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Abstract

Background: Young people with type 1 diabetes often struggle to self-manage their disease. Maobile health (mHealth) apps
show promise in supporting self-management of chronic conditions such astype 1 diabetes. Many health care providers become
involved in app development. Unfortunately, limited information is available to guide their selection of appropriate methods,
techniques, and tools for a participatory design (PD) project in health care.

Objective: The aim of our study was to develop an mHealth app to support young people in self-managing type 1 diabetes.
This paper presents our methodological recommendations based on experiences and reflections from a 2-year research study.

Methods: A mixed methods design was used to identify user needs before designing the app and testing it in a randomized
controlled trial. App design was based on qualitative, explorative, interventional, and experimental activities within an overall
iterative PD approach. Severa techniques and tools were used, including workshops, a mail panel, think-aloud tests, and a
feasibility study.

Results: The final mHealth solution was * Young with Diabetes’ (YWD). The iterative PD approach supported researchers and
designers in understanding the needs of end users (ie, young people, parents, and health care providers) and their assessment of
YWD, aswell as how to improve app usability and feasibility. It is critical to include all end user groups during all phases of a
PD project and to establish a multidisciplinary team to provide the wide range of expertise required to build a usable and useful
mHealth app.

Conclusions:  Future research is needed to develop and evaluate more efficient PD techniques. Health care providers need
guidance on what tools and techniques to choose for which subgroups of users and guidance on how to introduce an app to
colleagues to successfully implement an mHealth app in health care organizations. These steps are important for anyone who
wants to design an mHealth app for any illness.

(JMIR Mhealth Uhealth 2017;5(10):€124) doi: 10.2196/mhealth.8137
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Introduction

Type 1 diabetes mellitus (T1DM) is a major health challenge,
particularly among young people, who struggleto managetheir
condition during the transition from childhood to adulthood.
Physical, cognitive, and social changes influence their daily
T1DM routines (eg, blood glucose measurement, carbohydrate
counting, and insulin adjustment). This frequently results in
impaired glycemic control [1], increased risk of acute
complications [2], and early onset of long-term complications
[3,4].

Parents areimportant supportsfor young peopleto self-manage
T1DM [5]. However, parents often report frustrations, stress,
and worry regarding their role [6]. Schilling et a [7] define
self-management for young people with T1IDM as a flexible
daily process in which young people and their parents share
decision making and responsibility for controlling TIDM. The
process whereby young people go from being totally dependent
on parentsto managing their TLDM by themselvesis constantly
evolving.

Supporting young peoplein self-managing TIDM isan integral
goal of health care[8]. Unfortunately, self-management support
can be complex. Health care providers should both guideinsulin
management and seek insight into young people’s lived
experiences, such as socia life, work, and school, to identify
challenges affecting self-management. Furthermore, they must
pay attention to young people’'s needs to develop
self-management skillswhile encouraging and involving parents
in supporting their young people [9,10]. Routine care from
health care providers appears to have limited effects on
self-management and glycemic control [1]. Consequently,
supporting young people and parents during the transition from
childhood to adulthood is an ongoing challenge for health care
providers.

Mobile health (mHealth) apps are promising toolsfor supporting
self-management of achronic condition suchasT1DM [11,12].
They are easily accessible, widely used, and accepted,
particularly by young people [13]. They have the potentia to
improve patient education and enhance communication with
health care providers and peersin a convenient and interactive
way [14]. Recently, the number of apps to support
self-management of chronic conditionssuchasT1DM in adults
has exploded [15]. However, arecent review of mHealth apps
for management of chronic physical conditions in adolescents
[16] identified only two appsto support adolescentswith TIDM
[17,18]. Cafazzo et al [17] developed an mHealth app based on
interviews with adolescents and their parents to facilitate
feedback on blood glucose data. A pilot test (N=20) found an
improvement in the frequency of blood glucose monitoring [17].
Fraisland et al [18] tested an mHealth app with a picture-based
diabetes diary in addition to a text messaging service in a
3-month pilot study (N=12) and found increased understanding
of applied knowledge [18]. Unfortunately, few studies are
available, and they are all limited by small sample sizesand the
absence of a control group [16]. In addition, mHealth apps are
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seldom developed on the basis of empirical evidence [19].
In-depth understanding of user needs is often lacking, and the
effect of self-management appsis mixed [16,20]. Furthermore,
few objective comparisons of methods, tools, and techniques
are available to guide health care providers [21] in selecting an
appropriate approach for a participatory design (PD) project.
Hence, key questions remain unanswered, including which tools
and techniques to use and when and where to use them.

Thispaper presents our methodol ogical recommendations based
on experiences and reflections from our 2-year research study.
Theaim of our study wasto devel op an mHealth app to support
young people in self-managing T1IDM.

Methods

The study used a mixed methods design (Figure 1) comprising
(2) quantitative and qualitative pre-studiesto identify user needs,
(2) quantitative and qualitative studies designing the app, and
(3) testing of the effect of app use in arandomized controlled
trial (RCT).

The focus of this paper is on the process of designing the app,
which was based on qualitative, explorative, interventional, and
experimental activities within an overall iterative and PD
approach [22] (Figure 1). PD promotes user participation in
technology design. It enables designers and end usersto learn
from each other through understanding each other’s perspectives
and priorities[23]. Involving usersin developing an intervention
is known to result in higher levels of user acceptance and
satisfaction [24] and has previously contributed to changes in
the design of mHealth interventions [17,18,25]. Severd
techniques and tools were used to design the app, including
workshops, a mail panel, think-aloud tests, and a feasibility
study (Figure 1). Throughout the activities, apurposive sampling
strategy [26] was used to ensure variation in age, gender, age
at onset of TIDM, and location of diabetes care. Table 1
provides a detailed description of the methods, and Table 2
presents participant characteristics.

A steering group was established to ensure ascalable and usable
mHealth app. The group consisted of four physician diabetes
team leaders, a professor in computer science, a physician and
anurse with expertise in adolescent medicine, the leader of the
telemedicine center in the Capital Region of Denmark, and a
consultant from the Danish Agency for Digitisation. The steering
group met after the pre-studies and after the app was designed
to determineif the study phase was complete [22].

The study was approved by the Danish Data Protection Agency
(No. 01980 HIH-2012-013, No. 02249 HIH-2013-016, and No.
04015 NOH-2015-031) and performed in accordance with the
ethical recommendations of the Helsinki Declaration. Written
consent was obtained from participants and from parentsif the
young people were under the age of 18 years. Confidentiality
and anonymity were assured. Ethical approval of retrospective
and qualitative studies by Research Ethics Committee is not
necessary in Denmark (No. 15000468, Ref. No. H-15013254).
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Figure 1. Mixed methods design.

Quantitative
pre-study

Qualitative
pre-studies

Designing
the app

App
prototyping

A\

Mail panel

Itarstive cycles: 6

Castensge-Seidenfaden et al

—

Think-aloud
test

Iterative cycles: 2

Refinement of the app

RCT-study

Feasibility
study

Iterative cycles: 1

Table 1. Detailed description of app design.

Participants

Datacollection

Dataanalysis

Activity Aim

Workshops To develop an app to support
young people to self-manage
T1DM

App prototyping  To design the first version of
the app

Mail panel To ensure areliable and scal-

able app

To ensure areliable and scal-
able app

Think-aloud test

Feasibility study  To test and evaluate the app in

ared-life setting

Inclusion criteriafor young
people (and parents): 14-22
yearsold, TIDM =1 year, no
psychiatric disorders, in pedi-
atric care or adult care
Inclusion criteriafor health care
providers: on the diabetesteam
at an adult or a pediatric and
adolescent diabetes clinic and
with =1 year experience work-
ing with young peoplewith dia-
betes

IT company; young peoplewith
T1DM and parents; health care

providers; experts (interactive
design students, illustrator,
journalist, movie creator)

See workshop inclusion crite-
ria

See workshop inclusion crite-
ria. Could not have participated
in previous study activities.

See workshop inclusion crite-
rig; had participated in think-
aloud test.

Workshop themes. My dia-
betes; App functions; Sensitive
topics; Future; To my parents;
Knowledge and skills; Design
and language

Brainstorming, prioritizing,
feedback, and prototyping were
recorded and artifacts collected.

The participants provided writ-
ten feedback on prototype ver-
sions.

Participants “thought al oud”
while performing tasks cover-
ing the main functions; record-
ings and observations.

Young people and health care
providers tested the app for 5
weeksand compl eted question-
naires.

Findings summarized for the
IT company to describe func-
tionality and modes of interac-
tion.

Feedback categorized by
themes.

Feedback categorized by
themes.

Feedback categorized by
themes.
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Table 2. Participant characteristics.
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Workshops Mail panel Think-aloud test Feasibility study
(n=41) (n=49) (n=16) (n=44)
Y2 pb HCE®  YP P HCP YP P HCP YP HCP
(n=17) (n=10) (n=14) (n=20) (n=3) (n=26) (n=6) (n=4) (n=6) (n=6) (n=38)
Ageinyears, 19 (1.7) 19 (2.4) 18 (3.0) 18 (3.0)
median (SD)
Female, n (%) 11(65)  6(60) 13(93) 12(60)  1(33) 19(73)  3(50) 3(75) 6(100) 3(50) 29 (76)
Pediatric department, n (%)
Nordsjadland 3 (18) 2(20) 3(21) 5(25) 1(33) 3(12) 1(17) 1(25) 1(17) 1(17) 5(13)
Herlev 2(12) 3(30) 1(7) 2(10) 1(33) 4(15) 1(17) 1(25) 1(17) 1(17) 8(21)
Roskilde 0(0) 0(0) 0(0) 0(0) 0(0) 3(12) 1(17) 1(25) 1(17) 1(17) 5(13)
Adult department, n (%)
Hillergd 8(47) 4(40) 4(29) 8 (40) 1(33) 6(23) 1(17) 1(25) 1(17) 1(17) 6(16)
Steno 4(24) 1(10) 6 (43) 5(25) 0(0) 8(31) 1(17) 0(0) 1(17) 1(17)  9(24)
Kege 0(0) 0(0) 0(0) 0(0) 0(0) 2(8) 1(17) 0(0) 1(17) 1(17) 5(13)
Profession, n (%)
Physician - - 4(29) - - 13(50) - - 1(17) - 15 (40)
Nurse - - 6 (43) - - 9(35) - - 3(50) - 17 (45)
Dietician - - 4(29) - - 4(15) - - 2(33) - 6 (16)

3y P: young people
bp: parents
CHCP: hedlth care providers

Quantitative and Qualitative Studies I dentifying User
Needs

Before designing the app, we explored the needs of young
people for self-managing T1DM and possible ways to support
these needs. We conducted four main activities.

In aretrospective cohort study (n=126) [27], we found that more
than 90% of adolescents had a suboptimal level of hemoglobin
Alc around transfer from pediatric to adult care. Those who
did not attend clinic visits, whose parents were divorced, or
who had a learning disability and/or mental health condition
had a higher risk of poor metabolic control.

Using visua storytelling with young peoplewith TIDM (N=9)
and their parents (N=13) [28], we explored users experiences
of living with T1IDM in individual interviews based on their
personal photographs. Young people and their parents
experienced the same concerns and challenges related to living
with T1IDM. They seldom shared these concernsand challenges
with each other, which led to misunderstandings, frustration,
and conflicts. Four major themes occurred consistently among
young people and their parents:

1. Striving for safety. Young people and parentstried to create
a “safety net” (ie, hotline, juice, preparing friends) not to
risk hypoglycemia. Some adol escents chose to have ahigh
level of blood glucose preventing hypoglycemia, which

was supported by some parents.

http://mhealth.jmir.org/2017/10/e124/

Striving for normality. Young people often felt different
from their peers carrying the burden of TLDM. Sometried
to be norma by ignoring T1DM, and some parents felt
sorry for their child supporting these “breaks.” Peers with
diabetes helped many feel normal.

Striving for independence. Young people and parents|onged
for the young people to be independent in T1DM
management. However, young peopl e faced obstacles such
aslack of TIDM knowledge, skills, and parental support.
Some avoided clinical visits to hide their incompetencein
self-management.

Worrying about the future. Both parties worried about the
future, such astherisk of long-term complications. Parents
thought their child did not worry and chose not to talk about
it. However, young peoplefelt alone with their worries, not
sharing them with anyone.

4.

In individual interviews with 24 health care providers (10
physicians, 10 nurses, 4 dietitians, unpublished data), we
explored health care provider’s attitudes towardsimplementing
an app in clinical settings. Two major themes were identified:
a new way to collaborate and losing control. All hedth care
providers emphasized that an app could help improve their
collaboration with the young people by breaking the ice and
helping them investigate young peopl€e’s real challenges and
concernsand by providing ongoing support between clinic visits.
On the other hand, health care providers feared losing control
of the content of consultations. They feared that their authority
would be questioned if they lacked competency with the app
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and that its use would be too time-consuming. Health care
providers preferred electronic messagesto be sent to their work
email addresses so they would not have to check two devices.

Finally, weidentified relevant security regulationsto ensure we
met the national standardsfor login procedures and exchanging
messages with peers and health care providers. Compliance
with security regulations was assured through six regular
meetings throughout the design process with consultants from
an IT company and from a public health-technology center.

Designing the App

To develop the mHealth app to support young people in
self-managing T1DM, we invited young people with T1DM,
their parents, and health care providers to participate in
workshops. The first version of the app was developed from
the workshop findings.

Workshops

Seven workshops were held in November and December 2014.
In total, 17 young people aged 16-21 years, 10 parents, and 14
health care providers participated in one or more workshops
(Table 2). In addition, 26 individual s with specialized expertise
and knowledge, such as dieticians, psychologists, a social
worker, interactive design students, a journalist, information
technology (IT) consultants, a telemedicine consultant, and
other health care providers with an interest in adolescent
medicine, participated in workshops to find ways to meet the
needs of the young people and their parents. Each workshop
included 11-21 participants (Multimedia Appendix 1).

Workshop content was based on the resultsfrom our quantitative
and qualitative pre-studies [27,28]. The results from the
pre-studieswere merged by amixed methods concurrent design
[29] to interpret the challenges that young people and parents
facelivingwith TADM. By applying amixed methods sequential
design [29], the resultsfrom the pre-studieswere used to inform
workshops. Asan example, visual storytelling elucidated young
people's lack of T1IDM knowledge, which was used in
Workshop 6 “Knowledge and skills” Workshop themes are
listed in Table 1. Each workshop lasted 2% hours and included
a 5-minute introduction, individual brainstorming, prioritizing
ideas, and sketching prototypes based on the ideas. Workshop
participants were grouped by whether they were young people,
parents, or health care providers. The workshops were audio-
and video recorded. All input (Post-it notes, flip charts,
prototypes, digital records) were collected and categorized by
theme; the I T company incorporated the final list of themesinto
adescription of functionality and modes of interaction.

App Pratotyping

The IT company built a preliminary version of the app on iOS
and Android platforms. Interactive design studentswereinvited
to improve the app design and create animations. Young people
with T1DM created video self-portraits (“selfies’) on avariety
of topics, such as how to tell peers one has TIDM or their
experiences with low blood sugar. A professional illustrator
created graphic elements, and ajournalist wrote youth-friendly
texts and tips. Experienced providers on diabetes teams
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(physicians, nurses, dieticians, psychologists, and social
workers) revised and approved the final app content.

We were unable to fulfill all needs identified by users. For
example, we did not add a mentor/mentee function due to the
complexity of evaluating this intervention. However, a
supplementary Web-based secure messaging function for health
care providers was developed to enable contact with young
people. Multimedia Appendix 1 provides an overview of the
needs addressed in each of the workshops, the main ideas
identified, and the resulting functionality and modes of
interaction in the app.

We aimed to evaluate and refine the app. Our primary concern
was its usability and feasibility; the IT company took
responsibility for technical testing. Our evaluation relied on
three techniques (mail panel, think-aloud testing, and feasibility
study). A mixed methods sequential design [29] connected
findings and ideas from one quaitative study in the design phase
to the next to iteratively inform the prototyping and refinement
of the app.

Mail Panel

A mail panel comprising 20 young people aged 17-26 years, 3
parents, and 26 health care providers gave feedback on screen
shots of the app (mock-ups) and first versions of the app (test
flights) in six iterative cyclesfrom March to October 2015. The
panel received mail with questions and attached mock-ups
(Cycles 1-4) or test flights (Cycle 5-6). The questions focused
on layout, content, and functions. The feedback was collected,
and the IT company refined the app before the next cycle
(Multimedia Appendix 2).

Think-Aloud Testing

Think-aloud tests[30] were performed to understand how users
experienced the app interface [31]. Six young people aged 15-22
years, 4 parents, and 6 health care providers participated. None
of the young people or parents had participated in previous
activities. In individual sessions that lasted 15-53 minutes,
participants were asked to verbalize their thoughts while
performing app-related tasks (Multimedia Appendix 3). Tasks
were designed in collaboration with the IT company to test the
interface. Participants were prompted if they found thinking
aloud challenging (eg, “Tell me what you are thinking”). The
sessions were digitally recorded and observed, and comments
and nonverbal reactions were noted. Data were categorized by
themes. Based on the feedback, the I T company refined the app
before next cycle. A total of two iterative cycleswere compl eted
(Cycles 5 and 6; Multimedia Appendix 2) in September and
October 2015.

Feasibility Study

A 5-week feasibility study was conducted from October to
December 2015 [32,33]. Author PC-S presented the app to a
total of 38 health care providersindividually (n=13) or in eight
groups (n=25). The presentation included a summary of young
people's and parents' needs [28], a 15-minute introduction to
the app, and two role-playing scenarios in which health care
providers were asked to introduce the app and use it as a
dialogue ice breaker while a colleague or PC-S played therole
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of ayoung person with TIDM. Finally, health care providers
were asked to familiarize themselves with the app in their
outpatient clinics and use it with at least 2 young people with
T1DM during the 5-week study period. Feasibility was evaluated
by an electronic questionnaire sent to health care providers that
contained questions such as:

«  Doesthe app work on your device?

«  Towhom have you introduced the app?

- What challenges have you experienced using the app?

« What has to be changed before conducting an RCT
evaluating the app?

Six young people aged 15-22 years who had participated in
think-aloud tests were individually introduced to the app in
15-minute onsand asked to test it for 5 weeks at home and
in cooperation with their health care providersand parents. They
received a paper questionnaire with questions such as:

http://mhealth.jmir.org/2017/10/e124/
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« Hasthe app helped you?

«  How hasthe app helped you?

- Have you used the app in collaboration with health care
provider or parent?

«  Would you recommend the app to peers?

The questions were based on previous experiences of the IT
company with app development; 2 health care providers and 2
young people assessed face validity before the questionnaire
was distributed to test participants. Their responses were
categorized into themes, and the IT company made final
refinements of the app based on the feedback.

Young With Diabetes App

The final mHealth solution consists of the app “Young with
Diabetes” (YWD) and an additional Web-based mail module
through which health care providers receive messages from
young people. The eight main functionsin the app are outlined
in Figure 2.
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Figure 2. Young with Diabetes.

Results

Our experience yielded valuable learnings and a set of
recommendations for future app development (Table 3).

Mixed Methods Design

A mixed methods design alowed us to obtain a nuanced
understanding of users needs and challenges before the
workshops [29]. This knowledge was essential to guiding both
workshop content and design of the app. In addition, we used
avariety of qualitative techniques to explore how users viewed
and assessed YWD. This gave us a better understanding of the
app content, user interface, and technical issues and was
invaluable to further refining the app before implementation.
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By applying a mixed methods design [29], the findings from
the pre-studies informed the design process resulting in afinal
version of YWD that met the users’ needs and challenges. As
an example, one of the findings from visual storytelling was
“striving for normality.” Young people strove for normality in
order to not feel different from their peers without TIDM. In
addition, meeting peers with TIDM often helped them feel
normal. Thisfinding was approached in Workshop 3 “ Sensitive
topics,” where ideas were generated on how to support young
people to feel normal. The final app consequently ended up
with a chat room and video self-portraits to share experiences
with peers, in addition to an information topic on how to tell
others that you have T1DM. Furthermore, the parent section
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informed parents on how it can actualy be to have T1DM
including the young peoples' struggle for normality.

Applying a mixed methods design is consistent with a recent
design study [34] reporting that qualitative and quantitative
results contributed to a comprehensive understanding of the
technology and area of concern. On the contrary, a recent PD
project [35] developed a patient-centered mHealth app for young
people with TIDM and their parents using only qualitative
methods, which provided limited information for improving the
app. A mixed methods designis highly recommended for future
PD projects to gain a comprehensive and nuanced knowledge
of the area of concern and meet the needs of users[29].

Participatory Approach

Our PD approach engaged all types of end users (young people,
parents, and health care providers) in designing the app. End
users were essential collaborators, helping researchers and
designers further understand their challenges and needs,
generating ideas, giving feedback, and testing the new
technology to ensure a usable and feasible product. Similar to
previous PD projects[17,18,25], user input contributed to crucial
changes in the technology. We found that different types of
users had different approaches when engaged in workshop
activities. For example, young people generally found it easier
to create paper prototypes than did parents, and health care
providers and young people often shared new apps with each
other, fostering new ideas. We also found it useful to separate
workshop participants by user type because they seemed to
share ideas more readily than they did in mixed groups. More
research is needed to improve our understanding of how best
to engage subgroups of participants and which tools and
techniques best suit each type of end user.

Giving a voice to end users and designers and respecting their
different views is key to success when developing new
technology [17,18,24,25]. However, we found it challenging to
resolve conflicting views on functionality while taking
resources, such as finances and time, into account [21,36]. The
seven workshops yielded large amounts of user input and
feedback: 46 hours of digital records in addition to severa
Post-it notes, flip charts, pictures, etc. PC-S, the IT company,
and the steering group made final decisions about app content.

http://mhealth.jmir.org/2017/10/e124/
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Taking resourcesinto consideration, they had to eliminate some
user-reguested functions, such as a mentor/mentee function, a
monthly newsfeed, customizing the app, and the ongoing
possibility of uploading new video self-portraits. Future app
development should consider incorporating these functions,
since customization is especially known to be critical for app
engagement [35]. In addition, guidelines are needed as to how
to manage (collect, analyze, and prioritize) data in future PD
projects[36,37]. For example, wewere challenged by questions
such as: Should digital records be transcribed? How should data
beanalyzed in PD activities? How do we prioritize and eliminate
ideas that are highly valued? Such guidance may help to limit
the large amount of data that often challenge PD projects [36]
and reduce time-consuming data management activities.

Diverse Team of Experts

Researchers, designers, or end usersaone could not have created
YWD. The expertise of adiverse team was crucia to building
anew health care technology platform and creating the content
(eg, information, quizzes, pictures, illustrations, movies, video
self-portraits). The authors collaborated with educational
institutions such as the Danish School of Mediaand Journalism
to obtain needed expertise at minimal cost and provide students
with “real life” projects. In addition, apublic-private partnership
was established between the hospital and the IT company. The
partnership created ateam of highly engaged stakeholders who
contributed to the study and shared an interest in the study’s
success. We strongly recommend establishing a
multidisciplinary team before developing an mHealth app in
health care, which is consistent with previous studies [38]. In
addition, it may be beneficial for health care providers, who are
often inexperienced in designing new technology, to cooperate
with an expert in conducting PD projects to guide the design
process. Stakeholders who are considering developing an
mHealth app may benefit by meeting with experts, such as
innovation and security consultants and lawyers (to draft a
partnership agreement) very early in the process. For instance,
a group has been established in the capital region of Denmark
to guide health care providersthrough facets of new app studies
such as addressing security regulations, facilitating workshops,
etc [39].
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Table 3. Recommendations for future app development.
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Challenges

Experiences

Recommendations

Suggestions for further research

Engaging user subgroups

Resolving conflicting views on
functionality

Meeting requirements for building
an mHealth app

Designing and refining technology
in arapid, low-cost way

Improving the user interface

Implementing technology in health
care

Participants who are separated in
user groups seemed freer to share
ideas than they may have beenin
mixed groups.

Young people found it easier to
create paper prototypes, compared
to parentsand health care providers.

The IT company and the steering
group madethefinal decisions about
the content of the app.

Functions (mentor/mentee-function,
customization, and monthly news-
feed) were eliminated dueto lack of
resources.

A diverse team of experts was cru-
cial to meeting the challenge of
building anew technology platform
within health care.

Main activities resulted in large
amounts of data (eg, 46 hours of
digital records from workshops).

Ongoing user input from iterative
cycles helped designers understand
user needs and refine the app.

Expensive technology challenged
our ability to meet the usersinpuit.

The mail panel functioned asacon-
sulting panel and provided feedback
inashort timethat improved the app
content. The think-aloud tests ex-
plored how users assessed the app
(ie, navigation, technica errors).

Combining mail panel and think-
aloud tests resulted in a substantial
reduction of user problems.

Interviews with health care
providers hel ped us understand bar-
riersto introducing new technol ogy.

Separate participantsin user groups
in workshops sessions.

Creating paper prototypesis an ef-
fectivetool for engagement, especial-
ly with young peoplein activitiesto
generate ideas.

Invite end users, designers, and a
diverseteam of experts(eg, illustra-
tors, journalists) to participate in
workshops.

Collaborate with other educational
ingtitutions to meet the need for ex-
pertise with minimal cost.

Establish public-private partnerships
to combine resources and ensure
engagement from all stakeholders.

Consider engaging an innovation
consultant to guide the PD process.

Set aside enough time to build the
app —it awaystakes moretimethan
expected.

Invite users to participate in meet-
ings with the IT company during
app building.

Prolong the prototype stage before
developing complex expensive
technol ogy.

Consider workshops as an ongoing
iterative activity in which usersgive
feedback and propose new ideas to
prototypes.

Use living labs to simulate hospital
or home settings to try out paper
prototypes and explore future ways
to use the new technology.

We highly recommend both a mail
panel and think-aloud testsin future
PD studies, given the valuableinput
and the low cost and speed of con-
ducting these techniques.

Add digital videos and screen
recordsin think-aloud teststo regis-
ter physical actions, supporting the
interpretation of the results.

Include end usersin al phases of a
PD project to ensure adoption.

What tools and techniques are best
suited for different types of end
users (ie, young people, parents,
health care providers)?

Incorporate eliminated functionsin
afuture version since users wanted
them.

How to prioritize and eliminate user
ideas?

Guidelines are needed on how to
collect, analyze, and prioritize data.

More efficient methods, tools, and
techniques are needed to meet the
rapid devel opment within technolo-
gy to avoid outdated app versions.

How do we reduce resource (money
and time) use?

Solicit larger panels using social
media (eg, Facebook, Twitter) to
comment and share ideas.

Introduce apanel inan earlier phase
to supplement or replace face-to-
face workshops.

How to teach health care providers
to use new technology in collabora-
tion with young people and parents?
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Challenges Experiences Recommendations Suggestions for further research
Workshops, mail panel, think-aloud Feasibility test new technology prior
tests, and feasibility study helped us  to implementation.
to ensure a user-friendly app.
Thefeasibility study revealedimple-  Provide a hotline in case of techni-
mentation barriers. cal difficulties.
Teach health care providers how to
use the technology prior to test.
. could beinteresting to introduce apanel in an earlier study phase
Iterations

Iterative cycles were introduced based on the feedback from
the mail panel, think-aloud tests, and the feasibility study.
However, the expensive nature of the technology, which had
been developed after workshops before the iterative cycles
began, challenged our ahility to address user input that arose
during iterative cycles after app development. Future studies
should prolong the prototype stage. Workshops could be
considered as an ongoing iterative activity to enable users to
givefeedback on mock-ups and propose new ideas. In addition,
living labs [40] and scenarios could be used to simulate a
hospital or home setting where users could explore paper
prototypes early in the design process, reflecting on ways to
usethe new technology [23]. Living labs have previously proved
useful to making quick adjustments to prototypes [41] before
developing complex, expensive technology [23]. Currently, a
need exists to evaluate new approaches and explore more
efficient methods, tools, and techniques for rapid technology
development.

Mail Panel and Think-Aloud Tests

YWD was evaluated by amail panel and think-al oud testsbefore
the feasibility test. The mail panel provided valuable user
feedback in a short time frame, such as when researcher and
designers were uncertain about the front-page design of YWD
(Multimedia Appendix 2). The panel primarily improved the
app content by reporting incorrect or missing information,
misspellings, and information overload, whereasthe think-aloud
tests largely explored how users assessed the app interface
(navigation, technical errors, and layout). As an example,
think-aloud test participants were not able to locate the “tips
package” located in the reminder function. Thisresulted in the
creation of a separate tips package function. Similarly,
think-aloud test participants perceived the icon illustrating the
carbohydrate-counting quiz score as a download symbol and
began to wait; the icon was subsequently changed. Combining
themail panel and think-aloud tests madeit possible toimprove
the app’s usability [36]. In keeping with previous usability
studies, we found a substantial reduction in user-identified
problems between iterations[21]. Given the valuableinput and
thelow cost and speed with which these techni ques can be used,
we highly recommend both mail panel and think-aloud testsin
future PD projects. In think-al oud tests, we recommend adding
digital videosand screen recordingsto register physical actions,
making the analyses more objective [21] and supporting
designers interpretation of the results. Technology evaluations
may be expanded by engaging a larger panel via social media
such as Facebook and Twitter, thus disseminating ideas in a
viral way and accomplishing iterations quickly [42]. Finaly, it

http://mhealth.jmir.org/2017/10/e124/

to supplement or replace face-to-face workshopsin the process
of generating new ideas. PD practitioners are exploring these
possihilities to facilitate participation and further adoption of
new technology [23].

Feasibility Testing

Finally, the 5-week feasihility study evaluated YWD use in
real-life settings. Young peopl€e’s and health care providers
attitudestowardsthe app were explored, revealing practical and
technological challenges. These challenges would otherwise
have been apparent only after implementation. Young people
found the app informative and found that it provided them with
arange of self-management support, such asthe opportunity to
write to their health care providers. They all reported that they
would recommend the app to peers. In addition, hedlth care
providers described the app as both intuitive to use and rel evant
to collaborating with young peoplewith TADM. However, some
technical difficulties were reported regarding screen setup and
unstable wireless access networks at diabetes clinics, and
sending or receiving messages did not always work. None of
the young people initiated messages to peers or created notes.
To get more activity in the “Chat Room,” young people
suggested more partici pants, notifications about new messages,
and input from a moderator. Testing YWD's feasibility in a
“real” clinical setting aligns with Medical Research Council
guidance for the evaluation of complex interventions [43]. We
found thefeasihility study to beinvaluableto further adaptation
of YWD; we improved wireless access at clinics, addressed
technical issues, and introduced message notifications. We hope
that feasibility testing will help prevent chalenges and
frustrationsthat often follow the introduction of new health care
technology.

Implementation in Real-Life Settings

To facilitate successful implementation, we explored health
careproviders perspectivesduring interviews before designing
the app; addressing their concerns was “the first step in
embedding the system into practice” (p. 573 [25]). However,
during the feasibility study, only half of the providers (n=19)
introduced the app to at least one person (young people,
colleague, or family). Of these, 14 providers successfully
introduced the app to one or more young people. Reasons that
health care providers did not introduce the app included alack
of eligible patients, limited time, unstable wireless access, or
forgetting to do so. To ensure that providers were able to use
the app, we asked them to rate themselves on areadiness scale
from 1-10, with 1 representing not ready and 10 representing
absolutely ready [44]. Nearly half (16/38, 42%) of providers
rated themselves lower than 7 (median 7, range 1-10). Thisis
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consistent with previous studies documenting challenges in
adoption of new headth care technology [45]. Severa
explanations should be considered. First, the introduction of
new technology may cause a disruptive change in providers
usual workflow [46] and the benefits of the technology may
take time to materialize [47]. Our interviews with health care
providers (unpublished) revealed that some feared that their
authority would be questioned if they were not fully competent
at using the app. The training session included “hands-on”
activities to simulate real-time scenarios, as recommended
[48,49]. However, we may not have spent enough time
practicing the scenarios or could have used another teaching
approach. In addition, lack of competency at app use may have
influenced health care providers' use of YWD, asidentified in
other studies[50,51], making it challenging for them to engage
effectively with young people via the app. Furthermore, some
providerswere challenged by technical issuesrelated towireless
access and the app itself. Finally, the extensive supporting
material (23 informational articles, 43 video selfies, 3 videos
of the adult department, 4 animations, several tips packages)
required health care providers to spend many hours becoming
familiar with YWD. Time should be allocated for health care
providers to become familiar with a new technology before
introducing it into their practice.

Future implementation of YWD will require regular updates
and ongoing staff training to address challenges. For instance,
some providers may need more training due to lack of eHealth
skills [52,53]. In addition, there is a need for continuous app
support via a hotline to overcome technical challenges and
wireless access barriers [54,55] and to provide a smooth
transition to anew workflow and successin actual usage[50,56] .
Health care providers often function as gatekeepers deciding
which patients they believe the technology will work for [57].
It could be interesting to consider mHealth apps as
“prescriptions” in the future, since prescriptions are often seen
as more “serious’ recommendations, hopefully enhancing the
use of technology. Our feasibility study wasfollowed by health
care providers spending more time studying the app, additional
training in introducing the app to young people, an app refresher
session, help reinstalling the app, frequent app support visits
from PC-S, and establishment of ahotline for technical support.
Following these additional interventions, all providers rated
themselves at 7 or higher on the readiness scale.

Discussion

Strengths and Limitations

The strengths of our study are the mixed methods design and
rigorous PD approach applied to ensure that the app would be
relevant to all groups of end users and the evaluation of YWD
in real-life settings [58]. However, time and financial resources
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limited our ability to fulfill al user needs. We invited users to
participate in more than one activity, which may have biased
our resultstoward favoring their preferences and perhaps made
it more difficult for them to continue to think critically about
the study. To mitigate this risk, we invited a new set of end
users to participate in think-aloud tests and feasibility studies.
However, one may argue that participation in more than one
main activity isrequired to gain a mutual understanding of the
design process. Due to limited time and economic resources,
no parents were included in the feasibility study, thus we do
not know if the app is feasible or suitable for them. This
shortcoming should be approached by including parentsin future
tests of YWD. We were unaware of the relevance of including
users in the initial meetings with the IT company during the
design of the first versions of YWD. We did not use validated
guestionnaires to score a wider variety of concepts related to
eHedlth literacy [59], such asfunctionality, modes of interaction,
and user acceptance [60] since these questionnaires were not
available in Danish at the time. Doing so would be preferable
infuture studies. We tested the app over arelatively short period
of time and thus do not know its long-term impact or the
likelihood that userswill stop using it over time[61,62]. Finally,
PC-S performed all the main activities. This may have
influenced participants' reflections during think-aloud testsand
their evaluation of the feasibility study, affecting the resulting
mHealth solution in unknown ways.

Conclusion

Our study is an important step for any stakeholder who wants
to design an mHealth app for any illness. It paves the way for
future PD projects within health care by underscoring the
importance of including end user groups during all phases and
establishing a multidisciplinary team to provide the wide range
of expertise required to build an mHealth app. Before building
expensive app versions, we suggest prolonging the prototype
stage through workshops, mail panel, think-aloud tests, or
scenariosin living labs. Our study highlights a crucial need to
develop and validate more efficient PD tools and techniques
and to focus on the tool s and techniquesthat are best for specific
user groups. Finally, we need to understand how to successfully
and efficiently introduce an app to health care providers before
we can succeed inimplementing mHealth appsin real-life health
care settings. An RCT is currently examining the efficacy of
YWD inimproving the self-management skills of young people
with TIDM by measuring hemoglobin Alc and three
psychometric scales: Perceived Competence in Diabetes Scale
[63], Health Care Climate Questionnaire [63], and Problem
Areasin Diabetes care survey [64]. The RCT isfollowed up by
individual interviews qualitatively evaluating YWD. If it proves
effective, YWD may potentially serve asamode for supporting
self-management and transitions for young people with other
chronic or long-term conditions.

A special thanks to the young people, parents, and health care providers who participated in this study for kindly sharing their
ideas and thoughts with us and spending time testing the technology. Also, thanksto diabetes psychologist Clea Bruun Jacobsen,
dietitian Camilla Storm-Frydenberg, illustrator Mette Ehlers, and interactive design students attending their second year at Danish
School of Mediaand Journalism. Thanks to the Unit of Research and Innovation, Capital Region of Denmark, for kindly sharing

http://mhealth.jmir.org/2017/10/e124/

IMIR Mhealth Uhealth 2017 | vol. 5 | iss. 10 | €124 | p. 11
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH Castensge-Seidenfaden et &

ideas about facilitating workshops, and Centrefor I T, Medical Technology and Telephony Services, Capital Region of Denmark,
and Center of Telemedicine for continuous support in regard to regulatory issues. A thank you to journalist Lene Finnemann for
writing inspiring texts, to Jesper Holm for creating the movies of the adult departments, and to Copenhagen Movie and Photo
School for editing the video self-portraits. Finally, thanksto the I T enterprise, Mobile Fitness, for partnership during the process.

This study was funded by a research grant from Center of Telemedicine, Capital Region, Denmark, a research grant from
Nordsiadlands Hospital, University of Copenhagen, Rosalie Petersen’s Foundation, Olga Bryde Nielsen's Foundation, and
Regionradet’s Foundation for Particularly Vulnerable Citizens, Capital Region, Denmark.

Conflictsof Interest
None declared.

Multimedia Appendix 1
Workshop overview.

[PDE File (Adobe PDF File), 238KB-Multimedia Appendix 1]

Multimedia Appendix 2
Description of the iterative cycles.

[PDE File (Adobe PDF File), 633K B-Multimedia Appendix 2]

Multimedia Appendix 3
Think-aloud tasks.

[PDE File (Adobe PDF File), 35K B-Multimedia Appendix 3]

References

1. Petitti DB, Klingensmith GJ, Bell RA, Andrews JS, Dabelea D, Imperatore G, SEARCH for Diabetesin Youth Study
Group. Glycemic control in youth with diabetes. the SEARCH for diabetes in Youth Study. J Pediatr 2009
Nov;155(5):668-672, e661-663 [FREE Full text] [doi: 10.1016/j.jpeds.2009.05.025] [Medline: 19643434]

2. NakhlaM, Daneman D, To T, Paradis G, Guttmann A. Transition to adult care for youths with diabetes mellitus. findings
from aUniversal Health Care System. Pediatrics 2009 Dec;124(6):€1134-e1141. [doi: 10.1542/peds.2009-0041] [Medline:
19933731]

3.  BrydenKS, Dunger DB, Mayou RA, Peveler RC, Neil HAW. Poor prognosis of young adults with type 1 diabetes: a
longitudinal study. Diabetes Care 2003 Apr;26(4):1052-1057. [Medline: 12663572]

4.  WillsCJ, Scott A, Swift PGF, Davies MJ, Mackie ADR, Mansell P. Retrospective review of care and outcomesin young
adults with type 1 diabetes. BMJ 2003 Aug 02;327(7409):260-261 [FREE Full text] [doi: 10.1136/bmj.327.7409.260]
[Medline: 12896937]

5. HannaKM, Guthrie D. Parents and adolescents' perceptions of helpful and nonhelpful support for adolescents assumption
of diabetes management responsibility. Issues Compr Pediatr Nurs 2001;24(4):209-223. [Medline: 11769207]

6. Haugstvedt A, Wentzel-Larsen T, Graue M, Sgvik O, Rokne B. Fear of hypoglycaemiain mothers and fathers of children
with Type 1 diabetes is associated with poor glycaemic control and parental emotional distress: a population-based study.
Diabet Med 2010 Jan;27(1):72-78. [doi: 10.1111/j.1464-5491.2009.02867.X] [Medline: 20121892]

7. Schilling LS, Dixon JK, Knafl KA, Lynn MR, Murphy K, Dumser S, et a. A new self-report measure of self-management
of type 1 diabetesfor adolescents. Nurs Res 2009;58(4):228-236 [ FREE Full text] [doi: 10.1097/NNR.0b013e3181ac142a]
[Medline: 19561555]

8.  Harvey PW, Petkov JN, Misan G, Fuller J, Battersby MW, Cayetano TN, et al. Self-management support and training for
patients with chronic and complex conditions improves health-related behaviour and health outcomes. Aust Health Rev
2008 May;32(2):330-338. [Medline: 18447824]

9. Glasgow RE, Davis CL, Funnell MM, Beck A. Implementing practical interventions to support chronic illness
self-management. Jt Comm J Qual Saf 2003 Nov;29(11):563-574. [Medline: 14619349]

10. Lugas T, Achille M, Stevenson M. Patients' perspective on factors that facilitate transition from child-centered to
adult-centered health care: atheory integrated metasummary of quantitative and qualitative studies. J Adolesc Health 2011
May;48(5):429-440. [doi: 10.1016/j.jadohealth.2010.10.016] [Medline: 21501800]

11. Franklin VL, Greene A, Waller A, Greene SA, Pagliari C. Patients' engagement with “ Sweet Talk” - atext messaging
support system for young people with diabetes. JMed Internet Res 2008 Jun 30;10(2):e20 [FREE Full text] [doi:
10.2196/jmir.962] [Medline: 18653444]

http://mhealth.jmir.org/2017/10/e124/ JMIR Mhealth Uhealth 2017 | vol. 5| iss. 10 | €124 | p. 12
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=mhealth_v5i10e124_app1.pdf&filename=6254c9e2488df15c6637dd6121f3fc74.pdf
https://jmir.org/api/download?alt_name=mhealth_v5i10e124_app1.pdf&filename=6254c9e2488df15c6637dd6121f3fc74.pdf
https://jmir.org/api/download?alt_name=mhealth_v5i10e124_app2.pdf&filename=2358f613446e4745cac763d1d214ffa7.pdf
https://jmir.org/api/download?alt_name=mhealth_v5i10e124_app2.pdf&filename=2358f613446e4745cac763d1d214ffa7.pdf
https://jmir.org/api/download?alt_name=mhealth_v5i10e124_app3.pdf&filename=bc5111cc24d2749fe56f0ed27256ccce.pdf
https://jmir.org/api/download?alt_name=mhealth_v5i10e124_app3.pdf&filename=bc5111cc24d2749fe56f0ed27256ccce.pdf
http://europepmc.org/abstract/MED/19643434
http://dx.doi.org/10.1016/j.jpeds.2009.05.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19643434&dopt=Abstract
http://dx.doi.org/10.1542/peds.2009-0041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19933731&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12663572&dopt=Abstract
http://europepmc.org/abstract/MED/12896937
http://dx.doi.org/10.1136/bmj.327.7409.260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12896937&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11769207&dopt=Abstract
http://dx.doi.org/10.1111/j.1464-5491.2009.02867.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20121892&dopt=Abstract
http://europepmc.org/abstract/MED/19561555
http://dx.doi.org/10.1097/NNR.0b013e3181ac142a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19561555&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18447824&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14619349&dopt=Abstract
http://dx.doi.org/10.1016/j.jadohealth.2010.10.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21501800&dopt=Abstract
http://www.jmir.org/2008/2/e20/
http://dx.doi.org/10.2196/jmir.962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18653444&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Castensge-Seidenfaden et &

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24,

25.

26.
27.

28.

29.

30.

31.

32.

33.

Holtz B, Lauckner C. Diabetes management via mobile phones: a systematic review. Telemed J E Health 2012
Apr;18(3):175-184. [doi: 10.1089/tm;j.2011.0119] [Medline: 22356525]

Media Literacy Clearinghouse. 2013. Media Use Statistics: Resources on Media Habits of Children, Youth and Adults
URL: http://frankwbaker.com/mlc/media-use-statistics/ [accessed 2017-08-11] [WebCite Cache ID 6siXb8kzA]

Griffiths F, Bryce C, Cave J, Dritsaki M, Fraser J, Hamilton K, et al. Timely Digital Patient-Clinician Communication in
Specialist Clinical Servicesfor Young People: A Mixed-Methods Study (The LY NC Study). JMed Internet Res 2017 Apr
10;19(4):€102 [FREE Full text] [doi: 10.2196/jmir.7154] [Medline: 28396301]

Research 2 Guidance. The Market for mHealth App Services Will Reach $26 Billion by 2017 URL: https.//research2guidance.
com/the-market-for-mhealth-app-services-will-reach-26-billion-by-2017/ [accessed 2017-08-11] [WebCite Cache ID
6sdUgFV Qb]

Majeed-Ariss R, Baildam E, Campbell M, Chieng A, Fallon D, Hall A, et a. Apps and Adolescents: A Systematic Review
of Adolescents Use of Maobile Phone and Tablet Apps That Support Personal Management of Their Chronic or Long-Term
Physical Conditions. JMed Internet Res 2015 Dec 23;17(12):e287 [FREE Full text] [doi: 10.2196/jmir.5043] [Medline:
26701961]

Cafazzo JA, Casselman M, Hamming N, Katzman DK, Palmert MR. Design of an mHealth app for the self-management
of adolescent type 1 diabetes: a pilot study. JMed Internet Res 2012 May 08;14(3):e70 [FREE Full text] [doi:
10.2196/jmir.2058] [Medline: 22564332]

Freisland DH, Arsand E, Skarderud F. Improving diabetes care for young people with type 1 diabetesthrough visual learning
on mobile phones: mixed-methods study. J Med Internet Res 2012;14(4):e111 [FREE Full text] [doi: 10.2196/jmir.2155]
[Medline: 22868871]

Buijink AWG, Visser BJ, Marshall L. Medical apps for smartphones: lack of evidence undermines quality and safety. Evid
Based Med 2013 Jun;18(3):90-92. [doi: 10.1136/eb-2012-100885] [Medline: 22923708]

Or CKL, Tao D. Doesthe use of consumer health information technology improve outcomesin the patient self-management
of diabetes? A meta-analysisand narrative review of randomized controlled trials. Int JIMed Inform 2014 May;83(5):320-329.
[doi: 10.1016/j.ijmedinf.2014.01.009] [Medline: 24534118]

Kushniruk A, Nghr C. Participatory Design, User Involvement and Health I T Evaluation. Stud Health Technol Inform
2016;222:139-151. [Medline: 27198099

Kensing F, Sigurdardottir H, Stoop A. MUST--a participatory method for designing sustainable health IT. Stud Health
Technol Inform 2007;129(Pt 2):1204-1208. [Medline: 17911906]

Simonsen J, Robertson T. Routledge International Handbook of Participatory Design. London, UK: Routledge; 2012.
Shneiderman B, Plaisant C. Designing the User Interface: Strategies for Effective Human-Computer Interaction. 5th ed.
Boston, MA: Addison-Wesley; 2010.

Aldiss S, Taylor R, SoanesL, MaguireR, Sage M, Kearney N, et al. Working in collaboration with young people and health
professionals. A staged approach to the implementation of arandomised controlled trial. Journal of Research in Nursing
2010 Sep 17;16(6):561-576. [doi: 10.1177/1744987110380803]

Patton M. Qualitative Evaluation and Research Methods. 2nd. ed. Thousand Oaks, CA: SAGE Publications; 1990.
Castensge-Seidenfaden P, Jensen AK, Smedegaard H, Hommel E, Husted GR, Pedersen-Bjergaard U, et al. Clinical,
behavioural and socia indicators for poor glycaemic control around the time of transfer to adult care: alongitudinal study
of 126 young people with diabetes. Diabet Med 2017 May;34(5):667-675. [doi: 10.1111/dme.13318] [Medline: 28099760]
Castensge-Seidenfaden P, Teilmann G, Kensing F, Hommel E, Olsen BS, Husted GR. Isolated thoughts and feelings and
unsolved concerns. adolescents and parents perspectives on living with type 1 diabetes - a qualitative study using visual
storytelling. J Clin Nurs 2016 Nov 16. [doi: 10.1111/jocn.13649] [Medline: 27865017]

Creswell J, Plano CV. Designing and Conducting Mixed Methods Research. 2nd ed. Thousand Oaks, CA: SAGE Publications;
2011.

Nielsen J. The#1 Usability Tool. Thinking Aloud URL : https://www.nngroup.com/arti cles/thinking-al oud-the-1-usability-tool/
[accessed 2017-08-11] [WebCite Cache ID 6sdV 2c5Im]

Kushniruk AW, Patel VL. Cognitive and usability engineering methods for the evaluation of clinical information systems.
JBiomed Inform 2004 Feb;37(1):56-76 [FREE Full text] [doi: 10.1016/j.jbi.2004.01.003] [Medline: 15016386]

Faulkner MS. Intervention fidelity: ensuring application to practice for youth and families. J Spec Pediatr Nurs 2012
Jan;17(1):33-40 [FREE Full text] [doi: 10.1111/j.1744-6155.2011.00305.x] [Medline: 22188270]

Bellg AJ, Borrelli B, Resnick B, Hecht J, Minicucci DS, Ory M, Treatment Fidelity Workgroup of the NIH Behavior Change
Consortium. Enhancing treatment fidelity in health behavior change studies: best practices and recommendations from the
NIH Behavior Change Consortium. Health Psychol 2004 Sep;23(5):443-451. [doi: 10.1037/0278-6133.23.5.443] [Medline:
15367063]

Yingling LR, Brooks AT, Wallen GR, Peters-Lawrence M, McClurkin M, Cooper-McCann R, et al. Community Engagement
to Optimize the Use of Web-Based and Wearable Technology in a Cardiovascular Health and Needs Assessment Study:
A Mixed Methods Approach. IMIR Mhealth Uhealth 2016 Apr 25;4(2):€38 [FREE Full text] [doi: 10.2196/mhealth.4489]
[Medline: 27113680]

http://mhealth.jmir.org/2017/10/e124/ JMIR Mhealth Uhealth 2017 | vol. 5| iss. 10| €124 | p. 13

(page number not for citation purposes)


http://dx.doi.org/10.1089/tmj.2011.0119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22356525&dopt=Abstract
http://frankwbaker.com/mlc/media-use-statistics/
http://www.webcitation.org/

                                            6siXb8kzA
http://www.jmir.org/2017/4/e102/
http://dx.doi.org/10.2196/jmir.7154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28396301&dopt=Abstract
https://research2guidance.com/the-market-for-mhealth-app-services-will-reach-26-billion-by-2017/
https://research2guidance.com/the-market-for-mhealth-app-services-will-reach-26-billion-by-2017/
http://www.webcitation.org/

                                            6sdUqFVQb
http://www.webcitation.org/

                                            6sdUqFVQb
http://www.jmir.org/2015/12/e287/
http://dx.doi.org/10.2196/jmir.5043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26701961&dopt=Abstract
http://www.jmir.org/2012/3/e70/
http://dx.doi.org/10.2196/jmir.2058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22564332&dopt=Abstract
http://www.jmir.org/2012/4/e111/
http://dx.doi.org/10.2196/jmir.2155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22868871&dopt=Abstract
http://dx.doi.org/10.1136/eb-2012-100885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22923708&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2014.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24534118&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27198099&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17911906&dopt=Abstract
http://dx.doi.org/10.1177/1744987110380803
http://dx.doi.org/10.1111/dme.13318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28099760&dopt=Abstract
http://dx.doi.org/10.1111/jocn.13649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27865017&dopt=Abstract
https://www.nngroup.com/articles/thinking-aloud-the-1-usability-tool/
http://www.webcitation.org/

                                            6sdV2c5lm
https://linkinghub.elsevier.com/retrieve/pii/S1532046404000206
http://dx.doi.org/10.1016/j.jbi.2004.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15016386&dopt=Abstract
http://europepmc.org/abstract/MED/22188270
http://dx.doi.org/10.1111/j.1744-6155.2011.00305.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22188270&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.23.5.443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15367063&dopt=Abstract
http://mhealth.jmir.org/2016/2/e38/
http://dx.doi.org/10.2196/mhealth.4489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27113680&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Castensge-Seidenfaden et &

35.

36.
37.
38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

Holtz BE, Murray KM, Hershey DD, Dunneback JK, Cotten SR, Holmstrom AJ, et a. Developing a Patient-Centered
mHealth App: A Tool for Adolescents With Type 1 Diabetesand Their Parents. IMIR Mhealth Uhealth 2017 Apr 19;5(4):€53
[FREE Full text] [doi: 10.2196/mhealth.6654] [Medline: 28428167]

Kujala S. User involvement: A review of the benefits and challenges. Behaviour & Information Technology 2003
Jan;22(1):1-16. [doi: 10.1080/01449290301782]

Wixon D, Ramey J. Field Methods Casebook for Software Design. New York, NY: Wiley; 1996.

Clemensen J, Larsen SB, Kyng M, Kirkevold M. Participatory design in health sciences: Using cooperative experimental
methods in developing health services and computer technology. Qual Health Res 2007 Jan;17(1):122-130. [doi:
10.1177/1049732306293664] [Medline: 17170250]

Region Hovedstaden. 2014. App-gruppe sikrer fadles koordinering of app-indsatsen (App-group ensuresjoint coordination
of app action) URL: https://www.regionh.dk/til-fagf ol k/f orskning-og-innovation/Nyheder-om-forskning-og-innovation/
Sider/2014/A pp-kompetencegruppe-sikrer-faelles-koordinering-af -app-indsatsen.aspx [accessed 2017-08-11] [WebCite
Cache ID 6sdVJngsZ]

Andersen TO, Bander JP, Kensing F, Moll J. From Prototype to Product: Making Participatory Design of mHealth
Commercially Viable. Stud Health Technol Inform 2017;233:95-112. [Medline: 28125417]

Clemensen J, Rothmann MJ, Smith AC, Caffery LJ, Danbjorg DB. Participatory design methods in telemedicine research.
JTelemed Telecare 2016 Jan O1. [doi: 10.1177/1357633X 16686747] [Medline: 28027678]

Pilemalm S, Timpka T. Third generation participatory design in health informatics--making user participation applicable
to large-scale information system projects. J Biomed Inform 2008 Apr;41(2):327-339 [FREE Full text] [doi:
10.1016/}.jbi.2007.09.004] [Medline: 17981514]

Craig P, Dieppe P, Macintyre S, Michie S, Nazareth |, Petticrew M, et al. Devel oping and eval uating complex interventions:
the new Medical Research Council guidance. BMJ 2008;337:a1655 [FREE Full text] [Medline: 18824488]

Lawrence W, Black C, Tinati T, Cradock S, Begum R, Jarman M, et al. '"Making every contact count': Evaluation of the
impact of an intervention to train health and social care practitionersin skills to support health behaviour change. JHealth
Psychol 2016 Feb;21(2):138-151 [FREE Full text] [doi: 10.1177/1359105314523304] [Medline: 24713156]

Li J, Talaei-Khoel A, Seadle H, Ray P, Macintyre CR. Health Care Provider Adoption of eHealth: Systematic Literature
Review. Interact JMed Res 2013 Apr 16;2(1):e7 [FREE Full text] [doi: 10.2196/ijmr.2468] [Medline: 23608679]
Cresswell KM, Bates DW, Sheikh A. Ten key considerations for the successful implementation and adoption of large-scale
health information technology. JAm Med Inform Assoc 2013 Jun;20(el):e9-e13 [FREE Full text] [doi:
10.1136/amiajnl-2013-001684] [Medline: 23599226]

Sheikh A, Cornford T, Barber N, Avery A, Takian A, Lichtner V, et al. Implementation and adoption of nationwide electronic
health recordsin secondary carein England: final qualitative resultsfrom prospective national evaluationin “early adopter”
hospitals. BMJ 2011 Oct 17;343:d6054 [FREE Full text] [Medline: 22006942]

Dagroso D, Williams PD, Chesney JD, Lee MM, Theoharis E, Enberg RN. Implementation of an obstetrics EMR module:
overcoming user dissatisfaction. J Healthc Inf Manag 2007;21(1):87-94. [Medline: 17299930]

Sicotte C, Paré G, Moreault M, Paccioni A. A risk assessment of two interorganizational clinical information systems. J
Am Med Inform Assoc 2006;13(5):557-566 [FREE Full text] [doi: 10.1197/jamia.M2012] [Medline: 16799130]
Halamka J, Aranow M, Ascenzo C, Bates DW, Berry K, Debor G, et a. E-Prescribing collaboration in Massachusetts:
early experiences from regional prescribing projects. JAm Med Inform Assoc 2006;13(3):239-244 [FREE Full text] [doi:
10.1197/jamia.M2028] [Medline: 16501174]

Kemper AR, Uren RL, Clark SJ. Adoption of electronic health recordsin primary care pediatric practices. Pediatrics 2006
Jul;118(1):€20-e24. [doi: 10.1542/peds.2005-3000] [Medline: 16818534]

Hing E, Hsiao C. Electronic medical record use by office-based physicians and their practices: United States, 2007. Nat!
Health Stat Report 2010 Mar 31(23):1-11 [FREE Full text] [Medline: 20632518]

Kayser L, Kushniruk A, Osborne RH, Norgaard O, Turner P. Enhancing the Effectiveness of Consumer-Focused Health
Information Technology Systems Through eHealth Literacy: A Framework for Understanding Users Needs. IMIR Hum
Factors 2015 May 20;2(1):€9 [FREE Full text] [doi: 10.2196/humanfactors.3696] [Medline: 27025228]

Pagliari C, Donnan P, Morrison J, Ricketts |, Gregor P, Sullivan F. Adoption and perception of electronic clinical
communications in Scotland. Inform Prim Care 2005;13(2):97-104 [EREE Full text] [Medline: 15992494]

Cherry B, Carter M, Owen D, Lockhart C. Factors affecting electronic health record adoption in long-term care facilities.
JHealthc Qual 2008;30(2):37-47. [Medline: 18411891]

Fullerton C, Aponte P, Hopkins R, Bragg D, Ballard DJ. Lessons learned from pilot site implementation of an ambulatory
electronic health record. Proc (Bayl Univ Med Cent) 2006 Oct;19(4):303-310 [FREE Full text] [Medline: 17106488]
Whitten P, Holtz B. Provider utilization of telemedicine: the elephant in the room. Telemed J E Health 2008
Nov;14(9):995-997. [doi: 10.1089/tm].2008.0126] [Medline: 19035815]

Lynch T, Gregor S. User participation in decision support systems development: Influencing system outcomes. Eur J Inf
Syst 2004 Nov 02;13(4):286-301. [doi: 10.1057/palgrave.€gjis.3000512]

Norman CD, Skinner HA. eHEALS: The eHealth Literacy Scale. JMed Internet Res 2006 Nov;8(4):e27 [FREE Full text]
[doi: 10.2196/jmir.8.4.€27] [Medline: 17213046]

http://mhealth.jmir.org/2017/10/e124/ JMIR Mhealth Uhealth 2017 | vol. 5| iss. 10 | €124 | p. 14

(page number not for citation purposes)


http://mhealth.jmir.org/2017/4/e53/
http://dx.doi.org/10.2196/mhealth.6654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28428167&dopt=Abstract
http://dx.doi.org/10.1080/01449290301782
http://dx.doi.org/10.1177/1049732306293664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17170250&dopt=Abstract
https://www.regionh.dk/til-fagfolk/forskning-og-innovation/Nyheder-om-forskning-og-innovation/Sider/2014/App-kompetencegruppe-sikrer-faelles-koordinering-af-app-indsatsen.aspx
https://www.regionh.dk/til-fagfolk/forskning-og-innovation/Nyheder-om-forskning-og-innovation/Sider/2014/App-kompetencegruppe-sikrer-faelles-koordinering-af-app-indsatsen.aspx
http://www.webcitation.org/

                                            6sdVJnqsZ
http://www.webcitation.org/

                                            6sdVJnqsZ
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28125417&dopt=Abstract
http://dx.doi.org/10.1177/1357633X16686747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28027678&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(07)00106-2
http://dx.doi.org/10.1016/j.jbi.2007.09.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17981514&dopt=Abstract
http://europepmc.org/abstract/MED/18824488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18824488&dopt=Abstract
http://europepmc.org/abstract/MED/24713156
http://dx.doi.org/10.1177/1359105314523304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24713156&dopt=Abstract
http://www.i-jmr.org/2013/1/e7/
http://dx.doi.org/10.2196/ijmr.2468
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23608679&dopt=Abstract
http://europepmc.org/abstract/MED/23599226
http://dx.doi.org/10.1136/amiajnl-2013-001684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23599226&dopt=Abstract
http://europepmc.org/abstract/MED/22006942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22006942&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17299930&dopt=Abstract
http://europepmc.org/abstract/MED/16799130
http://dx.doi.org/10.1197/jamia.M2012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16799130&dopt=Abstract
http://europepmc.org/abstract/MED/16501174
http://dx.doi.org/10.1197/jamia.M2028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16501174&dopt=Abstract
http://dx.doi.org/10.1542/peds.2005-3000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16818534&dopt=Abstract
https://www.cdc.gov/nchs/data/nhsr/nhsr023.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20632518&dopt=Abstract
http://humanfactors.jmir.org/2015/1/e9/
http://dx.doi.org/10.2196/humanfactors.3696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27025228&dopt=Abstract
http://hijournal.bcs.org/index.php/jhi/article/view/586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15992494&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18411891&dopt=Abstract
http://europepmc.org/abstract/MED/17106488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17106488&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2008.0126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19035815&dopt=Abstract
http://dx.doi.org/10.1057/palgrave.ejis.3000512
http://www.jmir.org/2006/4/e27/
http://dx.doi.org/10.2196/jmir.8.4.e27
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17213046&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Castensge-Seidenfaden et &

60.

61.

62.

63.

LylesCR, Sarkar U, Osborn CY. Getting atechnol ogy-based diabetesintervention ready for primetime: areview of usability
testing studies. Curr Diab Rep 2014 Oct;14(10):534. [doi: 10.1007/s11892-014-0534-9] [Medline: 25173689]

Devito DA, Song M, Hawkins R, Aubrecht J, Kovach K, Terhorst L, et al. An intervention fidelity framework for
technology-based behavioral interventions. Nurs Res 2011;60(5):340-347 [FREE Full text] [doi:
10.1097/NNR.0b013e31822cc87d] [Medline: 21878796]

DeVito DA, Dew MA, MyersB, Begey A, HawkinsR, Ren D, et a. Evaluation of ahand-held, computer-based intervention
to promote early self-care behaviors after lung transplant. Clin Transplant 2009;23(4):537-545 [FREE Full text] [doi:
10.1111/j.1399-0012.2009.00992.x] [Medline: 19473201]

Williams GC, Freedman ZR, Deci EL . Supporting autonomy to motivate patientswith diabetesfor glucose control. Diabetes
Care 1998 Oct;21(10):1644-1651. [Medline: 9773724]

Polonsky WH, Anderson BJ, Lohrer PA, Welch G, Jacobson AM, Aponte JE, et al. Assessment of diabetes-related distress.
Diabetes Care 1995 Jun;18(6):754-760. [Medline: 7555499]

Abbreviations

IT: information technology

PD: participatory design

RCT: randomized controlled trial
T1DM: type 1 diabetes

YWD: Young with Diabetes app

Edited by G Eysenbach; submitted 02.06.17; peer-reviewed by B Holtz, K Murray; comments to author 21.06.17; revised version
received 30.06.17; accepted 30.06.17; published 23.10.17

Please cite as:

Castenswge-Seidenfaden P, Reventlov Husted G, Teilmann G, Hommel E, Olsen BS, Kensing F

Designing a Self-Management App for Young People With Type 1 Diabetes. Methodological Challenges, Experiences, and
Recommendations

JMIR Mhealth Uhealth 2017;5(10):e124

URL: http://mhealth.jmir.org/2017/10/e124/

doi: 10.2196/mhealth.8137

PMID: 29061552

©Pernille Castensge-Seidenfaden, Gitte Reventlov Husted, Grete Teilmann, EvaHommel, Birthe Susanne Olsen, Finn Kensing.
Originally published in IMIR Mhealth and Uhealth (http://mhealth.jmir.org), 23.10.2017. Thisis an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR mhealth and
uhealth, is properly cited. The complete bibliographic information, alink to the original publication on http://mhealth.jmir.org/,
aswell asthis copyright and license information must be included.

http://mhealth.jmir.org/2017/10/e124/ JMIR Mhealth Uhealth 2017 | vol. 5| iss. 10| €124 | p. 15

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1007/s11892-014-0534-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25173689&dopt=Abstract
http://europepmc.org/abstract/MED/21878796
http://dx.doi.org/10.1097/NNR.0b013e31822cc87d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21878796&dopt=Abstract
http://europepmc.org/abstract/MED/19473201
http://dx.doi.org/10.1111/j.1399-0012.2009.00992.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19473201&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9773724&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7555499&dopt=Abstract
http://mhealth.jmir.org/2017/10/e124/
http://dx.doi.org/10.2196/mhealth.8137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29061552&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

