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Background: There have been many efforts to rectify lifestyles that contribute to obesity using a variety of meth-
odologies in heterogeneous settings, but effective and sustainable interventions that are suitable for children
are still needed. We developed a smartphone application called “HAPPY ME” for guiding health behavior deci-
sions, which employs gamification and self-monitoring strategies. The aim of this paper is to outline the ration-
ale and methods for the development and feasibility test of “HAPPY ME”.

Methods: The study consisted of two phases: 1) description of theory-based conceptual framework and ration-
ales for smartphone application development and 2) outline of a pre- and post-test design in 4™-6" grade of
healthy elementary school students for 4 weeks. The students will be delivered missions or messages on a dai-
ly basis, which is to stretch the knowledge and skills for action. They will simultaneously be engaged in
self-monitoring their eating and physical activities to clear daily quests. To measure acceptability and feasibility
we will monitor usability, compliance, and satisfaction for a 4-week study period and evaluate the intervention
effects on self-efficacy, readiness, and intention to engage in healthy behavior.

Conclusions: The results of the feasibility study will show whether the smartphone application “HAPPY ME” for
children is acceptable, as well as if it is usable and feasible for self-directed health management. The results will
provide preliminary evidence of the effectiveness of smartphone application-supported child behavioral mod-
ification for child obesity prevention and management.
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INTRODUCTION

In recent years, children being overweight or obese has
become one of the major concerns in the public health sec-
tor worldwide, including Korea. The prevalence and se-
verity of overweight and obese school-aged children in
Korea has increased almost tenfold over the last 20 years,"”

and an estimated 14.3% of school-aged children were
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overweight or obese in 2011.” The importance of early as-
sessment and intervention of potential and substantial risk
factors for child obesity has been emphasized in light of its
deleterious health consequences. Despite the increasing
number of behavioral interventions for obesity prevention
and management in children,” it is still uncertain what the
most effective and efficient components of these inter-
ventions are and what the most acceptable and sustainable
strategies are for childhood.

Smartphones have recently become part of contemporary
culture in children. It is common for children to start us-
ing smartphones at 10-12 years old, and 81% of children
aged 8-18 years use them.” It is reported that Korea
reached a smartphone penetration rate of 65% among
school-aged children in 2013, which increased 13 times
from 6% in 2010.” The broad reach of smartphones and
the prosperity of the multimedia industry have gained
enough attention to facilitate the engagement of children
and therefore be a potentially powerful means for chil-
dren’s health management. Given the features of port-
ability, accessibility, and adaptability, smartphone-deliv-
ered interventions may provide a more effective strategy
in modifying a range of obesity-related health behaviors,
specifically diet and physical activity. Previous research
with adults has found that technology-based interventions
are an acceptable and effective method for obesity man-
agement by delivering health information, providing self-
monitoring tools or programs, and interacting via auto-
matic feedback systems.®” Moreover, interventions using
smartphone applications have been considered to over-
come many of the barriers of conventional offline obesity
management interventions in children, including con-
straining high dropout rates accompanied by low attend-
ance to education sessions, lack of interest, unwillingness
to engage in face-to-face counseling or interviewing, and
sometimes large burdens for accompanying parents.” In-
terventions using smartphone applications can provide a
more effective and acceptable means of child obesity man-
agement, allowing the participants an interesting, easi-
ly-accessible, self-facilitated intervention using the inter-
active and playful features of the smartphone.”

Despite the potential advantages of smartphone applica-
tion-supported strategies to provide effective and accept-
able support, it is hard to find evidence of the acceptability

and effectiveness of technology-based interventions spe-

cifically targeting obesity management in school-aged
children. As the first step in establishing an evidence base
around the use of smartphone applications in child obesity
prevention and management, therefore, we developed
“HAPPY ME”, a smartphone application for guiding
health behavior decisions using gamification and self-mon-
itoring strategies. We plan to conduct a preliminary study
to test the acceptability and feasibility of this application

in child obesity prevention and management.

METHODS
1. Overview of study design

The aim of this paper is to describe the rationale and de-
velopmental procedure of a smartphone application for
child obesity prevention and management and also present a
study protocol for a feasibility test specifically targeting
school-aged children. This study was designed as one of the
sub-components of the project “Development of Integrative
Platform based on Bio Technology and Information Tech-
nology (BT-IT) for the Prevention and Management of
Obesity in Children and Youth” granted by the Ministry of
Science, Information-Communication Technology and
Future Planning, Korea (NRF-2013M3C8A2075911). The
study consisted of two phases: 1) design and development
of the smartphone application “HAPPY ME” and 2) study
protocol for preliminary test of the prototype of “HAPPY
ME” for acceptability and feasibility.

2. Design and development of “HAPPY ME”

1) Theoretical framework

The conceptual background for “HAPPY ME” devel-
opment was Csikszentmihalyi’s flow theory and Keller’s
attention, relevance, confidence, and satisfaction (ARCS)
model of motivational design.'>"

Csikszentmihalyi’s flow theory posited that “flow is the
subjective experience of engaging just-manageable chal-
lenges by tackling a series of goals, continuously process-
ing feedback about progress, and adjusting action based
on this feedback”'?. Flow is completely focused motiva-
tion that is promoted by feelings of competence and effi-
cacy in harnessing a feeling of spontaneous joy while per-

forming a task. Motivation and immersion are essential
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prerequisites to elicit and sustain engagement in the proc-
ess of the activity. Based on the conceptual framework of
this theory, gamification has been functionally infused in
the development of the smartphone application in order to
enhance the delivery of educational content with enjoy-
ment. The functional content for gamification was struc-
tured based on the important key conditions of flow theo-
ry, including: 1) a clear set of goals, 2) clear and immediate
feedback, and 3) a balance between perceived challenges
and perceived skills.

Keller’s ARCS model of motivational design was devel-
oped to supplement the learning process with motivation
and consists of four main areas: 1) attention, which ini-
tiates motivation for learners, 2) relevance, which is estab-
lished by using language and examples that the learners are
familiar with, 3) confidence, which focuses on establishing
positive expectations for achieving success among learn-
ers, and 4) satisfaction, which is achieved by providing
positive feedback on an achievement or a reward for a
learning experience.“) From a design perspective, educa-
tional practices are embedded in the gamification at vari-
ous steps in a literacy- and visual-friendly manner in order
to keep children’s attention and facilitate their engage-

ment in behavioral modification.

2) Gamification

Gamification is the concept of applying game mechan-
ics and dynamics to non-game contexts to make people
more motivated and engaged in solving problems. Game
mechanics are functional elements in gamification, includ-
ing a leaderboard, points, badges, levels, and challenges or
quests.'”” Game dynamics are related to the individual’s
reactions to satisfy fundamental needs and desires, includ-
ing the desire for achievement, altruism, competition, re-
wards, and self-expression.”” The combination of game
mechanics and dynamics creates a motivating, emotional,
and entertaining interaction, driving the users’ engage-
ment and participation and stimulating them to move the
action forward to achieve goals. It can provide the knowl-
edge and skills necessary to accomplish tasks and facilitate
the development of problem-solving strategies. These
gaming elements can be translated into a game for the
health education sector by providing the opportunity for
authentic practice in realistic contexts. Learning and be-

havioral change through playing a well-designed game

takes advantage of the many potential benefits of self-help
in health management, which facilitates self-directed and
self-explored engagement, development of self-concepts
and self-efficacy, and therapeutic communication and so-
cial support. The most remarkable contribution of playful
gaming elements and ease of use is maintaining engage-
ment and ensuring adherence to the learning and training
of desirable health behaviors through the players’ full in-
volvement and enjoyment in the game.

Gamification has been studied and applied with mobile
and web applications to encourage the participants to en-
gage in decision-making for desired behaviors in the health
sector, including smoking cessation,'” medication adher-
ence,” self-management for chronic disease,' physical
activity engagement'” and dietary decision-making."®
Gamification has also been recognized as a very practical
tool for taking advantage of health care in children and
adolescents.” However, using technology for education
or health management in children is still a topic under de-
bate due to the potential harmful side effects of media ad-
diction or smartphone addiction. Technology-based in-
terventions for child health management are just in the be-
ginning stages of development, and thus there is little evi-
dence of their potential benefits for child health outcomes.
Indeed, designing technology-based health interventions,
especially those that use gaming elements, for children is
complicated, and the success depends on how well the
gaming elements incorporate therapeutic or educational
content and how well the balance between adherence and
addiction can be maintained. Therefore, the design and de-
velopment of a technology-based child health inter-
vention requires an understanding of the subjects” devel-
opmental traits and the determinants of their behavior. We
took this into consideration in the design and develop-
ment of our smartphone application for child obesity pre-
vention and management, “HAPPY ME”. The strategies
we used were as follows: 1) using points/badges and levels
as rewards for completing quests, 2) using closed social
networking services with friends, 3) providing practical
examples of diet, physical activity and socio-emotional
support, 4) setting time limits for each quest completion,
5) setting opening and closing times for use of the applica-
tion as 7 a.m. and 10 p.m., and 6) allowing communication

and monitoring through interaction with parents.
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3) “HAPPY ME?” design

“HAPPY ME” is an interactive system that primarily
uses a gamification and self-monitoring modality as a
means to influence decision making for behavioral change
for obesity prevention and management in school-aged
children. The design was inspired by social cognitive theo-
ry (SCT), which addresses dynamic and reciprocal inter-
action of personal, behavioral, and environmental factors
as determinants of behavior.” A principle concept in SCT
is self-efficacy, a person’s belief in his or her ability to per-
form a specific behavior successfully, which is considered
to be a core determinant of health behavior change. Key
conceptual elements of SCT include reciprocal determin-
ism, behavioral capability, observational learning, re-
inforcements, and expectations. “HAPPY ME” was de-
signed to aid healthy behavior adoption by incorporating
gaming elements into these theoretical concepts.

“HAPPY ME” consists mainly of nine quests that ad-
dress healthy diets, physical activity and exercise, so-
cio-emotional support, and obesity-related knowledge.
Six quests are available to the user from the beginning, and
three more quests are available when the user successfully
completes quests on a daily basis and gets to a certain level
by earning experience points. The first page displays the
six quests that are available, and the user can select one of
them. For example, the user can start the quest that ad-
dresses exercise by clicking the corresponding button.
When the user opens the quest, the message, “ten-minute
stretching for healthy body” appears with a “start”
button. When the “start” button is clicked, a simulation
video of the stretching exercise is displayed with a stop-
watch on the board. After ten minutes, a message that
reads “success” pop up and some experience points are
given as a reward. If the user exits the page before the ten
minutes are up, a message that reads “incomplete”
appears. Each quest is randomly updated on a daily basis.
Experience points and badges are given as rewards for the
completion of each quest. As users earn experience points,
they can get to higher levels.

Closed social networking services allow all users who
participate in “HAPPY ME” to be ranked on a scoreboard
so users can compare their own ranking to that of their
friends in real time. Badges are given as additional rewards
to users who achieve a certain number of experience

points or reach certain levels. In addition, physical activity

is automatically recorded and displayed as a daily step
count via a pre-installed pedometer on the application.
The immediate feedback system provides the amount of
calories expended in accordance with the step count and
also displays a comparison with the recommended calorie
intake. Experience points are given as a reward for meet-
ing step count goals. Students are encouraged to record
their dietary intake and physical activity as much as they
can. Self-monitoring of dietary intake and physical activ-
ity is optional because manual recording methods are ap-
parently labor-intensive and burdensome for such an age
group, which can reduce the adherence to the application.
Rewards are given for tracking dietary intake and physical

activity in order to incentivize users.

4) Intervention content

The intervention areas on which “HAPPY ME” focuses
are diet, physical activity, and socio-emotional support.
These areas have been suggested as key elements in child
obesity management.”” The key messages for each area are
based on national policy and expert recommendations for
healthy lifestyle in children.””*" Key messages for healthy
eating are focused on eating fruits and vegetables every
day, eating two servings or more of low-fat dairy every
day, eating breakfast every day, opting for an appropriate
portion size, drinking more water than sugar-sweetened
beverages, and choosing healthy snacks over instant and
fast food. These messages are taken from the Dietary
Guidelines for Healthy Eating in Children.”” Two key
messages for physical activity are suggested that are con-
sistent with the Dietary Guidelines for Healthy Eating in
Children™ and the Physical Activity Guide for Koreans™:
engage in one hour or more of active play and limit screen
time to less than two hours. The quests for socio-emo-
tional support also include missions for social skill devel-
opment and lifestyle habit change. The quests for action
are displayed with pictures or videos with examples or
simulations to ensure the user’s attention and confidence
in learning and practice. Each message in these topics is
randomly provided, with quests at first and then requests
to respond to missions on a daily basis. According to the
response and success rate, the messages are designed to au-
tomatically reorganize in order to reinforce behavioral
change.

Five or six questions per daily quest are provided to
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stretch the user’s knowledge and skills for action. The
questions cover educational information such as food and
diet, physical activity and exercise, behavioral acceptance,
social skills and healthy relationships, and general in-
formation about health and obesity. Research members of
the child obesity prevention and management project de-
veloped the pool of key messages and questions, and they
consulted an advisory committee consisting of experts on
child education, behavioral science, psychology, physical

education, and nutrition.

3. Acceptability and feasibility test of prototype “HAPPY
ME”

1) Setting and participants

This study employs a school-based pre- and post-test
design aimed at improving healthy behavior for obesity
prevention and management. Elementary school students
from fourth to sixth grade who use smartphones will be
recruited from two schools. The participants will include
those 1) whose weight ranges from underweight to obese,
2) who are healthy without systematic or metabolic dis-
ease conditions, 3) who are capable of downloading and
operating the smartphone application, 4) who have not
been involved in any behavioral modification programs in
the past 6 months, and 5) whose parents give permission

for them to participate.

2) Study procedure

A newsletter will be sent to potential participants’ pa-
rents in the recruited schools. The newsletter will include
the purpose of the study, method and duration, features of
the applied smartphone application, information that will
be collected, and a written consent form. The consent
form will be obtained from dyads of parents or legal
guardians and students. After collecting consent forms,
the research staff will telephone the parents who permit
their children to participate in the study, describe this
study in further detail, and obtain verbal consent. Chil-
dren’s current health status and medical history will be de-
termined through the telephone interview with the parents.

Enrolled students will participate in the 4-week trial of
the prototype “HAPPY ME”. In advance of “HAPPY
ME” installation, smartphone use, determined by time

and frequency, of all participants will be measured for a

run-in period of 1 week to get baseline data. Changes in
smartphone use within-group will be analyzed to de-
termine the potential impact of encouragement to use the
newly installed application on the general use of smart-
phones in children — whether use of the smartphone will
be acceptable for child health interventions, considering
concerns over the negative effects of smartphone use.

The participants will be instructed to install the “HAPPY
ME” application on their own smartphones and to create
an account for login with general information such as age,
sex, current body weight, and height. They will then be in-
formed of the practical features of the application by re-
search staff. This study was approved by the institutional
review board of I University College of Medicine (IRB
No. IIT-2014-080).

4. Outcome measures

The rate of parents” agreement to let their children par-
ticipate will be addressed. The usage and compliance of
“HAPPY ME” will be monitored throughout the whole
period of the trial by keeping an access log of participant’s
activity on the application. The collected data will be sum-
marized on a daily and weekly basis. The access log will be
analyzed for an estimation of the retention rate and suc-
cess of the quests as primary outcomes in accordance with
aim of this feasibility study.

As the secondary outcomes, current dietary behavior
and physical activity, readiness and intention to engage in
behavioral modification, perceptions, knowledge and
self-efficacy for healthy diet and physical activity will be
assessed using a constructed survey questionnaire in a
face-to-face interview with all participants before and af-
ter the study. The changes in the magnitude of readiness,
intention, behavior, and psychological variables measured
before and after the trial will be evaluated in order to find
the short-term effects of the intervention on health behav-
ior decisions. The step count automatically collected by
the pedometer will be used as the objective indicator to
verify actual behavioral change in effect. Dietary intake
and physical activity, which users are encouraged to re-
cord but given the option not to, will be used to assess
users’ commitment to self-management. Satisfaction with

the application will also be assessed at the end of the study.
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DISCUSSION

Many smartphone applications for health management
are currently available, as the need for dynamicity of elec-
tronic communication technologies in the health sector is
growing. Interactive smartphone applications can offer an
unprecedented opportunity for individualized and in-
tensive treatment approaches by providing timely in-
formation, immediate access, social support, and real-time
feedback on health behavior decisions. The need for an in-
novative system to facilitate children’s engagement in
self-management is also growing. Despite the growing
adoption of technology-based interventions for disease
management and health promotion even in children or
youth, systematic evaluations for acceptability and feasi-
bility of such technologies are limited.”” Moreover, few of
the applications currently being used employ approaches
with expert-recommended strategies and behavioral tar-
gets to assist healthy behavior in children.” Some applica-
tions in use create confusion or misconceptions for the
users because of the limited and fragmentary information
provided to them. The design and application of smart-
phone-support strategies is more complicated and chal-
lenging for health behavior researchers, mobile applica-
tion developers, and health promotion practitioners when
the aim is child obesity management. Focusing on enjoy-
ment with excessive game mechanics can lead children to
indulge in excessive smartphone use rather than achieve
the desired results through purposeful action. A poor de-
sign fails to meet the children’s expectations and create
satisfaction, and is not sufficient to motivate them by de-
livering persuasive content. Even though an application
may be designed well and have a sound context, additional
effort is required to monitor and guide users to ensure safe
access and appropriate use of other functions on the
smartphone.

This paper describes the rationale and methodology of
the acceptability and feasibility test of intervention deliv-
ery using the smartphone application that was developed
specifically for aiding behavioral decisions related to child
obesity prevention and management. “HAPPY ME” was
designed to provide an interactive and practical tool to in-
crease children’s awareness, knowledge, and self-efficacy
related to healthy behavior for obesity prevention and
management. Important aspects of the design of “HAPPY

ME” are as follows. First, it targets multiple behavioral
changes, which is considered more acceptable and val-
uable to the users because it reduces the burden to find
other supplemental applications or materials.” Second, it
typically uses game mechanics and dynamics to deliver in-
formative content, which has been suggested as an effec-
tive way to make the users engage into purposive ac-

2.7 . ..
") and to increase motivation and adherence to the

tions
application. It is known that encouraging smartphone use
and adapting game elements have potential adverse effects,
such as overindulgence, in child health care interventions.
Therefore, we constrain the use of the application to a cer-
tain number of quests per day. However, the function-
alities for self-monitoring of dietary intake and physical
activity are available even when the quest limit has been
reached for the day, and rewards are offered for commit-
ment to tracking this behavior. The application is designed
to only be available from 7 a.m. to 10 p.m., so as to not dis-
turb the children’s bedtime. Smartphone use during class
is generally prohibited by school regulations in Korea.
The protocol for this feasibility test will follow these regu-
lations and will not interrupt the children’s schoolwork.
Notwithstanding the positive aspects, concerns about
the negative effects of mobile technology-supported strat-
egies are being raised. Increased access to smartphones
may increase obsessive use and addiction, which can cre-
ate harmful consequences for physical and psychological
health outcomes.”” There is a concern that the increased
use of smartphones may take the place of active play and
promote sedentary behavior, which has been increasingly
studied as a determinant of childhood obesity.***” There-
fore, careful consideration should be given to issues of
smartphone-supported child obesity interventions. Parental
involvement has been suggested as one of the most im-
portant elements in child obesity management using smart-
phone applications, allowing the parents to participate
with the child and support the child’s achievements.”” The
third cachet of this application is that parental partic-
ipation is required to complete one of the six daily quests,
which includes an element such as “discussion of vegeta-
bles and fruits which are available” or “to make a promise
to exercise together with parents”. Incorporating parents
in the activities of the application allows the parents to
monitor their child’s adherence to the activities with the

application, and thus possibly encourage the child more. It
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can be helpful to make the home environment more sup-
portive of the child obesity intervention as well.

Lastly, multidisciplinary work across the areas of child
education, behavioral science, medicine, nutrition, phys-
ical activity, psychology, and intellectual technology sci-
ence have shaped the development of the application and
the planned empirical test of the application. The princi-
ples and strategies used in “HAPPY ME” can be trans-
lated to general health promotion projects for children
and youth.

The results of this acceptability and feasibility test are
expected to provide preliminary evidence of whether a
smartphone-supported intervention is acceptable and ap-
propriate for child health promotion as well as obesity
management. Based on the insights from the preliminary
evaluation, advanced usability features of the prototype
will be incorporated into the comprehensive service plat-
form for school-based obesity prevention and manage-
ment that can involve parents or primary caregivers, school
teachers, and community health service providers in next
stage of this project. Future research is warranted to exam-
ine the sustainability of health interventions delivered via
these technologies and the capacity for long-term health

outcome maintenance.
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