feedback on behavior

3.1 Social support (unspecified)

4.1 Instruction on how to perform the behavior

4.2 Information about antecedents

5.1 Information about health consequences

10.3 Nonspecific reward

Vegetables and fruits

2.2 Feedback on behavior

4.1 Instruction on how to perform the behavior

5.1 Information about health consequences

6.1 Demonstration of behavior

10.3 Nonspecific reward

Plant protein foods

2.2 Feedback on behavior

4.1 Instruction on how to perform the behavior

5.1 Information about health consequences

10.3 Nonspecific reward

Animal protein foods

Phase Ib: Refine

User Testing Session 1: Drinks and Grain Foods
The first user testing session assessing the drinks and grain
foods modules occurred with student participants in grade 5
(8/12, 67% male) and grade 6 (10/18, 56% male). It was
observed that grade 6 students progressed through the app at a
faster rate than grade 5 students and seemed less engaged and
interested in the app. Overall, 83% (25/30) agreed that the app
was fun and 83% (25/30) agreed that the goals of the app were
clear. Confusion and frustration in navigating the gameplay
portion of the modules was also observed. Only 29% (8/30) of
students agreed that the robot was easy to control. Compared
with male students, female students appeared to be more
interested in the healthy eating content and were more likely to
want to play the app again. On the basis of this feedback, the
aims for the next iteration of the app were to include more
explicit tutorial instructions, improve the game controls and the

movement of the robot, increase the use of gamification to
enhance engagement, and clearly state the goals of the modules.

User Testing Session 2: Drinks
The next iteration of Foodbot Factory was tested with grade 4
student participants (10/20, 50% male). A direct observation
revealed that students were more engaged with the dialogue and
most students (14/20, 70%) demonstrated a high interest in
reading the healthy eating content. Some students (4/20, 21%)
showed visual frustration or confusion during game play and
asked for help. Those who were confused were also observed
skipping quickly through dialogue, indicating that they felt the
module had too much reading. On basis of the observation, the
students’ ability to move the robot improved from the previous
iteration. An improvement in the clarity of the app goals and
the student’s perceived enjoyment of the app was observed with
this iteration of the app (Table 3). When students were asked
about their favorite part of the game, 30% (6/20) identified the
app characters and dialogue humor, whereas 25% (5/20) favored
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the food quiz gamified component and 15% (3/20) identified
learning about nutrition. Students demonstrated learning through
using the app: 90% (18/20) of students correctly identified water
as the best beverage choice and responded as follows: “Water
is needed to stay hydrated.”; “Water, because if you’re thirsty
you can stay hydrated.” Some students provided extended

commentary, stating “60% of your body is water.” and “I learned
even more about having pop less.” The interviews demonstrated
that students understood the key healthy eating messages
embedded in the app as they recalled and explained why water
is the best beverage choice for health and hydration.

Table 3. Summary of quantitative data for the drinks module (sessions 1-4; session 1 occurred with students in grades 5 to 6. Sessions 2 and 3 occurred
with students in grade 4. Session 4 occurred with students in grades 4 to 7.)

Strongly agree and agree, n (%)Neutral, n (%)Strongly disagree and disagree, n (%)User testing session

The app was fun

25 (83)2 (7)3 (10)Session 1 (N=30)

18 (95)0 (0)1 (5)Session 2 (N=20)

13 (93)1 (7)0 (0)Session 3 (N=14)

19 (90)2 (10)0 (0)Session 4 (N=21)

The goals of the app were clear

25 (83)1 (3)4 (13)Session 1

19 (95)0 (0)1 (5)Session 2

12 (86)1 (7)1 (7)Session 3

20 (95)1 (5)0 (0)Session 4

User Testing Session 3: Drinks
The next iteration of the drinks module was tested with grade
4 student participants (12/14, 86% male). Most students
continued to agree or strongly agree with the statements that
the app was fun and the goals of the app were clear (Table 3).
The major modification to this iteration was the addition of two
gamified food catches to introduce more gameplay, which the
team hypothesized would increase engagement and interest in
the app. However, more students skipped most of the dialogue
compared with session 2 (Table 4). A total of 6 students
demonstrated visual frustration or confusion, which was related
to the food catch, as students had skipped through the added

tutorial and did not understand what to catch to obtain points.
Fewer students provided the correct answer when prompted to
choose which drink is the best choice for health, with 57% (8/14)
stating water. This may suggest that gamified components need
to be carefully incorporated so that educational messages are
not lost. Conversely, among the 36% (5/14) of students who
incorrectly stated that milk was the best choice, many were able
to express their knowledge of water during the interview. The
high positive response of milk may reflect students’ taste
preference for milk over water or baseline knowledge from
parents and care providers rather than a lack of knowledge on
the importance of water for health and hydration.

Table 4. Summary of observational data for sessions 2 to 5.

Skipped most of the dialogue, n (%)High reading interesta, n (%)User testing session

2 (10)14 (70)Session 2 (N=20)

2 (14)7 (51)Session 3 (N=14)

2 (10)13 (60)Session 4 (N=21)

2 (13)13 (75)Session 5 (N=17)

aHigh reading interest was defined as an observational rating of 4 or 5 on a 5-point Likert scale assessing engagement with dialogue content. Skipping
dialogue was assessed via an observational note with options of none, some, and most. Students who skipped most of the dialogue were observed flipping
quickly through the dialogue and not reading the majority of the content.

User Testing Session 4: Drinks and Grain Foods
The next testing session occurred with summer camp student
participants at Ontario Tech University (14/21, 66% male;
grades 4-6). The drinks module was unmodified from session
3. The grain foods module was modified to include a new
interactive component to teach about different parts of the grain
kernel and play an additional food sort minigame to increase
the variety between the gamified portions of each module. It
was hypothesized that engagement would increase by including

a variety of interactive components. Observations during
gameplay were similar to previous sessions; however, some
students appeared to disengage, ie, appearing bored, after
playing more than one module. This may explain why
observational data showed a slight decline in engagement
compared with sessions 2 and 3 where only one app module
was tested (Table 4). As in previous sessions, students connected
with the game characters and humorous dialogue, with 2
students commenting the following: “That was really fun!” In
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this testing session, no students showed visual frustration or
confusion, potentially indicating that the usability of the game
and clarity of instructions had improved.

Knowledge gained by using Foodbot Factory improved from
previous sessions. For the drinks module, all students (21/21)
replied that water is the best for quenching thirst, with students
recognizing that “You need it [water] to survive and stay
hydrated” and “60% of the body is made of water.” Students
also conveyed their knowledge of milk and sugary drinks.
Students’ comments included the following: “Milk has calcium
and Vitamin D and makes bones grow bigger and stronger” and
“Pop is a treat like chocolate. You get cavities from the sugar.”
For the grain foods module, 70% (15/21) of students recalled
that whole grain bread has more fiber than white bread, with
students stating “Whole grain bread has more fiber and is better
for you than white bread because of fiber” and “White bread
has less fiber because they remove the bran and the germ.” On
average, students were able to fulfill the learning objectives for
both the drinks and grain foods modules. Importantly, there
were considerable improvements on two key metrics of concern.
Overall, 90% (19/21) of students agreed with the statement “the
app was fun” and 95% (20/21) agreed “the goals of the app were
clear” (Table 3). Although observational data suggest that
students may disengage when playing multiple modules in one
sitting, the self-reported questionnaire data confirm that students
found the game engaging and usable.

User Testing Session 5: Vegetables and Fruits and
Protein Foods
In this last user testing session among grade 4 student
participants (9/17, 55% male), the first iterations of the

vegetables and fruits module or the protein foods module were
tested. On the basis of the iterative feedback and lessons learned
from previous testing sessions, these modules included multiple
interactive components. For example, interactive components
allowed students to choose the vegetables and fruits to learn
about or to cook pasta, and there was added variation between
the food sort and food catch minigames.

Similarly, high levels of engagement as seen in previous user
testing sessions were observed (Table 4). Among those who
played the vegetables and fruits module (N=8), 75% (6/8) of
students recalled a key healthy eating message, with one student
stating “They [vegetables & fruits] have lots of vitamins and
minerals” and another stating “Most of the stuff [nutrients] helps
your body and when you eat it, it helps your body work.” By
contrast, only 55% (5/9) of students who played the protein
foods module (N=9) were able to recall a key healthy eating
message. The team concluded that this first iteration of the
protein foods module had an ambitious number of key messages
and learning outcomes. Therefore, the protein foods module
was divided into animal protein foods and plant protein foods
to enhance the focus and clarity of healthy eating messages and
improve students’ ability to meet the learning objectives.
Overall, the majority of users still found the modules to be fun,
with clear goals, easy to use, and easy to read (Table 5). A total
of 71% (12/17) of students agreed with the statement “I want
to keep playing,” indicating that Foodbot Factory is an engaging
and acceptable way for students to learn about food, nutrition,
and healthy eating (Table 5).

Table 5. Summary of quantitative data for user testing session 5 (N=17)

Strongly agree and agree, n (%)Neutral, n (%)Strongly disagree and disagree, n (%)Question

16 (94)0 (0)1 (6)The goals of the app are clear

12 (71)4 (24)1 (6)The app was easy to use

12 (71)4 (24)1 (6)The words in the app are easy to read

12 (71)5 (29)0 (0)I want to keep playing

Subgroup Analyses
Differences in engagement between male and female student
participants were observed from session 1, and it was
hypothesized that female students were more engaged with the
app than male students. The subgroup analysis (52/87, 60%
male) indicated that female students were significantly more
likely than male students to agree that they wanted to keep
playing (29/35, 83% vs 37/52, 71%; P=.03). Trends indicate
that female students tended to agree that the app was fun (33/35,
97% vs 45/52, 86%; P=.11) and tended to disagree that they
were bored (28/35, 82% vs 39/52, 75%; P=.09) compared with
male students; however, these differences were not statistically
significant.

To address the differences in engagement between male and
female students, the development team made significant efforts
to enhance overall engagement with each iteration of Foodbot
Factory by further incorporating games and humor as a strategy

to better appeal to male students. A voiceover was also added
to the app to enhance overall engagement and make the content
more accessible for those who may have difficulty reading.
Although female students tended to show higher levels of
engagement compared with male students, an overall high
proportion of male students still found the app fun, and they
demonstrated an interest and ability to learn through gameplay,
as evidenced by qualitative feedback and observation.

Discussion

Principal Findings
The iterative development and evaluation of Foodbot Factory
has led to the creation of an evidence-based and engaging
mHealth app to help Canadian children learn about healthy
eating and nutrition. The interdisciplinary team of experts in
nutrition, education, and game design, in collaboration with
policymakers (Health Canada), ensured that the app is consistent
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with the latest nutrition recommendations, incorporated current
advances in gaming and education technology, and can be easily
implemented in the classroom. The multimethod user testing
data demonstrate that the majority of Foodbot Factory’s target
audience find the app engaging and usable, providing evidence
that this public health intervention can help Canadian children
learn about nutrition. Foodbot Factory has undergone evaluation
consistent with Phase I: Design in the ORBIT model and is
currently being evaluated in a randomized controlled trial as a
part of Phase 2: Preliminary Evaluation [19]. A strength of this
research is the use of an interdisciplinary team of experts to
facilitate and participate in development. An interdisciplinary
approach is not always implemented when designing electronic
health and mHealth interventions [48], but it should be
encouraged to ensure that the multiple disciplines involved in
developing high-quality digital interventions are represented
throughout the development process. Our research and
development team worked effectively in a collaborative fashion
through weekly scheduled meetings until the app development
was fully complete. We further leveraged our strong
relationships with partners across disciplines, including
governments, nongovernmental organizations, and school
boards, to obtain diverse expert opinions and conduct the
research presented in this study.

Strengths and Limitations
In comparison with similar studies that have conducted iterative
user testing methodologies to develop mHealth interventions,
the research presented here has implemented significantly more
iterative testing sessions with the target audience. The majority
of other app development studies that report user testing often
implement various stepwise iterative processes throughout
development; however, many only utilize one testing session
with their target audience [49-53]. The use of multiple testing
sessions for Foodbot Factory is a strength of this study as it
allowed the research team to improve engagement and usability
of the app. Multiple testing sessions also enabled app evaluation
with a larger sample size and tailored the content of the app to
the diverse needs of Foodbot Factory’s target audience. Finally,
other studies that report on the development of mHealth
interventions have not implemented multiple methods in their
user testing sessions [51,53]. The use of multiple methods in
this study provided the research team with a set of rich and
comprehensive data on the user experience, increasing the
efficiency and effectiveness of each successive iteration of
Foodbot Factory. The development of future mHealth apps and

interventions would be best informed by iterative testing to
ensure that changes implemented to each iteration meet the
needs of the target audience and advance the goals of the
intervention. Testing should also utilize mixed method data
collection, as recommended by the Iterative Convergent Design
for Mobile Health Usability Testing [23].

Although there were positive outcomes to this project, we
acknowledge that there were limitations. Observation was relied
on as a way to assess user engagement with app dialogue content
and the rate of progression; however, these measures of user
engagement could have been enhanced by collecting quantitative
interapp analytic data. Factors that influence the dietary intakes
of children are often beyond the control of a young child (eg,
socioeconomic status, parental influence, and neighborhood
food environment) [54]. However, the knowledge gained from
playing Foodbot Factory can assist children in making healthier
dietary decisions where possible, and the foundational
knowledge may stay with the child over the long term. Testing
results suggest that student participants may disengage after
playing more than one module during a session and that female
students may be more engaged than male students. However,
these findings relay important information for implementation
into the classroom setting, suggesting that learning will be
optimized by using the app for short periods over several days.
Foodbot Factory can be played in a flexible format, providing
users with a choice in the number of modules played in a given
session. The app has also been designed with multiple gamified
components that vary through each module to appeal to a variety
of learning and gameplay preferences. Future research with
Foodbot Factory includes a randomized trial measuring its
impact on nutrition knowledge and development of a knowledge
translation strategy to ensure maximal reach and adoption among
teachers, health professionals, and parents.

In summary, Foodbot Factory is a viable and an engaging app
that has the potential to improve the nutrition knowledge of
Canadian children. The app aligns with the latest dietary
recommendations for Canadians and curriculum expectations
for most Canadian provinces [40,45]. Foodbot Factory utilizes
increasingly available technologies, providing a contemporary
means for children to learn about nutrition at home and in the
classroom. The knowledge gained during childhood may be
sustained into the adolescent years, with the intended benefit
of improving dietary intake and reducing the risk of chronic
diseases associated with poor diet quality.
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Abstract

Background: Smartphone-based dating apps are rapidly transforming how people seek potential sexual and romantic partners.
However, they can also increase the risk of unsafe sexual behaviors, harassment, and infringement of personal privacy. Current
research on interventions for safer dating app use remains insufficient.

Objective: The goal of this study was to describe the development of an intervention for safer dating app usage using
crowdsourcing and peer-led approaches.

Methods: This paper describes the development of an intervention program designed to promote safer dating app use among
college students. Crowdsourcing and peer-led approaches were adopted during key stages of the development process. Focus
group discussions were held to assess the experience and needs of dating app users. A crowdsourcing contest then solicited ideas
for performance objectives for the intervention. These objectives were grouped to further identify practical strategies. A one-day
intensive workshop was subsequently held with peer mentors to brainstorm ideas for the production of creative interventional
materials. The intervention programs were produced and tested in a pilot study. The app’s effectiveness will be evaluated in a
cluster randomized controlled trial.

Results: The intervention program consists of a risk assessment tool, a first-person scenario game, and four short videos. The
risk assessment tool, comprised of 14 questions, will give the participant a score to determine their level of risk of adverse events
when using dating apps. The scenario game is a first-person simulation game where the players are presented with choices when
faced with different scenarios. The short videos each last 2-4 minutes, with points of discussion aimed at addressing the risks of
using dating apps. The programs were piloted and were found to be relatable and helpful when further modifications were made.

Conclusions: Potential challenges identified during the development process included data management and analysis, sustaining
peer mentors’ interests and participation, and balancing between providing more information and perpetuating social stigma
around dating app use. By integrating new approaches, such as crowdsourcing and the peer-led approach, in developing an
intervention for safer dating app use, our development process provides a viable model for developing future interventions to
address the risks associated with dating app use.

(JMIR Form Res 2020;4(4):e12098)   doi:10.2196/12098
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Introduction

Background and Motivation
The popularization of smartphone-based dating apps has
drastically changed dating patterns and behaviors among young
adults across the globe. Researchers from various countries have
reported high percentages of dating app use among young adults
of different genders and sexual orientations. In the United States,
for instance, approximately 40% of sampled young heterosexual
men and women used dating apps in 2017 [1], and the
percentage for men who have sex with men is significantly
higher at around 69% [2]. In Hong Kong, a 2016 study found
an equally high proportion (52.9%) of dating app users among
both heterosexual and homosexual college students [3].

By facilitating convenient interpersonal exchanges, dating apps
broaden one’s personal and romantic networks and bring new
freedoms, opportunities, and pleasures [4]. However, they also
engender a range of potential risks in personal safety, privacy,
and sexual health. A high correlation between dating app use
and multiple sexual partners has been identified among lesbian,
gay, transgender, and bisexual populations, which is an alarming
indicator for sexual health–related risks, such as HIV or hepatitis
C infection [5]. Some studies have also raised concerns about
the lack of awareness around the protection of personal
information on dating apps [6,7], highlighting potential privacy
and safety risks.

Currently, resources are insufficient for dating app users in
Hong Kong or elsewhere to understand and manage these risks.
A review of a large number of smartphone-based dating apps
found that the majority contained no information about sexual
health or sexual assault, so users had low exposure to sexual
health and personal safety content [8]. To address these issues,
our research team engaged dating app users in Hong Kong to
develop intervention programs for promoting safer dating app
usage among college students. We implemented innovative
approaches, including crowdsourcing and the peer-led approach,
in various stages of the development of the intervention.

Study Aims
This study offers a close, step-by-step investigation of using
crowdsourcing and peer-led approaches to develop an
intervention for safer dating app use. It aims to propose a viable
model for developing similar dating app use interventions in
the future. Potential challenges in the intervention development
have been identified, and the effectiveness of adopting
hybridized approaches was explored. This study also reports
on the findings of a pilot study for the intervention.

Methods

Needs Assessment
The needs assessment is a systematic study of the discrepancy
between what is and what should be in a group and situation of
interest [9]. Data for the assessment can be collected through
various channels, including a literature review, brainstorming,
and focus groups conducted with the target population. Findings
from the needs assessment are used to specify intended changes
in individual behaviors and environmental conditions.

Since the popularity of dating apps is a relatively new
phenomenon, literature on its risks remains limited. We,
therefore, decided to conduct focus group discussions and
engage app users in discussing their safety strategies to elicit
insights into their behaviors, motivations, and perceptions when
using dating apps. We recruited participants through a Hong
Kong–based organization, “StickyRiceLove,” which specializes
in peer-led, online, sexual health education. Inclusion criteria
for participants included: experience with using a dating app,
being between the ages of 18-35 years old, and able to speak
Cantonese.

Each focus group was purposively constructed to include people
of different genders, ages, and sexual orientations to facilitate
heterogeneity in each focus group discussion and provide
potential contrasts in discussions [10]. Focus group discussions
of 6-8 people were conducted until data saturation was achieved,
resulting in four groups (N=25 participants) in total. More
demographic information can be found in Table 1.
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Table 1. Needs assessment participants’ demographics (N=25).

nDemographics

Gender

15Male

10Female

Age group (years)

418-20

421-23

724-26

427-29

6Over 30

Sexual Orientation

17Heterosexual

6Homosexual

1Queer

1Bisexual

App use experience (years)

70-1

82-3

104+

Instances of meeting friends via the app, n

30-1

72-5

56-10

9>10

We used a semistructured interview guide developed from the
literature to conduct the discussions (see Multimedia Appendix
1). Open-ended questions on dating app user experience,
motivation, beliefs, and behaviors regarding intimacy and risk
were used to facilitate discussion. Audio recordings were
transcribed and translated from Cantonese to English.

These data were analyzed using thematic analysis, commencing
with an open-coding approach of repeated line-by-line reading
of the text and condensing of concepts, events, and meanings
into representative codes. Two members of the research team
(CS, STHL) independently undertook the coding to increase
the robustness. Discrepancies between the initial coding were
discussed and clarified with input from other members of the
research team. Upon further cycles of analysis, themes were
elicited from the data by constantly comparing the interview
transcripts (see Multimedia Appendix 2).

Notably, users reported uncertainty and worry about potentially
risky sexual health behaviors, which spanned from casual sex,
multiple partners, or open relationships. They also expressed
concerns about data privacy, including fear of blackmail using
intimate data from dates or private photo exchanges from apps.
Furthermore, we found that dating app users experienced several
financial scams, some of which resulted in monetary loss. These

findings posed key questions to consider for the intervention:
How do we help dating app users in improving their sexual
health knowledge, skills, and behaviors? How can we encourage
dating app users to practice data safety and privacy while
building relationships? How do we alert dating app users to the
risks of financial scams and empower them by providing
practical strategies? Apart from these questions, the participants
also suggested that the experience of stigma and stereotyping
remains a problem in the local dating app user community and
that the intervention should provide reliable information and
promote behavioral skills while avoiding further stigmatization.

Based on the findings from the focus group, we determined four
prominent domains for intervention: sexual health, the security
of personal privacy, sexual harassment and assault, and
monetary scams. These domains are generally in line with
existing literature on dating apps, although some of them are
more specific to the Hong Kong context. The information
gathered from the focus groups substantially contributed to the
needs assessment. The research team then reviewed relevant
theoretical and empirical literature and produced five behavioral
outcome goals, as outlined in Table 2. We then further identified
the determinants for each goal to pave the way for a more
systematic approach in developing practical strategies in the
next step.
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Table 2. Behavioral outcomes and determinants.

Examples (Determinants)Behavioral Outcomes

Users will understand the general benefits and risks associated with dating
apps.

• Name benefits and risks of dating apps (Awareness).

Users will evaluate relationship development and follow safe dating
practices. Users will know the importance of safe sex and use condoms
correctly and consistently when having sex.

• Recognize risks of dating with people met on apps (Risk Perception).
• Select safe dating venues (Skills).
• Confidence in communicating personal limits and intentions on dates

(Self-efficacy).
• Be aware of sexual health risks (Risk perception).
• Acknowledge condom use as effective protection against STIsa (At-

titude).
• Negotiate using condoms (Skills).
• Use condoms correctly (Skills).
• Confidence in using condoms (Self-efficacy).
• Confidence in choosing not to have sex without condom use (Self-

efficacy).

Users will use practical skills to protect personal information and privacy. • Understand what should be categorized as sensitive personal informa-
tion (Awareness).

• Acknowledge personal privacy risks in dating app use (Risk percep-
tion).

Users will be more aware of and better protect themselves against financial
scams on dating apps.

• Identify and avoid potential financial scams (Skills).

aSTI: sexually transmitted infection.

Crowdsourcing Contest
The next task was to select evidence-based methods to translate
them into practical strategies effective for the target population.
We combined crowdsourcing with the peer-led approach to tap
into the collective knowledge of dating app users by hosting a
crowdsourcing contest. The “‘Hi, Stranger!’ Dating Apps
Education Design Contest” was held between November 2017
and February 2018, and dating app users were encouraged to
submit online multimedia content (eg, texts, images, and videos)
that addressed the risks and coping strategies used in dating app
use. The contest was promoted through three channels: social
network outlets such as Facebook and Instagram, local
nongovernmental organizations focusing on sex education, and

a large general education course on sexuality and culture at a
local university, where we invited students to submit a website
about dating app use in Hong Kong as part of their final projects.
Our recruitment of participants ensured that while they were
from diverse ethnic, cultural, educational, and class
backgrounds, they were of similar age to the target population
and had experience with dating apps.

We received a total of 24 group submissions in the form of
websites from 127 participants. The websites covered a wide
range of topics, from relationship-building to sexual harassment
and dating violence. Apart from reviewing media reports and
online resources, participants also drew on surveys and in-depth
interviews that they conducted with their peers. More data about
the crowdsourcing process can be found in Textboxes 1 and 2.
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Textbox 1. Demographics of the crowd for the crowdsourcing contests.

Size of crowd

• 127 participants (24 group submissions)

Age

• 17-22 years old

Gender

• Unspecified

Education

• College-educated

Racial/ethnic background

• Mixed, but mostly Asian.

Relationship to the research question

• Dating app users themselves.

Referral source

• Social media and classroom promotion of the crowdsourcing contest

Textbox 2. Logistics of the crowdsourcing.

Length of time

• Four months

Complexity of the task

• Participants were asked to create multimedia and Web-based materials related to dating app use.

Web platform

• We recommended websites be created with the free Web-based platform wix.com.

• Submissions were made electronically in the form of website URLs.

Incentives offered

• A prize of HK $2000 (US $255) was offered for the best submission

Data collected

• A total of 24 submissions were received in the form of websites.

Peer-Led Intervention Development
Upon collecting data from the crowdsourcing contest, we held
a peer-led workshop to select practical strategies and produce
intervention materials. We cooperated with StickyRiceLove to
recruit peer educators from their pool of volunteers. A total of
12 peer educators were recruited who were between the ages
of 20-30 years old and who had extensive experience in working
on sex education projects. A one-day intensive workshop was
held to select practical strategies and prepare for the production
of intervention materials.

We briefed the peer educators about perceived benefits and risks
associated with dating app use in Hong Kong, the purpose of
the intervention, and the performance objectives. The peer

educators were then divided into three groups to look into the
websites from the crowdsourcing contest. They were given
sufficient time to examine and discuss the different elements
on the website both within and between groups. Through this
process, the peer educators were able to identify the most
effective and practical strategies based on the outcome goals,
which included a risk assessment tool, a Web-based first-person
simulation game that communicates benefits and risks of dating
app use and coping strategies, and four short videos promoting
risk perception, awareness of and skills for personal safety
protection, and self-efficacy.

After the components of the intervention were determined, we
adopted the Peer-Vetted Creative Production (PVCP) approach
in producing intervention materials. Theorized in Brabham’s
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four-type typology for crowdsourcing, the PVCP approach is
recommended for combining crowdsourcing and peer-led
approaches to create and select creative ideas. It is ideal for
ideation problems where solutions are highly sensitive to the
taste of the target group [11]. We allocated time for peer
educators to conduct brainstorming sessions and group
discussions, through which they produced the format and
scenarios for the game and themes and frameworks for the

videos. These frameworks were taken up by the research team,
who collaborated with sexual health professionals, volunteer
actors and actresses, and photographers to produce the
intervention materials.

The final intervention programs were hosted online in the form
of a website and are easily accessible by computer, smartphone,
and tablet. Screenshots of the intervention programs can be
found in Figures 1 and 2.

Figure 1. Screenshots of the simulation game.
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Figure 2. Screenshots of the short videos.

Results

The Intervention
The final intervention was comprised of four (2-4 minutes) short
videos with points of discussion, an interactive scenario game
(20-30 minutes), and a risk assessment tool. The videos aim to
address the risks and benefits of using dating apps and encourage
viewers to reflect on their perception of the dating apps used in
the points of discussion. The first video illustrates similarities
between meeting people on dating apps and in real life,
providing examples of being misled by profile characteristics
and monetary scams, the second video explains privacy
concerns, the third demonstrates risky sexual behaviors
associated with dating apps, and the fourth explains the legal
issues and risks of sexual assault, including precautionary steps
and available resources.

The scenario game is a first-person simulation game where the
players are presented with multiple choices when faced with
real-life scenarios. Players have to create a profile with attributes
such as sexual orientation, gender, and types of relationship.
Their choices generate a dating app profile, and chat bubbles
will appear that contain messages from a virtual partner. The
game is designed with various algorithms that result in both
positive and adverse outcomes. The final page displays a brief
summary explaining the culmination of the choices made.

The risk assessment tool consists of 14 questions that gives the
participant a score to determine their risk level for adverse
events when using dating apps. It covers five domains: sexual
harassment, privacy, monetary and legal issues, and mental
wellbeing.

Pilot Study and Evaluation
Before full implementation, the interventional materials and
processes were tested in a pilot study. Recruitment was done
through university internal mass mail services for students, and
criteria included prior experience with dating app use. We

recruited 18 local college students aged between 18-25 years
old, and then divided the participants into two small groups.
We showed them the videos and invited them to play the game.
They were then asked to fill out a postintervention questionnaire
for general comments about the programs, which took about an
hour altogether. We also held semistructured focus group
discussions among the participants to collect further qualitative
feedback about the intervention programs.

The feedback collected from the pilot was generally positive.
Participants found the content of the intervention programs to
be relatable and realistic for dating app users in Hong Kong,
and also informative about the potential risks of dating app
usage. Participants also offered useful suggestions about places
for improvement, including enlarging the subtitles in the videos
for a clearer read and modifying details in the app to make it
more realistic. The intervention programs were revised based
on these comments.

The effectiveness of the intervention will be further evaluated
through a randomized control trial. The intervention will be
disseminated among college students aged 18-25 years old in
Hong Kong through engagements with public health officials,
higher education institutions, and social media companies. The
intervention delivery will be a combination of classroom and
social media delivery.

Discussion

Principal Findings
Crowdsourcing was implemented as a core methodology and
integrated into different parts of the development of the
intervention. In the planning stage, crowdsourcing proved to
be a useful method to get community input for public health
issues. This is particularly important for emerging issues that
have not been thoroughly researched in the existing literature.
In the preparation of intervention materials, combining
crowdsourcing with the peer-led approach also contributed
significantly to designing programs that were more relatable
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and thus were more effective on the target population.
Furthermore, crowdsourcing can also be a cost-effective tool
since volunteers can do a considerable portion of the work.

Two key issues in adopting the crowdsourcing and peer-led
approach are motivation and the extent of participation [12,13].
Brabham finds that a collection of motivators exists for
crowdsourcing, including a love of community, the opportunity
to develop one’s skills, and building a portfolio for future
employment [13]. Apart from these factors, we observed that
interest in the topic and relatability to personal experiences also
played important roles in motivating the crowd to contribute to
intervention development. We found that crowdsourcing is
effective in empowering community members to take a more
active part in developing the intervention, thus avoiding
situations of nonparticipation like tokenism, decoration, and
manipulation. The level of participation varies in different stages
of the intervention development according to the aims of that
particular stage. For stages involving brainstorming, assessment
of needs and tastes of the target population, and design of
creative content, we encouraged a high level of participation so
the projects were peer-initiated, directed, and decided. For other
stages that required professional knowledge, we also drew
heavily on peer-generated data and ideas. This method has
helped us to use crowdsourcing effectively to develop a peer-led
intervention.

Potential Challenges
During the intervention development process, the research team
identified several challenges in applying crowdsourcing and
the peer-led approach. One major challenge of the
crowdsourcing approach is data management and analysis.
Crowdsourcing could generate a considerable amount of loosely
structured data, especially in the earlier stage of intervention
development. This requires the research team to adopt effective
strategies in data collection and interpretation. When eliciting
ideas from the crowd, the research team should communicate
the nature and objectives of the study, as well as the
requirements for the content, to facilitate more relevant
responses. To better interpret data, the research team also needs
to develop a systematic analytical strategy that combines
relevant theories with the existing literature, especially since
the ultimate drafting of intervention outcomes and objectives
will be the responsibility of the research team. One way to meet
the challenge of data management is to combine large-scale,
extensive crowdsourcing with small focus group discussions.
This method can help ensure both the scope and depth of the
data collected. The two sets of data can also complement each
other and be compared for better accuracy.

Furthermore, while the PVCP approach was efficient in intensive
face-to-face workshops, we found it challenging to sustain peer
mentors’ interest and participation in the production over time.
The production of creative content usually involves various
stages and therefore lasts for weeks or even months. Because
our peer mentors were all volunteers who had full-time
occupations, it was impractical to ask for their full participation
throughout the production process. As a result, parts of the
production, especially the scriptwriting, were undertaken by

the research team. Better engagement of peer mentors is needed
in this step. Methods may include providing incentives or
scheduling several workshops in key stages of the production.

Finally, and more generally, developing an intervention for
dating app use in Hong Kong poses challenges in balancing
between providing more information and perpetuating social
stigma around dating app users. Due to conservative attitudes
toward sex in the local context, dating app users have been
stigmatized as casual, promiscuous, and immoral. Consequently,
there is a fine line between raising awareness about risks in
dating app use and further stigmatizing dating app users as
immoral and irresponsible. To avoid the latter outcome, we
adopted various methods, such as engaging dating app users in
setting the intervention goals and addressing both benefits and
risks in the intervention programs. However, it remains unclear
whether these methods will be sufficient. Intervention
developers should always consider cultural specificities and
make their best efforts to eliminate any possible negative
impacts brought by the intervention.

Limitations
Several limitations should be considered in this study. First, the
recruiting and promotion processes during the needs assessment,
crowdsourcing contest, and peer-led intervention development
were done through the research team’s network of
nongovernmental organizations and a large general education
course at a local university. While this allows the research team
to target select groups of people who may have an interest in
this topic, it may overlook other individuals who belong to other
organizations or universities. Second, since the intervention
development is heavily based on local contexts in Hong Kong,
its results may not be generalizable in other places.

Conclusion
This paper describes the evidence-based development of an
intervention for safer dating app use using crowdsourcing and
the peer-led approach. Our findings suggest that the advantages
of crowdsourcing lay in its cost-effectiveness, its ability to
collect extensive data, and its engagement of community
members. We recommend that crowdsourcing be strategically
used in various stages of intervention development.

This paper has also identified potential challenges in adopting
the crowdsourcing approach, including data management and
analysis and peer mentors’participation in intervention material
production. We suggest that intervention developers should pay
special attention to the communication of program objectives
during crowdsourcing and should work out a well-structured
schedule to better sustain peer mentors’ interests throughout
material production. Moreover, we have highlighted local
cultural specificities as an important issue that should be taken
into consideration during intervention development. The
crowdsourced, peer-led model of intervention development
harnesses both new technologies and collective intelligence.
Therefore, we believe that it is particularly suitable to tackling
new public health issues that have not been thoroughly
researched in the existing literature.
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Abstract

Background: In primary care, patients play a crucial role in managing care processes and handling drug treatment. A decisive
factor for success is their health literacy, and several interventions have been introduced to support patients in fulfilling their
responsibility.

Objective: The aim of this study is to assess the influence of such an intervention (ie, a medication module) within a patient-led
electronic health record on patients’ health literacy.

Methods: We conducted a randomized controlled study among community-dwelling patients with type 2 diabetes mellitus.
Patients were recruited from primary care practices. After randomization, patients either had access to an internet-based medication
module allowing them to store their medication information, look up drug information, and print a medication schedule (intervention
group), or they received an information brochure on the importance of medication schedules (control group). After 4-8 weeks,
all patients were invited to attend a structured medication review (ie, follow-up visit). Data were collected via questionnaires
before the start of the intervention and during the follow-up visit. The main outcome measure was the mean difference in health
literacy between baseline and follow-up assessments of patients in the control and intervention groups.

Results: Of 116 recruited patients, 107 (92.2%) completed the follow-up assessment and were eligible for intention-to-treat
analyses. Only 73 patients, of which 29 were in the intervention group, followed the study protocol and were eligible for per-protocol
analysis. No differences in overall health literacy were observed in either the intention-to-treat or in the per-protocol cohorts.
Reasons for a null effect might be that the cohort was not particularly enriched with participants with low health literacy, thus
precluding measurable improvement (ie, ceiling effect). Moreover, the success of implementation was considered poor because
both the correct application of the study procedure (ie, randomization according to the protocol and dropout of 29 patients) and
the actual interaction with the medication module was modest (ie, dropout of 9 patients).

Conclusions: The conduct of this randomized controlled study was challenging, leaving it open whether inadequate
implementation, too short of a duration, or insufficient efficacy of the intervention, as such, contributed to the null effect of this
study. This clearly outlines the value of piloting complex interventions and the accompanying process evaluations.
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Introduction

In the course of their disease, patients with type 2 diabetes
mellitus (T2DM) depend on the lifelong intake of drugs, which
requires continuous unremitting efforts to self-manage the
medication process. Thereby, medication self-management
refers not only to active drug administration but also to filling
and picking up prescriptions, understanding the medication
regimen, integrating it in a daily schedule, monitoring drug
effects, and, finally, sustaining it over the long term [1].

Besides the complexity of the disease and the medication
regimen, medication self-management capacity is also
influenced by patient characteristics, such as patients’ health
literacy [1,2]. According to Sørensen and coworkers, health
literacy “... entails people’s knowledge, motivation, and
competencies to access, understand, appraise, and apply health
information in order to make judgments and take decisions in
everyday life concerning healthcare, disease prevention, and
health promotion to maintain or improve quality of life during
the life course” [3]. All four dimensions of health literacy are
relevant within medication self-management: (1) access and
obtain information relevant to health, (2) understand information
relevant to health, (3) process and appraise information relevant
to health, and (4) apply and use information relevant to health.
Health literacy, therefore, plays an important role in medication
self-management because limited health literacy can be a barrier
to medication reconciliation [3] and can be associated with
medication beliefs [4,5] and medication nonadherence [4,6].

Improving health literacy has been targeted by a number of
single and mixed interventions aimed at improving
comprehension [7] or provision of programs supporting patients
to actively fulfill their roles in medication self-management as
do patient portals, for instance [8]. Patient portals are often
interlinked with electronic health records (EHRs), which, until
today, have the predominant aim to store all disease-related
documentation, facilitating interchange and transfer of
information between health care professionals. Current evidence
on patients’ attitudes toward patient portals suggest that patients
might not use these portals on a regular basis [9], for instance,
because they are not familiar with the functionalities they offer
[10]. Even if the functionalities are known, the handling might
still be complicated for the target population or they might be
reluctant to use them, as has been shown for additional
functionalities, such as secure messaging. Hence, these
functionalities should always be assessed for potential barriers
in usage [11]. However, if patients are individually informed
and trained according to their needs on how to use the portal,
and a particular effort is put on system usability from the
beginning, patient portals might be useful tools to strengthen
the patient’s role [10,12,13].

In 2012, a patient-controlled PEPA (personal EHR) was
launched in the region of Rhine-Neckar in the southwest of
Germany, within the INFOPAT (INFOrmation Technology for
PATient-oriented Healthcare in the Rhine-Neckar metropolitan
region) project [14]. The PEPA is “owned” by the patient so
that he or she gains control over all disease-associated and
medication-related data shared in the PEPA [15,16]. The PEPA
offers the function of documentation but also actively involves
patients in his or her process of care. In contrast to previous
EHRs, patients can customize their PEPA themselves and give
health care professionals access to its content [17]. To further
support patients, the PEPA was equipped with an interactive
medication module where patients can access information on
different drugs, check drug-drug interactions, get evidence-based
information on diabetes and its drug treatment, and compose
and update their personal medication schedule in order to
support medication self-management.

In total, the PEPA with the medication module forms a complex
intervention that might support patients in fulfilling their active
roles in the medication process and during drug handling. To
assess the medication module’s effects, a complex and
well-piloted study design will be required. Thereby, it will be
particularly challenging to analyze causal relationships for
success or reasons for failure of such an intervention, which
may both result from inadequate implementation as well as
inadequate effects.

The aim of this study was to pilot the feasibility of the study
procedure (ie, patient recruitment, randomization, data
assessment, and documentation in the primary care practices)
and of the intervention (ie, conduction of training episodes and
accessibility of the medication module), while at the same time
assessing the influence of the medication module on health
literacy.

Methods

Overview
We performed an unblinded, exploratory, prospective,
randomized controlled study with two data collection points
among community-dwelling patients attending primary care
practices. The study protocol was approved by the Ethics
Committees of the Medical Faculty of Heidelberg University
(S-540/2015) and of the State Medical Board of the state of
Baden-Württemberg, Germany.

Recruitment
Primary care practices were recruited via a practice network of
the Department of General Practice and Health Services
Research at Heidelberg University Hospital, Germany. In each
practice, the responsible general practitioner (GP) agreed to
participate and entrusted a medical assistant with the
coordination of the study in his or her practice and the conduct
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of a structured medication review with all included patients.
Because the medical assistants were asked to evaluate each
structured medication review, they were also included as study
participants and signed informed consent forms.

Patients were eligible if they were 18 years of age or older, were
diagnosed with T2DM and treated with oral antidiabetic drugs
and/or insulin, were considered mentally and physically capable
of participating in the study, were generally familiar with
computer use, had access to a computer or mobile device with
internet access and an email account, and consented in written
form to participate in the study. Patients not fulfilling the
inclusion criteria could not participate in the study; apart from
that, there were no formal exclusion criteria.

Each participating primary care practice received €100 for
study-related expenditures, all participating medical assistants
received compensation of €200 plus €40 per patient, and patients
received compensation of €50 for their efforts.

Intervention
The intervention comprised the personal use of the medication
module that was embedded in the PEPA. The medication module
was developed based on previous qualitative focus group
discussions with T2DM patients, GPs, and pharmacists, who
defined user requirements [18]. The user requirements were
transferred to an initial prototype of the medication module that
was then pretested with 6 patients and subsequently optimized
considering the patients’ feedback. Finally, the module consisted
of a documentation submodule for the patients’ medication
regimen and a general information portal on drug administration.
The documentation submodule facilitated searching all drugs

available on the German drug market, putting together a
medication regimen, and entering additional information, such
as drug dosage, indication, and administration advice.
Subsequently, the patients could store the medication regimen
to access and modify in the future. Moreover, they could print
out a medication schedule containing all previously entered
information. For each drug, the patient had access to basic drug
information, such as the package information leaflet and more
detailed information on drug administration (eg, on whether a
tablet could be split or crushed). Moreover, the entire medication
regimen was checked for drug-drug interactions involving
over-the-counter drugs as well as contraindicated combinations.

Before using the medication module for the first time, each
patient completed a 45-minute, face-to-face, hands-on structured
training session by a member of the study team and printed
education material on how to use the module. Moreover, patients
could approach a first-level support person in case they had
problems using the medication module of the PEPA. However,
participants were not contacted proactively to ensure that they
used the tool.

Participants of the control group received a brochure about the
importance and content of a medication schedule.

Study Procedure and Outcome Measures
The study (see Figure 1) was conducted between May and
October 2016. Each practice invited patients who met the
inclusion criteria to participate in the study. Patients who agreed
to participate were randomized by the medical assistant to the
intervention group and the control group at a 1:1 ratio, following
a previously created randomization list.

Figure 1. Study procedure of the prospective randomized controlled study. Data assessments at T0, T1.1, and T1.2 were done via questionnaires filled
in by the patient during his or her visits to the primary care practice.

The study consisted of two patient visits in the primary care
practice before (ie, baseline visit, T0) and after the intervention
(ie, follow-up visit, T1). During these visits, there were three
data-assessment points: one at T0 and two at T1, with T1.1
before the structured medication review and T1.2 after the
medication review. During these time points, both the baseline

information, such as sociodemographic information, and the
patient- and process-oriented outcomes were documented using
paper-based questionnaires, typically in the GP practice. All
patient-oriented outcomes were measured using German
versions of validated survey instruments.
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During the baseline assessment, the patient filled in a
questionnaire documenting health literacy using the Health
Literacy Questionnaire (HLQ), which was developed by
Osborne and colleagues [19,20]. Out of the eight subscales of
the questionnaire, we selected the four subscales that were of
particular interest for health literacy with regard to drug
treatment: scales 5 (appraisal of health information), 6 (ability
to actively engage with health care providers), 8 (ability to find
good health information), and 9 (understanding health
information well enough to know what to do). Moreover, patients
filled in questionnaires regarding quality of life (ie, the World
Health Organization Quality of Life instrument, brief version
[WHOQOL-BREF]-global items [21]), self-reported adherence
(ie, the Medication Adherence Report Scale, German version
[MARS-D] [22]), satisfaction with drug information (ie, the
Satisfaction with Information about Medicines Scale, German
version [SIMS-D] [23,24]), and utilization of medical services
(ie, the Mannheimer Modul Ressourcenverbrauch [MMRV]
[25]). Patients also provided specified information regarding
their sociodemographic and disease status (ie, blood pressure,
hypoglycemia, hemoglobin A1c value, fasting blood glucose
levels, and drug treatment) as well as current internet and
computer use.

Directly after the baseline assessment, the patients in the control
group received an information brochure on the potential benefit
of medication schedules. In the intervention group, patients
were scheduled for a training date to be educated about the use
of the electronic medication module. The training session was
performed by four study team members to ensure high reliability
and consistent quality for all training sessions.

A total of 4-8 weeks after randomization, the medical assistant
invited the patients to the primary care practice for a follow-up
visit (T1). During this visit, patients received the same
questionnaire that was administered during the baseline
assessment, except that it contained only scales 5 and 8 from
the HLQ and no sociodemographic data or questions about
computer literacy. In the intervention group, the questionnaire
additionally contained questions regarding the usability of the
medication module (ie, the System Usability Scale [SUS] [26]),
while in the control group, patients were asked about the
comprehensibility of the information brochure. Subsequently,
the medical assistant performed a structured medication review
with each patient to document which drugs the patient was
actually taking. During the medication review, potential
problems with the actual medication were assessed and
documented to be discussed later on with the GP [27]. If the
patient possessed a printed medication schedule, the medical
assistant would photocopy it but was instructed not to use this
schedule during the medication review. The duration of the
structured medication review was documented. After the
structured medication review, both patient and medical assistant
filled in a questionnaire evaluating the conduct of the medication
review. The patient questionnaire additionally contained scales
6 and 9 from the HLQ. Throughout the intervention period, the
use of the medication module (ie, number of log-ins and
performed actions) was logged.

Primary and Secondary Endpoints
As primary endpoint, the change in health literacy between T0
and T1 was assessed. As secondary endpoints, the following
were evaluated: differences in quality of life, adherence, and
satisfaction with drug information; differences in hemoglobin
A1c, fasting blood glucose levels, and hypoglycemia; the course,
time consumption, satisfaction, and evaluation of the structured
medication review; the prevalence and quality of the patients’
medication schedules; and the use of, and satisfaction with, the
medication module and the information brochure. This paper
will focus on the general feasibility of the study design and will
report the primary endpoint. Secondary endpoints will be
aggregated and reported elsewhere.

Statistical Analysis
We planned to enroll 120 patients (n=60 per group). This sample
size was primarily based on matters of feasibility and allowed
us to detect a standardized treatment effect of Cohen d=0.6 with
a power of 1–beta=.9 when applying a two-sided t test with a
two-sided significance level of alpha=.05.

We conducted two different types of analyses on two
populations to assess primary and secondary outcomes. The
intention-to-treat population comprised all randomized patients,
while the per-protocol population comprised all randomized
patients without protocol deviations. The primary endpoint was
the difference between T1 and T0 in the sum score of scales 5,
6, 8, and 9 of the HLQ [19,20]. Each of the four scales is
composed of five items with either four (scale 5) or five (scales
6, 8, and 9) Likert-scale values. Scale scores were determined
by calculating the mean of all answered items, if at least three
items per scale were answered. In case all four scale scores
could be determined, the HLQ sum score was defined as the
mean of all four sum scores and was otherwise set to missing.

Due to the hierarchical data structure, a multilevel analysis was
conducted, with patients at level 1 and practice at level 2. The
primary model was a linear mixed model with the HLQ score
difference (T1–T0) as the dependent variable; treatment group
and baseline HLQ score as fixed factor and covariate,
respectively; and practice as a random factor, using the restricted
maximum-likelihood method to fit the model. The primary
analysis was conducted using the multilevel approach, assuming
that missing values in the primary outcome can either be
explained by the baseline HLQ score or the treatment group.
Thus, no additional imputation of missing values was conducted.

Secondary endpoints such as scale scores were analyzed using
the same multilevel approach. Effect estimates were calculated
alongside 95% CIs and P values. Due to the exploratory
character of the study, all P values were only of a descriptive
nature, thus, no adjustment for multiple testing was performed.
P values less than .05 were regarded as statistically significant.
All analyses were conducted using SAS 9.4 (SAS Institute).

Results

Participants
Overall, 13 GPs agreed to participate and recruit patients, with
one GP entrusting three medical assistants to coordinate the
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study and conduct the structured medication reviews. Hence,
15 medical assistants in 13 primary care practices were involved
in randomization and data assessment.

Overall, 116 patients agreed to participate in the study and were
allocated to either the intervention or control group (see Figure
2). Of those, 113 (97.4%) participated in the baseline assessment
and 107 (92.2%) also participated in the follow-up assessment.

These participants were included in the intention-to-treat
analysis. In total, 75.0% of included participants (87/116) were
randomized according to the protocol. Of those, 73 participants
(84%) followed the intervention as intended, completed the
follow-up assessment, and were consequently eligible for
per-protocol analysis. Table 1 presents the sociodemographic
information as well as information about diagnosis and
medication of all included participants.

Figure 2. Patient flow during the study procedure. All patients from the intervention group are displayed on the right side of the flowchart and all
patients from the control group are displayed on the left side. As not all patients were correctly enrolled in the study, there are three branches displayed
on each side. Dropouts according to loss of follow-up are displayed vertically.
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Table 1. Characteristics of participants.

Per-protocol analysisIntention-to-treat analysisCharacteristic

Total (n=73)Control group
(n=44)

Intervention
group (n=29)

Total (n=113)Control group
(n=58)

Intervention
group (n=55)

58.3 (10.9)60.3 (10.8)55.3 (10.5)58.9 (10.8)60.1 (10.2)57.5 (11.2)Age (years), mean (SD)

Gender, n (%)

48 (67)27 (61)21 (75)67 (59.8)37 (64)30 (56)Male

1 (1)0 (0)1 (4)1 (0.9)0 (0)1 (2)Missing values

Current employment, n (%)

43 (60)26 (59)17 (61)60 (53.6)33 (57)27 (50)Employed

1 (1)0 (0)1 (4)1 (0.9)0 (0)1 (2)Missing values

18 (25)10 (23)8 (28)25 (22.1)13 (22)12 (22)Living alone, n (%)

64 (88)37 (84)27 (93)98 (86.7)48 (83)50 (91)Comorbidities (yes), n (%)

Diabetes diagnosis

9.3 (7.6)8.9 (7.4)9.8 (7.9)9.7 (8.1)9.7 (7.4)9.6 (8.8)Time since diagnosis (years), mean (SD)

14 (19)10 (23)4 (14)17 (15.0)11 (19)6 (11)Missing values, n (%)

Drugs

4.7 (3.0)4.5 (3.0)5.0 (3.1)4.9 (3.0)4.6 (2.7)5.3 (3.3)Number of drugs per day, mean (SD)

4 (5)3 (7)1 (3)6 (5.3)3 (5)3 (5)Missing values, n (%)

Diabetes medication, n (%)

46 (66)29 (69)17 (61)74 (67.9)40 (71)34 (64)Tablets

15 (21)9 (21)6 (21)23 (21.1)12 (21)11 (21)Tablets and injection

8 (11)3 (7)5 (18)11 (10.1)3 (5)8 (15)Injection

1 (1)1 (2)0 (0)1 (0.9)1 (2)0 (0)Other

3 (4)2 (5)1 (4)4 (3.7)2 (4)2 (4)Missing values

Health Literacy
Having access to the electronic medication platform did not
have any significant effect on health literacy when comparing
the two treatment groups, but it appeared to influence some

aspects of health literacy when only assessing the effect in the
intervention group (see Table 2). Results of the per-protocol
analysis tended to be similar to those of the intention-to-treat
analysis, albeit intervention group effects were slightly higher
(see Table 3).
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Table 2. Differences between Health Literacy Questionnaire (HLQ) sum scores and scores from scales 5, 6, 8, and 9 by group at baseline (T0) and
follow-up visits (T1), including effect estimates by group adjusted for baseline value and two-level structure .

Per-protocol analysis, T1–T0 scoresIntention-to-treat analysis, T1–T0 scoresMeasures

TotalControl groupIntervention
group

TotalControl groupIntervention
group

HLQ sum score (primary endpoint)

7243291055550Complete observations, n

0.17 (0.35)0.12 (0.34)0.24 (0.36)0.17 (0.37)0.15 (0.39)0.18 (0.34)Mean (SD)

0.150.140.200.150.150.16Median

–1.35, 1.25–1.35, 0.80–0.31, 1.25–1.35, 1.25–1.35, 1.25–0.35, 1.25Minimum, maximum

0.110.220.150.18Effect estimate

0.060.070.050.05SE

.07.002.005.001P value

–0.01 to 0.230.09 to 0.360.05 to 0.250.07 to 0.2895% CI

Scale 5: Appraisal of health information (four scale values)

7344291065650Complete observations, n

0.09 (0.50)0.08 (0.53)0.09 (0.47)0.13 (0.50)0.16 (0.55)0.11 (0.44)Mean (SD)

0.000.000.000.000.200.00Median

–1.20, 1.80–1.20, 1.80–1.00, 1.60–1.20, 1.80–1.20, 1.80–1.00, 1.60Minimum, maximum

0.060.120.110.16Effect estimate

0.060.080.060.06SE

.32.13.05.01P value

–0.06 to 0.19–0.04 to 0.28–0.00 to 0.230.04 to 0.2895% CI

Scale 6: Ability to actively engage with health care providers (five scale values)

7344291075750Complete observations, n

0.92 (0.88)0.88 (0.96)0.99 (0.76)0.90 (0.95)0.93 (0.98)0.86 (0.93)Mean (SD)

0.800.701.000.800.800.88Median

–0.80, 3.20–0.80, 3.20–0.60, 3.00–2.40, 3.20–0.80, 3.20–2.40, 3.00Minimum, maximum

0.860.950.950.81Effect estimate

0.110.130.110.11SE

<.001<.001<.001<.001P value

0.63 to 1.090.69 to 1.210.73 to 1.170.58 to 1.0395% CI

Scale 8: Ability to find good health information (five scale values)

7344291065650Complete observations, n

–0.33 (0.72)–0.34 (0.84)–0.30 (0.51)–0.38 (0.81)–0.36 (0.89)–0.41 (0.70)Mean (SD)

–0.20–0.20–0.20–0.20–0.20–0.30Median

–3.40, 1.20–3.40, 1.20–1.20, 1.00–3.40, 2.20–3.40, 2.20–2.40, 1.00Minimum, maximum

–0.39–0.33–0.41–0.40Effect estimate

0.140.170.130.13SE

.009.05.002.003P value

–0.68 to –0.10–0.66 to 0.00–0.66 to –0.15–0.66 to –0.1495% CI

Scale 9: Understand health information well enough to know what to do (five scale values)

7243291065650Complete observations, n

0.02 (0.67)–0.08 (0.68)0.18 (0.63)0.05 (0.67)–0.06 (0.70)0.18 (0.62)Mean (SD)

0.000.000.200.00–0.200.20Median
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Per-protocol analysis, T1–T0 scoresIntention-to-treat analysis, T1–T0 scoresMeasures

TotalControl groupIntervention
group

TotalControl groupIntervention
group

–2.80, 2.00–2.80, 1.40–0.80, 2.00–2.80, 2.00–2.80, 1.60–1.20, 2.00Minimum, maximum

–0.090.13–0.020.12Effect estimate

0.100.120.080.09SE

.39.29.83.15P value

–0.30 to 0.12–0.11 to 0.37–0.18 to 0.14–0.05 to 0.3095% CI

Table 3. Intervention effects for the intervention group compared to the control group adjusted for baseline value and two-level structure: difference
between baseline visit (T0) and follow-up visit (T1).

Cohen db95% CIP valueSEEffectaScales

Intention-to-treat analysis

0.08–0.09 to 0.16.620.060.031Sum score

0.09–0.12 to 0.20.600.080.043Scale 5: Appraisal of health information

–0.15–0.36 to 0.08.210.11–0.141Scale 6: Ability to actively engage with health care providers

0.01–0.27 to 0.28.980.140.004Scale 8: Ability to find good health information

0.21–0.06 to 0.35.170.100.142Scale 9: Understand health information well enough to know what to do

Per-protocol analysis

0.33–0.03 to 0.27.120.080.116Sum score

0.12–0.14 to 0.26.570.100.058Scale 5: Appraisal of health information

0.11–0.15 to 0.33.440.120.093Scale 6: Ability to actively engage with health care providers

0.07–0.26 to 0.38.730.160.056Scale 8: Ability to find good health information

0.33–0.04 to 0.48.090.130.219Scale 9: Understand health information well enough to know what to do

aTreatment effect estimate: difference between the intervention group and control group. Positive effect estimates indicate an advantage of the intervention
group over the control group.
bStandardized effect estimate adjusted for standard deviation.

Most included participants declared to have appraised the health
information (HLQ scale 5) and to have been able to actively
engage with health care providers (HLQ scale 6) similarly well
both before and after taking part in the study (see Figure 3).
Nevertheless, both the appraisal of health information and the
ability to engage with health care providers were ranked slightly
higher after participating, whereas the effect on the ability to
engage with health care providers was greater and statistically
significant (P<.001; see Table 2). However, this effect occurred
in both groups (see Table 3).

Intervention and control groups differed with regard to HLQ
scale 9, and participants of the intervention group were better
able to understand health information well enough to know what
to do than were the participants of the control group. The
understanding slightly rose in the intervention group and slightly
decreased in the control group at the follow-up assessment (see
Figure 3), but the difference between treatment groups was not
statistically significant (see Table 3). The ability to find good
health information (HLQ scale 8) was estimated as slightly
worse after participating than before (see Figure 3). Even here,
no statistically significant difference between intervention and
control groups could be observed (see Table 3).
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Figure 3. Results for health literacy. Graph A displays the results of the intention-to-treat analysis and Graph B displays the results of the per-protocol
analysis. Patients from the intervention group are displayed in light gray and patients from the control group are displayed in dark gray. Health Literacy
Questionnaire (HLQ) subscales are indicated by their numbers (5, 6, 8, and 9). T0: baseline visit; T1: follow-up visit.

Discussion

Principal Findings
In this controlled pilot study among T2DM patients, we assessed
the impact of providing access to a PEPA with an interactive
medication module on health literacy and found no change. This
result should be critically discussed on several levels, as done
in the following sections. This approach also highlights the
limitations of the study.

Selection of Assessment Method of Health Literacy
We assessed health literacy with a validated tool evaluating
four of its key dimensions (see Tables 2 and 3). The instrument
has been successfully used in previous studies and showed good
efficacy in distinguishing different health literacy levels [19,20].
Moreover, it has been applied in intervention studies in a wide
range of countries [28] and showed reliable results, while, at
the same time, being shorter than other tools [28], suggesting
that the questionnaire might be easier to use as an outcome
measure tool. Indeed, the included patients dealt well with the
provided questionnaires, as shown in the small number of
missing values. The fact that we decided to use only four
dimensions of the tool was owed to the fact that these
dimensions explicitly focused on medication-related issues (ie,
the main focus of our study). Obviously, we might have received

different results if we had applied all eight dimensions or used
other tools assessing health literacy, such as the Health Literacy
Survey, German version (HLS-Ger) [29], which consists of 47
items and has shown a correlation between low health literacy
and adherence among the German population. However, the
following issues kept us from using this tool in our study: the
length of the questionnaire, the fact that it assesses a broad
concept of health literacy, and the fact that it was primarily
developed to obtain and compare epidemiological data on health
literacy in various populations, rather than to be used in
intervention studies [30].

Hence, we believe that both the tool as well as the assessment
method used in this study were appropriate and should have
detected potential differences in health literacy, if they had
occurred.

Duration of the Intervention
Previous intervention studies that successfully addressed health
literacy often had longer durations, typically lasting 9 months
to 2 years [31-33]. Therefore, our study might have been too
short to produce its full effects. This is also highlighted by the
fact that not all patients in the intervention group actually
accessed the PEPA.
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Health Literacy Level of Included Patients and
Expected Effects
At the beginning of the study, our study participants already
showed comparable or higher health literacy levels compared
to previous cohorts that were included in intervention studies
to improve health literacy, suggesting that ceiling effects might
have occurred, making the detection of small changes more
difficult.

A population-based Danish study assessing health literacy in
subscales 6 and 9 of the HLQ among people with long-term
chronic conditions revealed lower subscale means than in our
study [34]. The results on the HLQ subscales in a study among
an Australian population of older patients with multiple
conditions showed higher mean values on appraisal of health
information (mean 2.78) than in our study. The ability to actively
engage with health care professionals was lower in our study
compared to the Australian population (mean 3.97); however,
this value increased and was higher after the intervention (mean
4.17), demonstrating the benefit of the contact with the medical
assistants. The ability to find good health information showed
lower mean values compared to the Australian population (mean
3.65), whereas in the subscale understand health information
enough to know what to do, our values stayed within the 95%
CI reported in the Australian population (95% CI 3.81-3.91)
[35]. The comparability with this sample is restricted, as patients
in our sample were younger; however, the results may indicate
that the medication module was a support to patients regarding
information finding and action.

Moreover, during the sample size calculation, we assumed that
with the given sample size, only a relatively high standardized
treatment effect of Cohen d=0.6 could be detected with a
sufficiently high power. Since we only observed
small-to-moderate effects, the highest being a Cohen d of 0.33
for the primary endpoint and scale 9 in the per-protocol
population, our study sample size was too small to yield
statistically significant treatment group differences but high
enough to now thoroughly plan a prospective intervention study.
Another potential reason for an insignificant study outcome
might be that we did not enrich our study population with
patients with low health literacy.

Success of the Implementation
Strikingly high dropout rates among the intervention and control
groups, which left only 73 instead of an initial 116 enrolled
patients for per-protocol analysis, clearly suggest that
insufficient power could be a reason for nonefficacy. However,
the high dropout rates appeared in several stages of the study
procedure; this is worth a detailed discussion to identify
weaknesses and strengths of the study design and to derive
lessons learned for future studies that can guide future complex
interventions in this field.

After inclusion in the study, group allocation already appeared
difficult for medical assistants, and of 116 patients, only 87
were randomized according to the protocol. Thereby,
randomization according to the protocol either failed because
patients were deliberately allocated to one group (n=10) or
because the correct randomization scheme was not understood
(n=19). Hence, incorrect randomization already diminished
study power by about 10 percent-points as compared to the
power that was originally aspired to of 90%, assuming a
treatment effect of Cohen d=0.6.

Subsequently, dropouts occurred at the level of the baseline
assessment, with one patient in the control group and two
patients in the intervention group withdrawing consent or failing
to keep their appointment for the baseline assessment. While
these dropouts are typical for any type of intervention study,
the dropout rate during the intervention phase, in particular,
was unexpectedly large. This was either because the patients
failed to attend the educational sessions where they were trained
in the use of the medication platform or, even more often,
because they never used the medication platform during the
intervention phase. Indeed, after training, eight patients of the
intervention group never even logged in to the PEPA and four
more logged in at least once but never used the medication
platform. Hence, almost one in three patients did not take part
in the intervention, even though they agreed to take part in the
study, filled in the baseline assessment, and participated in a
training course. This high dropout rate during that stage was
unexpected and certainly not considered during the sample size
calculation.

Reasons for nonacceptance of the intervention were only
qualitatively and sporadically assessed but included the fact
that the intervention time was considered too short (eg, patients
were on holidays during the entire intervention time) or that
patients were not as comfortable in using computers as they had
stated during the baseline screening.

Overall, the high dropout rates suggest that the study might
have been underpowered. However, more importantly, it also
highlights crucial pitfalls of health services interventions
indicating that an intervention, as such, might be effective but
must be carefully implemented and accepted by the people using
it in order to result in effectiveness.

Conclusions
The feasibility of this randomized controlled study was
challenging, giving no indication whether the inadequate
implementation or insufficient efficacy of the intervention, as
such, contributed to the null effect of this study. This has
important implications for the proper monitoring of the study
quality and the many different steps of a complex intervention;
this also stresses the need for meticulously planned and
conducted pilot studies testing unrecognized sources of
variability before pivotal intervention studies are implemented.
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Abstract

Background: There is growing interest in using wearable devices to remotely monitor patient behaviors. However, there has
been little evaluation of how often these technologies are used to monitor sleep patterns over longer term periods, particularly
among more high-risk patients.

Objective: The goal of the research was to evaluate the proportion of time that patients with ischemic heart disease used wearable
devices to monitor their sleep and identify differences in characteristics of patients with higher versus lower use.

Methods: We evaluated wearable device data from a previously conducted clinical trial testing the use of wearable devices
with personalized goal-setting and financial incentives. Patients with ischemic heart disease established a sleep baseline and were
then followed for 24 weeks. The proportion of days that sleep data was collected was compared over the 24 weeks and by study
arm. Characteristics of patients were compared to groups with high, low, or no sleep data.

Results: The sample comprised 99 patients with ischemic heart disease, among which 79% (78/99) used the wearable device
to track their sleep. During the 6-month trial, sleep data were collected on 60% (10,024/16,632) of patient-days. These rates
declined over time from 77% (4292/5544) in months 1 and 2 to 58% (3188/5544) in months 3 and 4 to 46% (2544/5544) in
months 5 and 6. Sleep data were collected at higher rates among the intervention group compared with control (67% vs 55%,
P<.001). In the main intervention period (months 3 and 4), patients with higher rates of sleep data were on average older (P=.03),
had a history of smoking (P=.007), and had higher rates of commercial health insurance (P=.03).

Conclusions: Among patients with ischemic heart disease in a physical activity trial, a high proportion used wearable devices
to track their sleep; however, rates declined over time. Future research should consider larger evaluations coupled with behavioral
interventions.

Trial Registration: ClinicalTrials.gov NCT02531022; https://clinicaltrials.gov/ct2/show/NCT02531022

(JMIR Form Res 2020;4(4):e14508)   doi:10.2196/14508
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sleep; wearable devices; ischemic heart disease

Introduction

Shorter sleep duration and poor sleep quality have been
demonstrated to be associated with higher rates of all-cause

mortality, cardiovascular disease, hypertension, and obesity
[1,2]. Most of these evaluations have relied on patient self-report
of sleep patterns, which requires effort from the patient and can
be subject to reporter bias. There has been growing interest in
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using wearable devices to passively collect data on patient
behaviors [3,4]. However, there has been little evaluation of
how often these technologies are used to remotely monitor sleep
patterns, particularly among more high-risk patients and over
longer term periods.

There are more than 50 different wearable devices that promote
the ability to track sleep patterns [5]. In a recent review article,
43 articles identified studied how these wearables were used to
track sleep patterns [6]. More than half were focused on
validating sleep accuracy; few were focused on monitoring sleep
during behavioral interventions. Several studies have evaluated
the use of these devices over 24-hour periods [7,8]. Others have
evaluated tracking sleep during behavioral interventions focused
on physical activity [6,9], but these have typically been for
periods of 3 months or less.

In this study, we used data from a behavioral intervention
focused on increasing physical activity among ischemic heart
disease patients over 24 weeks. The objective was to evaluate
the proportion of time that patients with ischemic heart disease
used wearable devices to monitor their sleep and identify
differences in characteristics of patients with higher versus lower
use.

Methods

The sample comprised patients with ischemic heart disease who
used wearable devices to establish baseline sleep levels during
the ACTIVE REWARD (A Clinical Trial Investigating Effects
of a Randomized Evaluation of Wearable Activity Trackers
with Financial Rewards) trial, a previously conducted 24-week
randomized clinical trial focused on increasing physical activity
[10]. All patients established baseline daily step counts and
were then randomly assigned to passive monitoring or an
intervention that used personalized goal-setting and financial
incentives to increase physical activity levels. In this study, we
included patients who established baseline levels of sleep during
the run-in period (99/105 patients). Financial incentives for
meeting step goals were offered to the intervention group for
16 weeks followed by 8 weeks without incentives. Patients were

asked to use the wearable devices (Shine, Misfit) during the
day and night. The wearable did not require charging (with a
battery life longer than 6 months), was waterproof, and displayed
progress toward the step goal (rather than the actual number of
steps) on its display. Patients could use the mobile app to obtain
the actual number of steps. The Shine has been found to be
reliable for monitoring sleep duration when compared with
polysomnography [11].

To evaluate use of wearable devices for tracking sleep data, we
analyzed the proportion of patient-days data that were collected
overall and during 8 week increments throughout the three trial
phases. Intervention patients had 3 phases: ramp-up phase with
incentives (valued at $2 per day) and gradually increasing step
goals, maintenance phase with incentives and static step goals,
and a follow-up phase with static step goals but no incentives.
We compared patient characteristics for groups of patients with
different levels of overall data collection above and below half
of the study period duration (more than 50% of days with data,
less than 50% of days with data, no data).

This study was approved by the University of Pennsylvania
institutional review board, and patients provided informed
consent. The study was registered with ClinicalTrials.gov
[NCT02531022]. Analyses were conducted in SAS version 9.4
(SAS Institute Inc).

Results

The sample comprised 99 patients with ischemic heart disease,
with 79% (78/99) using the wearable device to track their sleep.
During the 6-month trial, sleep data were collected on 60% of
patient-days (Table 1). These rates declined over time from 77%
(10,024/16,632) in months 1 and 2 to 58% (3188/5544) in
months 3 and 4 to 46% (2544/5544) in months 5 and 6. Sleep
data were collected at higher rates among the intervention group
compared with control (67% vs 55%; P<.001). In the main
intervention period (months 3 and 4), patients with higher rates
of sleep data were on average older, were less likely to be
actively smoking, and had higher rates of private health
insurance (Table 2).

Table 1. Proportion of patient-days that sleep data was collected by period and arm.

Intervention (n=2632), n (%)Control (n=2912), n (%)Trial phase

2122 (80.62)2170 (75.52)Ramp-up period: weeks 1-8

1744 (66.26)1444 (49.59)Maintenance period: weeks 9-16

1391 (52.85)1153 (39.59)Follow-up period: weeks 17-24
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Table 2. Patient characteristics by use of wearable devices to track sleep. Sleep data are based on the main intervention period (weeks 9 to 16) of the
trial.

P valueNo sleep data collected
(n=21)

<50% sleep data collected
(n=18)

≥50% sleep data collected
(n=60)

Characteristics

Sociodemographics

.0355.8 (11.5)55.1 (12.4)62 (9.2)Age in years, mean (SD)

.8615 (71)13 (72)40 (67)Male, n (%)

.32Race/ethnicity, n (%)

14 (67)11 (61)49 (82)White non-Hispanic

6 (29)5 (28)8 (13)Black non-Hispanic

1 (5)2 (11)3 (5)Other

.77Education, n (%)

1 (5)2 (11)3 (5)Some high school

4 (19)5 (28)12 (20)High school graduate

8 (38)3 (17)13 (22)Some college or specialized training

8 (38)8 (44)31 (52)College graduate

0 (0)0 (0)1 (2)Missing

.37Marital status, n (%)

6 (29)5 (28)12 (20)Single

13 (62)8 (44)40 (67)Married

2 (10)5 (28)8 (13)Other

.03Insurance, n (%)

9 (43)5 (28)35 (58)Private

11 (52)9 (50)23 (38)Medicare

1 (5)4 (22)1 (2)Medicaid

0 (0)0 (0)1 (2)Military

.74Annual household income, n (%)

7 (33)9 (50)20 (33)Less than $50,000

6 (29)4 (22)12 (20)$50,000 to $100,000

6 (29)4 (22)18 (30)Greater than $100,000

2 (10)1 (6)10 (17)Missing

Baseline measures

.135481.2 (1808.4)6617.7 (2584.1)7214.5 (3618.2)Baseline step count, mean (SD)

.3532 (6.2)29.6 (5.7)30.1 (5.9)Body mass index, mean (SD)

.0611 (52)4 (22)16 (27)Diabetes, n (%)

.7517 (81)16 (89)49 (82)Hypertension, n (%)

.5916 (76)14 (78)51 (85)Hyperlipidemia, n (%)

.007Smoking history, n (%)

5 (24)10 (56)30 (50)Nonsmoker

11 (52)5 (28)29 (48)History of smoking

5 (24)3 (17)1 (2)Actively smoking

JMIR Form Res 2020 | vol. 4 | iss. 4 | e14508 | p.68https://formative.jmir.org/2020/4/e14508
(page number not for citation purposes)

Fortunato et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Discussion

Principal Findings
There is growing evidence that our sleep patterns influence our
longer term health, with poor sleep associated with higher risk
for cardiovascular disease [1,2]. Therefore, new ways to collect
data on an individual’s sleep could be important to help inform
the design of future interventions. To our knowledge, this is
one of the first studies to evaluate sleep data collected by
wearable devices in a longer 24-week clinical trial.

Our findings reveal several important insights. First, a high
proportion of patients used wearable devices to track their sleep;
however, rates declined over time. Yet similar to a previous
study [9], it is important to recognize that patients were enrolled
in a trial focusing on physical activity, not sleep. Therefore,
while rates of sleep data were high, they could be increased
with a greater intervention emphasis on sleep. Second, we found
that sleep data were collected at higher rates among patients in
the intervention arm relative to control. This may be because
engagement was more related to behavioral reasons (ie,
motivation vs loss of interest over time) rather than technical
issues (eg, device failure). Taken together, this indicates that
use of wearable devices may increase by combined provision
of the technology with a behavior change strategy. A recent
review suggested that more research is needed on using
wearables to monitor sleep in behavioral interventions [6]. Third,
use varied across several patient characteristics. Notably, use
was significantly higher among older patients, those with a
history of smoking, and those with commercial health insurance.
This indicates that sleep data may be obtainable from high-risk,
older patient groups. Similar results were seen in a shorter,
24-hour study [7], and our findings demonstrate similar insights
over a 24-week period. These may need to be investigated in
future trials with larger and more diverse populations.

Strengths and Limitations
This study had several strengths. First, most recent studies have
focused on comparing the accuracy of wearable devices in
tracking sleep patterns rather than their successful
implementation in new behavioral intervention strategies [6].
Second, most clinical studies assessing sleep quantity and quality
to date have relied on either self-reported measures of sleep
duration or on polysomnography measurements. Poly-
somnography remains the gold standard for sleep measurement,
but its use is currently only feasible in a laboratory setting, and
studies typically use only 1 or 2 nights of measurement.
Self-reported sleep measurements limit the generalizability of
any results because of errors due to reporter bias.

This study has limitations. First, it was conducted within a single
health system in a clinical trial, and we limited the sample to
those patients who obtained sleep baselines (approximately 94%
of patients). Second, the trial focused more on physical activity
than on sleep. Third, we were not adequately powered to
perform evaluations of differences in sleep patterns. Fourth, we
did not have qualitative data on patient perspectives of barriers
and facilitators to using these devices to monitor sleep. Fifth,
while the wearable device used has been found to be accurate
for monitoring sleep duration [11], we did not validate it in this
study. Sixth, further work is needed to understand what
proportion of days devices need to be used to provide robust
assessments of sleep patterns.

Conclusion
In conclusion, a high proportion of patients with ischemic heart
disease used wearable devices to track sleep patterns over a
24-week period. Use declined over time but varied based on
patient characteristics and was greater in the intervention group
than in control. Future research should consider larger
evaluations combining wearable devices with behavioral
interventions to test ways to risk stratify patients and improve
sleep patterns.
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Abstract

Background: Pregnancy complications in combination with postpartum weight retention lead to significant risks of
cardiometabolic disease and obesity. The majority of traditional face-to-face interventions have not been effective in postpartum
women. Mobile technology enables the active engagement of postpartum women to promote lifestyle changes to prevent chronic
diseases.

Objective: We sought to employ an interactive, user-centered, and participatory method of development, evaluation, and iteration
to design and optimize the mobile health (mHealth) Fit After Baby program.

Methods: For the initial development, a multidisciplinary team integrated evidence-based approaches for health behavior, diet
and physical activity, and user-centered design and engagement. We implemented an iterative feedback and design process via
3 month-long beta pilots in which postpartum women with cardiometabolic risk factors participated in the program and provided
weekly and ongoing feedback. We also conducted two group interviews using a structured interview guide to gather additional
feedback. Qualitative data were recorded, transcribed, and analyzed using established qualitative methods. Modifications based
on feedback were integrated into successive versions of the app.

Results: We conducted three pilot testing rounds with a total of 26 women. Feedback from each pilot cohort informed changes
to the functionality and content of the app, and then a subsequent pilot group participated in the program. We optimized the
program in response to feedback through three iterations leading to a final version.

Conclusions: This study demonstrates the feasibility of using an interactive, user-centered, participatory method of rapid,
iterative design and evaluation to develop and optimize a mHealth intervention program for postpartum women.

Trial Registration: ClinicalTrials.gov NCT02384226; https://www.clinicaltrials.gov/ct2/show/NCT02384226

(JMIR Form Res 2020;4(4):e16151)   doi:10.2196/16151
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Introduction

Pregnancy as a Stress Test to Expose Predilection to
Chronic Disease
Certain pregnancy complications provide an early warning of
future cardiometabolic risk [1]. Women with pregnancies
complicated by gestational diabetes mellitus (GDM) have an
approximately 50% increased risk for developing type 2 diabetes
mellitus within 10 years, are likely to develop atherosclerosis
earlier [2], and have an increased risk for hypertension [3] and
cardiovascular disease (CVD) [4,5]. Preeclampsia, preterm
delivery, delivery of a small-for-gestational age (SGA) neonate,
hypertensive disorders in pregnancy, and GDM are
independently associated with a 50%-300% increased risk for
CVD [5]. About 30% of US women will have at least one of
these predictive conditions during pregnancy [4].

The Postpartum Period Is a Critical Window of
Opportunity for Primary Prevention
Previous studies demonstrate that pregnancy weight retained
beyond 6 to 12 months postpartum is usually retained long term
and is a powerful independent risk factor for future obesity [6].
Given the significance of postpartum weight retention, the
postpartum year is considered a critical window of opportunity
to make lifestyle changes to decrease future risk of obesity and
chronic disease [7-9]. Lifestyle changes, including weight loss,
smoking cessation, improved diet, and physical activity can
decrease the risk of diabetes and CVD [10-14]. Reducing
postpartum weight retention also decreases the risk of
weight-related complications in future pregnancies [15,16].
Unfortunately, most women do not return to their prepregnancy
weight postpartum, and with each subsequent pregnancy, their
risk of these obesity-related complications amplifies. However,
previous studies demonstrate that postpartum women may be
receptive to making lifestyle changes given their new awareness
of risk factors that were unmasked during pregnancy as well as
their motivation to create a healthy home for their offspring
[17].

A Lack of Available Treatment Options Tailored to
Postpartum Mothers
Despite the importance and critical timing of the postpartum
period, there are currently no clinically available evidence-based
programs designed for overweight and obese postpartum women
with recent pregnancy complications. Few lifestyle intervention
studies have been conducted in postpartum women at elevated
cardiometabolic risk. Studies attempting intensive face-to-face
methodologies for weight loss and reduction in diabetes
incidence similar to the successful Diabetes Prevention Program
(DPP) demonstrate limited efficacy and poor retention in
postpartum women [18-20]. This is due, at least in part, to
multiple barriers to face-to-face participation described by
postpartum women, including time constraints, infant and
breastfeeding demands, older childcare responsibilities, and
reluctance to spend time away from family [21,22]. Given these
barriers, there is increasing interest in using technology to
improve the efficacy of lifestyle interventions for this high-risk
population [20,23].

Use of Mobile Health
As of 2015, 82% of the US population aged 18 to 49 years
owned an app-enabled mobile phone [24]. Women of
childbearing age are one of the fastest growing user groups for
mobile phones, across race and socioeconomic class. Mobile
technology facilitates tracking of behavior and weight, allowing
for real-time recording, feedback, and accountability. In light
of escalating health care costs and rapid increases in the
incidence of cardiometabolic disease, extending the reach of
health promotion into daily life is an innovative approach for
high-risk women with multiple and intensive family/work
demands. However, despite the potential of this technology, the
vast majority of available apps do not adequately include
evidence-based strategies [25-27] or use behavioral theory
[28,29], and almost none have been rigorously tested [30].

This study describes the iterative development process designed
to optimize the mobile health (mHealth) Fit After Baby program.
We employed an interactive user-centered and participatory
method of rapid development, evaluation, and iteration [31-33].
We designed the Fit After Baby program to decrease obesity
and risk factors for chronic disease by increasing postpartum
weight loss, improving diet, and increasing physical activity.

Methods

Development of the Fit After Baby Program
We developed the mHealth Fit After Baby program using
evidence-based strategies for weight loss, cardiometabolic
disease prevention, and behavior change based on current
evidence and best practices [34]. Guided by the Integrated
Theory of mHealth [35], we incorporated a theoretical
framework that included traditional health communication and
behavioral theories including the elaboration likelihood model
[36], the theory of planned behavior [37], the life-course
approach [38,39], and Bandura’s model of social cognitive
theory for behavioral change [40], as well as engagement
strategies from design-thinking, user-centered design, and
mobile technology in health promotion [41-45]. This inclusion
of multiple and diverse theoretical perspectives in app design
is critical to the creation of a mobile solution that is engaging,
effective, and scalable. The content and structure were adapted
from the DPP specifically for a postpartum population, and we
incorporated features and techniques that have proven efficacy
for weight loss such as self-monitoring, goal setting, remote
coaching with tailored feedback, and social support [46-49].
We designed the Fit After Baby app to integrate with the
commercial apps Fitbit and MyFitnessPal. Gamification through
points and badges was used to motivate behaviors through
accountability and reinforcement [50]. The use of game-like
components in health and nutrition apps is widespread and some
initial studies demonstrate that women in particular may derive
social benefit from gamification [51-53]. The Fit After Baby
program also included the engagement strategies of push
notifications to remind or trigger the user to interact with the
app, as well as favoriting, in which users could curate their own
health library for future use and thereby personalize the app.

A registered dietitian with experience in both the DPP and
motivational interviewing served as the lifestyle coach for the
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Fit After Baby program. She based her conversations on the
weekly content contained in the app but was encouraged to
follow the participants’ lead if they wanted to discuss other
topics. The lifestyle coach kept detailed notes on her
conversations and reviewed any issues weekly with the principal
investigator.

Iterative Feedback and Design Process
Rapid iterative design is a process in which technology is tested
and repeatedly refined with small groups of users to optimize
functionality and usability [54,55]. We refined the content and
delivery of the mHealth Fit After Baby program over three
rounds of beta-testing through an iterative design process, and
then we developed a final version of the program.

Recruitment
Women between 18 and 40 years of age with a postpartum BMI

of 24 to 45 kg/m2 who were within 6 months of a recent
singleton or twin delivery complicated by gestational
hypertension, preeclampsia, preterm delivery (32-37 weeks),
an SGA neonate (weight <10th percentile for gestational age),
and/or GDM were recruited for the study from women delivering
at the University of Colorado Hospital on the Anschutz Medical
Campus in Aurora, Colorado. Women were required to have
access to an iPhone or iPod (Apple Inc, California) touch ≥5S,
and women with a history of preexisting diabetes, cancer, or
CVD were excluded. The institutional review board at the
University of Colorado approved the study, and all patients gave
written informed consent.

Pilot Testing
We conducted three 4-week beta-testing pilots with unique
participants. The participants used the Fit After Baby app for 4
weeks, received support from the lifestyle coach, and provided
ongoing feedback. Participants were required to open the app
and provide online feedback in week 1 to receive a Fitbit by
mail to use for the remainder of the study. Participants were
asked to log on to a Web-based asynchronous user group
platform each week and answer a set of questions in threaded
discussions. Interactions with the app and threaded discussions
were tracked by researchers. The three 4-week pilots were
conducted during the time period June 2015 through February
2016.

Feedback and Iterative Design
After each round, we analyzed feedback using content analysis,
and changes were made to the mobile app and program before
conducting subsequent rounds. Consequently, each subsequent
round had a new iteration of the app and program. We held two
in-person group structured interviews lasting 90 min after all
three rounds were completed. Participants from each round were

included. Group interviews were digitally recorded and
transcribed verbatim.

Analysis
We used an iterative and team-based process guided by
qualitative content analysis [56,57]. A qualitatively trained
analyst and principal investigator both inductively and
deductively developed the code book. Initial codes were based
on the interview guide domains, and the code book was
expanded based on codes that emerged from the data. The
analyst and investigator jointly reviewed and coded the threaded
discussions and group interviews until no new codes were
identified and there was strong code assignment agreement. All
transcripts were independently read, double coded, and then
merged before analysis. Any discrepancies in coding were
addressed through discussion and consensus among the coders.
Throughout the analytic process, the analyst and principal
investigator met regularly to check new findings, discuss
emergent new codes and themes, and assess the preliminary
and final results. ATLAS.ti version 8.0 was used for data
organization and management. Data from all rounds and group
interviews were used to design a final version of the mobile app
and program.

Results

Demographic, Tracking, and Online Feedback Data
for Beta Testing
Table 1 demonstrates the characteristics of the participants who
participated in beta testing. The median age for beta testing was

33 years, with a median BMI in the obese range of 31.8 kg/m2.
The majority of participants were white, and preterm birth,
pre-eclampsia, and gestational hypertension were the most
common pregnancy complications.

Table 2 shows the user data for the mobile app. The beta-testers
opened the app an average of 21 out of 28 days. Participants
tracked a median of 14 of 21 days of suggested diet tracking on
MyFitnessPal, and tracked physical activity using Fitbit or the
exercise tracker within the app for a median of 16 of 21
suggested days. We recommended that participants check in
with their coach and enter their weight once per week. On
average, participants checked in three times over the course of
the program and weighed in five times. The overall mean weight
loss was 4.3 (SD 2.3) lbs over the 4-week period. The first beta
pilot round included 4 women, and they were actively engaged
in the program and app. Many changes were made to the app
between rounds 1 and 2 in response to feedback and user data.
In round 2, there was more variable participation, with some
women engaging much less in the app. After we conducted the
next round of iterative changes, the engagement increased again
in round 3.
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Table 1. Demographic data of participants in three rounds of beta-testing of the mobile health Fit After Baby program.

All groups (n=26)Round 3 (n=9)Round 2 (n=13)Round 1 (n=4)Characteristics of beta-testers

33 (30.75-34)30 (28-33.5)33 (31-34.5)34 (33.3-37)Age (years), median (IQR)

Race, n (%)

24 (92)8 (89)12 (92)4 (100)White

2 (8)1 (11)1 (8)0 (0)Asian

1(4)1 (11)0 (0)0 (0)Hispanic or Latino

31.8 (30.1-40.4)32.3 (28.6-35.9)31.2 (29.1-40.1)35.9 (30.2-41.1)BMI (kg/m²), median (IQR)

Pregnancy complication, n (%)

7 (27)2 (22)4 (31)1 (25)Gestational diabetes

9 (35)2 (22)6 (46)1 (25)Pre-eclampsia

8 (31)5 (56)2 (15)1 (25)Gestational hypertension

4 (15)2 (22)2 (15)0 (0)Small-for-gestational age

8 (31)2 (22)5 (38)1 (25)Preterm birth

Table 2. User data for three rounds of beta-testing of the mobile health Fit After Baby program.

All groups (n=26)Round 3 (n=9)Round 2 (n=13)Round 1 (n=4)Beta-testers

20.5 (13-25)21 (16-25)16 (12-24)24 (16-27)Days app launched (out of 28), median (IQR)

14 (0-18)10 (0-18)14 (0-18)17 (12-21)Days diet tracked (out of 21), median (IQR)

16 (9-22)19 (7-22)12 (5-17)25 (19-27)Days steps or exercise tracked, median (IQR)

10 (4-12)9 (5-12)10 (2-12)11 (9-13)Number of surveys answered, median (IQR)

3 (1-4)4 (2.5-4)1 (0-4)2 (1-3)Coach check ins, median, (IQR)

5 (4-7)5 (4-7)6 (4-11)4 (4-6)Weigh-ins, median (IQR)

4.3 (2.3)4.1 (2.0)4.3 (2.8)4.4 (1.6)Weight loss in lbs, mean (SD)

Feedback and Iterative Development
Feedback addressed usability, navigability, content, and
function, and certain themes arose which we used to develop
changes in subsequent iterations of the app and program.
Multimedia Appendix 1 details the iterative changes made
throughout the rounds, including representative quotes
associated with the changes.

Navigation
One major theme addressed through successive iterations was
navigation. The round 1 version opened to a content screen
tailored for that particular day, and participants expressed that
they did not know where they were in the app and they were
not clear about what they needed to do each day. In response,
we developed a home screen consisting of a task list. Tapping
on tasks in the list navigated the participant to the screen for
that task, and a checkmark automatically appeared once the
participant had completed a particular task. New participants
in subsequent rounds were enthusiastic about checkmarks and
the improved navigation. The final navigation strategy
developed after round 3 employed rotating task cards that linked
with tasks in the apps and retained the function of automatically
checking off completed tasks.

Diet Tracking
We asked participants to use MyFitnessPal for diet tracking.
Participants expressed some frustration with tracking of dietary
intake. Participants had to download the MyFitnessPal app and
open the app to record food and drink, and they complained
that it was difficult to switch back and forth between apps. As
has been shown previously, tracking of dietary intake is difficult
and cumbersome, and can be difficult to maintain for long
periods of time [58]. Several participants expressed how difficult
it was to track dietary intake while taking care of an infant. In
the ultimate version of the program, we elected to ask patients
to track diet for only certain days coordinated with a particular
dietary theme (ie, tracking saturated fat during week 6 which
focuses on dietary fat). However, we retained the option to track
every day and to earn points for this. In the final version, we
also decided to ask participants to use the Fitbit app for both
diet and exercise tracking, so they would not have to download
or navigate to the MyFitnessPal app, and therefore there would
be less back and forth between apps.

Tracking and Syncing of Physical Activity
Participants were asked to use Fitbit for step tracking, and there
was also an exercise tracker built into the Fit After Baby app.
Participants were sent a Fitbit Zip at the beginning of week 2,
if they had been using the app. They needed to download the
Fitbit app and connect it with their Fitbit device. Although
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participants did not actually need to open the Fitbit app once it
was downloaded, they complained that their steps were not
always syncing qith the Fit AFter Baby app. The majority of
participants stated that they would have preferred a wrist band
Fitbit, so we transitioned to this for the final version of the
program. The wrist Fitbit (Fitbit Flex 2) is also waterproof, so
we felt that this would encourage adherence since some
participants told us they forgot to remove the clip Fitbits from
their clothes before washing them. We retained the ability to
log workouts in the Fit After Baby app specifically to give
participants the ability to keep track and earn points if they
forgot to wear their Fitbit.

Content
Participants in all three rounds requested more content,
particularly content tailored specifically to postpartum women.
In round 1, the most common requests for additional content
included more information about breastfeeding, working, and
postpartum mental health. This content was added before round
2, and group 2 also requested additional content about
breastfeeding, as well as healthy recipes and information about
exercising with an infant. Although we added this content, round
3 participants requested even more exercise information as well
as recipes and more detailed diet information. For the final
version of the program, we added additional exercise content,
multiple exercises with instructions and pictures demonstrating
ways to exercise with an infant, a yoga curriculum, and a more
extensive recipe collection.

Photos/Graphics
Participants from all three rounds requested more diversity in
photos to better reflect their own postpartum experiences. They
expressed that women who look like thin models did not reflect
what it was like to be a postpartum mom struggling to lose
weight. However, some women mentioned that the photos were
appropriate, so at each round, we worked to diversify some
images but kept others. A few women also commented that the
women in the photos looked too calm and relaxed, and they
wanted to see some images that would reflect the stress of
parenting a newborn. In response, we added additional images
to reflect the broad range of emotional experiences postpartum.

Points and Rewards
Participants in round 1 felt that the points and badges had little
meaning and it was not clear how points were earned. Before
round 2, we simplified the badges and designed an explanatory
function that would detail what activities earned points and how
many points were earned. However, participants continued to
express confusion about point accumulation and also felt that
the point and reward system was not motivating. When asked,
participants were enthusiastic about the idea of tangible rewards
like gift cards. In our final version, we improved the points and
rewards system by simplifying our point system to a single
health warrior badge with 4 levels (bronze, silver, gold, and
platinum). When a participant reaches each health warrior level,
they earn gift cards that we send to their email.

Coaching
In round 1, some of the participants mentioned that although
they knew that they were supposed to check in with their coach,

it was not clear what they were supposed to talk about. For the
subsequent iterations, we added topic suggestions to each coach
check-in prompt. Some participants also felt the coach check-in
should not be the responsibility of the participant but should
rather be initiated by the coach. Others mentioned that the
information in the coaching sessions should be more
individualized. Participants also felt that when the coach was
more aware of exactly what participants were doing with
exercise, diet, and weight, they were more motivating. To help
the coach provide more targeted coaching, we designed a coach
app with a dashboard showing individual activities by
participants who were using the Fit After Baby app, dietary
intake, weight, steps, and points earned. This enabled the coach
to follow each participant’s activities in real time and provide
targeted feedback and coaching.

Website
We designed a companion website to the Fit After Baby
program. The website was designed to contain additional content
that was not included in the app, including recipes. In addition,
the website also provided a portal for participants to view
personal data and rewards in greater depth and at a larger visual
size. However, the website was rarely used, and most
participants stated that the website was not useful or that they
did not use the website because it was not easy to use on their
mobile phones. We decided to remove the companion website
for the final iteration of the program.

Additional Suggested Features
Several participants requested that mind-body and meditation
techniques be included in the app. In the final iteration, we
added a substantial amount of content including mind-body
techniques and a yoga curriculum introducing two new poses
per week. Many participants also expressed interest in sharing
their information socially with the cohort. Further discussion
revealed that they preferred the idea of sharing within the group
simultaneously participating in the Fit After Baby program and
going through similar challenges to sharing with friends or
family members. There were mixed reviews on the idea of
competition within the cohort, and on the idea of working
together to earn points toward a common goal. Other participants
requested more stories from women who had succeeded at
achieving their postpartum goals. These features were not added
to the final version but may be considered in the future.

Overall Impression of the Program
Overall, most participants responded that they were satisfied
with the Fit After Baby program. Interestingly, we found that
although the participants responded favorably to the content in
general, they consistently requested more at each round. This
feedback substantially modified the content of subsequent
versions and was valuable in informing the final iteration of the
program. Our improvements in the navigation of the app resulted
in fewer complaints about navigational issues in subsequent
iterations. All participants from the third iteration who responded
in week 4 about whether they would recommend the Fit After
Baby program to others said that they would. Participants in the
group interviews responded favorably to the program overall
and affirmed that it was helpful. They felt that the program
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provided motivation and accountability to make changes in the
postpartum period. Both participants in the second group
interview expressed that they would have liked to continue to
use the program. Overall, participants felt that the most useful
components were the reminders and tracking components, and
almost everyone seemed to enjoy using the Fitbit. In addition,
most seemed to appreciate the information on healthy eating,
quick and easy recipes, and exercises to do with baby.

Discussion

Principal Findings
We successfully employed an interactive, user-centered,
participatory method of rapid, iterative design and evaluation
to optimize the mHealth Fit After Baby program for postpartum
women. Our multidisciplinary team of researchers and designers
substantially improved the content and functionality of the app
at each successive iteration by integrating user feedback.
Qualitative data collected in the Fit After Baby development
process provide valuable insight into the use of mobile
technology–based weight loss apps in the target population of
postpartum women at elevated cardiometabolic risk.

The most common and consistent theme through the iterative
development process was a request for added content, and
particularly added content tailored to postpartum mothers.
Participants requested more postpartum-focused diet, exercise,
and weight loss information, and also information on
breastfeeding and postpartum mental health, including
mind-body techniques for coping with stress. A consistent theme
was the need to improve navigation because of difficulties in
navigating to the appropriate screen. We responded to
suggestions about navigation by creating a home screen with
checkboxes so that daily and weekly tasks were more clear. The
feedback from our participants suggested that the navigation
was improved significantly by the final iteration. We were
somewhat surprised to learn that women did not find the
companion website to be useful, and furthermore, they found
it difficult to use on a mobile phone. We eliminated the
companion website for the final iteration. Diet and exercise
tracking turned out to be challenging to most of our participants.
Participants were clearly frustrated with the amount of time it
took to track their diet and also disliked switching between apps,
so in our final iteration, we limited tracking to particular days
and decreased app switching by using the Fitbit app to track
both diet and exercise. Many women said that they would prefer

a wrist Fitbit, and we moved to this for the final version. We
learned that the gamification component of points and badges
was confusing and not very motivating. Many women said that
they would prefer a tangible reward, so we added in the
opportunity to earn gift cards for the final version. The
participants also expressed a need for content that we did not
originally include which led to the addition of a week of content
focusing on mental health, anxiety, and stress in the final
version.

Limitations
There are several limitations to this study. We developed and
tested the Fit After Baby app on an iPhone Operating System
platform. This affected the demographics and economic status
of the recruited participants, which may thereby affect
generalizability. We are currently developing an Android version
of the Fit After Baby app and will be able to use both versions
for future studies. The group sizes for the iterations were small,
and therefore may not be adequately representative. Consistent
with the demands of women during this very challenging
postpartum period, all participants did not contribute to the
online focus group every week. Although we attempted to
conduct 2 in-person focus groups, we had several women who
were unable to attend at the last minute and had to convert the
2 focus groups to 2-person group interviews. For this iterative
design process, we did not include a control group, and therefore
are unable to assess the significance of postpartum weight loss
in this study.

Conclusions
Fit After Baby is a theory-based app using mHealth weight loss
best practices and developed using the principles of rapid
iterative design. To our knowledge, Fit After Baby is one of
only a few weight loss apps designed specifically for postpartum
women and the only one specifically focused on postpartum
women at increased cardiometabolic risk. The design process
involved a multidisciplinary team of researchers in collaboration
with a technology team. We found the process of iterative
development to substantially change the content and function
of the Fit After Baby program which may be helpful for the
development of similar programs in the future. Our first iteration
compared with our final version has undergone substantial
modification owing to this iterative process, and we are currently
testing the final version of the Fit After Baby program in a pilot
randomized trial with a primary goal of postpartum weight loss.
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Abstract

Background: Germany is a popular destination for immigrants, and migration has increased in recent years. It is therefore
important to collect reliable data on migrants’ health. The Robert Koch Institute, Berlin, Germany, has launched the Improving
Health Monitoring in Migrant Populations (IMIRA) project to sustainably integrate migrant populations into health monitoring
in Germany.

Objective: One of IMIRA’s objectives is to implement a feasibility study (the IMIRA survey) that focuses on testing various
interventions to increase the reachability of migrants with health interview surveys. Possible causes of nonresponse should be
identified so as to increase participation in future surveys.

Methods: The survey target populations were Turkish, Polish, Romanian, Syrian, and Croatian migrants, who represent the
biggest migrant groups living in Germany. We used probability sampling, using data from the registration offices in 2 states
(Berlin and Brandenburg); we randomly selected 9068 persons by nationality in 7 sample points. We applied age (3 categories:
18-44, 45-64, and ≥65 years) and sex strata. Modes and methods used to test their usability were culturally sensitive materials,
online questionnaires, telephone interviews, personal contact, and personal interviews, using multilingual materials and interviewers.
To evaluate the effectiveness of the interventions, we used an intervention group (group A) and a control group (group B). There
were also focus groups with the interviewers to get more information about the participants’ motivation. We used the European
Health Interview Survey, with additional instruments on religious affiliation, experience of discrimination, and subjective social
status. We evaluated results according to their final contact result (disposition code).

Results: We collected data from January to May 2018 in Berlin and Brandenburg, Germany. The survey had an overall response
rate of 15.88% (1190/7494). However, final disposition codes varied greatly with regard to citizenship. In addition to the quantitative
results, interviewers reported in the focus groups a “feeling of connectedness” to the participants due to the multilingual
interventions. The interviewers were particularly positive about the home visits, because “if you are standing at the front door,
you will be let in for sure.”

Conclusions: The IMIRA survey appraised the usability of mixed-mode or mixed-method approaches among migrant groups
with a probability sample in 2 German states. When conducting the survey, we were confronted with issues regarding the translation
of the questionnaire, as well as the validity of some instruments in the survey languages. A major result was that personal
face-to-face contact was the most effective intervention to recruit our participants. We will implement the findings in the upcoming
health monitoring study at the Robert Koch Institute.

(JMIR Form Res 2020;4(4):e14747)   doi:10.2196/14747
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Introduction

Background
According to the Microcensus of German households, a person
has a migrant background if he or she, or at least one parent,
has no German citizenship at birth [1]. In Germany, this applied
to 19.3 million people in 2017, corresponding to 23.6% of the
total population. Of these, 9.8 million had German citizenship,
and 9.4 million had another citizenship. Nearly two-thirds of
persons with a migrant background (PMB) had migrated
themselves (first generation), and one-third were born in
Germany (subsequent generations) [1]. Migration has increased
since the Second World War, for several reasons. Whereas the
recruitment of migrant “guest workers” in the 1950s, and the
resulting family reunifications in the 1970s, and European Union
enlargement in the 2000s were primarily work oriented,
numerous conflicts and wars have led to an increase of refugees
coming to Germany, especially since the 2000s [2-4]. The group
of PMB in Germany can be described as very heterogeneous,
due to differences in the phases of influx, migration background,
or specific life circumstances. PMB are underrepresented in
nationwide health surveys, such as the health monitoring surveys
of the Robert Koch Institute (RKI) in Berlin, Germany [5].
Lower response rates among PMB in population-based surveys
have been described in many Western countries [6,7]. The
reasons for this can be summarized inter alia as (1) inadequate
sampling approaches and hence failing to include PMB in
surveys; or (2) barriers to the recruitment of PMB due, for
example, to language or cultural issues [8]. It is therefore
necessary to evaluate various sampling strategies to include
PMB adequately in surveys and to design appropriate
recruitment efforts that can minimize nonresponse.

There is an increasing need for reliable data on migrants’health
in order to give a more representative picture of the population.
As the national public health institute in Germany, the RKI has
the task of extending health monitoring by means of the
preferably representative integration of PMB into its health and
examination studies. In this context, the Improving Health
Monitoring in Migrant Populations (IMIRA) project was
initiated, of which the IMIRA survey described here is a part.

Sampling Strategies
Depending on the objectives of a survey and the associated
generalizability of the results to the population, different
sampling strategies can be applied. The health monitoring of
the RKI aims to cover the German population as a whole; thus,
only probability-based sampling approaches can be applied as
a specific sampling strategy. In probability samples the selected
population is sampled randomly; that means, from a statistical
standpoint, the probability of inclusion in the probability sample
is predictable and thus results can be generalized. This is not
the case for sampling strategies where no inclusion probability
is known, for example, snowball or convenience samples, in
which participants are recruited by other participants [9,10].
Although nonprobability sampling strategies are considered
effective in recruiting hard-to-reach populations [8], the results
can hardly be generalized. Probability sampling approaches are
frequently based on registers, for example, population registers.

In the RKI’s monitoring studies, a 2-stage probability sampling
design is applied [11-15]. In the first stage, primary sampling
units are selected that are representative of German
municipalities. In the second stage, target persons are randomly
drawn, according to proportional age and sex strata, through
the residents registries (Einwohnermeldeämter) within these
municipalities. Since Germany has a federal administrative
system, in contrast to other European countries, no central
residents registry exists [4]. Every municipality therefore needs
to be contacted separately.

The residents registry captures various characteristics with which
to identify PMB, such as citizenship and place of birth [16].
Citizenship is commonly used for the oversampling of persons
with another citizenship to compensate for the assumed lower
response rates of PMB. This has been applied in the RKI studies
Study of the German Health Interview and Examination Survey
for Adults [15,17] and Study of the German Health Interview
and Examination Survey for Children and Adolescents (KiGGS)
[12-14]. Use of the citizenship characteristic excludes PMB
who are naturalized or belong to subsequent generations without
non-German citizenship. Place of birth would also be a way to
identify PMB with German citizenship. Since it is provided as
a string variable in the residents registries, it is prone to error
and therefore is not suitable for a big sample [16].

Another important component mentioned in the literature is
onomastic procedures, which try to identify naturalized PMB
or persons of subsequent migrant generations. These procedures
use an algorithm to allocate the origin of a person according to
their name [18]. The success of the method might be biased;
the name algorithm can lead to more wrong allocations in some
PMB groups than in others [19]. Onomastic procedures were
not used in the process of sampling at RKI, but to allocate
bilingual study information [5,20].

The aforementioned sampling strategies can be considered
migrant-sensitive sampling approaches for a better
representation of PMB in health surveys. The subsequent steps
include measures to increase the response rate, which we
describe below.

Measures to Increase the Response Rate of Persons
With a Migrant Background
The heterogeneity of PMB requires a highly differentiated
approach for increasing their participation rates in surveys [21].
According to findings in contemporary research, and alongside
the challenges and limitations in sampling described above,
PMB also have a higher participation threshold than persons
with no migrant background, which is among other things
presumably due to language and cultural barriers [8,21]. In that
respect, lacking the ability to understand the survey language,
but moreover illiteracy, might prevent survey participation. A
lack of interest in survey participation is also reported as a
reason for lower participation rates [7,22]. Researchers have
found the following possible reasons for the lower response rate
of PMB in surveys: a lack of trust in research, a fear that the
reported information might be misused, or cultural beliefs
preventing participation in surveys that include intimate or
sensitive topics [8]. Specific measures should be taken to
increase response rates.
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The most obvious way to overcome barriers related to language
and literacy skills is to offer multilingual survey materials in
plain but culturally sensitive language [23,24]. It is also
important to consider the mode of questionnaire administration.
Self-administered interview modes, such as online or
paper-and-pencil questionnaires, can be differentiated from
interviewer-administered modes, such as telephone interviews
or face-to-face interviews. A self-administered mode such as
an online questionnaire can be accessed easily with a mobile
phone and might have a positive impact on the participation of
younger and more Web-savvy persons [25]. A paper-and-pencil
questionnaire can be filled out without further technical devices
and may be associated with less effort for the participants. In
general, self-administered interview modes are known to be
less subject to effects of social desirability or interviewer
influence [26,27].

Nonetheless, telephone or face-to-face interviews can facilitate
the participation of persons with literacy problems or other
issues in understanding surveys [8,26,28]. Current research
emphasizes the importance of personal contact with PMB, such
as home visits, in order to increase response rates [8,21].
Personal contact makes it possible to overcome barriers based
on mistrust or anxiety, and provides more detailed information
about the survey’s objectives [8]. A similar cultural background
between the interviewer and participant can increase the
response rate [21]. Personal contact leads to a more
heterogeneous sample composition according to characteristics
of social status, health status, and educational level. Especially
vulnerable persons, who would or could not participate in the
survey without help or further interventions, can be reached at
home. In KiGGS, home visits by specifically trained survey
staff proved an effective measure for increasing willingness to
participate in the survey and doubled the response rate [20].

Self-administered interview modes were preferred in the most
recent RKI monitoring surveys because the sampling strategy
involved residents registries, from which only the address of
the person could be drawn. This means that, for example,
telephone numbers were not available for telephone interviews.

In addition to interventions that directly target participants,
some indirect measures are also discussed in the literature. One
possibility is to involve the gatekeepers of migrant communities,
namely persons who can influence survey promotion and
attitudes toward survey participation within the communities,
to enhance the participation rate [8]. Furthermore, the

involvement of gatekeepers should be considered in order to
develop specific public relations when addressing the concerns
of PMB [24,29].

Objectives
Our main objective with the IMIRA project was to identify
methodological procedures to further identify methods to better
reach PMB in health surveys, and to thus to increase the
response rate in future health surveys. The IMIRA survey is a
feasibility survey. One focus of the IMIRA survey is to test
various interventions that take into account possible cultural
and language barriers through the use of a mixed-mode design
and multilingual administration. The objectives of the feasibility
study (the IMIRA survey) can be summarized as follows: (1)
to develop and test the feasibility of an adapted survey design,
which is the basis of a subsequent nationwide survey in
Germany; (2) to improve the response rate of PMB who have
been poorly reached so far and who belong to the biggest groups
in Germany; and (3) to identify the causes of nonparticipation
in order to increase motivation to participate in health surveys
of PMB.

Methods

Selection of the Target Population
We applied 2 main criteria for the selection of the target
population for the IMIRA survey: the size of the PMB group
in the German population, which Table 1 [30] shows; and the
experience in previous RKI surveys with the respective PMB
regarding response and reachability [5,20]. On the basis of these
2 criteria, we included persons with Turkish, Syrian, Romanian,
Croatian, and Polish citizenship in the sample for the IMIRA
survey. We selected them according to these criteria regardless
of whether they had additional German or other citizenship. We
thus excluded from the sample naturalized persons, meaning
persons who have acquired German citizenship in replacement
of or in addition to another citizenship and persons of subsequent
migrant generations with only German citizenship.

We received ethics approval for the IMIRA survey on October
30, 2017 from the ethics committee of the Medical University
of Charité, Berlin, Germany (EA1/210/17). The study protocol
was approved by the Federal Commissioner for Data Protection
and Freedom of Information January 3, 2018
(13-401/008#0085).
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Table 1. Foreign population in Germany according to citizenship in 2017 [30].

Count, nCitizenship

251,640Afghan

310,415Bulgarian

367,900Croatian

362,245Greek

643,065Italian

866,855Polish

622,780Romanian

249,205Russian

698,950Syrian

1,483,515Turkish

Selection of Sample Points and Sample Size
Congruent with the health monitoring studies at the RKI, we
used a register-based random sample in the IMIRA survey. The
sampling was a 2-staged procedure: in the first stage, we applied
a criteria-based selection of sample points in Berlin and
Brandenburg; in the second stage, we randomly selected people
according to their citizenship.

Step 1: Criteria-Based Selection of Sample Points
We decided to focus on 2 German federal states in the IMIRA
survey, with Berlin representing urban regions and Brandenburg
representing rural regions. We selected the sample points taking
into account the highest proportions of persons without German
citizenship in the respective federal states, using data from the
Statistical Office in Berlin Brandenburg at the municipal level
from 2015 [31]. Since the proportions of persons without
German citizenship in Berlin and Brandenburg vary greatly (in
2016 Berlin was home to 16.7% non-Germans, and Brandenburg
was home to 4.0% [32]), we focused the selection of our sample
points on Berlin. We selected 5 urban sample points (Mitte,
Neukölln, Charlottenburg-Wilmersdorf,
Friedrichshain-Kreuzberg, and Tempelhof-Schöneberg districts)
in Berlin and 2 relatively rural sample points (Cottbus and
Fürstenwalde/Spree) in Brandenburg, which met the above
criteria.

Step: 2 Selection of Persons in the Residents Registry
In the second stage of the sampling, we selected people through
the residents registration offices of the chosen sample points.

The sampling procedure differed in Berlin and Brandenburg,
since not all 5 PMB populations were sufficiently represented
in all sample points. In Berlin the target population consisted
of people with Turkish, Syrian, Romanian, Croatian, and Polish
citizenship, whereas only a few people with Turkish, Romanian,
and Croatian citizenship lived in the 2 sample points in
Brandenburg. We discovered this through a statistical enquiry
in the residents registration offices in Cottbus and
Fürstenwalde/Spree on May 24, 2017. Accordingly, we selected
only people with Polish or Syrian citizenship in the 2 sample
points in Brandenburg. We selected the whole sample with a
proportional distribution strata of sexes and 3 age groups (18-44
years, 45-64 years, and ≥65 years): we selected exactly the same
number of people in each sex and age category in each
citizenship due to the experimental nature of the feasibility
study. In this sample we tried to include enough participants in
each sex and age category for a better interpretation of our
results and the comparison of interventions.

The aim of this survey was to evaluate the effectiveness of
specific interventions in increasing response rates. We thus
established 2 groups (A and B) for participants with Turkish
and Syrian citizenship (the process is detailed in the Data
Collection section below). To achieve sufficiently high case
numbers in groups A and B of the survey design, we doubled
the number of Turkish and Syrian people sampled. We thus
selected a total of 1400 people with Romanian, Croatian, and
Polish citizenship, and a total of 2800 people of Turkish and
Syrian citizenship, resulting in a gross sample of N=9800 for
the IMIRA survey (see Figure 1).
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Figure 1. Sample design.

Questionnaire
The survey instrument was based on the questionnaire of the
European Health Interview Survey, which was used and
validated in 30 countries [33,34]. Additional instruments
included a scale to measure religious affiliation [35,36], an
instrument to measure experiences of discrimination [37], and
an instrument to measure subjective social status before and
after migration [38]. The additional instruments were partly
validated in other surveys.

Data Collection

Survey Design

To evaluate the effectiveness of the interventions, we established
2 groups for Turkish and Syrian participants in an experimental
design. Whereas group A (intervention group) received further
options to participate in the survey, such as face- to-face
interviews with bilingual interviewers, group B (reference
group) did not (see Figure 2). All participants received a €10

(about US $11) shopping voucher as a conditional incentive.
The interventions in group A were presented in a sequential
mixed-mode design and are described below.

Qualitative methods such as focus groups with representatives
of the migrant populations can be used to identify and evaluate
specific measures to attract participants for surveys [24]. The
information gained can, for example, be incorporated into the
survey materials [22] or help to develop a diversity-sensitive
survey design: in addition to the use of multilingual study
materials, questionnaires, and interviewers, all materials should
use a diversity-sensitive tailored language [21]. To ensure the
cultural sensitivity of IMIRA’s cover letters and study materials,
we conducted a focus group with representatives from the target
populations. The content and design of the cover letter and
facilitating factors for survey participation, such as the amount
and choice of the incentive, were discussed. Based on the results
of the focus group, the cover letters were designed by a
professional graphic design company, using pictograms instead
of photographs.
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Figure 2. Survey design.

Phase 1

After we selected the sample in December 2017, we sent the
survey information materials by mail to participants in January
2018. These consisted of a cover letter, an information sheet
with detailed information on the survey, and a document
explaining the data protection measures to the participants. The
survey information materials for both groups were in German
and in the participant’s language based on their citizenship. All
information materials and the questionnaires were translated
by a professional translation agency. For the translation, certified
translators with native-language level in the required languages
were selected by the company. The translators also had
experience in translation in the field of health and scientific
surveys. The translations were subjected to quality control by
the translation agency and subsequent proofreading by a second
translator. We collected data for the IMIRA survey from January
to May 2018.

The cover letter described the option to participate online using
a multilingual computer-assisted Web interview and promoted
a toll-free study hotline for queries regarding the survey. The
online questionnaire was available in Turkish, Arabic,
Romanian, Croatian, Polish, and German in both groups (A and
B) of the survey design. To access the computer-assisted Web
interview, a personal pincode was necessary. Changing
languages during the completion process was possible due to a
drop-down language selection menu. This allowed participants

to easily switch between the provided languages. The online
questionnaire was programmed with Voxco Online software
version 5.5.1.205 (Groupe Voxco Inc).

The participants could contact the toll-free study hotline for
further information about the survey, to resolve issues with the
questionnaire, or to refuse participation. In group A multilingual
staff could be contacted through the study hotline. In group B
the study hotline was available in German only. Reasons for
calling the study hotline were recorded in a process
questionnaire, which was also a measure for process
standardization and quality assurance. It was programmed with
the call-assisted telephone interview software Voxco Command
Center version 1.10.5. The process questionnaire recorded
queries regarding contact frequency, contact person, result of
contact, reasons for nonresponse, and information about the
language used during contact. The interviewers also had the
option to add further notes about the contact. If the study hotline
was contacted to refuse participation, the interviewers were
trained to try to convince callers to participate or at least
document the reasons for refusal. The interview training took
place before the actual start of the survey (field start) in a 2-day
intensive training session. On the first day interviewers were
informed about the survey objectives and the survey design in
detail. In the training participants could address questions to
the interviewers, and possible issues and their resolutions were
discussed. Interviewers were familiarized with the health
interview questionnaire and the process questionnaire that was
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used to record the hotline calls. On the second day interviewers
had the opportunity to practice the use of the software and to
click through the questionnaires by themselves. Afterward they
practiced possible situations on the study hotline as a role play.
During the whole training interviewers could address questions
to the project researchers. To remember the training interviewers
received a handbook with information about the survey, as well
as the most frequently asked questions and problems that might
occur. For quick help there was also an overview sheet on the
survey with the most important information (Who is conducting
the survey and why? What are the survey objectives? Who was
invited and how? How can I participate?) at each workstation.
Throughout the survey fieldwork the interviewers on the study
hotline were supported by experienced supervisors to ensure
the quality of data and to provide assistance in difficult
situations. The supervisors underwent the same training as the
interviewers. In addition, all supervisors had extensive prior
experience with scientific surveys and the software used, and
were thus able to provide assistance with technical questions.
Supervision was also supplemented by project staff who were
able to answer questions and problems regarding content.

Phase 2

After 2 weeks a reminder was sent to people who had not
participated after the first invitation. The reminder promoted
the multilingual computer-assisted Web interview again.
Participants in group A were given the option to take part in the
survey through a call-assisted telephone interview with bilingual
interviewers.

Phase 3

After 3 weeks a second reminder was sent to participants to
promote the survey again, and home visits were offered to group
A. Group B participants received a second reminder to complete
the online questionnaire. We conducted a focus group with the
telephone hotline interviewers after the end of phase 3 to learn
about their experiences. The interviewers discussed their
personal experience with the IMIRA survey during their work
on the study hotline. The focus group was moderated by 1 of
the IMIRA survey’s researchers (LB), using an interview
guideline. The interview guideline included the following topics:
(1) evaluation of the contact design with a focus on reasons for
calling the study hotline, mentioned issues or problems, reasons
for refusal, and whether these objections could be resolved, and
the response to the offer of bilingual interviews; and (2) the
interviewers’ opportunity to express their own opinion with a
focus on the bilingual materials, study hotline, and translated
questionnaire. A log was kept during the focus group by 2
researchers (MLZ) to enable later analysis. We evaluated the
log using qualitative content analysis [39]. We formulated
categories to analyze the material deductively taking into
account the interview guidelines.

Phase 4

For the majority of the people sampled (ie, people with Polish
or Croatian citizenship or people living in the 2 sample points
in Brandenburg), the IMIRA survey ended with the last reminder
letter in phase 3. Home visits took place only in a random
subsample. The inclusion criteria for the random subsample
were as follows: Romanian, Syrian, or Turkish citizenship;

allocation to group A; and no response to the further invitation
steps. In group B no further interventions were initiated. In this
last survey phase we carried out 2 interventions, aiming at a
comparison of their effectiveness: (1) home visits for
face-to-face interviews using bilingual interviewers, and (2)
home visits to obtain the participant’s telephone number to
conduct a subsequent call-assisted telephone interview with
bilingual interviewers.

The face-to-face interviews were carried out using a tablet with
internet access and the online questionnaire. To evaluate the 2
approaches, participants were randomly allocated to the
face-to-face interview group or the phone number group. Both
interventions were aimed at increasing the response rate further
and gaining more information about the target population, for
example, reasons for nonresponse, German language skills, or
validation of the addresses. An address was not replaced if it
was wrong or unavailable. These data were documented in a
process questionnaire similar to that used for the study hotline.

Whenever possible the interviewers were accompanied by an
experienced supervisor to ensure data quality and reduce
uncertainties in handling the tablet. Based on the experience of
the first interviewers’ focus group, a second one was carried
out at the end of the home visit phase. The interviewers’
experiences enriched the quantitative data gathered with the
process questionnaire. The focus group was moderated by an
IMIRA researcher (LB) using an interview guideline. The
interview guideline was structured in 3 main parts: (1)
experiences with the home visits, including situations at the
door, experiences during face-to-face interviews or the retrieval
of telephone numbers, and reactions to bilingual contact; (2)
technical and organizational framework regarding address
quality, tablet handling, or operating times; and (3) the
interviewer’s personal opinion about the effectiveness of the
home visits. A log was kept by 2 researchers (MLZ) for
subsequent qualitative content analysis. This was done in a
similar way to that in the first interviewers’ focus group.

Phase 4 can be considered a benchmark test for a specific
subsample of nonresponders. No evaluation in comparison with
group B was possible due to the study design.

Results

Response to the Survey
Data collection was completed in May 2018. The response rate
was 15.88% (1190/7494) over all target populations, such that
1190 questionnaires were completed by our participants. We
published the first results on response rates, the effectiveness
of the interventions, and sample composition in 2019 [40].

Gross Sample
We selected 9800 people, stratified by age and sex, for the gross
sample and requested their data from the residents registries in
Berlin and Brandenburg. Originally, we aimed at an equal
distribution of age groups and sexes within the citizenships for
sampling. Our final gross sample consisted of only 9068 people
due to the lack of people aged over 65 years in some
citizenships. In particular, there were few Syrian and Romanian
people aged over 65 years in the lists provided by the residents
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registries. In Brandenburg this was also problematic for Polish
people (see Table 2). The sample thus systematically lacked

older age groups.

Table 2. Frequency distribution of the gross sample by sample point, citizenship, group, sex, and age.

Total
(N=9068)

Sample pointaCharacteristic

Brandenburg (n=813)Berlin (n=8255)

PolishSyrianPolishCroatianRomanianSyrianTurkishCitizenship

A
(n=322)

B
(n=240)

A
(n=251)

A
(n=1021)

A
(n=1410)

A
(n=1220)

B
(n=880)

A
(n=905)

Bb

(n=1408)

A
(n=1411)

Group

4579155126131511705606463473703706Age range (years):
male

189168666818526530021221725525518-44

156468505218321721314815124024245-64

112419101114322393103105208209≥65

4489167114120510705614417432705705Age range (years): fe-
male

187068666818324930120721225925718-44

155566444618122720715215923623745-64

106433461462291065861210211≥65

aIn Berlin it was possible to draw people with all 5 target citizenships from the residents registry. In Brandenburg this was not practicable, and only
people with Syrian and Polish citizenship were selected due to low numbers of people with Turkish, Romanian, and Croatian citizenship.
bReference group B was drawn from Turkish and Syrian citizens only.

Final Disposition Codes
At the end of the survey, we assigned every sampled case a final
disposition code to enable the later analysis of response rates.
We adapted the disposition codes from the guidelines of the
American Association for Public Opinion Research (AAPOR),
differentiating the sample into 4 categories: (1) interviews (ie,
cases with a completed questionnaire); (2) refusals (R),
noncontacts (NC), or other (O) (ie, cases we had contact with,
not resulting in participation, eg, people who called the study
hotline to refuse participation; (3) cases of unknown eligibility
(UE) (ie, cases we did not know anything about, eg, people who
did not react to our contact attempts at all; and (4) cases that
were not eligible (NE) for the survey (ie, the selected person
was unknown in the household or the address was not correct,
eg, when mailed cover letters were returned as undeliverable
or we received information that someone had died) [41].

As Figure 3 shows, the distribution of the disposition codes
varied greatly with regard to citizenship. Most completed
interviews were conducted with Syrian (group A: 267/1156,
23.10%; group B: 198/1120, 17.68%), Polish (221/1343,
16.46%), and Croatian (178/1410, 12.62%) participants.
Significantly lower proportions of Turkish (group A: 141/1411,
9.99%; group B: 76/1408, 5.40%) and Romanian (109/122,

8.93%) participants than participants with other citizenships
completed the interviews. Contact resulting in no participation
(R NC O) were most frequent with the Syrian (327/1156,
28.29%) and Turkish (398/1411, 28.21%) participants of group
A, followed by Romanian (189/1220, 15.49%) and Croatian
(175/1410, 12.41%) participants. All other citizenship groups
had R NC O shares of around 10% (Polish group: 126/1343,
9.38%; Syrian group B: 119/1120, 10.63%; Turkish group B:
125/1408, 8.88%). Differences between the citizenships and
the survey design for groups A and B can be identified regarding
cases with no further information about eligibility (UE). UE
had the greatest share in the Turkish group B (1078/1408,
76.56%), Croatian (888/1410, 62.98%), Syrian group B
(641/1120, 57.23%), and Polish (761/1343, 56.66%)
participants. Among Romanian participants, only 33.44%
(408/1220) were UE, in contrast to 42.13% (514/1220) of the
cases that were NE. The percentage of Romanian NE cases was
3 times higher than for the other citizenships, with only 13.50%
(1060/7848) of NE cases on average, ranging from 9.16%
(129/1408) in the Turkish group B to 17.47% (202/1156) in the
Syrian and 17.50% (235/1343) in the Polish group A. When
comparing the intervention group A with the control group B,
it was striking how the measures in group A led to an increase
in participation and, furthermore, to more information about
the sample.
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Figure 3. Distribution of American Association for Public Opinion Research disposition codes (%) by citizenship and assignment to intervention group
A or control group B.

Process and Qualitative Data From the Study Hotline

General Results
The study hotline was available during the first 3 survey phases
from January to April 2018. Outside the interviewers’ working
hours an answering machine was set up. We received 409
contacts during this period; 21 of these were repeat contacts.
Most calls came from Syrian (130/405, 32.1%), Turkish
(101/405, 24.9%), and Croatian (83/405, 20.5%) participants.
There were no significant differences between the contact
frequency of group A (multilingual hotline; 296/6540, 4.52%)
and group B (German hotline; 109/2528, 4.31%). The study
hotline was evaluated positively in the interviewers’ focus group.
Participants who had been living in Germany for a long time
associated a “warm and nostalgic feeling” with the multilingual
hotline. The interviewers described the use of the native
language as an opportunity “to get a foot in the door.” Personal
stories, hobbies, or the same origin facilitated the
communication process and built “a feeling of connectedness,”
Polish, Romanian, and Croatian interviewers reported that the
language changed frequently during a single call. The Syrian
interviewers reported the use of the Arabic language in most
cases, but they faced great difficulties due to the variety of
Arabic dialects. Similar experiences were reported by Turkish
interviewers, who claimed that communication was impossible
with Kurdish-speaking people. Communication in group B was
not entirely possible due to the lack of bilingual interviewers.

Call times varied between 5 and 41 minutes in both groups,
excluding calls during which telephone interviews took place.

The hotline was contacted slightly more often by women
(198/384, 51.6%) than by men (186/384, 48.4%), which holds
true for all citizenships except Syrian, where more men called
the study hotline. In general the hotline was most often used by
elderly people. In the Croatian, Polish, and Romanian groups,
the share of elderly people (≥65 years) was more than 50%
(96/168, 57.1%). In the Syrian group there was no difference
in contact frequency by age. The interviewers reported that
loneliness and the ability to speak to someone were relevant
factors in calling the study hotline for older respondents. A total
of 70.7% (289/409) of contacts were established by the target
person (the person invited to participate in the IMIRA survey).
The only exception was in the Turkish group, where only 58.4%
(59/101) of contact was with the target person. When the call
was made through a contact person, it was mainly a close family
member, such as a child or partner. The reasons for calling the
study hotline were documented in a process questionnaire in 4
categories: (1) queries regarding the survey, (2) issues regarding
participation, (3) telephone interview (possible from phase 2),
and (4) refusal.

Queries
Of all contacts through the study hotline, 23.6% (107/453)
involved general queries about the survey. The most queries
reported by the interviewers in the focus group involved
participation (“Do I need to go somewhere?”), content of the
survey (“Why is the survey being conducted?”), and the
contracting authority of the survey (“Who is conducting the
survey?”). There were slightly fewer questions about the
sampling of respondents (“Why was I chosen to participate in
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the survey?”) and data protection (“Will my data be shared with
others?”). Data from the process questionnaire provided further
information about the citizenship of the callers. Syrian people
mostly had queries regarding participation, the content of the
survey, and data protection. Questions about the contracting
authority or sampling were more often asked by Croatian and
Polish people.

Issues
Issues with participation were the reason for calling the study
hotline in 9.7% (44/453) of contacts. The problems documented
in the process questionnaire were largely technical: the online
questionnaire could not be opened, the code to participate in
the survey was not working, or there was no internet access or
device available for online participation. Some callers requested
a paper questionnaire. These technical issues were more often
reported by Polish, Croatian, and Syrian participants. The Syrian
interviewers reported that literacy problems and illiteracy made
it impossible for some participants to take part in the survey
without a telephone interview.

Telephone Interview
A telephone interview was promoted in the first reminder in
group A, resulting in 93 telephone interviews lasting an average
of 50.5 minutes. Of all the callers, 9.3% (42/453) asked directly
for the telephone interview as promoted in the cover letters.
Participation via telephone interview varied greatly between
the citizenships. Most telephone interviews took place in the
Croatian (n=29), Polish (n=25), and Syrian (n=22) groups, while
Romanian (n=9) and Turkish (n=8) callers did not use this
option.

Issues with the telephone interview were reported in the
interviewers’ focus group, which could not be found in the
descriptive data of the process questionnaire. According to the
interviewer, the quality of the translated questionnaires was not
very good. Although the questionnaire was translated by a
professional translation agency, incorrect translations were
belatedly identified in the process of data collection. The
questionnaire was also perceived as very long and complex,
and therefore unsuitable for call-assisted administration.
According to the interviewers, participants rated the
questionnaire as very intimate and “psychologically stressful,”
especially if they had serious diseases or traumatic experiences
that affected their health status permanently. Interviewers were
thus forced into the role of a psychological therapist when
participants told them about their traumatic experiences due to
war, torture, or violence. In these cases contact information was
provided for advisory offices specializing in these issues, to
lessen the burden on the interviewers. Specific problems were
also identified, such as questions regarding religion, which were
considered offensive in the Syrian and Turkish groups, or
sociodemographic questions about health, which were
considered to be irrelevant in the Romanian group.

Refusals
Half the callers intended to refuse participation (237/453,
52.3%). They were predominantly Turkish, Syrian, or Croatian
citizens. Even though interviewers were trained to promote the
survey, the majority could not be persuaded.

The most frequent reason for refusal was a lack of interest in
the survey (148/384, 38.5%). Interviewers in the focus group
reported that they tried to convince people who commented on
the topic of the survey that it was “none of my business.” Polish
interviewers referred to different living environments and
explained that Polish people were predominantly in Germany
for work, not to live permanently. Thus, questions about health
were not of interest because health-related action, such as visits
to the doctor, took place in Poland rather than in Germany. The
2 reminder letters, and especially the announcement of a home
visit as part of the last reminder, were perceived as “nuisance,”
“invasion of privacy,” and “involuntary.” According to the
interviewers, the objectives of the survey were not well
understood. Participants reported having “no trust that something
will change due to their participation” and criticized the focus
on PMB (“Are there diseases that only affect special population
groups?”). The interviewers reported that some callers
complained about being assigned to the group of migrants and
felt discriminated against in the survey. Croatian, Syrian, and
Turkish participants most commonly refused due to having “no
interest.”

The second most frequent reason for refusal was a lack of time
(57/384, 14.8%), which was particularly common for Croatian,
Syrian, and Turkish participants. Other reasons that prevented
participation were health restrictions or literacy issues,
predominantly given by Syrian and Turkish participants. The
interviewers reported that there were various calls reporting that
participants had moved to another address or were deceased.
Although these interviewers reports could not be confirmed
quantitatively, confrontation with death was considered
challenging by the interviewers and was highlighted in the focus
group.

Process and Qualitative Data of the Home visits

General Results
Of the 1822 participants selected for the home visits, only 945
(51.87%) could be visited by the Romanian, Syrian, and Turkish
interviewers in the given time. Overall the interviewers reported
that contact with target people was “mostly polite and friendly.”
The Turkish interviewers in particular evaluated their strategies
of persuasion in direct personal contact with the sample targets
as particularly convincing. Romanian interviewers emphasized
the positive effect of the home visits with the following
statement: “If you are standing at the front door, you will be let
in for sure,” meaning that the main challenge was not convincing
people to participate, but making first contact. When personal
contact was accomplished, it was with the target person directly
in 78.5% (551/702) of cases. Of these contacts with the target
persons, 58.9% (334/567) led to survey participation.

Differences could be identified between the groups: Syrians
consented in 74.4% (203/273) of all cases, whereas Turkish
participants did so in only 43.7% (101/231). This is in line with
the overall response rate to the survey. More Turkish participants
than people with other citizenships also needed to be contacted
more than once. The contact language was mainly not German.
Interviewers reported that it was important for some participants
to be able to use their mother tongue during the interview. This
was especially demonstrated by the fact that no interviews in
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the last survey phase were conducted in German, although
interviewers estimated that German was possible in 9.7%
(45/465) of communication. Interviewers reported different
characteristics of language as related to citizenship. Older
Turkish participants were more frequently not German speaking;
thus, bilingual approaches should be taken into account for this
group. Romanian participants could not be contacted in German
during the home visits at all. Similar experiences were reported
by the Syrian interviewers, where communication took place
in Arabic only. They stated that some medical terms were not
understood in Arabic but were understood in English. Language
barriers that could not be attributed to the questionnaire itself
were reported for people of all citizenships, for example,
challenges with Kurdish-speaking people in the Turkish or
Syrian group or Russian-speaking people in the Romanian
group.

Interviews
Of all contacts, 11.0% (104/945) led to a face-to-face interview
performed in the participant’s household directly, and 5.5%
(52/945) led to a subsequent telephone interview after the
telephone number was recorded (100/945, 10.6%). The
interviewers’ focus group noted that obtaining the phone number
for a subsequent telephone interview should be considered an
emergency option if the respondent desired no alternative. Both
participation options during the fourth survey phase were taken
up by Syrian or Turkish participants. Of the participants targeted,
51.2% (334/652) were female. Slightly more often women
participated in face-to-face interviews (57/100, 57.0%) than in
the telephone interviews (25/46, 56%), which had a more
balanced sex distribution. Participants were generally 18 to 64
years old (114/146, 78.1%). The youngest age group (18-44
years) was mainly represented by Romanian (14/58, 24%) and
Syrian participants (31/58, 53%), and more people from the
older age group (≥65) participated from the Turkish group
(18/32, 56%) (see Table 3).

Table 3. Age and citizenship frequencies in the interviews in the home visit phase.

Total (N=146)Age range (years)Citizenship

≥65 (n=32)45-64 (n=56)18-44 (n=58)

24 (16.4)2 (6.3)8 (14.3)14 (24.1)Romanian

68 (46.6)12 (37.5)25 (44.6)31 (53.4)Syrian

54 (37.0)18 (56.3)23 (41.1)13 (22.4)Turkish

The interviewers described various situations in which they felt
stressed, for example, when they were confronted with diseases,
misfortunes, or participants “tending to show depressive
symptoms.” In these situations they stated that it was difficult
to keep their distance or interrupt the flow of speech without
being offensive. The traumatic experiences of some participants
(eg, during war) led to a feeling of helplessness for the
interviewers. In this respect the questionnaire was described as
very formal, as opposed to the personal character of the home
visits. Similar to the experiences in the study hotline, the
interviewers reported that questions regarding migration history
or religious affiliation offended some participants so much that
interviewers had difficulties continuing the interview. Questions
regarding income or the consumption of alcohol were also
viewed critically.

Refusals
Of all contacts during phase 4, 33.2% (314/945) resulted in
refusal, especially in the groups of Syrian (173/314, 54.8%),
Turkish (76/314, 24.2%), and Romanian (42/314, 13.4%)
participants. The main reason for refusing participation was “no
interest” in the survey (138/235, 58.7%). Interviewers stated
that there were some issues involving the RKI that led to a
misunderstanding about the survey’s aims or the importance of
research in general. Interviewers were, for example, forced to
explain the RKI and its function because it was not known by
the respondents. In the Turkish and Romanian groups,
skepticism about and mistrust in research caused refusal. There
was, for example, no understanding of data security and data
sharing. Some participants felt as if they were under surveillance

by the German government and believed that hidden information
was being gathered with the survey. As in the process of
standardization for the study hotline, interviewers were asked
to evaluate the effectiveness of their attempts to convince
participants after refusal. The interviewers were not successful
in handling objections in 96.1% (172/179) of all refusals. Syrian
participants were most likely to be convinced, but only half
participated in the end, which was the same finding as in the
study hotline.

Sample Dropouts
A total of 26.8% (253/945) of the participants could not be
reached during the home visit phase. More than half of these
sample dropouts (138/253, 54.2%) were Romanian participants,
confirming the previous results shown for the AAPOR
disposition codes. The reasons for sample dropout were very
different between populations. Whereas Romanian participants
were mainly not available due to wrong addresses or the lack
of a name on the front door or mailbox, it was predominantly
relocations that caused nonparticipation in the Syrian group.
Interviewers also reported that they applied different strategies
to overcome these barriers; for example, 1 of the Romanian
interviewers walked up the staircase in the residential houses
to identify the right apartment if no name was on the doorbell
nameplate. Syrian interviewers reported that sometimes there
was no possibility of reaching participants living in shared
accommodation, since no name was on the doorbell or because
access was blocked by security guards. The interviewers thus
evaluated the reachability of participants and quality of
addresses very differently.
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Discussion

Principal Findings
The main objective of the IMIRA survey was to identify
recruitment measures to improve the response of PMB to health
surveys by the RKI. Although the IMIRA survey focused on
people with non-German citizenship only, the findings are of
value for designing subsequent health surveys at the RKI. We
tested multiple interventions in the IMIRA survey, which
focused primarily on overcoming language barriers, enhancing
personal contact with bilingual interviewers, and optimizing
bilingual survey information materials or a multilingual
questionnaire. The emphasis of the IMIRA survey was on
diversity-sensitive information with a special focus on language
and the design of the documents. The materials consisted of a
cover letter and a survey brochure, and were developed with
representatives of the target population in a focus group.
Although the lack of varying materials for different citizenships
was criticized in the focus group, this idea of varying materials
was waived due to limitations to the capacity of survey
management. Our experience with this survey shows that
alterations for people with different citizenships should be
implemented, although it might lead to additional costs.
Otherwise, there is a risk that participants would feel
discriminated against or misunderstand the survey’s objectives,
as happened in this IMIRA survey. The main reason for this
was that the survey materials were not tailored for each
citizenship group. Germans with additional foreign citizenship
and people with only foreign citizenship were not differentiated
in the IMIRA survey. Addressing the whole sample as migrants
resulted in an external attribution that might have been in
contrast to people’s own personal attribution of origin or
affiliation, and this might lead to a feeling of discrimination.
This aspect has been discussed in recent research and should
be taken seriously when designing survey materials or a
communication strategy in subsequent surveys [42].

Personal contact is very often described in the literature as the
“silver bullet” for achieving better response rates in
hard-to-reach populations [20,21,28,43]. For PMB, who can
also be considered hard to reach, personal contact was an
essential component of the IMIRA survey design. The study
hotline was set up with bilingual interviewers offering the
opportunity to address queries regarding the survey or
participation directly. Home visits with bilingual interviewers
were carried out in the last survey phase, turning the previously
rather indirect contact into a direct contact. The interviewers
were members of the target population themselves and thus
capable of addressing the survey topics not only in the relevant
language, but also on a diversity-sensitive basis. This was
intended to minimize inhibitory factors, such as lack of trust in
research or literacy issues, which were often discussed in the
literature, or a lack of internet access [8,21]. The attempt to
eliminate language barriers worked very well, as the findings
show. Interviewers reported the frequent use of languages other
than German on the study hotline. Interviewers on the
German-only hotline (group B) in particular reported that
sometimes no communication was possible due to language
issues. Communication during the home visits took place almost

exclusively in languages other than German and would not have
been possible in German according to interviewer assessments.
Home visits increased participation frequency. Personal contact
through the telephone was not as effective as we had assumed
it would be and had no effect on response. The study hotline
was primarily used for refusals and less for queries regarding
the survey, and thus primarily had an informative value.

Another important emphasis of the IMIRA survey was on
offering different participation options and interventions to
lessen the burden of participation. Our respondents had the
option to participate online, by telephone, or (only in a small
subsample) face-to-face, using multilingual questionnaires and
bilingual interviewers to overcome language barriers as
recommended in research [21,22]. The questionnaire was
administered in a mixed-mode design, known to be connected
to higher response rates, since it takes a variety of participation
preferences into account [44]. Participants were first invited to
participate online. With each new contact, other modes, such
as telephone or face-to-face interviews, were offered sequentially
in group A. This did increase the response rate and in previous
research was shown to be more effective than a simultaneous
mixed-mode design [45]. In consideration of the heterogeneity
of the target population, a combination of self- and
interviewer-administered questionnaires seemed to be of value
to facilitate survey participation [46], although it might have
had implications for data quality in terms of, for example,
interviewer effects or the discrepancy between auditory and
visual comprehension of the questionnaire [47,48]. The online
questionnaire was accessible via mobile phone: participants had
the opportunity to answer the questionnaire “on the go.” This
was intended to reduce refusals for time management reasons.
The questionnaire could also be interrupted, further promoting
compatibility with the participant’s leisure behavior. Research
has shown that younger people might be more attracted by the
opportunity to participate online, whereas older people tend to
prefer interviewer-administered modes (telephone or face-to-face
interviews) [49]. This was confirmed in the IMIRA survey with
regard to the use of the study hotline and home visits, where
the composition of the sociodemographic sample differed
significantly between self- and interviewer-administered modes.

Alongside the survey’s objective to increase responses, another
important aim was to identify reasons for nonresponse of PMB.
Every contact with the participants, through the study hotline
or through the home visits, was therefore documented in a
process questionnaire. The results showed that more than half
of the callers wanted to refuse participation. Interviewers were
required to document the reasons as accurately as possible. We
identified differences between citizenship groups: Croatian,
Syrian, and Turkish participants primarily called the study
hotline to refuse participation. During home visits Turkish and
Syrian participants more frequently refused participation. The
most common reasons in both cases were “no interest in the
survey” or “no time.” Interviewers in the focus groups described
the refusal reasons in more detail than was possible in the
process questionnaire. They stated that participants felt disturbed
by the survey, did not understand the survey’s aims, or had no
interest in the research and the possible implications of the
survey results in their everyday life. This is similar to the
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increasing trend of survey fatigue found in other research in
recent decades [50,51]. More frequent headlines in the press
concerning the falsification of survey results could also explain
this negative trend. Other reasons for refusal were given by the
interviewers as well, involving the subject of the IMIRA survey.
Although this could not be confirmed quantitatively,
interviewers described the survey’s focus on improving health
monitoring in migrant populations as causing conflict, especially
for those who did not identify with the label “migrant.”
According to the interviewers, there was suspicion that people
who had lived for a long time in Germany were being put on a
level with recent refugees or newly migrated people. Complaints
about this were predominantly made by Croatian and Romanian
participants, whose migration histories are from a more distant
past. The Turkish interviewers described other issues regarding
the focus on migrants. Many participants did not react to the
survey invitations. Only during home visits could participants
be questioned about their unwillingness to participate. The
reported indifference to survey participation might be the result
of being ignored by German institutions and politics for a long
time and a resulting development of social segregation from
the host population [24,52]. Interviewers stated that the only
way to convince Turkish people to participate was to argue at
the institutional level, for example, emphasizing that the
government was now interested in their health status and that
it was therefore important to provide the information.

In addition to providing detailed reasons for refusal, the process
questionnaire also improved the quality of the sample with
regard to dropouts due to relocation, death, or wrong addresses.
This was striking especially in the Romanian group, who had
the greatest share of noncontactable (NE) people in the whole
sample. A large proportion of these cases were identified by
undeliverable mail; their address was wrong or nonexistent.
Other cases could only be identified by the interviewers in the
home visits phase, especially when no name was on the doorbell
or mailbox, or if the apartment was sublet. The high mobility
of people with Romanian citizenship was in contrast to the
relatively rigid system of population registration, which makes
the sampling of mobile groups more difficult and does not seem
appropriately representative [16,53].

Limitations and Challenges
We were bound by the general procedure at RKI when designing
the IMIRA survey, using population registers for sampling.
Two challenges became clear as a result. First, we had to sample
people according to their citizenship, since there was no other
practicable way to sample PMB for our survey, as described
earlier in the theoretical considerations. As a result we excluded
naturalized PMB and subsequent generations of PMB from our
target population, who had no citizenship other than German.
Second, the sample size decreased more than expected,
beginning with insufficient numbers of people who could have
been selected for the sample. We requested a disproportionate
sample from the residents registration offices, stratified by sex
and age for each citizenship. Each cell should have been filled
equally for a better comparison of the groups in later analysis.
The sample could not be delivered as requested, especially for
the Syrian and Romanian groups 65 years of age or older, and
for the 2 sample points in Brandenburg for all citizenships in

the oldest age category. Of 9800 requested individuals, a sample
of only 9068 people was delivered. The sample size was also
decreased by invalid addresses due to relocation or for other
reasons. In previous RKI studies, the quality-neutral dropout
rate due to invalid postal addresses was about 10% to 15% of
the gross sample [12]. According to research it can be assumed
that the percentage may be even higher in mobile population
groups, such as newly arrived migrants or asylum seekers [16].
The quality-neutral dropout rate in the IMIRA survey was
17.36% (1574/9068), with great differences between the
citizenships, ranging from 10.74% (169/1574) in the Croatian
group to 32.66% (514/1574) in the Romanian group. There were
a variety of reasons for the reduced gross sample, and these
should be considered when drawing a sample from population
registers. In future surveys it would be advisable to use a
proportional stratified sample of the target populations. In
addition, the possible dropout rate should be taken into account
and the gross sample should be increased accordingly. For some
target populations this might still be an inadequate sampling
method, and other ways of sampling should be taken into
account.

Although the survey design was sequential, the effectiveness
of the various interventions cannot clearly be separated, since
the prior interventions were still accessible when the new
interventions were initiated. We also used the survey’s
experimental approach to evaluating the interventions only for
Syrian and Turkish participants and for only the first 3 survey
phases. The effectiveness of the interventions could not be
evaluated for the other citizenships, and the analysis was
descriptive only. The impact of home visits on response rate
could be evaluated only for Romanian, Syrian, and Turkish
participants.

The questionnaire was available to all participants in Arabic,
Croatian, German, Polish, Romanian, Syrian, and Turkish.
According to the interviewers, who were native speakers, the
translation of the questionnaire was not entirely adequate. In
addition, the questionnaire was not culturally adapted for the
target populations. As described in the results, some interviewers
reported that respondents had strong reservations about certain
questions, for example, whether a respondent was a member of
a religious community. The negative experiences with the
quality of the translation will have consequences for future
surveys. We will conduct a cognitive test of instruments that
are not already validated in the requested languages and that
might be identified as particularly sensitive with representatives
of the target populations. We are endeavoring to develop
standard operating procedures for externally commissioned
translations at the RKI to ensure the quality of future studies.
We will use the team approach for translations, in which 2
independent translators simultaneously produce a translation.
Differences between the 2 translations are discussed by the
team, meaning between the 2 translators and a moderator who
acts as a mediator [54].

Further studies in this field of research should acknowledge
these limitations. In particular, the evaluation of various aspects
of the survey recruitment measures should be studied in more
detail. For example, to our knowledge, there is still no research
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into the effect of multilingual questionnaires on response rate.
Experimental studies are thus needed.

Conclusion
The IMIRA survey met the challenges of low response rates of
PMB with tailored interventions, which were shown to be more
or less effective. Bilingual information material and
questionnaires were received very positively by the participants,
although there were some issues regarding translation that we
hope to avoid in future surveys through the team approach. The
study hotline did not have the expected effect, but it proved to
be of value for participants with queries, with technical or other
survey-related issues, or wanting to refuse participation. It is
therefore advisable to establish a contact channel for respondents

in future surveys. The study hotline also enabled us to draw
lessons for the future in terms of structuring survey information
materials and providing the required support for participants.
Home visits with bilingual interviewers had the greatest effect
on responses and will be a firm component of our future surveys
when considering PMB. We gathered qualitative and procedural
data through focus groups with the interviewers and contact
protocols during the fieldwork phases, providing information
about reasons for refusal or issues leading to nonresponse, and
helping to better characterize the sample in general.
Nevertheless, some of the mentioned reasons for nonresponse
were still very unspecific and should be investigated in more
detail in subsequent surveys.
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Abstract

Electronic health records (EHRs) offer opportunities for research and improvements in patient care. However, challenges exist
in using data from EHRs due to the volume of information existing within clinical notes, which can be labor intensive and costly
to transform into usable data with existing strategies. This case report details the collaborative development and implementation
of the postencounter form (PEF) system into the EHR at the Road Home Program at Rush University Medical Center in Chicago,
IL to address these concerns with limited burden to clinical workflows. The PEF system proved to be an effective tool with over
98% of all clinical encounters including a completed PEF within 5 months of implementation. In addition, the system has generated
over 325,188 unique, readily-accessible data points in under 4 years of use. The PEF system has since been deployed to other
settings demonstrating that the system may have broader clinical utility.

(JMIR Form Res 2020;4(4):e17429)   doi:10.2196/17429
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Introduction

Background
The increasing use of electronic health records (EHR) across
medical systems offers unique opportunities for research and
quality improvement, and has the potential to significantly
improve patient care [1]. Data captured in the EHR provides
important insights about patients’ characteristics, treatment
needs, visit frequencies, and other types of information. The
voluminous amount of information contained in EHRs also
enables the development of advanced models to predict the

course of diseases, examine treatment effectiveness, and
determine treatment options [2,3]. Despite the wealth of
information contained in EHRs, a major challenge exists when
it comes to extracting usable data to advance the delivery of
care and clinical operations. This is largely due to extensive
amounts of text-based information existing within clinical
progress notes, which can be labor intensive and costly to
transform into usable data points [4,5].

Manual chart reviews and data coding or more advanced analytic
techniques such as natural language processing (NLP) are
strategies that have been employed to make text-based
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information in EHRs more usable. However, reviewing charts
and extracting data manually or training a machine learning
model using NLP to identify the proper information requires
significant time and are consequently associated with higher
labor costs [6]. Thus, even if organizations desire to use their
data to drive clinical or operational decisions, it is often not
feasible without significant resources devoted to this process.

Even when the availability of resources is not a barrier and
advanced NLP is utilized to extract text-based data from clinical
progress notes, there are still challenges to obtaining usable data
and developing accurate models [6]. For example, many clinical
progress notes contain text and information that can be
extremely similar or the same as a result of providers
copying-and-pasting to save time [4,7,8]. As a result, data
extracted from these notes can be highly skewed and may result
in overfitted models with limited generalizability [6,7]. In other
cases, content in clinical progress notes may significantly vary,
especially with regard to behavioral health information [9].
Whereas some providers include detailed documentation of
factors that may be likely to impact treatment outcomes, such
as the type and duration of interventions provided, referrals to
other providers, or changes in clients’ symptoms over the course
of therapy, other providers may only include the minimal
required documentation into their progress notes. Overall,
clinical progress notes are highly prone to documentation errors
that can lead to missing or incorrect treatment information and
the additional burden of extracting usable data. Consequently,
it is critical to identify and use approaches that improve the data
capture process without adding a significant burden to providers.

One strategy to improve the data capture process is by
developing tailored flow sheets within EHRs that are specific
to the needs of each clinic and type of encounter. These flow
sheets can then be implemented at virtually all levels of patient
interaction to allow for the collection of relevant, usable data
whenever there is contact with the patient. For example,
postencounter forms (PEFs) are flow sheets that can be attached
to each clinical encounter and enable clinicians to quickly,
accurately, and completely document relevant treatment
information that can be easily extracted for analytic purposes.
For behavioral health, this may include information about
interventions used during sessions, minutes spent providing the
interventions, clinical severity and progress, referrals provided,
or termination status. The adaptability and convenience of PEFs
allow organizations and providers to easily and accurately
capture information relevant to their specific needs.

In this case report, we documented the development and
implementation of the PEF system in the Road Home Program

at Rush University Medical Center. Specifically, we detailed
the process of developing the PEF content and system,
demonstrated the types and volume of data that can be captured
and easily extracted using this system, and described the
implementation of the system.

Case Description

The PEF system was first developed and implemented at the
Road Home Program within the Department of Psychiatry at
Rush University Medical Center in Chicago, IL in response to
a need to easily document and evaluate program use and
effectiveness and be able to provide detailed program
information to its funders. Later, this system was disseminated
to other departments within the academic medical center.

Methods

Development of the Postencounter Form
Members from various teams worked together during the PEF
system development process to identify their unique data needs
and note specific limitations. Teams included clinical providers
who deliver services and were responsible for entering session
data, members from the knowledge management team that
combine data from multiple sources including the EHR and
online survey tools, members from the data team who are
responsible for cleaning and auditing the data to ensure its
accuracy, and members from the research team who use data
for descriptive and predictive analytics to generate insights that
can help improve clinical care. The goal was to develop a
comprehensive yet efficient system that enabled the collection
of all relevant data in 90 seconds or less per patient encounter
to prevent an excessive burden on clinicians who have limited
time for documentation. Moreover, the PEF system needed to
be adaptable since program needs would change as it expanded.
It was critical for the system to be easy-to-use for all involved
parties so that the tool could be quickly learned and errors could
be minimized or easily detected and corrected. The PEF system
also needed to be accessible and enable the immediate extraction
of data for analytic purposes. In addition, as described earlier,
it was important for the system to be cost-effective as the cost
of implementing more advanced approaches involving NLP can
be prohibitive. The clinical data that were determined to be
important to capture in the PEF for the Road Home Program
along with a brief description of their purposes are shown in
Table 1.

Figure 1 shows the Road Home Program PEF. The specific
fields of the PEF may differ based on a clinic’s needs.
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Table 1. Road Home Program postencounter form fields with descriptions

DescriptionPostencounter form field

Specify whether encounters took place in person, over the phone, or through videoVisit type

Specify whether service provided was an intake vs regular appointment and whether the service
was part of the outpatient or 3-week intensive treatment program

Service line

Specify whether services were provided for individuals, groups, families, or couplesService type

Validated clinician-rated scale to indicate a patient’s symptom severity levelClinical Global Impression Scale (severity)

Validated clinician-rated scale to indicate how much a patient has improvedClinical Global Impression Scale (improvement)

Specify the type of intervention deliveredPrimary intervention

Specify the number of minutes for which the intervention was deliveredMinutes spent for primary intervention

Specify the type of any secondary intervention delivered, when applicableSecondary intervention

Specify the number of minutes for which the secondary intervention was deliveredMinutes spent for secondary intervention

Specify the type of referral that was made during the sessionReferral given

Specify for whom the referral was madeReferral target

Specify the reason the referral was madeReferral reason

Specify whether termination took place during the sessionTermination

Specify the date of the terminationTermination date

Specify the reason for leaving or terminating careLeave reason

Figure 1. Sample Road Home Program post-encounter form. IOP: intensive out patient; OP: out patient; TBI: traumatic brain injury; VA: Department
of Veterans Affairs; STAIR: Skills Training in Affective and Interpersonal Regulation; DBT: dialectical behavior therapy; EMDR: eye-movement
desensitization and reprocessing; FOCUS: Families OverComing Under Stress; MST: Military Sexual Trauma.
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Implementation into the Road Home Program
Following the development of the PEF system, which involved
evaluating various prototypes, the team implemented it into the
Road Home Program clinical flow. All Road Home Program
staff were required to attend a 1-hour training session where
the purpose of the PEF was discussed. A demonstration was
given on how to complete the form and questions about its use
were answered. The difficulty of extracting data from clinical
progress notes was specifically highlighted to help staff
understand the importance of collecting data in easily extractable
ways, even if this process added up to 90 seconds per encounter.
Following the initial training, the team periodically met with
select providers to ensure that everyone was aligned with regard
to how the PEFs were completed, for example to ensure that
providers would all code a cognitive behavioral intervention in
the same way rather than using another, noncognitive behavioral
intervention code. Several weeks following the training, the
team met with the staff again to demonstrate the usefulness of
PEFs by providing basic descriptive information about
encounters that were already completed using PEFs. The
descriptive information focused on the number of minutes spent
delivering interventions such as cognitive behavioral therapy,
and the types of referrals that had been made and tracked since

the implementation of the PEF. The intention behind this process
was to reinforce providers’ use of the PEF. Clinicians quickly
began to use the PEF following its implementation (Figure 2).
In only 5 months, 98.2% (109/111) of all Road Home Program
clinical encounters included a PEF. The rate of use has remained
extremely high since the PEF system was implemented; on
average, only 0.08% (260/323,026) of all encounters had a
missing PEF since May 2015. Between December 2015, and
August 2019, a total of 40,889 PEFs have been completed by
Road Home Program providers, capturing more than 325,188
unique data points.

To facilitate the implementation, the team met with providers
who tended to underutilize the PEF system to identify and
resolve potential barriers. The biggest barrier to using the PEF
was providers not being able to locate it in the EHR, which lead
to the creation of a specific instructional guide on where to
locate it. The team continued to meet with providers as needed
when they encountered issues with locating or completing the
form following the initial implementation and will continue to
do so as needed. The team also continued to present descriptive
and advanced analytical insights about the program to providers
to further reinforce the utility and importance of the PEF system.

Figure 2. Percentage of Road Home Program encounters with post-encounter forms from November 2014 through September 2019.

Discussion

In this case study we described the development and
implementation of the PEF system, which can be used to quickly
and accurately capture clinically relevant data in a
comprehensive yet efficient, adaptable, easy-to-use, accessible,
and cost-effective way. Given the challenges associated with
manual extraction of clinical progress note content or the use
of more advanced and costly processes such as NLP, it was
important to identify ways that clinical data could be easily
captured and made immediately usable for analytic purposes.
This study demonstrated the PEF system built in Epic; however,
it can be built in to most modern EHR systems with minimal
effort, as it is based on simple flow sheets that are attached to
each encounter. Moreover, the PEF system is highly adaptable

to the unique needs of any department or clinic. It is also flexible
enough that its content can be changed as priorities or needs
shift.

The implementation of the PEF system at the Road Home
Program demonstrated the importance of collaboration between
members and different teams. A common challenge to
implementing new systems is that direction is given top-down
with little input from individuals who are expected to use newly
developed tools. In this case, members from a wide range of
teams worked together to develop an end product that met the
needs of everyone involved. Moreover, the development team
worked closely with providers during the implementation phase
and ensured that providers understood why the system was
developed and the benefits of the system compared to existing
practices (ie, clinical progress notes alone). The development
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team then reinforced the use of the newly developed PEF system
by repeatedly demonstrating to providers what data was being
generated and how it can be used to inform clinical or
operational decisions.

It is important to note that the use of flow sheets is not limited
to PEFs, as flow sheets can be used to capture all types of data.
Since the successful implementation of the PEF system, the
Road Home Program has implemented this system for most
other forms of data collection such as demographic information
during an intake evaluation, medical information, or
clinician-administered assessment data. Anecdotally, providers
continue to remark about the ease of data collection. The data
captured using the PEF system have been critical in providing
data for the development of predictive models that have led to
the improvement of clinical operations [10].

This case study has several limitations that should be noted.
First, this case study focused on a single program within one

academic medical center. Additional research needs to be
conducted to determine whether the PEF is a viable option for
other departments and medical systems. Second, the
implementation of the PEF system was not randomized. Thus,
it is impossible to determine in what ways the close
collaboration between the development team and providers as
well as the stepwise approach affected the ultimate uptake. Last,
the PEF system was not directly compared to approaches using
NLP. Thus, it cannot be determined whether the PEF system is
more or less accurate, labor-intensive, or costly than NLP-based
approaches.

Despite the aforementioned challenges, this case study
highlighted how useful the PEF system can be for quickly and
accurately capturing data without increasing provider burden
or requiring significant time or funding to extract clinical data.
Future research should closely examine the implementation
process to determine the most effective way of rolling out new
tools such as the PEF in a variety of health settings.
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