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ABSTRACT

It is not easy for people to consistently take care of their health
without motivation. Existing smartphone apps have assisted
with people managing their health, but there still remain ques-
tions about whether target users’ needs were addressed to
support the users. We report on each stage of a design thinking
process for redesigning experiences of people who are in their
20s to 40s for managing their health. Especially, we were able
to empathize with our target users by making the empathy
map. This helped us to identify real users’ needs. Outcomes
from each stage of the design thinking process show that the
process is applicable to other domains when people create
a smartphone app to address the needs of their target users
effectively.

Author Keywords
Personal health management; Smartphone app; Design
thinking process; User-centered design

CCS Concepts
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INTRODUCTION

According to one study, as of 2015, 64% of the overall US
population and 82% of persons aged 18-49 years owned an
app-enabled mobile phone. Additionally, 15% of the popula-
tion now owns a mobile phone-connected wearable device,
such as a Fitbit or smartwatch [8]. Therefore, the populariza-
tion of health apps is inevitable. Over 40,000 health-related
apps were available for download from the Apple iTunes store
alone of 2013. Therefore, the importance and accessibility of
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Figure 1. The history of prototypes. From left, each image represents a
start screen of the low-fi prototype, med-fi prototype, and hi-fi prototype,
respectively.

health applications is becoming important. This study reported
that people who had never downloaded a health app, the most
important reasons they had not done so were the following:
lack of interest, high cost, lack of trust in apps collecting their
data. The most frequent reasons for discontinuance were the
following: took too much time to enter data, loss of interest.
One of the most important factors that make people using
continuously or motivates people to start to use health apps is
to improve the lack of interest [8]. Previous studies proposed
apps to support patients or healthy people interested in man-
aging their health. For example, researchers developed and
evaluated smartphone apps to support patients with diabetes
in Japan [11] and in Korea [7], chronic kidney disease in Tai-
wan [9], cardiovascular disease in Korea [1], and cancer in
Korea [6]. While the majority of the existing apps aimed to
support patients, multiple apps were designed to support peo-
ple who did not have any diseases, such as people interested
in diet management in Singapore [10], children who need to
pay attention to salt intake in China [5], and older adults more
likely to get three major diseases in Taiwan [3]. Prior studies
showed examples of smartphone apps to support a variety of
people for managing their health. Of course, they did suggest
a need for discussion but not specific ideas on features that
could help motivate users to use continuously.

In this paper, we report an example of how we applied a design
thinking process for creating a user-centered smartphone app
in a health domain. Our study developed a low fidelity(low-
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[ SAY ] “I stretch only when I see something about posture
on YouTube videos or in newspaper articles.” (P2)

“Social beginners have no information on when or where to
get medical checkups. So I don’t know much about my
current state of health.” (P4)

[ THINK ] P4 needs something to remind them of their bad
habits by checking their biorhythm.

P6 does not feel the need to visit a hospital or get a medical
checkup if it is not seriously ill.

[ DO ] “I do not visit the hospital because going to the
hospital is bothersome and I do not think it is a serious illness
anyway.” (P5)

“I could not visit the hospital because the hospital closed too
early and it was too busy because I am an examinee.” (P6)

[ FEEL ] P1, a medical expert, was very sad because patients
make the disease worse by ignoring initial symptoms.

P3 was a little ashamed, saying she didn’t know her health
status.

Table 1. Key quotes were filled in an empathy map. The SAY quadrant contains what each participant says out loud in an interview. The THINK
quadrant includes what each participant is thinking throughout the experience. The DO quadrant encloses the actions each participant takes. The
FEEL quadrant is the emotional state of each participant, often represented as an adjective plus a short sentence for context [4].
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Figure 2. This shows a Ul storyboard of how a user would perform easy,
normal, and difficult tasks with a smartphone app, respectively.

fi) prototype, medium fidelity(med-fi) prototype, and high
fidelity(hi-fi) prototype, which is the closest to the final ver-
sion of the app (see Figure 1). The higher the fidelity of the
prototype is, the more detailed, closer to the final solution. In
particular, we investigated the experiences of people managing
their health in their 20s to 40s living in urban areas. On the
basis of users’ experiences, we developed and evaluated a mo-
bile app to assist with sustainable self-healthcare of the people
through a design thinking process. To create a list of goals by
the app, we identified target users’ needs and challenges the
target users faced when they manage their health.

RECRUITMENT AND INTERVIEW PROCESS

We went through multiple steps for designing, developing,
and evaluating BYE-TAL. As an initial step, we conducted
nine semi-structured interviews with eligible study partici-
pants to understand their needs. Interview questions covered
topics about users’ experiences of self-care for personal health
management. Initially, we conducted surveys and qualitative
interviews with our target users who are in their 20s to 40s
without disabilities and live in urban areas. We focused on
the experiences of target users’ self-healthcare to understand
their needs and challenges they faced when they took self-care
of their health using a smartphone app. The inclusion criteria
were individuals who: 1) are in their 20s to 40s, 2) are able to
understand spoken Korean, 3) are without any disabilities, 4)
live in urban areas. Then, the exclusion criteria were people
who: 1) have disabilities, 2) do not have smart devices, such
as a smartphone and tablet. Semi-structured interviews were
conducted through phone calls, e-mails, and face-to-face. Par-
ticipants obtained full information about the study’s content
and the rights to stop. They participated in the interviews vol-
untarily. At the beginning of each interview, the verbal consent
was given by each participant for recording the interview and
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using data anonymously. Each interview lasted 20 to 25 min-
utes. All interviews were audio-recorded and transcribed. We
removed all personally identifying information and assigned
a unique identifier to each participant. We used the follow-
ing topics when conducting semi-structured interviews with
participants:

e Do you use your smartphone for health care? e.g., what is
the reason for that (if you use a health app or not), etc.

e Do you do something for your health? e.g., what kind of
effort do you make to solve (if you have any symptoms or
chronic diseases due to your job characteristics), etc.

e Do you usually self-diagnose your health? e.g., do you usu-
ally visit the hospital if you feel sick or if your symptoms
last for a certain period of time, etc.

e Do you want any improvements in your health care expe-
rience? e.g., why did you say you did not visit the hospital
even if you were sick, etc.

DATA ANALYSIS USING AN EMPATHY MAP

For analyzing the qualitative data from the interviews, we
collected statements from scripts of interviews that described
each participant’s experience of self-care for health and notes
of the participant’s nonverbal expressions. We made an em-
pathy map (see Table 1) and this map helped us to empathize
deeply with participants’ experiences. Therefore, we were able
to identify the real needs of users, not the needs we predict.
We identified important topics about how people in their 20s
to 40s without disabilities engage in the step-by-step process
of self-care for maintaining their health. We then classified
participants’ experiences of self-healthcare such as lack of
hospital information, sustainability issue of using a health
app. Through qualitative interviews, we identified challenges
that our potential users faced when they tried to take care of
themselves. We summarize these challenges into the following
the empathy map (see Table 1). We found the user’s needs
and insights using the empathy map (see Table 1). Based on
the results of the interview, We identified needs and insights
from our target users of people in their 20s to 40s without
disabilities. Most of all, they had some problems that they tend
to exacerbate their illness by ignoring their initial symptoms,
not to visit the hospital due to lack of information, and to
manage their diseases improperly even after the diagnosis of
disease. Besides, they wanted to know the extent or duration
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Figure 3. BYE-TAL visualizes users’ biorhythms and provides detailed
descriptions of each item.

of the symptom they had to go to the hospital because they do
not visit the hospital until they feel the symptoms are serious.
Based on this, we created a Point-of-Views (POV) statement
as follows: People in their 20s to 40s need something to check
their daily biorhythms and get accurate and prompt informa-
tion about their symptoms because they want to maintain a
healthy daily life.

IDEATION FOR POTENTIAL FEATURES

The goal of the ideation stage in the design thinking process
was to generate solutions that would be potential features of
our prototype to be produced according to the POV of target
users as illustrated in [2]. On the basis of the point of view
derived in the previous stage, we created multiple “How might
we” (HMW) questions (e.g., How might we help users not
ignore the initial symptoms of a serious disease?, How might
we provide accurate and reliable information about health to
users?, etc.). Three researchers who took the design thinking
process selected three best answers from ten HMWs through
the brainstorming process. In brainstorming again, we have
created ten potential solutions for each HMW and chosen three
of the best ideas. The criteria for selecting the best ideas were
as follows: 1) the three selected ideas must keep diversity,
2) the chosen idea must be feasible, 3) the chosen idea must
be related to the corresponding HMW. For instance, one of
the best ideas for each HMW is as follows: the idea for how
might we motivate people to use the app continuously is that
if the app is not used for a certain period, a warning alert is
given. Also, BYE-TAL compliments the users by bringing up
the notifications that they are doing well if they have lived
regularly or used this app consistently.

PROTOTYPING AND TEST

We observed three participants of the test interacting with
BYE-TAL to discover problems or factors that need to be
fixed. The low-fi prototype was produced to check for unusual
and nonintuitive connections on our user interface (UI) sto-
ryboard. First, we identified assumptions that were included
implicitly in the ideas we generated at the ideation stage. We
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Figure 4. The screen on the left shows one of the alert features of BYE-
TAL. When BYE-TAL detects a suspected disease, it alerts users to visit
the hospital. The screen on the right shows that we provide information
about the location and reviews of the hospital.

then tested assumptions for each solution by interacting with
our prototype. Our focus was to evaluate prototypes in real-
world scenarios with potential target users of the prototypes.
One of the features of the prototype is the notifications that
alert users if symptoms persist or are suspected to be a pre-
cursor to some disease. Second, we created design materials,
such as a series of tasks to be performed in real-life scenarios
and a Ul storyboard of how a user would interact with an app
(see Figure 2). For the diversity of tasks, we created an easy,
normal, and difficult task, respectively, in terms of the level
of difficulty in performing each task. Third, we asked three
participants to perform predefined tasks and observed how
they communicate with the low-fi prototype. We observed
them on the following criteria: 1) Is there a section where
they ask us questions regarding the flow of the interface, 2)
whether they are good at finding icons or buttons that need to
be pressed to perform a given task? Through this process, we
felt it is necessary to make a Ul storyboard more detailed to
make the connection between screens natural. We also learned
that the icons or buttons should be redesigned so that users
can understand them intuitively.

Based on the findings in previous steps, we produced a Ul
storyboard and medium fidelity (i.e., med-fi) prototype. We
developed an Android prototype app by using a prototyping
tool called MARVEL! available for free . In the med-fi pro-
totype level, we conducted a heuristic evaluation with three
design experts to verify the heuristic infractions of BYE-TAL.
Through the heuristic evaluation, we found that every icon
should be placed and configured consistently to a screen of
BYE-TAL. We also discovered that each button should be
added to make users can check activation for each item of
biorhythm (e.g., sleep cycle graph, the number of daily steps,
etc) in the hi-fi prototype (see Figure 3). We created a hi-fi

Thttps://marvelapp.com/



prototype with Smart Maker? that allows us to create a func-
tional prototype quickly with less effort. Unlike the med-fi
prototype, the hi-fi prototype was linked to Google Maps to
provide actual hospital locations (see Figure 4).

DISCUSSION

One of the most interesting findings in this study is that the
users responded to the stimulus. In the first interview based on
the survey, P2 said that he stretches when he watches YouTube
videos or articles about posture (see Table 1). Not only that,
in the experience prototype test, but we also found that par-
ticipants were more sensitive to the notifications that alert
suspected diseases than we expected. We concluded that BYE-
TAL must give constant and certain stimulation in order to
help users practice and maintain self-care for health. Another
interesting finding is that the survey results of our study re-
vealed that all participants did not have any additional medi-
cal checkups or close examinations except regular checkups.
In addition, when asked why not go to the hospital (multi-
ple responses available), 7(70%) responses were because the
level of pain was not serious, and 4(40%) were because their
symptoms were improved quickly. A medical expert P1 was
skeptical at people’s arbitrary decision because they worsen
their disease (see Table 1). BYE-TAL provides a detailed de-
scription of the biorhythm and brings up the notification that
recommends searching location information or reviews of the
hospital near users (see Figures 3 and 4). Such findings con-
firm that BYE-TAL needs features that encourage people to
use the app continuously (e.g., warning messages through
notification).

CONCLUSION

Overall, the goal of this study was to present how a design
thinking process can be used for developing a smartphone
app in a health domain. The key contribution of this study is
that each stage of a design thinking process has the potentials
to support designers and researchers who aim to develop a
smartphone app that meets the needs of potential target users.
One of the key features of BYE-TAL is that it alerts users
on suspected diseases and encourages them to visit hospitals
by providing information on nearby hospitals (see Figure 4).
While existing smartphone apps in a health domain have an
issue about how to encourage people to use the apps, each
stage of the design thinking process allowed BYE-TAL to
encourage people to use app persistently (e.g., the notifica-
tions that recommend using apps to users). However, there are
limitations that we do not know whether the notifications that
recommend people to use BYE-TAL is useful to the target
users, and we do not get feedback on hi-fi prototype yet. As for
future work, we aim to examine potential users’ evaluation of
the hi-fi prototype (e.g., examing whether the notifications that
recommend use actually motivate users). Also, a long-term
period deployment study with target users may enable us to
evaluate the feasibility and validity of BYE-TAL, though they
were not evaluated in this study.

Zhttps://www.smartmaker.com/

ACKNOWLEDGMENTS

This work was supported by the National Research Foundation
of Korea(NRF) grant funded by the Korea government(MSIT)
(No. 2020R1G1A1009133).

12

REFERENCES
[1] Hyunyoung Baek, Jung-Won Suh, Si-Hyuck Kang,
Seungjin Kang, Tae Ho Lim, Hee Hwang, and Sooyoung
Yoo. 2018. Enhancing user experience through user
study: design of an mHealth tool for self-management
and care engagement of cardiovascular disease patients.
JMIR cardio 2, 1 (2018), e3.

Tim Brown and others. 2008. Design thinking. Harvard
business review 86, 6 (2008), 84.

Tzu-Chiang Chiang and Chia-Hsiang Chen. 2018.
Intelligent three-high diseases home warning system
based on fuzzy theory. Journal of Medical and
Biological Engineering 38, 6 (2018), 889-904.

Sarah Gibbons. 2018. Empathy Mapping: The First Step
in Design Thinking. (2018).
https://www.nngroup.com/articles/empathy-mapping/

(2]

[3

—_—

[4

[}

[5

—_—

Feng J He, Puhong Zhang, Rong Luo, Yuan Li, Fengge
Chen, Yuhong Zhao, Wei Zhao, Daoxi Li, Hang Chen,
Tianyong Wu, and others. 2019. An Application-based
programme to reinforce and maintain lower salt intake
(AppSalt) in schoolchildren and their families in China.
BMJ open 9, 7 (2019), e027793.

Wonjun Ji, Hee Kwon, Sungin Lee, Seulgi Kim,

Jeong Sook Hong, Yu Rang Park, Hyeong Ryul Kim,
Jae Cheol Lee, Eun Ji Jung, Donghyun Kim, and others.
2019. Mobile Health Management Platform—Based
Pulmonary Rehabilitation for Patients With Non—Small
Cell Lung Cancer: Prospective Clinical Trial. JMIR
mHealth and uHealth 7, 6 (2019), e12645.

Miyeon Jung, Sung-Min Park, Yeonji Ryu, Geusan Lim,
and Jaeyoon Song. 2016. Understanding Patients” Needs
in Diabetes for Mobile Health—A Case Study. In 2016
IEEE 29th International Symposium on Computer-Based
Medical Systems (CBMS). IEEE, 66-67.

Paul Krebs and Dustin T Duncan. 2015. Health App Use
Among US Mobile Phone Owners: A National Survey.

JMIR mHealth uHealth 3, 4 (04 Nov 2015), e101. DOI:
http://dx.doi.org/10.2196/mhealth.4924

[6

[t}

[7

—

[8

—_—

[9

—

Hsiu-Wen Lin, Yu-Jen Wang, Ling-Fang Jing, and Polun
Chang. 2014. Mockup design of personal health diary
app for patients with chronic kidney disease. Studies in
health technology and informatics 201 (2014), 124—-132.

Zhao-Yan Ming, Jingjing Chen, Yu Cao, Ciaran Forde,
Chong-Wah Ngo, and Tat Seng Chua. 2018. Food photo
recognition for dietary tracking: System and experiment.
In International Conference on Multimedia Modeling.
Springer, 129-141.

Satoko Yamaguchi, Kayo Waki, Yasuhito Nannya,
Masaomi Nangaku, Takashi Kadowaki, and Kazuhiko
Ohe. 2019. Usage Patterns of GlucoNote, a
Self-Management Smartphone App, Based on
ResearchKit for Patients With Type 2 Diabetes and
Prediabetes. JMIR mHealth and uHealth 7, 4 (2019),
e13204.

(10]

(11]


https://www.nngroup.com/articles/empathy-mapping/
http://dx.doi.org/10.2196/mhealth.4924

	Introduction
	Recruitment and Interview Process
	Data Analysis using an Empathy Map
	Ideation for Potential Features
	Prototyping and Test
	Discussion
	Conclusion
	Acknowledgments
	References 

