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Abstract

Background: Alcohol abuseisthe primary cause of (public) health problemsin most parts of theworld. However, it isundeniable
that alcohol consumption is a practice that is widely accepted socially in many places, even being protected by law as a cultural
and historical heritage. The issue of alcohol abuse is complex and urgent, and consequently, it is necessary to create innovative
approaches such as the proposal explored in this study.

Objective: This study aimed to explore the development and evaluation of a serious game for smartphones to present a novel
approach to address the issue of alcohol abuse.

Methods: A serious game was developed to instill the consequences of acohol abuse into the player through experimentation
in the game. In the game, the consequences of alcohol use are demonstrated by increasing the game speed that gives an illusion
of fun but a so leadsto a premature death. The evaluation employed an assessment based on the Alcohol Use Disorders | dentification
Test (AUDIT) and the Game Experience Questionnaire (GEQ). The participants belonged to the university student’s house.

Results: The game development process has been presented, including its mechanics and gameplay. The game has the style of
action and adventure games in which the player controls an indigenous avatar that can deflect or attack opponents coming his or
her way. The game evaluation comprised an assessment based on 23 participants, aged 20 to 29 years. According to the AUDIT
assessment, 18 participants reported having alow or nonexistent degree of alcohol dependence and 5 declared average dependence.
Regarding their habit of playing games on smartphones, 9 participants declared they have this habit of playing (habitual players),
and among the 14 that did not have this habit of playing (nonhabitual players), 3 participants declared not having a smartphone
at al. The GEQ core assessment showed a higher positive affect among the participants with a habit of playing games, scoring
2.80 (habitual players) on ascale of 4.0 versus 1.61 (nonhabitual players), and higher tension as an opposite relationship of 0.81
(nonhabitual players) versus 0.37 (habitual players). The overal GEQ evaluation showed that the game presents a more positive
than negative affect on all users, besides showing the other desirable characteristics of serious games.

Conclusions: We present a new way of dealing with the issue of alcohol abuse through a game designed for smartphones. It
promotes an overall positive user experience, having agreater impact on users accustomed to games. The proposed approach has
its niche, though it is still a minority in the evaluated population. Further research should explore new game features, such as
new styles, to make the game more attractive to a wider audience, in addition to performing an in-depth study on the effects of
playing it.

(IMIR Serious Games 2019;7(4):€11151) doi:10.2196/11151
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Introduction

Background

Alcohol abuseisthe primary cause of (public) health problems
inBrazil. According to the World Heal th Organization (WHO),
in 2012, about 3.3 million deaths or 5.9% of al deathsrecorded
on the planet were attributabl e to alcohol consumption[1]. The
abusive consumption of alcoholic beverages is the component
cause of more than 200 types of diseases and injuries.
Alcoholism represents harm to private health, public health,
and the economy as a whole. The estimated annual cost of
alcoholismis£20 billion in the United Kingdom and more than
US $200 hillion in the United States. Brazil loses around 7%
of its gross domestic product per year because of excessive
consumption of a coholic beverages. The cost estimated in 2014
reached R$372 hillion [2].

However, it is undeniable that alcohol consumption is a part of
many cultures, being a practice that iswidely accepted socially
in most parts of the world. In Brazil, the spirit cachaca (atype
of digtilled spirit made from fermented sugarcane, the most
popular distilled alcoholic beveragein Brazil) is even protected
by law for itsdistinguished characteristics (Brazilian Presidential
decree n.6871/2009) and is considered a part of national cultural
and historical heritage. The issue of alcohol abuse is complex
and urgent, and consequently, it is necessary to create innovative
approaches such as the proposal explored in this study.
Objectives

The main aim of this study was to explore the possihilities
offered by new technologies to address this relevant issue.
Numerous successful cases have been found in the literature
employing serious games in dealing with relevant health care
issues [3]. Considering the growing use of smartphones, the
creation of a serious game for smartphones takes advantage of
this important channel of communication to innovate an
intervention for such issues.

Our proposal wasto employ new technologiesto raise awareness
about the consequences of alcohol abuse, promoting
empowerment of the individual, traditional cultures, and social
responsibility. The authors believe that asuitable meansfor this
is a playful educational tool, that is, a serious game. In this
sense, the user is allowed to experience the option of drinking
and modifying the gameplay, eventually increasing the fun
factor, but al so showing the consequences, such asthe premature
termination of the game (player’s death in the game).

Methods

Design Rationale

Game development is based on the premise that games are
strongly linked to redlity. According to Abt [4], a game has
some core elements such as rules, participants, information,
gains, and losses. It is also possible to assimilate factors such
as competition, opposition, and maximization or minimization

https://games.jmir.org/2019/4/€11151

of some factor over another. Thus, it isfeasibleto relate agame
to other human activities, as al have rules (of society or a
particular environment), participants, successes, and failures
(of tasks or procedures involved).

An indigenous hero is considered for the setting of the game.
It is worth noting that alcohol abuse also extends in Brazil to
the indigenous sphere of society. Langdon [5] points out that
because of the process of inclusion of the indigenous peoplein
the broader society, they have begun to substitute or add the
digtilled beverage into their everyday life. The consequences
of this change have also been addressed by Viertler [6] and
Guimardes and Grubits [7], demonstrating that alcohol abuse
is the main cause of addiction diagnoses, accidents, and cases
of violence against other members of the community, including
the use of various weapons and incidence of fatal victims. The
indigenous theme al so brings out the problem in these societies
to a wider audience as intervention in this area is also not an
easy task and lacks attention in a broader sense.

As Ingold [8] points out, the learning process is about the
education of attention. Thus, asachild, learning is consolidated
through games and toys. Through them, the study by Ritterfeld
et a explains[9], “children exploit and accumulate the world,
improving their skillsand abilities” because they are extremely
motivating activities. However, later in elementary school, there
isaclear separation between learning and fun, making learning
somewhat unmotivating and unpleasant. This is because
motivation dictates the learning flow—when motivation ends,
learning and the act of playing aso end [10].

Electronic games have been proposed to make learning
motivational as they have the ability to communicate concepts
and facts of many subjects effectively and allow people to
recreate themselves in new worlds and achieve recreation and
deep learning at the same time. That is, they are capable of
creating a dramatic representation of the studied situation
[4,10,11].

Such games are called educational games. However, they do
not always achievetheir goal as many prioritize the educational
or entertainment components separately. A methodology isused
specifically for the devel opment of serious gamesthat are games
that use the artistic medium of the game to deliver alesson or
teach about some subject so that both components are balanced

[9].

According to Michael and Chen [11], a serious game should
contain some el ements rel ated to design and devel opment itself,
including thefollowing: (1) simple (intuitive)—usable by people
who havelittle or no experience with digital games, (2) adequate
simulation—both in terms of realism and difficulty, and (3)
progress analysis—it allows the player to formulate strategies,
in case he or she learns what the game wants to pass to achieve
greater progress in the game.

To achieve these desirabl e characteristics, the devel opment was
divided into 3 stages: (1) planning, (2) prototyping, and (3) app
consolidation. Thewhole processwas documented inthe Game
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Development Document, which contains all the necessary
information for game development, such as an execution
flowchart, the definition of gameplay, and references and
inspiration. This paper has presented a consolidated version of
the Game Development Document, highlighting the main
concepts employed in the game with regard to mechanics,
gameplay, and implementation.

Field Evaluation

The game evaluation was carried out with students from the
student residence of the Federal University of Sao Jodo del-Rei.
Thisresidenceisthe student housing provided by the university
for low-income students under the university’s official assistance
program. All participants were volunteers and had to sign a
participant consent form, which described the general purpose
of the study and stated the research procedures according to
international and Brazilian ethical research lawsand principles.
The results are opinions declared by the participants and were
disclosed anonymously. The proposed evaluation consisted of
3 stages. 2 questionnaires (pre- and postintervention) and a
20-min intervention phase of user interaction with the game.
No further explanation about the game was provided, leaving
the exploration process up to the participants. When the
participants asked about a specific game element, the feedback
was an incentive for them to explore and test the interface to
figure out the answer.

The preintervention interview was performed to characterize
the participant by collecting information such as age, sex, and
their level of alcohol dependence. To identify the level of
alcohol dependence of the users, the Alcohol Use Disorders
Identification Test (AUDIT) was employed. The WHO
recommends the use of AUDIT [12] asasimple, brief method
of screening for excessive drinking. Its questionnaire contains
10 multiple-choice questions with 5 choices each. The
assessment works as a sum of points acquired by each
alternative—from 0 to 4—and the final result, that is, the sum

Carvalho et d

of al the alternatives, determines the level of acohol
dependence of the interviewee. Therisk degree of dependency,
potential consequences, and intervention recommendation for
the interviewee are classified according to 4 levels. The
correspondence among scores and the meaning of their risk
level isshown in Table 1.

The Game Experience Questionnaire (GEQ) [13] was used for
the postintervention evaluation. It consists of a questionnaire
composed of 3 modules: the core, the postgame, and the social
modules. The questionnaire has ssimple and direct questions
about the player’s thoughts and feelings, such as“1 felt happy”
and “| felt angry.” The core module has questions regarding
feelings and beliefs that the interviewee had while playing. In
the postgame module, the questions are focused on when the
player stopped playing. In this way, the participant demarcates
the level of agreement with the corresponding sentence on a
scale from 0 to 4, where 0 means no agreement and 4 means a
lot of agreement.

Only the core and postgame moduleswere used asthe proposed
game does not have socia interactions. The participants
answered them after the intervention stage. In each module, a
group of questions defined a component to be analyzed, and
the final calculation of it was given by the simple average of
the questions. The total average of the components was given
by the smple average of all the individual components of the
interviewees—with results ranging from O to 4. In this case, 0
means that there is no presence of that component and 4 means
thereisalot of it.

Finally, the postintervention eval uation consisted of 3 questions
to eval uate the design of the app concerning the visual and sound
resources and the available information about the game (such
as tutorials and information about the project) and about the
controls. A scale from O to 4 was also used at concordance
levels, where O meant weak and 4 meant optimal.

Table 1. Risk level scoreswith regard to acohol consumption behavior according to the Alcohol Use Disorders |dentification Test assessment.

Score Risk level

0-7 Inexistent: low-level drinking or abstinence

8-15 Low: alcohol usein excess of low-risk guidelines

16-19 Medium: harmful and hazardous drinking

Over 20 High: alcohol dependence

Results :‘; :t rr?azrt:]l:n ltJ:t ir;gnj[he Unity Graphic Engine (ie, Unity3D) for
Development The game was deployed on the Android operating system

The Game Development Document details the proposed
modeling and the definition of the rules, basic interface, and
other details. The details of the graphics and sound features
were being defined along with the game development. In total,
2 versionswere developed. Thefirst prototype was madein the
Massachusetts Institute of Technology (MIT) Applnventor
platform, but its development was discontinued because of
performance issues. The last prototype is the evolution of the

https://games.jmir.org/2019/4/€11151

because of its popularity. The development of an app through
native language is the development of an Android app
exclusively using the Android Software Development Kit or
Android Native Development Kit. This allows for efficient
development as the developer has direct access to all the tools
of the device. Accessto all tools allows you to design the app
in the best possible way for the operating system, maximizing
the user experience. However, thisenvironment requires mastery
of the platform’s native language and its tools. All physical
modeling involved in the app must be devel oped. For easy game
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development, many platforms can be found in the Android
ecosystem that assist developersin creating new games.

A study was carried out on game development platforms
available for the Android system. The most promising ones
were MIT Applnventor and Unity Graphic Engine.

TheMIT Applnventor platformisan Android app devel opment
platform supported by Google and maintained by the MIT
(United States). It has a drag-and-drop system where users
select, drag, and fit blocks that determine a line or method of
execution in an interaction area. It is an open-source license
environment that is easy to learn, with the freedom to run the
program for any legal purpose.

At firgt, the authors chose the MIT Applnventor platform for
prototyping because of the small learning curve and the need
to set implementation details. It was a straightforward
implementation of what was designed. However, because of
performance i ssues when the game had to perform fast updates
of the graphic elements on the screen (ie, the game starts
experiencing unexpected screen update errors), a more robust
platform was needed. Therefore, the game’s final version was
fully implemented using the Unity Graphic Engine. It took a
whileto learn this new platform, but the process of prototyping
in Applnventor to achieve better implementation later in Unity
was shown to be effective to enable fast prototyping, especially
considering programmers without much experience in game
development, and produce a better game in terms of quality on
amore robust platform.

https://games.jmir.org/2019/4/€11151
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The proposed game follows the style of action and adventure
games, in which the player controls an indigenous avatar who
can deflect or attack opponents coming his or her way. It has 3
screens: the initial menu screen, an information display screen
about game rules and the project, and the screen that contains
the game. The initial menu screen, described in Figure 1 (left),
allows you to move to any other screen within the app and to
exit the app. The about screen, shownin Figure 1 (right), allows
the user to return to the initial menu screen (using the return
button in the upper left corner). Information regarding the game
screen (and the game itself) is described in the following
subsections. It isimportant to note that all graphics and sounds
are available on the internet under the Creative Commons
license.

Theinstructions presented in the about screen (Figure 1 [right])
can be trandated as follows: About the Game —“JIB isagame
created to address the issue of acoholism, allowing the player
to experience the consequences of alcohol abuse through the
game. The indigenous theme has been explored to compose the
hero of this game, creating a narrative contextualized in the
forest. The effects of using acohol can be perceived by
increasing the game speed and giving an illusion of more fun
but also by showing that alcohol abuse might lead to premature
death.”; and How to Play “Move the Indian by touching the
lower half left and right of the screen and shoot by touching the
center of the screen. Opponents will appear at the top of the
screen, and you must act. Be careful with the drinks, it can be
tasty, but the alcohol level will rise, and it will change you.”

JMIR Serious Games 2019 | vol. 7 | iss. 4 [e11151 | p.5
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Figure 1. Two screens of the proposed game: (Ieft) first screen; (right) about the game screen (in Portuguese).

The user interaction consists of using a touch screen, where
areas are defined for interaction and arrangement of the elements
of the game. Figure 2 (right) presents a schematic of these areas
in comparison with the game screen (Figure 2 [l€eft]: (1) move
character to the left, (2) shoot the arrow, (3) move character to
the right, (4) restart the game, (5) enable or disable the sound
inthe game, (6) enable or disablethe display of indicative signs
of the action buttons, (7) display the player’s current score, (8)
return to the home screen, and (9) indicate current alcohol
consumption level).

Theplayer, asaready mentioned, controls an indigenous avatar
who can deflect or shoot arrows at the opponentsthat appear in

https://games.jmir.org/2019/4/€11151
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Sobre o0 Jogo

JIB € um jogo criado para tratar a questfio do alcoolismo, permitindo
ao jogador experimentar as consequéncias do alcool por meio do jogo.
Explora-se a tematica indigena ara compor o heroi deste jogo, criando uma
narrativa contextualizada na floresta. As consequéncias do uso de alcool
odem ser percebidas pelo aumento da velocidade, dando uma ilusio de
mais diversfio, mas também evidenciando que seu abuso implica em uma
morte prematura. Este jogo foi desenvolvido a partir de pesquisas

Como Jogar

Mova o indio tocando na metade inferior esquerda e direita da tela e
atire tocando na metade inferior central da tela. Os adversérios aparecerdo
no topo da tela, e vocé deve agir. Cuidado com as bebidas, pode ser

gostoso, mas o nivel de alcool subird e te deixara alterado!

his or her way. Opponents appear on the upper edge of the
device screen, and when they reach the lower end, they
disappear. Some defined opponents are the snake, the jaguar,
and the drink. Once the Indian comesin direct contact with the
snake or thejaguar, the game ends. If the arrow hits an opponent,
the player getsascorethat isadded and displayed on the screen.

When the player consumesthedrink, it increasesthe points and
speed of the game, which in away also increases the fun. The
ideais that drinking causes the player to slow down compared
with the world, that is, the other elements get faster.
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Figure 2. User interface with interaction elements positioning: (Ieft) game play screen; (right) sensible areas of the interface for user interaction.

@ ©

The opponents use a system for continuous displacement, launch of an opponent, the counter of the chosen and adjacent
explained in Figure 3, to avoid the overlap and improper laneisincremented. Counters are decreased when an opponent
collision of opponents on the screen. The lanes have counters  passes a safety range (represented by the horizontal blue dashed
associated with them to notify their availability (or not). At the line closer to the top in Figure 3).
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Figure 3. Enemy movement lanesin the game screen.
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Evaluation

Datawere collected from atotal of 23 participants, 12 of whom
were male and 11 were female. The participants’ ages ranged
from 20 to 29 years, although 2 participants preferred not to
declaretheir age. Regarding the degree of dependency identified
by the AUDIT questionnaire [12], 5 claimed not having any
alcoholic dependence, 13 reported having alow or nonexistent

https://games.,jmir.org/2019/4/e11151
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degree of dependence, and 5 declared an average dependence.
No participant declared a high degree of dependency.

Of the 23 participants, only 3 did not have asmartphone. Among
those who owned a smartphone, 11 did not use it for games.

Game Experience Questionnaire

The GEQ [13] was used to gain an understanding of user
experience with the game. Overall, 2 GEQ modules were used:
core and postgame.
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First, the elements of the questionnaire should be understood.
According to Johnson et al [14], the components—competence,
stress, negative affect, and positive affect—are self-explanatory.
Negative affect and positive affect refer to the user experience.
For example, a user may feel good or unmotivated about the
game. Challenge aims to present data regarding the amount of
effort, difficulty, and pressure felt by the user during the game.
Tension is related to the player’s frustration while playing the
game. Flow aimsto identify how interested the user was during
the game. Immersion shows how immersed the user was with
the story and elements of the game. Finaly, competence is
related to the player’s ability and how well he or she performed

Carvalho et d

during the game. All core elements of the GEQ are presented
in Table 2.

The GEQ postgame questionnaire was used to identify how the
player felt after playing. This questionnaire is composed of 4
variables: positive affect, negative affect, tiredness, and return
to reality. Positive affect is related to the satisfaction, victory,
and power of the user after playing. In contrast, the negative
affect addresses the user's bad experiences after playing.
Tiredness is related to the user’s exhaustion during the game.
Finally, the returning to reality component addresses the user’s
disorientation after a gaming period. Table 3 presents the
postgame elements and related questions.

Table 2. Core Game Experience Questionnaire components and response options.

Core Game Experience Questionnaire components

Response options

Immersion

Flow

Competence

Negative affect

Tesnion

Challenge

| was interested in the game’s story
It was aesthetically pleasing

| felt imaginative

| felt that | could explore things

| found it impressive

It felt like arich experience

| was fully occupied with the game

| forgot everything around me

| lost track of time

| was deeply concentrated on the game
| lost connection with the outside world

| felt skillful

| felt competent
| was good at it
| felt successful
| enjoyed it

It gave me abad mood

| thought about other things
| found it tiresome

| felt bored

« | feltannoyed
o |fdtirritable
o | fet frustrated

| thought it was hard

| felt pressured

| felt challenged

| felt time pressure

| had to put alot of effort into it

https://games.jmir.org/2019/4/€11151
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Table 3. Postgame Game Experience Questionnaire components and response options.

Postgame Game Experience Questionnaire components

Response options

Positive affect

Negative affect

Tiredness

Returning to reality

| felt revived

It felt like avictory
| felt energized

| felt satisfied

| felt powerful

| felt proud

| felt bad

| felt guilty

| found it awaste of time

| felt that | could have done more useful things
| felt regret

| felt ashamed

. | felt exhausted
o | feltweary

« | found it hard to get back to reality
o | felt disoriented
« | had asensethat | had returned from ajourney

Analysis

Analyses of the results from the core and postgame GEQ
guestionnaire (Tables 2 and 3, respectively) are presented as
follows. The mean score was cal culated for each component in
both questionnaires. The average score was calculated for 3
different classes of users: nonhabitual players, habitual players,
and total. Table 4 presents the results of the core questionnaire
for the 3 distinct classes.

Asshown in Table 4, the highest score found among users who
declared themselves to be nongamers was the positive affect
component (nonhabitual players=1.61), followed by flow and
competence components (nonhabitual players=1.54). However,
although the positive aff ect component obtained a higher score,
it was similar to the negative affect component (nonhabitual
players=1.25). Tension component was the one with the lowest
score (nonhabitual players=0.81). The scores of the components,
competence (nonhabitual players=1.54), immersion (nonhabitual
players=1.44), and challenge (nonhabitual players=1.33), were
higher than the general mean (mean 1.25).

The highest score was of the positive affect component (habitual
players=2.8), followed by competence (habitual players=2.18),
immersion (habitual players=1.96), flow (habitual players=1.89),
challenge (habitual players=1.16), negative affect (habitual
players=0.69) and, finaly, tension (habitual players=0.37). It
should be noted that in this evaluated class, the positive affect
component scored considerably higher than the negative affect
component. The scores obtained in the components, tension,
negative affect, and challenge, were below the arithmetic mean
(mean 1.57).

A combination of the 2 classes (nonhabitual playersand habitual
players) was also performed. The positive affect component
had the highest score (total=2.08), followed by the components,
competence (total=1.79), flow (total=1.68), immersion

https://games.jmir.org/2019/4/€11151

(total=1.64), challenge (total=1.26), negative affect (total=1.03),
and, finally, tension (total=0.64). In the combination of the 2
classes, it can be noted that the positive affect component had
a relatively higher score than the negative affect component.
Only the components, challenge, negative affect, and tension,
reached scores below the mean (mean 1.44).

With regard to the results obtained through the GEQ postgame
questionnaire for nonhabitual players, the positive affect
component reached the highest score (nonhabitual players=0.75).
Negative affect was lower than the positive affect (nonhabitual
players=0.5). The lowest value found was related to the return
to reality component (nonhabitual players=0.43). Thetiredness
component obtained arelatively high value in comparison with
the other components (nonhabitual players=0.68). The results
referring to the GEQ postgame questionnaire for the 3 distinct
classes are presented in Table 5.

For the habitual players class, the component with the highest
score was the positive affect (habitual players=1.17), followed
by the components return to reality (habitual players=0.48),
negative affect (habitual players=0.2) and, finally, tiredness
(habitual players=0). Positive affect reached ascore considerably
higher than negative affect. The components below the
arithmetic mean (mean 0.46) were negative affect and tiredness.

The following scores were obtained for the 2 combined classes
(nonhabitual players and habitual players): positive affect
(total=0.95), return to reality (total=0.47), tiredness (total=0.43),
and negative affect (total=0.40). Only the positive affect
component had a score above the arithmetic mean (mean 0.56).
However, this scorewasresponsible for an increasein the mean.

The users also evaluated the proposed game interface in 3
aspects: (1) defined controls for the game, (2) quality of the
graphics and sound, and (3) gameinformation about the project
and how to play. The simple arithmetic mean of these aspects
was calculated and is presented in Table 6.
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Table 4. Core Game Experience Questionnaire average scores for the 3 classes.
Core Game Experience Questionnaire Nonhabitual players, mean Habitual players, mean Total, mean
Negative affect 125 0.69 1.03
Positive affect 161 2.80 2.08
Challenge 133 1.16 1.26
Tension 0.81 0.37 0.64
Flow 154 1.89 1.68
Immersion 1.44 1.96 1.64
Competence 154 2.18 1.79

Table 5. Postgame Game Experience Questionnaire average scores for the 3 classes.
Core Game Experience Questionnaire Nonhabitual players, mean Habitual players, mean Total, mean
Positive affect 0.75 1.17 0.95
Negative affect 0.50 0.20 0.40
Returning to reality 0.68 0.68 0.43
Tiredness 0.43 0.48 0.47

Table 6. The average of usability aspects based on evaluation.

Aspect Values (mean)
Game control 2.86
Graphics and audio resources 3.09
Availableinformation 2.05

An important feature of this experiment was the division of
participants into those who are habitual players and those who
are not (nonhabitual players). It should be taken into account
that the analyses performed by players tend to produce less
variation as these participants have abasis for comparison with
previous experiences.

During analysisof theresullts, it was verified that the participants
more accustomed to playing games did not feel challenged by
the Jib game. Thiscan be explained by the difficulty of the game
as the game does not have an increasing level of difficulty and
can be saturated very quickly, using few iterations. Another
factor that potentially influenced the perceived level of chalenge
in the game was self-declared competence.

The score of the immersion component was significant, even
though the game was simple. Participants used to play games
reported agood experiencein this component. Thereturning to
reality component scored 0 among participants who are habitual
players. The authors believe that the habit of playing more
complex games had a great influence on this component as the
sense of reality of these people may be less influenced by Jib,
and they could easily discern their virtual experience from the
real one (returningto reality). In such cases, serious gameswith
low complexity can possibly generate more significant results
in people who are nonhabitual players.

In total, 2 participants were identified as outliers (participant
11 and 22). Both of them had much higher stresslevels (tension)
than the other participants. This component possibly had an

https://games.jmir.org/2019/4/€11151

influence on the negative and positive affect components.
Participant 22 had the highest negative affect score among all
the participants. Participant 11, on the contrary, obtained ascore
for positive affect within the average, which was not expected,
given hisor her level of tension.

Discussion

Related Studies

Although there is a vast body of literature available regarding
serious games applied to health care, thisis arecent topic, and
therefore, there are only afew piecesin the literature related to
serious games that deal with alcohol abuse.

Gaibler et al [15] presented a study that addresses the effect of
alcohol on safe driving activity, especialy in the young age
group (between 14 and 27years). The app, a serious game, isa
racing gamein the third person, where the intention is to reach
thefinal goal safely, avoiding alcoholic beveragesin the process.
Our proposal shares the principle of acohol consumption
affecting the gameplay. In thisgame, the playersare challenged
by lowering their game vision according to the level of
intoxication. In our proposal, varying the game speed offers a
more dramatic conseguence to the user experience, leading to
apremature end of the game. Nonethel ess, this paper islimited
to adiscussion of some preliminary and promising results.

Rodriguez et al [16] conducted a systematic review related to
serious educational games aimed at the consumption of alcohol
and other drugs by adolescents. The search for papers was

JMIR Serious Games 2019 | val. 7 | iss. 4 |e11151 | p.11
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

carried out in research portals. According to the authors, 8
papersrelated to the consumption of alcohol, cannabis, tobacco,
methamphetamine, ecstasy, and other drugs were found. In
addition, 6 other papers addressed the use of other drugs.
However, only one of the papers showed a decrease in the
frequency of drug use. The authors highlight the need for further
investigation and development of serious educational games,
such as the one presented in this paper.

Boendermaker et a [17] applied gamification techniques similar
to a cognitive bias modification of attention (CBM-A) training
task to draw attention away from images of acoholic beverages.
The applied training task is called a visual probe task [18,19]
that consists of the use of pairs of images, where one presents
an important stimulus to the alcoholic beverage and another
one a neutral stimulus (something nonalcohoalic). The activity
consisted of 4 sessions, with at least a 1-day difference between
sessions, for 2 weeks. The study was aimed at undergraduate
students (96 students, mean age 21.2 years). The authors
identified the problems of excessive acohol consumption of
the candidates by using questionnaires. The authors concluded
that the innovation proposed in their study was insufficient to
the task of motivating adolescents in training when compared
with conventional CBM-A training. They believe that one of
the motivationsfor such an outcomeisrelated to the expectation
that a game should be fun, a feature that was not the focus of
their study. In this study, the focus is on building a game that
is fun and fosters educational drive, but no analysis regarding
user motivation to play the game or gameplay consequences
has been performed.

Morerecently, Boendermaker et a [20] devel oped and evaluated
a serious game aimed at increasing behavioral control in
adolescents and thereby helping them to improve control over
their alcohol use. The studied compared the game training to a
game placebo and a nongame training version in arandomized
controlled trial. The study sample was 185 adolescents (mean
age 14.9 years) assessed for 4 weeks. As a result, the game
variants were shown to motivate adolescents beyond the level
of the nongame version. The exercised skill, behavioral control,
improved significantly over time, but this effect was a so present
in the game placebo. Yet, as baseline drinking levels were low,
no significant training effects on drinking behavior were found.
Our study also employs a sample that has been characterized
by having alow baseline on drinking. The authors believe the
game activities alone may have had a beneficial impact on the
measures of behavioral control.

Carvalho et d

Although the current results are not yet conclusive asto whether
their game is effective regarding its purpose, the study shows
exciting findings of the suitability of serious games. Serious
games seem to be suitable to exercise new skills, but the
evaluation of its effectiveness is still a maor chalenge.
Nevertheless, their results, and our results, suggest that thisis
a promising way, and further research is required to disclose
and assess its potential.

Conclusions

The paper presented the development of a serious game for
smartphones aimed at addressing the issue of acohol abuse.
The main purpose was to call the player's attention to the
consequences of alcohol abuse through experimentation in the
game. The authors do not have the illusion that people would
cease drinking immediately but do intend to contribute to the
awareness of this social problem.

To evaluate the proposed approach, an assessment based on
AUDIT and GEQ was carried out with residents of a student’s
house. The proposed evaluation consisted of 3 stages: 2
guestionnaires (pre- and postintervention) and 1 intervention
stage, which consisted of 20 min of exposure to the game. The
users were divided into groups based on their habit of gaming
in the data analysis.

The quantitative analysis presents a high degree of positive
affect concerning the participants who declared themselves to
have the habit of playing, athough they did not have a high
level of challenge because of the low difficulty and small
learning curve. Overal (among all participants), the positive
affect score was twice that of the negative affect. In this way,
the authors believe that the Jib game obtained a proper
evaluation in the 2 different groups of participants, considering
the limitations of thisfirst version of the game.

In the future, the authors expect to continue to develop Jib and
to increase the level of difficulty and application of the game.
New experiments should also be conducted using different
groups of users, such as indigenous people in urban contexts,
and exploring the variations between gender, age, and family
background related to theissue of alcohol abuse. The net effect
of the gaming experience, with theimplied alcohol useand fun,
needs to be better studied and its suitability verified especially
regarding addicts. Further research should also explore new
game features, such as new styles, to make it more attractive to
awider audience, in addition to performing an in-depth study
on the effects of playing the game.
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Abstract

Background: Smartphones are often vilified for negatively influencing well-being and contributing to stress. However, these
devices may, in fact, be useful in times of stressand, in particular, aid in stress recovery. Mobile apps that deliver evidence-based
techniquesfor stressreduction, such as heart rate variability biofeedback (HRVB) training, hold promise as convenient, accessible,
and effective stress-reducing tools. Numerous mobile health apps that may potentially aid in stress recovery are available, but
very few have demonstrated that they can influence health-related physiological stress parameters (eg, salivary biomarkers of
stress). The ability to recover swiftly from stress and reduce physiological arousal is particularly important for long-term health,
and thus, it is imperative that evidenceis provided to demonstrate the effectiveness of stress-reducing mobile health appsin this
context.

Objective: The purpose of this research was to investigate the physiological and psychological effects of using a smartphone
app for HRVB training following a stressful experience. The efficacy of the gamified Breather component of the Happify mobile
health app was examined in an experimental setting.

Methods: In this study, participants (N=140) underwent alaboratory stressor and were randomly assigned to recover in one of
three ways: with no phone present, with a phone present, with the HRBV game. Those in the no phone condition had no access
to their phone. Those in the phone present condition had their phone but did not use it. Those in the HRVB game condition used
the serious game Breather on the Happify app. Stress recovery was assessed via repeated measures of salivary apha amylase,
cortisol, and self-reported acute stress (on a 1-100 scale).

Results: Participantsin the HRVB game condition had significantly lower levels of salivary alphaamylase during recovery than
participants in the other conditions (F, 13;=3.78, P=.03). There were no significant differences among the conditions during

recovery for salivary cortisol levels or self-reported stress.

Conclusions: These results show that engaging in a brief HRVB training session on a smartphone reduces levels of salivary
alpha amylase following a stressful experience, providing preliminary evidence for the effectiveness of Breather in improving
physiological stressrecovery. Given the known ties between stress recovery and future well-being, this study provides apossible
mechanism by which gamified biofeedback apps may lead to better health.

(JMIR Serious Games 2019;7(4):€15974) doi:10.2196/15974
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Introduction

Background

Although smartphones are often criticized for contributing to
ill-being [1-4], these devices hold great potential for improving
one's well-being if utilized properly in specific contexts.
Smartphones may be particularly useful as tools that provide
gamified apps to deliver stress-buffering interventions. Stress
is prevalent in many peoples’ lives, and its accumulated effects
can lead to various undesirable physical and mental health
outcomes, such as an increased risk for mortality [5]. Many of
these negative outcomes are due to prolonged activation of one's
stress systems [6]. However, if individuals employ strategies
that promote more efficient recovery from stressors, some of
the negative long-term impacts may be mitigated.

Why do smartphones present a promising opportunity for
altering stress recovery? Psychol ogists have devel oped avariety
of evidence-backed strategies that aid in stress reduction [7],
such as biofeedback training, which directs individuas to
monitor and attempt to alter their physiological arousal pattern
[8]. Smartphones are ideally situated to be used as a tool for
biofeedback training and to combat the negative effects of stress
because they are popular, conveniently accessible, and have an
array of technological capabilities [9]. Since these devices are
nearly omnipresent in daily life, they can deliver interventions
and assistance wherever and whenever needed.

Smartphones provide a range of possibilities for helping
individuals recover from a stressful experience and may even
do so when not actively used. Even when merely present,
smartphones serve as symbols that can cause cognitive
distraction [10] or activate representations of social connections
[11]. Distraction induced by smartphones has generally been
viewed as detrimental [12]; however, such distraction can be
beneficial when faced with a stressor, because it can draw
attention away from the negative stimuli at hand and help
circumvent rumination [13]. In addition, symbolic
representations of social connections can elicit perceptions of
social support [14], which, when perceived passively, is the
most effective form of support for stress alleviation [15]. By
providing distraction and perceived social support, the mere
presence of asmartphone may aid in stress recovery by serving
asa“digital security blanket” in instances of social stress[16].
Thus, it isimportant to investigate more fully how merely having
asmartphone in one's presence may aid in stress aleviation.

Research has demonstrated that actually using one’'s smartphone
can be beneficial or detrimental for stress recovery, depending
on how and when the deviceis used. For example, research has
shown that using social media sites such as Facebook can
provide social resourcesthat sometimes help buffer acute stress
[17], but at other times, fail to do so [18]. In some instances,
social support gleaned via text message can reduce
cardiovascular responses to stress [19]. However, sending and
receiving text messages can aso increase physiological
indicators of stress such as heart rate, respiration, and skin
conductance[20]. These mixed findings concerning how phone
use influences stress underscore the fact that the waysin which
we commonly interact with our devices are not universaly

http://games.jmir.org/2019/4/e15974/

Hunter et al

beneficial for stress recovery. In fact, when looked at more
broadly, greater use of smartphones is associated with higher
levels of physiological stress [21]. Therefore, if we hope to
highlight the most effective waysto use a phoneto reduce stress,
it may be important to go beyond natural phone use habits and,
instead, provide structured apps that are specifically designed
for stress reduction.

One promising way to use asmartphoneto aid in stressreduction
is by engaging with a mobile health (mHealth) app. mHealth
apps can utilize technological capahilities (eg, phone sensors,
interactive displays) and draw on the ubiquity of smartphones
in everyday life to deliver functional and convenient
interventions  [22]. By combining evidence-based
stress-reduction techniques with an engaging and ever-present
medium, mHealth apps hold great promise for mitigating the
negative effects of stress.

Happify is an mHealth app that provides gamified activities
aimed at improving well-being and reducing stress[23]. Happify
is representative of multiple aspects of other mHealth apps
because it employs various smartphone technological
capabilities (eg, sensors, visual and audio components, engaging
interface) and incorporates empirically validated strategies to
deliver training in a self-contained package. Within the Happify
suite of activities, the Breather function delivers heart rate
variability biofeedback (HRVB) training (Multimedia Appendix
1). HRVB isaparticularly effective stress-reducing activity that
targets changes in heart rate variability (HRV) by regulating
breathing and bringing awareness to physiological function
[24]. HRV isan index of beat-to-beat changesin heart rate and
isanindicator of parasympathetic nervous system activity [25].
When undergoing a stressor, the typical response is for our
sympathetic nervous system to activate and parasympathetic
activity to decline (indicating low HRV). However, an adaptive
response to a stressor would be for an individual to exhibit
higher HRV. Thisis because greater fluctuationsin heart rhythm
(higher HRV) indicate greater adaptability to physiological
needs than fewer fluctuations (lower HRV) [24]. When HRV
ishigher, itisasignthat our cardiovascular system (and multiple
associated systems) isresponding appropriately to environmental
demands (eg, a stressor). Thus, using HRVB to increase HRV
may be helpful when recovering from a stressor because it
activates our parasympathetic nervous system and allows usto
more quickly reduce physiological arousal. It is aso important
to note that high HRV is considered a protective factor against
cardiovascular disease and is generally associated with good
health and well-being [26]. Additionaly, low HRV has
numerous negative implicationsfor long-term health outcomes,
such as increased risk for mortality and morbidity [27,28].
HRVB training has been successfully utilized in a variety of
acute stress settings and iswell-validated technique for reducing
stress[29,30]. Thegoa of undergoing a5-minute guided on
on Breather is for the user to increase HRV and recover
effectively from a stressful experience.

Delivering HRVB through a smartphone app provides many
advantagesover traditional training. Breather overcomesbarriers
of nondigital HRVB interventions (eg, bulky and expensive
equipment, lengthy sessions) because it is quick to administer,
is portable and readily accessible, and has all the hardware and
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software integrated into a single device. Breather has taken
advantage of mabile technology affordances to package an
HRVB product in ways that should allow it to be used across a
variety of stressful contexts.

Users of Breather generate HRV observations by placing their
index finger over the camera of their smartphone (Figure 1A).
Thelight from the camera can be used to monitor blood volume
changes within the finger. This process (ie,
photopl ethysmography) relies on measuring changes in light
absorption on the skin of the finger. Algorithms programmed
by Happify software engineers then transform those data into
asimple signal that is visible to the user. The accuracy of this
technology for determining HRV has been recently validated
in a series of experiments that compared simultaneously
obtained HRV metrics from Happify Breather and traditional
electrocardiogram techniques using electrodes [31].

After calibrating the heart rate of theindividual, acircular meter
directstheindividual to follow the breathing patterns on screen

Hunter et al

(Figure 1B). The meter directs the individual to breathe in for
4 seconds and then breathe out for 6 seconds. This 10-second
breathing cycle is ideal for creating a resonant frequency (ie,
breathing and heart rate align) that should maximize HRV [32].

After calibration is complete, the interface changes into a
calming nature scene (eg, underwater coral bed, tropical beach,
mountaintops). The user then travels through the natural
environment while he/she continues to breathe along with the
meter (Figure 2A). Asthey breathe deeply and regularly, their
HRV increases and the scene becomes more complex and
beautiful (eg, cora polyps bloom, flowers grow; Figure 2B).
By visualy monitoring the changes in the scene, individuals
are undergoing HRVB; this process is analogous to how
individual s monitor el ectrocardiogram signalsin moretraditional
“nongamified” HRVB trainings. The app isdesigned toincrease
HRV and reduce stress if the users adhere to the directions
properly for a 5-minute session.

Figure 1. On-screen instructions for obtaining heart rate variability measurement and calibrating breathing guidance.

A

Finger Position
Gently place the tip of your “
index finger over your iPhone ~

so it covers the camera lens.
Make sure to keep your finger still.

N

O w

B
Inhale, Exhale

Follow the breathing pattern while keeping your
finger over your phone’s camera lens.

Calibrating...

v

66

Figure 2. Example of how the full display unfolds when an individual is using Breather.

Assessment of Stress

In this paper, we used a multimethodological approach to
determine the effects of smartphones on stress recovery. Stress
can be assessed in avariety of ways, and each method provides
uniqueinsight into the complex dynamics of how stressimpacts
our bodies and brains. One of the most common ways to assess
stressisto ask individual sto subjectively rate their stresslevel.
Although self-report is advantageous for assessing perceived
stress, there are problems of bias (eg, self-presentation concerns)
that limit the accuracy and generalizability of these assessments
[33]. Due to its complexity, the most appropriate and
comprehensive manner in which stress is assessed is a
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multimodal approach that combines subjective and objective
assessments [34].

One of the most effective, reliable, and efficient waysto capture
physiological measurements of stress is to analyze sdivary
biomarkers. Salivary cortisol is a downstream output of
hypothalamic-pituitary-adrenal axis system activation and is
one of the most widely used and reliable measures of
physiological stress [35]. Higher levels of salivary cortisol
indicate greater physiological stress. Another emerging indicator
of physiological stressis salivary apha amylase (SAA), which
isanindicator of autonomic nervous system activity and ismost
strongly tied with sympathetic nervous system activity, the
system responsiblefor the“fight-or-flight” response [36]. When
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physiologically aroused, SAA isreleased viathe salivary glands
and indicatesan immediate stressresponse. In some cases, SAA
ismore strongly tied to stress and anxiety than cortisol [37,38],
and sAA (but not cortisol) has al so been shown to beinfluenced
by smartphones while recovering from a stressor [16]. Thus,
SAA is considered our primary outcome of interest. These
sdlivary assessments of hypothalamic-pituitary-adrenal and
autonomic nervous system activities combined with self-report
giveresearchersacomprehensive understanding of physiological
responses to stress.

This Study

This study investigated the effectiveness of using an HRVB
smartphone app to aid in stress recovery. In order to account
for the potential stress-buffering effects of simply having a
phone [16], we included a condition in which individuals had
a phone in their presence. Thus, use of the HRVB app was
compared to two control conditions, oneinwhich no phonewas
present and one in which individuals had their smartphones
present when recovering from a stressor.

To examine how these different types of smartphoneinteractions
influence stress recovery, a laboratory experiment was
conducted in which participants underwent a standardized
stressor, used their phonein a particular way depending on their
assigned condition, and were assessed on a range of
psychologica and physiological stress indicators. We
hypothesized that those in the HRVB game condition would
recover from the stressor more effectively than those who had
their phones present or had no phone at al.

This study is one of the first empirical investigations to assess
the effects of smartphone app usage on salivary biomarkers of
physiological stress [39]. To our knowledge, it is also the first
to examinethe stress-buffering effects of an HRVB intervention
delivered via a smartphone without any external equipment. In
addition, since simply having aphonein your presence has been
shown to aid in stress recovery, the inclusion of separate
experimental conditions for a HRVB game and mere phone
presence enabled us to differentiate their effects on stress. The
results of this study will help our understanding of why
smartphones might be helpful in times of stress, which may
inform future recommendations about the most effective way
to use a smartphone following a stressful experience.

Methods

Participants

The study was approved by the University of California, Irvine
Institutional Review Board, and participants were recruited via
the University of California, Irvine undergraduate psychology
subject pool. These data were drawn from alarger project that
included additional research questions outside the scope of this
study. For this particular study, atotal of 140 participants were
examined (mean age 20.28, SD 2.68; 77.1% female; 45.7%
Asian; 27.9% Hispanic/L atino; 15.7% Caucasian; 6.4% African
American). Participants were screened for eligibility and
excluded from participation if they were diagnosed with a
cardiovascular disease, were regularly taking mood altering or
cardiovascular altering medication, regularly smoked cigarettes,
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were not fluent in English, or did not have an iPhone. All
participants were University of California, Irvine, students and
consented to participate. Data collection took place from July
2018 through February 2019.

Procedures

Participants underwent an approximately 90-minute laboratory
session. All participant phoneswere confiscated at the beginning
of the study under the pretext of measuring the external physical
properties of the phone, which allowed the experimenter to later
manipulate the phone conditions without arousing suspicion
and ensure that al participants experienced similar
circumstances of having their phone taken away. For participants
randomly assigned to the HRVB game condition, the Happify
app was installed on their phone and the experimenter guided
them through the calibration settings of the Breather function
while carefully concealing any indication that the purpose of
using Breather was to reduce stress. Participants in the other
conditionsfilled out surveys during thistime. After participants
completed a series of questionnaires and acclimated to the
laboratory environment (approximately 25 minutes), the
experimenter returned to the laboratory room and collected a
baseline saliva sample. Participants were instructed in the
passive drool technique of collecting their own saliva sample.

Participants then underwent a shortened version of the Trier
Social Stress Task (TSST) [40,41] to induce psychological and
physiological stress. The TSST consists of participants
undergoing a public speaking task and arithmetic task in front
of a panel of criticaly evaluative judges. The TSST has been
shown to be a valid and reliable instrument for inducing
physiological and psychological stress responses [42].
Immediately after the conclusion of the TSST, participants
collected another saliva sample and self-reported their feelings
of stress. For the next 5 minutes, participants were left alonein
the room and interacted with their phone in a particular way
depending on condition. Those in the no phone condition did
not have their phone returned and were told to sit quietly for
the next 5 minutes while the next portion of the study was
prepared. Thosein the phone present condition were given their
phone but told “ please do not use your phone for the remainder
of the study.” Thosein HRVB game condition weretold to open
the Happify app, navigate to Breather, and “follow the
instructionson the app.” After the 5-minute phone manipulation
period, the researcher returned to the room and instructed the
participant to continue answering a series of questionnaires.
Twenty minutes after completion of the TSST, a third saliva
samplewas collected. Forty minutes after the completion of the
TSST, afourth saliva sample was collected. At the conclusion
of the study, the researcher and both judges debriefed the
participant.

M easures

Demographics and Covariates

Demographic information and potential covariates, including
age, sex, ethnicity, socioeconomic status, perceived
psychological stress, measures of daily phone use, time since
waking, use of hormonal contraceptives, and caffeine intake,
were collected via self-report.
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Self-Reported Stress

Participants were asked to indicate, “How stressed do you feel
right now?’ on avisual analog scale from 1-100. This simple
one-item scale has been shown to be valid and reliable for
assessing perceptions of acute stress [43]. Self-reported stress
was assessed at three time points (baseline, post-TSST, +20
minutes recovery).

Physiological Stress

Salivary cortisol and SAA were both collected to provide abroad
assessment of the physiological stress response. Since these
salivary biomarkers indicate activity of different physiological
stress systems and have different secretion times, the inclusion
of both gives us a more comprehensive understanding of stress
effects. Salivary cortisol and SAA were collected using apassive
drool technique with polypropylene cryovia salivettes at four
time points. The first three samples were assayed for SAA, and
thelast three sampleswere assayed for cortisol to accommodate
for the differing secretion times of each anayte (ie, an
approximately 20-minute lag timefor salivary cortisol secretion
into salivacompared to immediate secretion of SAA) and ensure
that the collection timing aligned to capture measures of
baseline, post-TSST, and +20 minute recovery time points.
Experimental sessionswere conducted in the afternoon (between
1 PM to 6 PM) to account for the diurnal rhythm of sAA and
cortisol.

Salivettes were stored at —80°C until batch analysis at the end
of data collection a the laboratory of the Institute for
Interdisciplinary Salivary Bioscience Research (University of
Cdlifornia Irvine, Irvine, California). Before assaying, the
samples were thawed for an hour to return them to room
temperature. For cortisol, all sampleswere assayed in duplicate
by using an expanded-range high-sensitivity salivary cortisol
enzyme immunoassay kit (Salimetrics, LLC, State College,
Pennsylvania). The assay range of sensitivity was 0.007 to 3.0
pg/dL, and the average intraassay coefficient of variation was
5.5%. For sAA, samples were tested in duplicate using a
commerciadly available kinetic enzyme reaction assay kit
(Salimetrics, LLC). The assay range of sensitivity was 0.4-400
U/mL, and the average intraassay coefficient of variation was
3.3.%.

Analytic Strategy

All dependent variables (self-reported stress, SAA, and cortisol)
were checked for skewness and kurtosis and transformed
accordingly. No transformation was performed for values of
self-reported stress. Values of SAA were moderately skewed,
and a square root transformation was used to transform the
values to approximate a normal distribution. Values of cortisol
were moderately skewed, and alogarithmic transformation was
used to transform the values to approximate a normal
distribution. Outlying values above or below three SDs from
the mean were removed. No outliers were removed for
self-reported stress, three outliers (2.1%) were removed for
SAA, and six outliers (2.8%) were removed for cortisol.

Models controlled for covariates that were significantly
associated with the dependent variable. Sex, time sincewaking,
and baseline cortisol were associated with cortisol recovery and
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weretherefore controlled for in cortisol analyses. Baseline sAA
was associated with SAA recovery and wastherefore controlled
forin sAA analyses. Baseline self-reported stresswas associated
with self-reported stress recovery and was therefore controlled
for in self-reported stress analyses.

Independent samplet tests were used to conduct manipulation
checks and ensure that exposure to the TSST reliably increased
self-reported stress, SAA, and cortisol from baseline (time 1)
to post-TSST stress (time 2). Repeated-measures mixed analysis
of covariance was used to analyze the effect of condition on
each dependent variable. Since the phone manipul ation occurred
after the TSST, analyses focused on differencesin recovery and
therefore used time (post-TSST stress at time 2 and +20 minute
recovery at time 3) as the within-subject factor. Condition was
included as a between-subject factor, and appropriate covariates
were controlled for depending on the outcome of interest.
Baseline values were controlled for to provide a more
conservative and unbiased estimate of between-subject
differences in composite recovery values [44]. Post-hoc
comparisons were conducted to examine specific pairwise
differences when a significant effect of condition was found.

Results

Manipulation Checks

Anaysis of SAA from basgline (mean 85.31, SD 59.40) to
post-TSST (mean 128.58, SD 88.53) revealed that participants
displayed significant increases in sAA following the TSST
(t,7=4.78, P<.001). In addition, analysis of cortisol from
baseline (mean 0.21, SD 0.11) to post-TSST (mean 0.34, SD
0.24) showed that participants displayed significant increases
in cortisol following the TSST, (t,7,=-5.99, P<.001). Finaly,
analysis of self-reported stress from baseline (mean 22.73, SD
21.48) to post-TSST (mean 47.31, SD 29.37) demonstrated that
participants displayed significant increasesin self-reported stress
following the TSST (t,74=—7.96, P<.001). Theseresultsindicate
that TSST reliably increased psychological and physiological
stress.

Differencesin Salivary Alpha Amylase Recovery
Between Conditions

Between-subject comparisons indicated that there was a
significant main effect of condition on SAA recovery
(F2,133=3.78, P=.03; no phone: mean 10.078, SE 0.271; phone
present: mean 10.007, SE 0.280; HRVB game: mean 9.132, SE
0.266). Post-hoc comparisons reveal ed that those in the HRVB
game condition displayed significantly lessSAA during recovery
than those in the no phone condition (t43=2.48, P=.02) and the
phone present condition (ty,=2.26, P=.03). The no phone and
phone present conditions did not differ (tgg=0.19, P=.85;
Multimedia Appendix 2). Within-subject anal yses reveal ed that
there was no significant main effect of time for SAA recovery
(F1133=-003, P=.96) and no significant interaction between time
and condition (F, 133=0.081, P=.92).
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Differencesin Cortisol Recovery Between Conditions

Although the cortisol levels declined during recovery for all
conditions, there was no main effect of condition on cortisol
recovery (F,16=1.19, P=.31).

Differencesin Self-Reported Stress Recovery Between
Conditions

Although self-reported stress declined during recovery for all
conditions, there was no main effect of condition on
self-reported stress recovery (F; 133=1.42, P=.24).

Discussion

Principal Findings

In this study, we examined the effect of using or having a
smartphone on psychologica and physiological stressreduction
during recovery. We found that those who used an HRVB
training app exhibited the lowest level s of SAA during recovery.
Specifically, those in the HRVB game condition released less
SAA during recovery than those who had their phones present
or had no phone at all. These results indicate that engaging in
a brief 5-minute HRVB training session on a smartphone can
effectively reduce stress-related sympathetic activity, as assessed
by levels of SAA. Although the magnitude of the effect for the

change in SAA was only small to medium (n?=0.05) [45], it
was similar to previous studies [16,46]. The sAA findings are
particularly important because high levels of SAA are associated
with a range of deleterious health-related outcomes such as
asthma, frequency of illness, and chronic fatigue [47-49];
therefore, lower levels of SAA are desirable from a health
perspective. Our findings provide health-related information
about the use of mHealth interventions on a smartphone. Since
delayed physiological recovery can be predictive of risk for
long-term health issues [50], we can infer that using a serious
game such as Breather when recovering from a stressful
experience may provide long-term health benefits.

Our study design did not allow us to conclusively determine
the mechanisms responsible for the stress-buffering effect, but
there are several possibilitiesfor why Breather effectively aided
in stress recovery. The most obvious explanation is that
undergoing HRV B training increases parasympathetic activity,
which is typically inversely related to sympathetic indicators
suchassAA. Thus, thelow levelsof sSAA for thoseinthe HRVB
game condition may be indicative of direct physiological
aterations induced by the use of Breather. In addition,
psychological factors may have played arolein explaining SAA
recovery. The simpledistraction induced by diverting cognitive
attention away from ruminating thoughts about the stressor may
have positively contributed to the effects. Furthermore,
parasympathetic activity has been associated with increasesin
positive valence and low arousal emotions such as calmn [24],
which suggests that feelings of calm may have also played a
role in stress recovery. Finally, it is possible that the ability to
monitor stress responses via the visual interface of Breather
increased perceptions of control, which subsequently alleviated
feelingsof stress. Thisisdueto thefact that acute stressis often
induced by a perceived lack of control [51], and when that
perceived control isincreased, it can inhibit autonomic arousal
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[52]. It should be noted that no mechanisms can be determined
for the lack of cortisol and self-reported stress, as we did not
find significant effects on these measures. Future studies should
further investigate the mechanisms for why HRVB delivered
via a smartphone influences stress recovery.

Interestingly, those who had their phones present during stress
recovery did not glean any additional stress-buffering benefits
beyond those with no phone. Previous work has demonstrated
that having a phone present, but not using it, leads to steep
declinesin sAA during physiological recovery from a stressor
[16]. Wefailed to replicate this outcome. In the study by Hunter
et a [16], participants had their phones with them while
undergoing the stressor. In this study, participants only had their
phones immediately after the study. This difference in timing
implies that it may be helpful to have a phone present while
experiencing a stressor, but it provideslittle to no benefit when
present during recovery. In addition, a phone may serve as a
“digital security blanket” in mildly stressful situationslike social
exclusion but may not exert similarly beneficial effects under
more potent stressors such as the TSST.

Limitations

There are several limitations that limit the generalizability of
these results. First, our sample is not representative of the
population at large. The mgjority of our participants were
healthy young Asian women, all of whom were iPhone users
and college educated. Since we drew our sample from a
university population, our participants were likely wealthier,
younger, more dependent on their phone, and more educated
than the average person. Thus, these conclusions cannot be
extrapolated to al populations.

In addition, the effectiveness of Breather for influencing sSAA
recovery compared to the other conditions may have been
statistically limited by differences in baseline values. Thosein
the HRVB game condition had significantly lower levelsof SAA
at baseline. These differences may have been due to a
methodological inconsistency, as the individuals in the HRVB
game condition had a dightly different experience during the
baseline period before undergoing the TSST; they spent
approximately 2 minutes receiving training on the HRVB app.
Per methodological recommendations, these baseline values
were controlled for to provide amore conservative and unbiased
estimate of between-subject differences in recovery [43].
Without the inclusion of baseline SAA as a covariate in the
models, there would have been greater statistical differences
between HRVB game use and the other conditions. Although
this statistical decision does limit the magnitude of our SAA
recovery findings, these differences in basdine raise an
interesting point about the ways in which Breather influences
reactions to a stressor. If, indeed, the brief training period
reduced baseline SAA and SAA reactivity to the stressor, then
using an HRVB serious game like Breather could possibly be
an effective method for buffering stress reactivity as well as
recovery and may be an advisable activity to engagein prior to
a major stressor. Before any recommendations can be made,
future studies should explore the optimal timing for HRVB
implementation and determine whether it is most effective
before or after a stressor.
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Additionally, the effectiveness of Breather may have been
hindered by the way in which the participant interacted with
the app and understood the directions. During this training
period, information about the purpose of using thisapp (eg, this
activity makes you more relaxed and less stressed) was hidden
from the participant in order to reduce demand characteristics
and maintain internal validity across conditions. However, the
success of biofeedback training hinges on the individuas
perception that they are actively controlling their physiological
functions in an effort to reduce stress [8]. Without this
understanding about the purpose of the activity, the biofeedback
exercise was likely less effective for the participants. In these
ways, methodological constraints may have led to a more
conservative effect of Breather compared to the other conditions.

Furthermore, user error issuesthat occurred within the app may
have limited the effectiveness of Breather. The program requires
the user’s finger to be placed very precisely on the light sensor
to monitor heart rate change. It is sometimes difficult to maintain
this position, and warnings pop up on the screen each time a
finger isplaced incorrectly. Based on participant feedback, these
warnings made individuals feel as if they were performing
poorly, which may have induced further stress rather than
aleviate it. To investigate whether user error played a role,
adherence to finger placement was assessed using metrics
provided from the app’s database. Data showed that users had
their fingers placed correctly for approximately 96% of thetime;
however, that still means that for 4% of the session, they were
getting warnings telling them, “please place your finger on the
sensor.” This may have been bothersome and unduly reduced
the effectiveness of Breather, which isimportant to consider in
future efficacy tests and real-life applications.

When considering a more comprehensive assessment of stress,
conclusions from this study must be tempered by the lack of
significant group differences for salivary cortisol and
self-reported stress. Based on these discrepancies, we can only
conclude that the HRVB game had a targeted effect on
autonomic nervous system recovery as opposed to a general
effect on al types of biological and psychological stress
recovery. These inconsistencies in stress outcomes may be due
to avariety of reasons. First, cortisol and SAA represent activity
in different arms of the stress system and are not correlated at
a 1:1 level [36,53]. Numerous studies have discovered
significant SAA results, but not cortisol, during stress recovery
[37,38]. The one study that examined both biomarkers in the
context of phone usage only found significant SAA effects[16].
Our findingsindicate that the HRV B training had amore robust
impact on autonomic nervous system activity (indicated by sAA
measures), which makes sense because HRVB training
specifically targets fluctuations in cardiovascular activity that
is intricately tied to autonomic activity [36]. In addition, the
intervention period was short (about 5 minutes), which may not
have been enough time to impact cortisol, often viewed as a
chronic stress marker with a delayed release [53]. The
discrepancy between self-reported and physiological stress is
quite common in studies that assess both constructs [17,34,42]
and one of the reasons many researchers argue for the
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importance of assessing both when contemplating health
relevance of stressor psychological outcomes[54]. Additionally,
there is substantial variation based on individual factors, such
as demographics, in the association of subjective and objective
measures of stress [55]. Furthermore, studies examining the
convergence of self-report and physiol ogical measures of stress
have found that the assessments are highly correlated during
the TSST, but not before or after [42]. Thus, it isnot surprising
that SAA was the only metric that yielded significant results.
The significant SAA finding provides valuable information
about how a HRV B training game viaan mHealth app may aid
in stress recovery; however, future studies should consider a
wider range of health-related outcomes.

Finally, it should be acknowledged that the scope of this study
did not allow us to conclusively determine whether using the
HRVB app was more or less effective than performing other
actions on one's phone. Although past research is mixed on
how phone useinfluences stressrecovery [17,18], thereisgreat
potential for future researchers to explore how unstructured
phone use (eg, listening to music, browsing social media) could
impact physiological and psychological stress. Given the wide
variety of potential waysin which people can use their phones,
future studies should further investigate the effects of various
types of phone interactions on stress recovery.

Conclusions and Implications

Based on these results, one can conclude that completing HRVB
training on an app such as Happify may be a practical and
effective strategy for reducing acute physiological stress. It is
often not feasible to use a smartphone to buffer stress while
undergoing a stressor, but it is practical and ecologically valid
to useaphoneimmediately after one has experienced astressful
experience. Our smartphones are conveniently with us at most
times, and thus, we have this effective stress-reducing tool at
our disposal anytime and anywhere we need it. To further
examine how smartphones can aid in stress recovery, future
research should investigate the mechanisms underlying how a
gamified stress-reducing app may buffer stress and how it
comparesto other ways of using aphone. Thiswill inform future
interventions and provide recommendationsfor the devel opment
of other stress-buffering tools that can be delivered through
smartphone apps.

Results such asthese are beginning to change the narrative about
the effect of smartphones on our well-being. Although it is
important to recognize the deleterious effects of these devices
on our lives, it may be even more critical to recognize the
positive potential of smartphones and begin to develop and use
technology in ways that augment well-being. Instead of simply
hoping that individuals use technology in a beneficial manner,
it isimperative that the hardware and software are designed in
a way that facilitates positive behavior, thoughts, and
interactions. Designing tools that take advantage of the
technological affordances and ubiquity of smartphones to put
stress-reducing tools in the palm of one's hand is a promising
strategy for finding ways for smartphones to maximize
well-being.
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Abstract

Background: Opportunitiesin digital distribution place mobile games as a promising platform for games for health. However,
designing a game that can compete in the saturated mobile games market and deliver persuasive health messages can feel like an
insurmountable challenge. Although user-centered design iswidely advocated, factors such asthe user’s subject domain expertise,
budget constraints, and poor data collection methods can restrict the benefits of user involvement.

Objective: This study aimed to develop a playable and acceptable game for health, targeted at young key populations in the
Philippines.

Methods: Authors identified a range of user-centered design methods to be used in tandem from published literature. The
resulting design process involved a phased approach, with 40 primary and secondary users engaged during the initial ideation
and prototype testing stages. Selected methods included participatory design workshops, playtests, playability heuristics, and
focus group discussions. Subject domain experts were allocated roles in the development team. Data were analyzed using a
framework approach. Conceptual frameworksin health intervention acceptability and game design guided the analysis. In-game
events were captured through the Unity Analytics service to monitor uptake and game use over a 12-month period.

Results: Early user involvement revealed a strong desire for online multiplayer gameplay, yet most reported that access to this
type of game was restricted because of technical and economic constraints. A role-playing game (RPG) with combat elements
was identified as a very appealing gameplay style. Findings guided us to a game that could be played offline and that blended
RPG elements, such as narrative and turn-based combat, with match-3 puzzles. Although the game received a positive response
during playtests, gameplay was at times perceived as repetitive and predicted to only appeal to casual gamers. Knowledge transfer
was predominantly achieved through interpretation of the game's narrative, highlighting this as an important design element.
Uptake of the game was positive; between December 1, 2017, and December 1, 2018, 3325 unique device installs were reported
globally. Game metrics provided evidence of adoption by young key populations in the Philippines. Game uptake and use were
substantially higher in regions where direct engagement with target users took place.

Conclusions:  User-centered design activities supported the identification of important contextual requirements. Multiple data
collection methods enabled triangulation of findings to mediate the inherent biases of the different techniques. Game acceptance
is dependent on the ability of the development team to implement design solutions that address the needs and desires of target
users. If target users are expected to develop design solutions, they must have adequate expertise and a significant role within
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the devel opment team. Facilitating meaningful partnerships between health professionals, the gamesindustry, and end userswill

support the games for health industry as it matures.

(JMIR Serious Games 2019;7(4):€13695) doi:10.2196/13695
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Introduction

The Philippines HIV Epidemic

The Philippines has the fastest growing HIV epidemic in the
Southeast Asia region. The dominant mode of transmission
reported in the Philippinesis sexual contact among males who
have sex with males (MSM) and transgender women (TGW).
As of 2017, the Joint United Nations Programme on HIV and
AIDSreported the HIV prevalencerate at 0.1% for general adult
population (aged 15-49 years), 0.3% among young men (aged
10-24 years), 4.9% among MSM, and 1.7% among TGW [1].
Specific data for TGW are limited [2]; however, a
cross-sectional study in Cebu City in 2015 showed an 11.8%
HIV prevalencerateinthisgroup [3]. Casesareforecast totriple
inthe next 10 years, with the majority of new infections among
young MSM (aged 15-24 years) [4]. Since the first reported
casein 1984, theNational HIV/AIDSand Antiretroviral Therapy
Registry of the Philippines has confirmed 59,135 cases as of
September 2018, of which 28% were aged between 15 and 24
years and 51% were aged between 25 and 34 years at the time
of diagnosis. The proportion of HIV-positive cases in the 15-
to 24-years age group hasamost tripled in thelast 10 years[5].

Young key popul ations worl dwide pose acomplex public health
challenge; transmission rates are high, diagnosis is often
delayed, and linkage to care and treatment is poor among those
found to be infected [6]. Barriers to HIV services vary across
contexts. In the Philippines, intrapersona and social barriers
exist alongside health system and economic barriers. Recurring
themes associated with barriersto HIV servicesintheliterature
include low perceived risk of HIV infection; fear of losing
access or statusinimportant social spheres as arepercussion of
accessing HIV services, lack of awareness or negative
perceptions of treatment; belief that clinics do not provide
confidential or private services; and restricted access to testing
services because of time constraints, economic constraints, and
legal constraints for those aged under 18 years[7-11].

Why Play M obile Games?

AstheHIV epidemic worsens, socia changes are occurring for
young peoplein the Philippines. Increased online connectivity,
a growing economy, and prevalent mobile device use has
changed the way people spend their time and socialize. This
change has generated new possibilities for the public health
sector to deliver targeted health messages [12]. Utilizing
technol ogy aready popular among adol escents and young adults
may provide accessto individualswho do not otherwise engage
with traditional forms of HIV education and advocacy [13].
Mobile games, in particular, offer a promising platform to
address the knowledge gaps, perceptions, social pressure, and
self-stigma that deter young key populations from accessing

http://games.jmir.org/2019/4/e13695/

health services[14]. A recent meta-analysisof 54 digital games
for healthy lifestyle promotion found small but significant
effects on behavior, determinants, and clinical outcomes,
demonstrating the potential benefits [15].

Mobile games contain structural elementsthat effectively engage
users [16], and it is through these elements that mobile games
could influence behavior determinants. Players can model
health-related behavior and witness positive and negative
outcomes within a safe environment. Well-designed narratives,
integrated with the gameplay, can foster identification with the
characters, thereby increasing a player’s sense of personal risk
or self-efficacy in overcoming barriers to HIV services [17].
Positive portrayal s of charactersliving with HIV may helpform
beliefsthat players can also remain or becometheir desired self
after a positive diagnosis. Influence may also be found from
the complex interplay between digital gaming and social
behavior [18]. Even a single-player mobile game can trigger
meaningful socid interactions, from recommending anew game
to offering advice on how to complete achallenge. For example,
aplayer may recommend the game to a peer or family member
who they believe could benefit from the health-related content.
Narratives and characters within the game could also trigger
meaningful conversationswithin social groups. Such use of the
game could generate social pressure about health-related
behavior.

A Need for User-Centered Design in Gamesfor Health

Rittel and Webber [19] defined the term wicked problem as a
design problem that cannot be solved in a stepwise
problem-solving manner. Game development is riddled with
wicked problems. They are inherently interactive, and any
interactive component must be tested with users. Even asimple
game has an interconnected system asits backbone; any change
to 1 component of the game will have ramifications to all
connected components. Furthermore, game development is
bound by countless budget, technical, user, and market
constraints. As a solution to wicked problems, some game
developers turned to user-centered design [20]. User-centered
design is an iterative process, using a range of research
techniques, feedback is obtained from users at different stages
of product development to ensure their needs and preferences
are considered in the design [21]. This design approach was
established in the software industry to identify and rectify
usability issues and expanded for usein game design to evaluate
experiential aspects, supporting the devel opment of games that
are both functional and fun. User involvement in game design
may have benefits with regard to the effectiveness of the game,
although the evidence is mixed when reviewed in the context
of gamesfor healthy lifestyle promotion [22]. Thecoreprinciple
behind thistheory isthat, for agameto be effective, it must be
acceptable and appropriate. This can only be achieved through
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consultation with target users, especialy if the developers do
not share the same characteristics as them. User involvement
isalso predicted to improve user adoption and enable devel opers
to critically reflect on the value and consequences of a game
when vulnerable groups are involved [23]. Thus, user-centered
design methods must encompass interpretation and emotional
response to health-related content in the game as well as
evaluating usability.

As the purpose of our game expanded beyond entertainment,
we developed a theory of behavior change (Figure 1) to guide
the design process [24]. Context-specific learning objectives
were generated through areview of theliterature and formative

Hemingway et al

research with target users and HIV service providers in the
regions of Davao and Manila. Datawere collected through focus
group discussions (FGDs) with HIV services providers, in-depth
interviews with MSM and TGW, and an online survey on
enablers and barriers to HIV services. Findings from the
formative research are not included in detail in this paper. The
framework references modifying factors relevant to the
Philippines HIV testing context such as health system and legal
and economic constraints. Given that the target audience for
the game will be young MSM and TGW, we do not expect the
game to impact modifying factors but note that these are
important considerations in the evaluation of the game's
perceived effectiveness.

Figure 1. Integrative model of predictive behaviour and predicted game influence.

Context-specific learning objectives

To believe you can live a fulfilling life after
a positive diagnosis

To know HIV treatment makes your immune
system stronger and able to fight off illness,
reduces the risk of transmitting the virus to

Individual perceptions
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Perceived advantages __|

Modifying factors

Health system constraints =

Legal and policy constraints =

Economic constraints

someone else, reduces the effect of the illness and disadvantages

on quality of life, and leads to a significant

reduction in the risk of death if started early

To know HIV testing and treatment services . - . -
are available for free in the Philippines and el Behavioral intention Behavior

results are given on the same day
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influence

Potential game influence
Potential game

Ce

To recognise common coinfections and signs
of HIV infection and to know that symptoms
may not appear until long after infection

To know there is risk of HIV transmission

Social pressure

Emotional reaction —

(Access HIV services)

among heterosexuals

To know the location of HIV services

In this paper, we describe the user-centered design process for
amobile game titled Battle in the Blood and explore the effect
of user-centered design techniques on the game's acceptability
as a health intervention and uptake among target users.

Methods

Overview

Battle in the Blood was developed from 2016 to 2018 through
a collaborative effort with experts from the United Kingdom

http://games.jmir.org/2019/4/e13695/

» Skills to peform behaviour =——

and the Philippines. Final design choices were made by the
game's coproducers: a British behavioral scientist specializing
in game design for health system benefit (CH); the director of
an independent game devel opment company, with over 10 years
industry experience, based in Scotland; and a Filipino clinica
epidemiologist (EB). The process was divided into 3 phases
and aligned with development milestones for the game (Figure
2). Interna playtests were freguently conducted by members
of the project team and their immediate networks. Change
requests and bugs were recorded and shared with the
development team using Google Docs.
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Figure 2. Development process.
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Selection of User Centered Design M ethods

A literature review was conducted to identify a range of
user-centered design methods to be used in a combined
approach. Methods were selected based on their fit to the
guestion the development team wanted to answer and the
available resources. The resulting design process involved a
phased approach, with primary and secondary users engaged
during theinitial ideation and prototype testing stages. Resources
were prioritized to capture important contextual regquirements
and evaluate educational and experiential aspects of the game.
Selected methodsincluded participatory design workshops[25],
extended playtests [20], playability heuristics [26], FGDs, and
game analytics.

Asthe methods for each phase were distinct, recruitment, data
collection, and analysis have been described for each. Datawere
collected in the cities of Manilaand Davao. The study was part
of amuch larger project, which included assessment of arapid
diagnostic algorithm for HIV, that was being piloted in these
cities.

Phase 1. Game Design

To determine important contextual requirements and user
preferences, design workshops with Filipino gamers were
conducted during the initial specification and ideation stage.
Subject expertsin clinica practicesfor HIV and the Philippines
HIV epidemic were alocated informant roles in the game
development team.

Recruitment

Filipino individuals older than 18 years who regularly played
digita games or were involved in game development or
electronic sports, regardless of sexual identity, were invited to
participatory design workshops via social networking sites,
including Facebook and Steam forums. It was theorized that
the game would need to be appealing and accessible to arange
of gamer types and that gamer type would not be dictated by
sexual identity. A total of 18 participants were divided into 2
groups (11 and 7). Participants were aged between 21 and 30
years and were a mixed group of MSM and non-M SM.

Data Collection

Group sessionswerefacilitated by UK and Filipino researchers
(CH, EB, EG, and JD), in which (1) participants responded to
questions by creating a human scatter graph indicating their
level of agreement to different statements by their physical
proximity to the statement placed on thefloor, creating an instant
visual of the group’s perception and experience of mobile games
and gamesfor health; (2) group discussionswere held on design
and technical enablers and barriers to digital gaming; and (3)
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participants were divided into teams (maximum 6 participants
in ateam) to devel op pitchesfor gamesto promote HIV services,
which they then presented and discussed. HIV clinic counselors
were present at both workshops to answer any questions the
participants had regarding HIV and provided information on
HIV service provision in the Philippines. The session was audio
recorded and transcribed, and photos were taken to record the
human scatter graphs and visuals from the game pitches.

Analysis

Transcripts and session outputs were analyzed using a
framework approach [27] to identify a set of recommended
game features. A 4-day workshop was conducted with the full
development team to trandate the list of recommended game
featuresinto agame design document. Gamefeatureswere also
connected to the context-specific learning objectives outlined
inFigure 1.

Phase 2: Prototype Testing

Playtesting sessions and FGDs were conducted to assess the
acceptability and playability of the beta game build.

Recruitment

Participants were older than 18 years and self-identified as
MSM. This study aimed to ensure that the narratives and art
style were appealing, relatable, and inoffensive to the target
users. Participantswere recruited using social networking sites,
including Facebook, Grindr, Growlr, and PlanetRomeo, known
aspopular networking sitesfor the MSM and TGW community.
Peer counsglors from HIV testing services were also recruited
as they were predicted to be an important user group for the
game.

Overdll, 5 FGDs and playtesting sessions involving a total of
22 participants were conducted between August 20, 2017, and
November 18, 2017; 4 sessions were conducted in Manila (17
participants, all MSM) and 1 in Davao (5 participants, all peer
counselors and MSM). Game changes and bug fixes were
implemented between each testing session.

Data Collection

Sessions were facilitated by UK and Filipino researchers (CH,
EB, EG, and JD). User testing was divided into 3 activities: (1)
participants’ screens and faces were video recorded as they
played the gamefor 30 to 45 min, (2) all animationsin the game
were played on abig screen and a short discussion was held by
participants for each one, and (3) a group discussion was
conducted on the perceived acceptability of the game.

Analysis
Anaysis of data from the game testing sessions was divided
into 2 parts. The first part utilized playability heuristics to
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identify and fix design flaws. Playability heuristics are a set of
qualities by which a game's engagement and usability can be
assessed. They are typically used by game developers and
professional game testers. We adapted an existing list of
playability heuristics for mobile games [26] to use as a coding
framework to analyze the video recordings and transcripts
(Figure 3). Screen recordings were primarily used to identify
technical and usability issues, whereas transcripts were more
conducive to recognizing different experiential aspects. For
example, expressions of confusion by the player when they lost
alevel, especially when followed by repeated failed attempts,

Hemingway et a

could be marked as aviolation of gameplay heuristic GP1, “the
game provides clear goals’ (Figure 3). This is an example of
what istermed a playability violation. Playability reports were
developed independently by 2 researchers (CH and EG). The
reports described each playability violation and gave
recommendations for game improvements. The reports were
compared and discussed by the game devel opment team before
agreeing on a final list of game changes. Where feasible,
changeswereimplemented before the next game testing session.
Software bugs and technical issueswere a so recorded, and fixes
were implemented.

Figure 3. Playability heuristics for mobile game for health. Ul: user interface.
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The second part of the data analysis utilized the transcription
of the group discussions to assess the acceptability of the game
asahedthintervention. Dataanalysiswasinformed by ageneral
inductive approach, aligning emerging themes identified in the
transcriptswith the following predetermined constructs of health
intervention acceptability: affective attitude, burden, ethicality,
intervention  coherence, opportunity costs, perceived
effectiveness, and self-efficacy [28].

Quality Assurance: Phases 1 and 2

All qualitative data collected were translated into English for
analysis (EG), and the transl ation was checked for accuracy by
members of the research team. Analysis was led by a UK
researcher (CH) with regular consultation and input from the
full project team to improve quality and depth. All design
choices resulting from the data were reviewed by the
development team before implementation.

Phase 3: Game Analytics

Recruitment

Game use datawere obtained from userswho installed the game
and gave permission for the app to access device storage.
Geolocation data were obtained from users who granted access
to their devices' location data and played the game with GPS
switched on. Information about why data were being gathered
and reassurances that all data would be kept anonymous were

Table 1. Game metrics.

Hemingway et al

presented on the app store page, and in the game when access
was requested.

The game was made available on the Apple App Store and
Google Play on November 27, 2017, and was officially launched
during World AIDS Day celebrations in the Davao Region on
December 1, 2017. Marketing events for the game included
local television appearances by project staff, printed and online
news articles, exhibitions at health- and game-related
conferencesin the National Capital Region and Davao Region,
social media advertisements on Facebook and Twitter, and
posters displayed in 4 HIV testing and counseling clinics (3in
Manilaand 1 in Davao). The game analytics span a 12-month
period from December 1, 2017, to December 1, 2018.

Data Collection

Data were automatically gathered from devices with the game
installed through the Unity Analytics service, version 2017.1
by Unity Technologies. For data to be sent from the device, the
user must have opened the game at |east once while the device
was connected to the internet. Events are stored locally on the
device when the game is played offline and sent the next time
the gameis opened and the deviceis connected. All data points
were stored in the Unity Data Store. The game metrics (Table
1) were exported and converted into a readable format for use
in statistical analysis software.

Segment Metrics

Active player metrics
Session metrics

Retention metrics Day 1, 7, and 30 retention

Daily active users, monthly active users; and new users (unique device installs)

Sessions per day; sessions per user; total daily playing time; and total playing time per active user

Platform segment Total Android and iOS users
Custom segments Level events—reports each time alevel is completed or failed, and the players end score; link event—reports the click-
through rate of all in-gamelinksto external information; question events—reportsthe responseto all in-game questions,
including a set of demographic questions; geolocation per session—reports the device's current location at the start of
asession to 2 decimal places; and app version
Analysis Results

Descriptive statistical analysis was conducted in Microsoft
Excel, version 1812. Spatial analysis was conducted in QGIS,
version 3.2.3.

Ethical Assurance: All Phases

Legal advice was sought to ensure that management of game
analytics complied with the 2018 European Union General Data
Protection Regulation.

Ethical approval for the project was obtained from the ethics
committees at the University of the Philippines College of
Medicineand Liverpool School of Tropical Medicine (research
protocol 16-017).

http://games.jmir.org/2019/4/e13695/

Phase 1. Game Design

Direction on game elements to support health-rel ated behavior
change first emerged through the human scatter graph activity.
Figure 4 demonstrates that the 2 groups had varied perceptions
on the effectiveness of gamesfor health-related behavior change.
Participants were questioned as to why they had chosen their
place on the graph. Perceived limitations of the game's
effectiveness were centered around beliefs that changes in
knowledge would not be sufficient to change behavior and that
the use of technical language would make the game’s content
inaccessible, asillustrated by the following quote:
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Figure 4. Human scatter graph on perceptions of the effectiveness of games for health behavior change.
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I'm still not convinced with the knowledge part
because, as with some health conditions, even with
some health benefits and stuff, there will be some
thingsthat a player will not understand, especially if
it's scientific jargon...but | do believe that behavior
can change especially if it's immersive and it is an
experiencethat will change your perspective on very
different matters. [Group 2: Respondent B]

Facilitators to behavior change centered around the use of
immersive experiences that could change perspectives and
generate social interactions between users, asillustrated by the
following quote:

Because whenever I'm playing games, they would
often ask me “ Hi [name]! What's that game? Is that
availableiniOS? Isit available in the Android Play
Sore?” Right after | told them about it, they would
go check out the game and download it. So, it's not
just me but also them that learns from the game.
[Group 1: Respondent J|

During group discussion, the game's narrative was identified
asanimportant feature. If donewell, it fostered anidentification
with the game characters and motivated the playersto overcome
challenges in the gameplay to witness the story unfold. The
narrative was identified as the logical place to communicate
why it was important to know one’'s HIV status. Participants
felt that the game should not provide technical information on
HIV or HIV services but should focuson telling an emotionally
driven story and provide the player choice over the narrative
direction.

When the groups were divided into teams (2 teams in each
group) to pitch their HIV advocacy games, 3 out of the 4 teams
presented a similar concept of ahero sent on aquest to fight or
evadethe HIV virus, where story and role-playing game (RPG)
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elements intertwined and where reality and fantasy existed in
the same space.

Multiplayer gameplay was reported to be a strong motivator for
repeated gameplay and was perceived to play a role in the
effectiveness of the game, asillustrated by the following quote:

..they say that no man is an island. So, | think it
would affect the behaviour of the person if thereisa
community that pushes you. Someone playing alone
will say “ I’'mjust alone, nobody will careif | do this
or dothat” Butif you know somebody elseispushing
you, it will affect your behaviour, it drives you as a
person. [Group 1: Respondent I]

However, participants also reported that access to these types
of games was restricted because of the requirement of a stable
internet connection:

| have external and internal factors why | leave the
game. The external factor is whenever the game
requiresinter net connection because theinternet, the
wireless data in the Philippines is not that good.
[Group 1: Respondent E]

This presented adilemmafor the game design. On the one hand,
multiplayer gameplay was a very desirable game style among
the participants as they could participate in discussions about
HIV, behavior, and personal values and coconstruct their own
narratives about a desired future. This was further evidenced
by the market success of multiplayer mobile games in the
Philippines. On the other hand, we did not have the resources
to develop and maintain an online multiplayer platform, and
known issues around internet connectivity would restrict access
to the game.

JMIR Serious Games 2019 | vol. 7 | iss. 4 [€13695 | p.32
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

Combining Feasibility With Desire

Findings from the phase 1 game design workshops directed the
game's overarching narrative and the integration of gameplay
and storytelling. Players take on the role of the protagonist,
entering the blood stream in an antiretroviral (ARV) pill capsule
and battling anthropomorphic viruses, bacteria, and cancer cells
using a weaponized mechanical suit. The gameplay combines
match-3 puzzleswith turn-based combat; players connect icons
on apuzzle board that represent condoms, ARV's, hedlthy living,
health care, and time. Connecting the icons builds up the
player's defense and attack status during the rounds of combat.
The match-3 game style was sel ected because of the availability
of prebuilt game assets and source code, which substantially
reduced the development time and enabled the team to all ocate
time to the custom animations.

The gameplay is segmented with a series of 8 animated stories
about people living with HIV that the player helps by
progressing through the game. The difficulty of the levels and
the types of enemy units are connected with the story line. For
example, if the character in the story line is diagnosed with
gonorrhea, an enemy unit representing gonococcus appears
during the gameplay. In the game’s final mission, the player is
introduced to a character with AIDS in critical condition; it is
revealed that he has never been tested for HIV, treatment fails,
and the character dies. Throughout the game, the player is
awarded with fragments that combine to form an anting-anting,

Table 2. Theory of behavior change design choices.

Hemingway et al

atraditional Filipino amulet believed to have magical powers.
Thisamulet allowsthe player to travel back intime and change
how the story ends for this character by encouraging him to
undergo aHIV test.

The game can be played and completed offline. Online features
include a global leader board, ranking players by their total
score, and hyperlinks to websites containing information on
HIV and HIV services in the Philippines. The file size of the
game was also restricted to 53.4 MB on Android and 70 MB
on iOS to reduce the risk of failed download attempts from the
app stores. This in turn had ramifications for animations and
sounds in the game, both of which can substantially increase
thefile size. To maintain asmall file size, the number of sound
effects and music tracksin the game was limited and animated
storieswere presented in adynamic 2-dimensional comic book
style, where static images moved across the screen to give the
scenes depth and movement.

I ntegration of Context-Specific Learning Objectives

Table 2 details the design choices made in relation to the
context-specific learning objectives outlined in Figure 1.

Figure 5 uses screenshots from the game to illustrate some of
the design choices made. A table summarizing the phase 1
design process (Multimedia Appendix 1) and the game design
document, version 0.15, (MultimediaAppendix 2) areincluded
as Multimedia Appendices.

Context-specific learning objective

Game design element

To believe that you can live afulfilling life after a positive diagnosis

To know that HIV treatment makes your immune system stronger and
more able to fight off illness; reduces the risk of transmitting the virus to
someone else; reduces the effect of the illness on quality of life; and, if
started early, leads to a significant reduction in the risk of death

To know that HIV testing and treatment services are available for freein
the Philippines and that results are given on the same day

To recognize common coinfections and signs of HIV infection and to
know that symptoms may not appear until long after infection

To know that thereisarisk of HIV transmission among heterosexuals

To know the location of HIV services

The animated stories depict people living with HIV pursuing their ambi-
tions, being socially active, or spending time with their family. For exam-
ple, atransgender character enters a beauty pageant and, as she takes her
medication in the dressing room, the text reads, “1 fought to be my true
gender, | can win thisfight too.” This particular story line was selected
because of the cultural relevance pageantry hasin the Philippines and the
great esteem in which Filipinos hold the contestants.

Antiretroviral tabletsfeaturein every animated story except the onewhere
the character dies. Treatment isalso shown to improve the physical appear-
ance of the charactersin the later missions. Players can earn an extralife
during gameplay by answering amultiple-choice question. Some questions
address knowledge on treatment effects, and feedback containing theright
answer is given. Hyperlinks to websites containing information on HIV
treatment are included throughout the game, and the click-through rate is
mesasured.

In the animated stories, the words “Free HIV tests’ appear in the back-
ground of al the clinic waiting room scenes. The rapid testing procedure
is depicted in thefirst 3 animations. Multiple-choice questions address
the availability of free testing and the time taken for the client to receive
their resultsin the Philippines. Hyperlinksto websites contai ning informa-
tion on HIV servicesin the Philippines areincluded throughout the game,
and the click-through rate is measured.

Enemy unitsin the gameinclude representations of gonorrhea, tuberculosis,
hepatitis B, herpes, and cancer. Common signs of HIV infection are de-
picted in the animated stories, and some characters show no symptoms.

Thefirst animated story depicts a heterosexual couple. In several other
animated stories, the character’s sexuality is ambiguous.

A hyperlink to awebsite containing the contact information and location
of all testing sites in the Philippinesis featured throughout the game.
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Figure5. Screenshots Battle in the Blood v1.4.

‘T only hope people get tested before
it's too late...’

2 weeks later...

‘It was the gonerrhoea that
was causing you pain,’

"It has all been leading to this
moment.'

Hemingway et al

Help defeat HIV in the real world, follow
the links below for more information.

hittps:/

2 Why Test?

3. HIV Treatment

4. Where Can| Test?

Protagonist enters blood
stream in an ARV pill
capsule.

Phase 2: Prototype Testing

. Animation tells the story
. of a character who is

. diagnosed with gonorrhoea :
- and HIV.

. The strength and type of
: enemy units in the
gameplay is connected

: with the animated story.

Fragments awarded
 throughout the game form :
* an anting anting, a
- traditional filipino charm. :

: Links to external websites
which contain information
: on HIV and HIV services
in the Philippines.

recognizing the unique benefits of treatment for each character,
asillustrated by the following quote:

Table 3 summarizesthefina agreed list of playability violations

and the game changes made as

Learning Achieved Predominantly Through
I nterpretation of the Animated Narratives

aresult.

Ever since the guy was given the ARV, his fear of

him having STDs or socializing with people is how

Participants repeatedly drew inferences between the presence
of ARV sand the positive outcomein the short-animated stories,

Table 3. Playability violations and game changes.

gone, and hewas ableto not be afraid to connect with
other people. [GameTester MSM]

Playability heuristic

Evidence of violation

Game change

GP5: There are no repetitive or bor-
ing tasks

GU1: Audio-visua representations
support the game

GU11: The game contains help

GP6: The players can express
themselves

GP2: The player is rewarded, and
the rewards are meaningful; GP5:
There are no repetitive or boring
tasks

Participants felt bored and disengaged with the animation
when the first half of the story line was repeated. Video
footage demonstrated that playersdid not realizethey could
skip the recap by tapping anywhere on the screen.

Players reported the icons as unintuitive because the color
of theiconsdid not correspond with the combat status bars
that they effected. Video footage showed players taking
decisions based solely on the length of the chain, not the
color of theicons, and becoming frustrated when they re-
peatedly lost alevel.

Participants did not feel that the onboarding was compre-
hensive enough, and new mechanicsin the game were not
explained.

Participants stated that they did not like the mechanical
suit asthey had spent time customizing the avatar but rarely
saw it in the game as most of it was covered.

Participants stated that they wanted to be able to earn in-
game currency by completing the levels, which could be
spent on upgrading or customizing their character. They
also felt thiswould make the gameplay feel less repetitive.

On the second playthrough, atitle screen appears
with the text “ Previously on Battlein the
Blood...Skip?’

Thedesign of theiconswas adjusted to correspond
visually with the attack and defense bars.

When a new game mechanic istriggered, a dialog
box appears that explains the new mechanic using
asmall amount of text and images. Thisinformation
can aso be accessed viathe game’'s menu and via
the level-pause screen.

Avatar appears animated in the level-compl ete or
-fail screen.

Implementing an in-game currency system and
custom character upgrades would have required
additional resourcesand delayed the planned launch
of the game. The change request was logged but
not implemented for the pilot.

In addition to theinferred benefitsof HIV treatment, participants  had changed his personal understanding of when to undergo a
also identified messages about the consequences of delayed HIV test, as shown by the following conversation:
accessto HIV services. One participant reported that the game
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For me it's better to test at the earliest, so you can
know if you're positive and prevent it earlier.
[PhaseTwo_GameTester MSM]

So, before you played the game, you just know that
you need to get tested when? [Interviewer]

Only if youre already having symptoms.
[PhaseTwo_GameTester MSM]

Participants interpreted the stories based on their current
knowledge and personal values. In 1 case, thisled to the message
of the story being repeatedly challenged:

...he was told that he has Gonorrhoea and he was
then given pillsto cureit and the HIV treatment. With
that, he told himself that this could save his life and
then could continue living hislife normally. And then
he was seen to be at the bar again. But it was
somehow an off for me because it gave me the
impression that just because there's treatment, you
can go on with your promiscuous activity all your
life. [PhaseTwo_GameTester MSM]

Some counterarguments were expressed because of preexisting
knowledge, namely, alack of awarenessthat ARV's can reduce
the viral load to the point where the individual is no longer
infectious and social norms in which sexual promiscuity is
perceived as an undesirable trait. Most participants concluded
that the character in this particular animation was sexually
promiscuous because the story centered around a nightclub, and
he was diagnosed with HIV and gonorrhea. In this case, the
narrative appeared to challenge stigmatizing perceptions around
sexual promiscuity and its association with HIV.

Although participantsfelt that the health-rel ated messages were
reinforced in the turn-based combat levels, most of thelearning
outcomes were achieved through interpretation of the animated
narratives and the discussionsthey triggered. A potential concern
isthat the animations were perceived to be disconnected from,
and less engaging than, the gameplay. During the prototype
testing session, all in-game animationswere played in sequence
through a projector, and participants intently watched and
discussed each animation. Interpretation of the narrative may
be significantly different by a user casually playing the game
alone, with no direct incentive to focus on and analyze the
content.

| dentification With Game Characters

Animated narratives where the players shared a set of
commonalities with the character diagnosed with HIV €licited
a stronger emotional reaction than those where the characters
did not share similar demographics or behaviors. The story of
ayoung M SM who resortsto solicitation to afford to play games
at an internet café was reported to be the most impactful story
line by almost all game testers. This was likely because of the
recruitment strategy, as most game testerswere part of the young
MSM community and had a strong interest in gaming:

Wl it seems relatable for me because I'm a gamer.
And | have a friend who does that thing sometimes.
And thankfully he hasn’t got any HIV. It's relatable
to me because well, |1 know those who did, |
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experienced one but thankfully 1 haven't got HIV.
[GameTester MSM]

The gamefollowsthe stories of 8 different characters diagnosed
with HIV. Each character is unique in its sexuality, gender,
appearance, and behavior. Therefore, a user is likely to
empathize with or relate to some but not all charactersin the
game. As game characters are presented in a predetermined
sequence, some users may never witness a character that they
share commonalities with, reducing the potential impact of the
in-game narrative for certain users based on their progress in
the game. The representation of different sexualitiesand genders
was well received by participants as they acknowledged that it
could help to address misconceptions that HIV only effects
MSM, indicating that the design flaw was the delivery of the
narratives rather than the inclusion of multiple character types.

Gameplay Perceived as Enjoyable but Potentially Limited
in Appeal

Despite a positive response from the participants, in which
gameplay was described as “enjoyable, addictive, and
challenging,” there were indications that the game would have
alimited appeal. In thefirst instance, participants had very low
expectations for the game and expressed surprise at playing a
game comparable with commercial games on the app stores. In
1 FGD, participants identified 2 categories of gamers, casual
and hardcore, and discussed which category the game would
appeal to and why. A casual gamer was perceived to be someone
who occasionally engaged with digital games as a form of
distraction, whereas a hardcore gamer’s life would revolve
around digital games. Most agreed that the game would have
little to no appeal for hardcore gamers. For casual gamers, the
consensus was that the game would be appealing but required
an effective marketing and deployment strategy to overcome
competition from similar games. Offline gameplay was
perceived to be a strong motivator, regardless of gamer type,
asit would enable playersto alleviate boredom when they were
unable to access features on their devices that required an
internet connection. Marketing Battle in the Blood as a game
about HIV was perceived to have 2 effects on the appeal; in
most cases, it would arouse curiosity or tap into adesireto learn,
whereas in some cases, it could be off-putting. Participants felt
that the game’ s marketing should also be targeted toward parents
and should offer information on the age appropriateness of the
content.

Phase 3: Game Analytics

Game analytics reported 3325 unique device installs globally
during a 12-month period. The game received an average of 10
installs per day. Installs peaked during active and incentivized
marketing events; the maximum number of installsin 1 day was
367 at the time of the World AIDS Day launch event in Davao.

Unity Analytics provided amore accurate report of game uptake
and reach than the app store services because of the common
practice of using third-party apps, such as SHAREit, to access
the game via Bluetooth and avoid data costs. Installs via this
method would not have been captured by the analytics services
provided by the Apple App Store or Google Play at the time of
the study.
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Regional Game Uptake

Geolocation data were collected for at least one play session
from 50.77% (1688/3325) of users. Of the users from whom
geolocation data were collected, 85.36% (1441/1688) were
located in the Philippines (Figure 6). Game use was concentrated
in urbanized areas. Uptake of the game was highest in the

Hemingway et a

National Capital Region and Davao Region. Furthermore,
54.01% (1796/3325) of the usersreported their age, gender, and
gender of sexual partners; of these users, 28.06% (504/1796)
reported as being sexually active MSM. Within the sexually
active MSM category, 47.8% (241/504) reported their age as
between 25 and 34 years, 26.1% (132/504) as between 20 and
24 years, and 7.1% (36/504) as between 10 and 19 years.

Figure6. Cluster point map of the location of Battle in the Blood installations in the Philippines. Points clustered at 4mm. Number in circle represents
total number of userswhich installed Battle in the Blood in that location. Total number of user records from the game analytics that contain geolocation
data and have played the game in the Philippines=1441. Region level shape file from Humanitarian Data Exchange.
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Overal, 2 factors are believed to have contributed to the
substantially higher uptake among target users in the regions
of Davao and Manila. First, several promotional exhibitionsfor
the game were held by project staff in these regions. The
exhibitions often included prize giveaways for those who
downloaded the game, indicating a dependency on these types
of active and incentivized marketing events. Self-reported data
indicated that marketing eventstargeting adol escent userswere
potentially lacking. Second, user-centered design activitieswere
conducted in these regions with influencers in both the gaming
and HIV community, and it islikely that they also played arole
in promoting the game.

Low Rates of Game Completion

As of December 1, 2018, 14.98% (498/3325) of users were
reported to have completed level 45 and 4.00% (133/3325) were
reported to have completed level 90, the last level in the game.
Factors believed to have contributed to the reported low rates
of game completion are the gameplay being perceived as
repetitive and having limited appea and missing data because
of the provision of offline gameplay.

Additional factors impacting uptake and progression will be
explored further through interviews with end users and
follow-up interviews with participants involved in the design
process.

I dentification of Access |ssue on Android Devices

Game analytics and app store reviews were monitored
throughout the 12-month period. M onitoring activities supported
theidentification of an accessissue on Android devices, which
was related to app permissions managed by the Google Play
store. A fix was launched on November 5, 2018. Between
October 5, 2018, and November 4, 2018, the average humber
of daily active users was 16, and this increased to 40 in the
month following the fix.

Discussion

Establishing Design Solutions Through User-Centered
Design

User-centered design methods supported the identification of
contextual requirementsfor thegame[22]. Qualitative methods
provided adeep understanding of theimportant factorsthat both
motivated and enabled gameplay, which are likely to have
contributed to the reported uptake and use of the game. The
human scatter graph method and game pitches enabled
participants to reflect on their views and the views of others,
which, in turn, ignited valuable discussion on the qualities the
game required to both be appealing and deliver persuasive health
messages. Although findings from phase 1 influenced the
creative direction of the game, each design choice made by the
development team was prefixed with a discussion on what was
feasible within the predetermined budget and development time
frame. For example, during phase 1, an action RPG in which
the player could control their character’s strength and traitswas
found to be highly desirable, but adequate resources were not
available to implement a stable and balanced underlying
mathematical model for this feature. In this case, the design
workshops supported the identification of a wicked problem,
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the solution for which wasinformed by the experience and best
judgment of the game's coproducers [19]. The reported low
rates of game completion indicated that optimal design solutions
were not achieved by the game's producers.

User-Centered Design and Community Adoption

Results from the game analytics indicated that users
involvement in the game development process had a positive
impact on uptake among target users. However, the extent of
that impact cannot be determined from the available data. For
example, athough unique device installs were substantially
higher in regions where user-centered design activities took
place, the proportion of installs credited to such activities cannot
be determined, especialy with the presence of targeted and
incentivized promotional eventsin those regions. Further studies
are recommended to explore the correlation between user
involvement and community adoption of gamesfor health. The
way in which target users involved in the design are credited
may also be an important factor to consider.

Narrativesin Gamesfor Health

Storytelling has long been established as an effective means of
attitude and behavior change[17], and this was reflected in the
findings during the user-centered design process. This also
highlights the importance of having an experienced narrative
designer as part of the devel opment team to work in partnership
with the subject domain and behavioral experts. Assessment of
the game's acceptability found that mobile game design that
accommodates typical user behavior is not always conducive
to effective storytelling. To be suitablefor usein apublic space,
the animated stories had to be highly captivating to retain focus
while also alowing the player to disengage without missing
vital information. Although Battle in the Blood made some
headway in delivering a narrative that was accessible and
accommodated typical user behavior, alack of interaction, an
obscure link to the gameplay, delivery through linear episodes,
and limited character identification may have rendered the
animated stories ineffective in generating new knowledge and
perceptions when the game is played outside a facilitated
gameplay session. These design flaws could be addressed
through the inclusion of additional branching narratives driven
by player choice, forming astronger link between the gameplay
and cause and effect sequences in the narrative, inclusion of
stories based on true events, allowing playersto select narratives
they areinterested in, and facilitating group gameplay sessions
where players are encouraged to discuss their interpretation of
the narratives as part of the game's distribution strategy.

Multiple Data Collection M ethodsto M ediate Biases

Telemetry and geolocation data are widely used in the mobile
games industry to improve app revenue. There are countless
articles ranking key performance indicators by their value to
app developers. In response to demand, arange of services are
now available that processlarge volumes of datainto actionable
information with very low setup costs. In the case of the Unity
Analytics service (version 2017.1), standard metrics can be
obtained by toggling a switch in the Unity game engine.
Although generating income may not beaprimary goal, it could
be argued that analytical services that capture data during
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gameplay are currently underutilized in games for health
development and evaluation [29]. In contrast to FGDs, telemetry
and geolocation data collected through the game are not biased
by the presence of aresearcher; however, emotive responsesto
gameplay cannot be captured thisway. Thus, it isimportant not
to focus solely on 1 data collection technique but rather to
triangulate results from a range of different data sources to
mitigate bias while providing a more complete picture of game
performance.

This study explored the effect of user involvement on health
intervention acceptability and community adoption and
described in detail the methods used. Further evaluation of the
game has been conducted to explore the game's effect on
knowledge, attitudes, and HIV service use among target users,
the results of which will be published in a separate paper.

Limitations

Aswith all qualitative research, findings cannot be applied to
the wider population with certainty. Perceptions from aged
under 18 years and subjects outside Manilaand Davao were not
captured. Although the project team failed to recruit TGW
during phases 1 and 2 of the game devel opment process, they
were included during the formative research stage, which
informed the conceptual framework for the game (Figure 1).
Feedback on how the transgender character in the game was
portrayed was provided by TGW known to the research team
in the Philippinesin an informal capacity.

The authors note that the recruitment strategy and use of FGDs
is likely to have resulted in a bias toward participants less
encumbered by stigma toward their sexuality or HIV status.
Given that recruitment advertisements stated that participants
would be inputting into the design of an HIV advocacy game,
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this may have also created a bias toward individuals with a
vested interest in health advocacy and game design.

The timing for phase 2 protype testing was not ideal, which is
believed to have impacted the changesimplemented in the game
design.

Certain terms used by the participants did not have a direct
English trandation, which, at times, led to ambiguity in the data
during the transl ation process.

Conclusions

By involving users from the outset, the development team was
guided toward narratives that were shown to be relatable and
understandable and to gameplay that provided enjoyment. The
resulting product is a game that is accessible, simple, and
entertai ning because of universally recognized game mechanics,
small file size, and offline gameplay. At aminimum, gamesfor
health should involve target usersin early stages of the design
process as a relatively cost-effective method of cataloging
important contextual requirementsand user preferences. If target
users are to be tasked with developing design solutions, then
interaction with the development team must go beyond FGDs.
For the target user to be a valued member of the game
devel opment team, they must have adequate expertisein design,
a shared goal, and be properly credited and compensated for
their contributions [22]. Increased reporting of design
approaches and stronger collaboration among hedlth
professionals, the entertainment games industry, and end users
will support the games for heath industry as it matures.
Restructuring projects to involve users before determining the
development budget will enable design choices to be driven
more by user requirements and less by what isfeasible.
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Abstract

Background: Physical activity is crucial for child obesity prevention and intervention. Narratives embedded in active games
can increase children’s physical activity.

Objective: Littleis known about the narrative characteristics that would motivate children to exercise. We attempted to fill the
gaps in understanding regarding narrative design for active video games.

Methods: Inthisexploratory study, four animated narratives of different genreswere professionally generated. Children (N=41)
between the ages of 8 and 12 years were interviewed to identify their preferences. Sessions were digitally recorded, transcribed,
and analyzed using exploratory thematic analysis.

Results: Findings revealed that the children rated the dystopian science fiction story as their favorite across all weight, race,
and gender groups. The physical activity-friendly narrative strategiesincluded virtuous characters, extraordinary character actions,
interesting plots, super powers, and engaging cliffhangers. Alternatively, information not related to physical activity,
difficult-to-follow plot lines, passive protagonists, and repetitive narrative tropes were less appealing for physical activity.

Conclusions: This research provides preliminary evidence that narratives have characteristics that may increase child physical
activity when playing active games. Future empirical studies should verify and test these design principles.

(IMIR Serious Games 2019;7(4):€16031) doi:10.2196/16031

KEYWORDS
narrative; physical activity; active game; children; thematic analysis

Physical activity (PA) is a critical strategy for child obesity
prevention [5]. Whileit isrecommended that children participate
in 60 minutes or more of PA every day [6], lessthan one-quarter

Background

. d o ) i . . meet the recommendation [7]. Most PA interventions have not
Childhood obesity is a growing epidemic in the United States achieved long-term effects, with lack of access and motivation
and beyond [1]. In 2016, 340 million youth aged 5 to 19 years identified as key challenges[8].

around the world were overweight or obese [2]. The obesity _ _ _
trend is increasing among many groups, with no ages seeinga  Active video games (AVGs) require body movement to play
decrease[3]. Obesity isamajor risk factor for noncommunicable  [9] and may increase PA in an enjoyable manner [10]. With the

diseases such as cardiovascular disease, diabetes, and several  international popularity of Dance Dance Revolution (Konami),
types of cancers [4]. Wii (Nintendo), and Pokémon Go (Niantic), AVG became
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recognized as an independent genre. In the United States,
approximately two-thirds of people play video gamesdaily, and
70% of families have a child who plays video games[11]. All
major consoles offer AVG devices [12]. AVG may aso
encourage PA among children in unsafe neighborhoodslacking
safe outdoor aternatives [13].

Many AVGs, though, are perceived to be less enjoyable than
sedentary games and are lesslikely to be played over time[14].
Most gamers do not complete their games [15] as they often
lack long-term motivationa appea [16,17]. Novel and
interdisciplinary approaches are needed to sustain AVG play
[18].

Narratives, or stories, possess unique motivational properties
that may encourage increased AV G play [19]. While narratives
appear in some health games, few AV Gs capable of achieving
moderate to vigorous physical activity (MVPA) have
incorporated them [20-22]. Recent studies have tested the ability
of added narratives to induce PA through AVG play. An
exploratory study that interspersed narrative cutscenes (ie, brief,
animated narrative video clips) in an existing AVG without a
narrative found that children aged 8 to 12 yearsin the narrative
condition had 40% more objectively measured steps than their
counterparts who played the nonnarrative version of the same
game[23]. Similar resultswerefound in another study involving
college students; the narrative increased MV PA by 58% [24].

Both of the aforementioned studies featured narratives that
included fantastical elements. For example, the first study used
amystery-themed story of amodern child absorbed into agame
world trying to find the way back home [23]. The second
featured an ordinary person fending off swarms of monsters to
protect the world [24]. However, the question remains as to
what narrative elements motivate children to engage in PA.
Two exploratory studies provided preliminary insight: actions
related to PA should be a central narrative element, a credible
PA motivation should be incorporated, and characters should
be likeable [25,26]. These studies, however, did not employ a
theoretical foundation for analysis and largely consisted of
anecdotal observations.

The elusive narrative characteristics that would best motivate
PA among children should be explored with the guidance of
interdisciplinary theories and in-depth analysis of children’'s
feedback about the AVG narratives [27]. Here we attempt to
fill this gap by exploring narrative design principles.

Narratives for Health Promotion in an I nteractive
Technology Age

A narrative is defined as any two or more events arranged in a
temporal order [28]. Charactersand plot are primary components
of narratives. The charactersareamajor structural property and
driving force[29], serving as an internal source of beliefs[30].
Asdescribed by social cognitivetheory [31,32], charactersalso
function as role models. The plot plays a pivota role by
organizing events into a logicaly unfolding sequence or
temporal order [33].

Narratives have strong potential for health promotion by
influencing cognition, affect, and behavior through
transportation [34,35]. Transportation is narrative’s unique

http://games.jmir.org/2019/4/e16031/
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immersive quality that enables the suspension of disbelief,
instills vivid personal experience, and creates deep affection
for characters [36].

The advancement of AVG systems has created numerous
opportunities for narratives to be better woven with the digital
technologies and, in addition, helps amplify the foundational
mechanisms of narrative persuasion. For example, theinteractive
nature of AV Gs enhances player engagement with the characters
through increased character identification, interpersona
attraction, and parasocial interaction. An appealing plot helps
players to go beyond the spectator level to become an active
participant and fosters greater engagement with the plot through
gameplay. Therefore, an engaging AVG with appealing
characters and plots could induce a strong intrinsic motivation
to play exergames by reducing cognitive load [37,38] through
immersive qualities [39], engendering a positive and powerful
arousal and attention [40], enhancing character identification
[41], and absorbing players in a story world [42]. The AVG
play experience, once integrated with narratives, would
internalize reward mechanisms within the players and in turn
help foster the perception of exercisethrough AV G as necessary
[19].

Narratives and Behavior Change Theories

The potential of using narratives can be partly explained by
synergies of narrative with several widely used behavioral
change theories: theory of planned behavior, socia cognitive
theory, and self-determination theory. Specifically, the theory
of planned behavior [43] posits that a person’s behavior is a
function of theintention to perform that behavior, whichinturn
is a function of the attitude toward performing the behavior,
subjective norms, and perceived behavioral control. With their
immersive process, the inclusion of narratives in AVGs may
make PA seem fun (changing attitudes), may show other
characters engaged in PA (which may affect social norms), and
can make the behavior seem easy to do (increasing perceived
behavioral contral), thusinducing amore positive attitude, more
positive subjective norms, and greater perceived behavioral
control toward performing healthy behaviors [44].

Social cognitive theory highlights observational learning, or
vicarious acquisition of knowledge from the social environment,
as a primary source of information [31,32]. A narrative AVG
has potential through character actionsto convey observational
learning and useful strategies, model effective style, and
demonstrate how to use these strategies, thus enhancing players
self-efficacy (the belief in one's capability to achieve different
levelsof performance), akey construct of socia cognitive theory
and a similar concept to perceived behaviora control in the
theory of planned behavior. The AVG can aso offer multiple
vicarious experiences to the players to show the consegquences
of undesirable versus desirable behaviors.

Self-determination theory considers human behavior to bedriven
by autonomous and controlled motivation [45]. Narrative
enjoyment through AVG play can beanintrinsically rewarding
activity sought by people independent of extrinsic rewards by
providing intriguing internal incentives for audiences who, in
the role of characters, feel immersed in the story [46].
Embedding narratives into behaviora change AVGs could
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potentially promote the devel opment of autonomous motivation
to complete the game and adopt the behavior promoted in the
game [37].

Children’s Narrative Preferences Across Media

Little is known about children’s game narrative preferences.
Most researchers to date have focused on print [47,48], with
some later work conducted examining television [49,50]. Fiction
has been recognized as the most popular choice among
elementary school—aged children, with around 95% of them
reading it [51]. Children have also reported that fiction iseasier
and more fun to read than other types of stories [52]. Most
children’s narrative fiction follows a linear path, with events
happening in chronological order [53]. This could be partially
explained by the demand to meet children’s developmental
needs so that they can understand the plot better.

Asfor the themesfeatured in children’sfiction, various scholars
have identified different methods to categorize genres. Across
genders, intermediate-grade children (aged 5 to 7 years)
preferred mystery and adventure stories[54], but children aged
11 to 15 years like fantasy, magic, scary, sorcery, school,
romance, and true story genres [55]. Indeed, these themes help
to open imaginary worlds for audiences to be transported to a
new place.

Recent years have a so seen asurge of discoveries about children
and young adults’ interest in dystopian sciencefictions[56-58].
Whilethis preference may berelated to the contemporary world
and issues brought about by theindustrial revol ution and global
capitalism, the thematic elements in these fictions may also
appeal to children and adolescents because they offer strong
emotional stimuli and allow them to explore different identities
during this particular developmental stage [59].

We attempt to fill gaps in understanding regarding narrative
design for AVG. Specifically, we created four different game
stories based on narrative and game research with children and
adolescents; 41 children between the ages of 8 and 12 years
individually provided feedback on each of the four narratives
and selected their favorite. We adopted a transcendental
phenomenological approach, which aimsto uncover the common
meaning for multiple individuals of their narrative experience
[60]. We then analyzed children’s responses in individual
cognitive interviews using an exploratory thematic analysis
methodol ogy.

Methods

Project Description

This work is part of alarger project systematically exploring
the effect of narratives on children’slong-term MV PA through
AVG play. We created four professionaly made narrative
animation clips that convey information about different story
arcs to be integrated seamlessly into an existing AVG that had
been found to induce MV PA through the Kinect sensor on the
Xbox console: Shape Up (Ubisoft) [61]. To ensurethe narratives
would be engaging and developmentally appropriate, we
conducted individual cognitive interviews with 41 children
between the ages of 8 to 12 years to gauge their interests and
preferences [62].

http://games.jmir.org/2019/4/e16031/
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Our key research questionsinclude: Which of the four narratives
would children consider to be the best for motivating them to
exercise so that we can devel op the narratives further to motivate
their long-term MVPA? What are the perceived narrative
characteristics that help children to exercise versus
characteristics to avoid?

Sampling and Study Population

We employed anonprobabilistic, purposive sampling approach
to recruit participantsfrom alarge, diverse, urban neighborhood
in the United States. Many participants came from low-income
households. The 8-to-12-year age group was targeted because
children younger than 8 years have cognitive limitations in
responding to survey questions [63] while children older than
12 years have entered early adolescence and will be subject to
many physical, mental, emotional, and social changesthat may
make their needs and responses different from those of younger
children [64]. In addition, without intervention, obese children
inthisage group are highly likely to become obese young adults
[65].

Since children of different weight statuses have different activity
patterns when playing the selected AVG [66], we recruited
approximately 20 children in each weight group (normal weight
vsoverweight-obese) to detect potential differencesin narrative
preferences. Our expectation wasthat 20 childrenin each group
would be adequate to achieve theoretical saturation (ie, the point
at which no new information is attained) [67].

Narrative Production

We developed four narrative plots to accompany the selected
Shape Up game, which requires playersto participatein aseries
of engaging workout exercise sessions involving kickboxing,
stomping, squatting, jumping, and so on. Players can see
themselves during these exercise ons thanks to the Kinect
sensor. The narrative development process was based on our
previous research and experience with children’s narrative
engagement [25]. For example, we paid specia attention to
presenting and justifying the protagonist’s motivation to engage
in PA. Each story featured genres we believed to be appealing
to children (ie, adventure, mystery, science fiction, and
suspense). In accordance with the behavioral theories such as
theory of planned behavior, social cognitive theory, and
self-determination theory, narratives were created with the goal
of encouraging children to play the selected gamewith increased
PA intensity and duration. Each video clip lasted between 3 and
3.5 (mean 3.2) minutes, serving as a story teaser. All clips
featured professional-quality animation art and voiceover with
distinct styles, and all ended with a cliffhanger that dissolved
into a“To be continued...” screen. More specific details about
the plot, relevant theoretical concepts in narrative design, and
specific design strategies for each of the stories can be found
in Table 1. Overall design strategies included the following:

We ensured that exercise and physical activitiesarefeatured
throughout the four storiesfor observational learning while
also integrating the physical activities with the narrative's
natural development.
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«  We had the main characters engage in varioustypesof PA  «  We created character dialog and plots to elicit emotional
and portrayed both the characters and PA as appealing and reactions and increased enjoyment from children.

fun.

Table 1. Narrative synopses and design strategies.

We aso showed characters encountering and successfully
overcoming PA challenges.

Title Synopsis Specific design strategies
Food Fight An adventure/quest fiction about two friends:.  «  Third-person perspective narration: female player character
one of them is agamer attracted to amobile «  Main character gender: two girls
gamecalled “Food Fight.” Sheaccidentally spills «  Main character traits: helpful, considerate, brave, humorous, courageous
coffee on the other friend and her phonewhile «  No antagonist
volunteering inanursing home. Asthey are  «  pa2deign: character must dodge food attacks (fun and exciting) and engage
trying to dry their phones, an accidentally trig- in PA (jumping and running) to stay alivein game. The gamer character must
gered cat-shaped timer sucksthe coffee-covered figure out away to rescue her friend from the game by engaging in all of these
friend into the world of the mobile game and exercises
turns her into a game character. «  Reward: gamer character receives rewards as she survives each level
«  Moddling: characters demonstrate the exciting aspects of PA
«  Engagement: friendly banter and the fantastical design of the hurdles during
the gamified PA acts
#PegpThishep A mystery/suspensefiction about atalented child «  Second-person perspective narration: Gender-neutral player character
detective: the detective islured fromaparty by «  Main character gender: one boy and “you”
a secret note left by someone called “9.” The «  Main character traits: intelligent, warm-hearted, brave, spirited
“9” character triesto recruit the child detective «  One antagonist: Cobalt, who wants world control
tojoin atop spy agency because an evil person «  PA design: detective character suddenly realizes that the video was actually
called Cobalt plans on launching akiller app to thekiller mind-control app and must act fast through engaging in PA (running,
dominate the world tomorrow evening. The fighting, and searching in an interactive and simulated virtual social network)
agency needs the detective's help. Asthe detec- before everything gets out of control
tiveis preparing to thwart Cobalt'sapp launch, «  Social support: your teammates and your classmates
asheep video with a“PeepThisSheep” hashtag «  Engagement: player character addresses the children directly and encourages
becomes wildly popular around the world. them to exercise and demonstrates that PA is easy and fun and necessary to
save the world from the evil Cobalt
Ataraxia A fantasy/science fiction with the backdrop of «  Second-person perspective narration: Gender-neutral player character
ableak future where adictator rulestheprotag- «  Main character gender: aboy and agirl and “you”
onist’s postapocalyptic country: the character’'s «  Main character traits: courageous, nice, compassionate, adventurous
mother adopted twin babiesshefound by the  «  One antagonist: evil dictator
roadside and raised them asher own. Thefamily «  PA design: the evil dictator discovers this and abducts the twins so he can use
|ater finds out that the twins do not feel pain and their genes to create a force of invincible super soldiers; the character must
have the power to take pain away from others. stop him through various PA engagement (searching, jumping, running, and
The family tries to hide this from the world to combat on afuture planet)
protect the twins, but because of thetwins kind «  Modeling: the twins keep engaging in fun and exciting PA
nature and natural inclination to help others,the «  Social support: the mother figure hel psthe twins and you to overcome hurdles
word gets out. for PA
«  Engagement: emotional connection with thetwinsasyour “siblings’ through
vivid details
Star Dust A mystery/suspensefiction: it beginswithtwo «  Third-person perspective narration: male player character

friends’ over-night field trip to an observatory
to watch ameteor shower with their classmates
and parents, where an eccentric professor greets
them. The protagonist discovers an ancient
prophecy whileinsidethe observatory: the mete-
or shower will bring alien matter and wipe out
the human race. When the shower begins, every-
one outside starts to behave erratically.

«  Main character gender: aboy and a girl

«  Main character traits: resourceful, fearless, smart, quick-witted

«  Oneantagonist: ascientist who keeps the remedy to the alien matter away
from everyone

«  PA design: character must figure out how to deal with those who are affected
and save theworld through engaging in various PA behaviors (dodging infected
people, investigating the environment, and searching for aremedy to thealien
matter)

«  Engagement: player character needs to solve many puzzlesto find out how to
savethe best friend who may have been infected by the scientist by overcoming
many hurdles on the quest

3PA: physical activity.

Data Collection and Analysis

Ethical approval was obtained from the Northeastern University  and March 2017 at a local community center for families.
institutional review board. We obtained written informed
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consent (from parents or guardians) and assent (from children)
from all participants. Datawere collected between October 2016

JMIR Serious Games 2019 | val. 7 | iss. 4 |€16031 | p.44
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

Demographic information was collected from parents or
guardians.

Three research assistants included undergraduate and graduate
students majoring in psychology, public health, and
communication. Each of them received 25 to 30 hours of
extensive training in cognitive interview techniques prior to
data collection. They used an interview protocol consisting of
5 structured demographic questions, followed by 8 open-ended
cognitive interview questions, and four open-ended follow-up
questions for each narrative. Interview questions were as
follows:

»  Tell me what happened in the story?

»  What do you think happens next?

»  How do you think the story will end?

+  What did you think about the story?

»  Was there anything about the story that was hard to
understand?

- If youwerethewriter, would you make any changesto the
story?

- Now let's talk about the characters. What did you think
about the characters?

Figure 1. Picture Cardsfor Narratives.

Luetal

«  Which of these characters might be able to help you move
around and be more active?

Follow-up questionswere asked only if aparticipant’sresponse
to theinitial question did not cover specific topics of interest.

The four narratives were shown to each child in a random
seguence on alaptop to minimize order effects. After each child
viewed each of the four narratives and completed the cognitive
interviews, the assistants gave them four photo cards (Figure
1) showing thetitle and ascreenshot of each narrative and asked
each participant to rank the narratives from most favorite to
least favorite by arranging the cards on a table. The assistants
documented each child’s narrative rankings (1=most favorite;
4=least favorite) and then asked them the reasons for their
rankings. Children were allowed to take a 5-minute break
between each story interview, although few did due to their
enthusiasm about the animated narratives. Sessions lasted
between 50 and 64 minutes. All children answered all questions.
Each child received a $25 gift card and they were entered into
adrawing to win an OgoDisk set (OgoSport LLC).

Ataraxia

The inclusion criteria were between ages 8 and 12 years; able
to speak English; and no visua, intellectuad, or
neurodevelopmental conditions (eg, autism, anxiety disorders).

http://games.jmir.org/2019/4/€16031/
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Star Dust

All interviewswere conducted in English and digitally recorded.
Verbatim responses were transcribed by a professional
transcription agency. We then compared the transcripts to
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recordings for accuracy and revised the transcripts when
necessary. To minimize the likelihood of unintentional bias,
three coders (undergraduate and graduate students majoring in
public health and communication) independently analyzed the
transcripts [68]. Coders received around 35 to 40 hours of
training for coding qualitative data and cognitive interviews as
part of the process of sensitizing concepts[69]. They read each
of the 41 transcripts multiple times before the coding process
began.

Coding used a hybrid thematic analytic approach. A structured
approach wasinitially used with interview questions providing
the framework. Within each question, similar answers were
grouped and assigned an emergent code (eg, positive
characteristics of a character) [70]. We organized and grouped
the codes for each question into higher order codes and then

http://games.jmir.org/2019/4/e16031/
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into themes using an open-coding process. The themes were
arranged into two categories: features that motivate children to
exercise versus features that discourage them from exercising.
This strategy was applied to transcripts for al narratives. The
coding team met weekly over 3 months with the first author to
discuss the codes and organize them into themes within each
category. We achieved a general consensus for each category
over the meetings and observed theoretical saturation across
theinterviews.

Results

Participant Characteristics

The two weight groups were comparable in multiple
characteristics (Table 2). Children of both groups had amoderate
degree of experience in playing Kinect games.
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Table 2. Children’s demographic information (N=41).

Luetd

Characteristic Normal weight n=21 Overweight-obese n=20 P vaue
Agein years, mean (SD) 10(1.6) 109 (1.4) 51
Gender _b — .26
Boy 10 13 —
Girl 11 7 —
BMI2 kg/m? (SD) 17 (1.9) 25.8(3.39) 01
BMI, percentile (SD) 497 (26.7) 96.3 (2.1) .01
Race, n (%) — — .67
African American 10 (48) 7(35) —
American Indian/Alaska Native 2(10) 1(5) —
Asian 1(5) 2(10) —
Caucasian 5(24) 5(25) —
Other (mixed) 3(19) 5 (25) —
Parent education, n (%) — — 31
High school 5(24) 1(5) —
Technical school 1(5) 2(10) —
Some college 2(10) 4 (20) —
College graduate 4(19) 8 (40) —
Postgraduate Study 9 (43) 5(25) —
Annual household income (US $), n (%) - - 76
<$20,000 6 (29) 4(21) —
$20,000-$39,999 5 (24) 7(37) —
$40,000-$59,999 1(5) 1(5) —
$60,000-$79,999 3(14) 3(16) —
$80,000-$99,999 4(19) 1(5 —
>$100,000 2(10) 3(16) —
Kinect games (KG) experience — — —
How much have you played KG? (1=alittle; 5=al lot) 2(1.5) 2.6(1.3) 15
How familiar are you with KG? (1=unfamiliar; 5=familiar) 23(1.49) 2.7(1.6) .61

3BMI: body mass index.
BNot Applicable

®One family of an overweight-obese child did not provide an answer to this question. Thus, n=19.

Narrative Preferences

We calculated the preference score distribution and average
rank score for each narrative. A lower score indicates higher
preference (eg, the favorite story was ranked 1 most favorite,
second favorite as 2, and so on). Ataraxia was the top-rated
story overall and among all weight, gender, and racial groups.
The story takes place in adystopian future, when atwin brother
and sister with the ability to absorb and take away people’spain

http://games.jmir.org/2019/4/e16031/
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have been kidnapped by an evil dictator to create an army of
indestructible soldiers. In addition, the interview transcripts
indicated children’s negative commentsand criticismswerethe
shortest for Ataraxia compared to the other three options. In
general, we did not observe differences across the weight,
gender, and racia groups in responses to the narratives;
therefore, the ratings of each story were collapsed across all
groups (Table 3).
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Table 3. Children’s narrative preferences.
Title 1 (most favorite) 2 3 4 (least favorite) Average
Ataraxia 14 16 9 2 1.98
Food Fight 11 5 15 10 2.59
Star Dust 7 11 13 10 2.63
#PeepThisSheep 9 9 4 19 2.80

Thematic Analyses

The cognitive interview analyses provided rich insights
regarding key characteristics of stories (eg, charactersand plot)
children found effective versus ineffective for motivating them
to exercise. Analyses included comments regarding children’s
evaluative responses (cognitive and affective) to other narrative
characteristics related to our research questions. In comparing
feedback, few differences were observed among children of
both weight groups. Therefore, their responses were combined.
To maintain confidentiality, participant quotes are identified
with arandomly generated number between 0 and 300.

Responses to the Favorite Narrative

Ataraxia, asciencefiction story set in the dystopian future, was
selected as the favorite narrative among all weight, gender, and
race groups. Most of the themesidentified to motivate children
to exercise can be found from children’s response to this story.
Therefore, they are mentioned herein the order of the frequency
observed with aspecial emphasison Ataraxia. More specificaly,
the themes revolved around protagonists, character attributes,
and story elementsin the order of their observed weight. In the
next section, after illustrating the themes with quotes, we
connected findingswith relevant concepts from health behavior
and media psychological theories.

Almost all children identified the twins (ie, the protagonists) as
appealing protagonists who would motivate them to exercise.
The primary reason usually mentioned was that the activities
thetwinswere performing (eg, leaping from roofs, running after
wild boars, or playing with nests of hornets) were fun and
exciting.

| think I might want to join them because it looked a
little bit fun. [Child 83]

The children seemed to have a positive attitude toward PA,
which is a crucial determinant of the PA behaviora intention,
the strongest predictor of PA behavior according to the theory
of planned behavior. This aso echoes social cognitive theory’s
emphasis on observational learning via role models and
self-determination theory’s emphasis on enjoyment in
intrinsically motivating children to engage in PA.

The second theme was that the characters had good moral
qualities, which echoes the findings that audiences tend to
engage with moral characters|[71].

Both of themwerereally brave and really courageous
because not only they stayed in the house, but they
jumped over...from house to house. [Child 217]

http://games.jmir.org/2019/4/e16031/

They could probably teach me how to be more active
and teach me how to be generous that they were in
the story. [Child 67]

To a certain extent, likeable characters also make socia
cognitive theory’s observational learning morelikely to happen
when children identify with the credible characters perceived
to have good mora qualities. Similarly, according to
self-determination  theory, which specifies the basic
psychological needs for relatedness to be one of the key
precursors for autonomous motivation and engagement,
characters perceived to have good moral qualities would foster
relatedness by bring children closer to the character who engages
in PA. Additionally, such qualities would help to enhance
children's emotional engagement and connections with the
characters, thus potentially enhancing immersion.

L ast, some overweight-obese children and afew normal weight
children mentioned that the twins have specia ahilities that
enable them not to feel pain, which is desirable for exercise.

...s0 if you get hurt then you can till run around.
[Child 163]

This is a notable example of narrative's power to enhance
perceived behaviora control, another key influencer of the
behavioral intention, which determines behavior according to
theory of planned behavior. Enhanced perceived behavioral
control could also potentially increase children’s self-efficacy,
or confidence in performing a particular behavior according to
social cognitive theory. The self-efficacy increase could occur
through observational learning or modeling of characters. In
addition, self-efficacy can also be enhanced through character
identification, when children put themselvesinto the character’s
shoes. This could help children overcome fear of discomfort in
performing PA and increase their confidence when they start
identifying with the twin characters. Interestingly, quite a few
responses suggested strong parasocial interaction [ 72] with the
twins.

...If I was playing with them...like hanging out with
them... [Child 97]

...If they were my friends, they'd be like cool people
to hang out with. [ Child 292]

These coincided with the positive role model effect and potential
emotional affinity and engagement (ie, connection) with the
characters. According to self-determination theory, these are
important factors helping children to develop autonomous
motivation for PA behaviors.

Aside from the twins, other characters also played a role in
motivating the participantsto exercise. For example, the mother
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“...seemsvery nice and she seems like she could give me some
confidence” [Child 211].

It seems that the mother character had a positive effect on the
subjective norms (ie, children’s beliefs about how people they
care about would view their PA behavior according to theory
of planned behavior). The mother character's encouraging
gestures and actions would also potentialy increase the
children’s self-efficacy in PA engagement. The character “1,”
who was not shown in the narrative directly, could enhance PA
motivation as evidenced by “I get jealous of the video game
characters, that they get to do al this running around” [Child
212] or because | want to be“try[ing] to get [my] [family] back”
[Child 161], all of which suggested potentia emotional
engagement.

Interestingly, opinion about the antagonist (evil dictator) was
split. While some considered him as a character who would
help them to exercise, the action was more of “run[ning] away
from him” [Child 158] than running along with him. Many
others did not consider an evil character to be trustworthy or
motivational.

If thisguy is secretly a super villain who wants some
mindless soldiers, | don’t think a lot of people would
be wanting to do what he does. [Child 2]

These responses suggested the importance of positive and
engaging narrative character creation, as character with negative
qualities may not be as effective at motivating children to
perform the desired PA behaviors.

Anocther theme immersive

characteristics.

identified was the story’s

You can join the story... That would be cool...[ and]
you are part of the story. [Child 5]

| liked how you were so...like you in the story. [Child
8]

| was really intrigued and everything. When it said
they [the twins] were gone, | was just like, “ Don't
end, don't end, don’t end;” and then it ended. [Child
44]

Many children used the words “interesting,” “cool,” “fun,” and
“creative” to describe their overall impression of the narrative.
Children al so appreciated the amount of detail and explanations
offered throughout the plotline.

| think that’s a good thing because there was lots of
like plot into the story and lots of details, so | think
that was good. [Child 103]

[Be] cause it gave reasons for everything...because it
explained everything. [Child 162]
They also expressed their desire to continue following the story
development.
Yeah. | like things that will continue in series. It'll
keep on going and going and going until like the very
last. [Child 194]

http://games.jmir.org/2019/4/e16031/
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Both children’s affinity for detail and need for additional story
development also suggested their high level of narrative
involvement with Ataraxia [73], which could potentially lead
to increased PA later.

Responses to the Remaining Narratives

Additiona themeswereidentified from the other three narratives
to explain why the children did not find them as effective
exercise motivators. While in genera children liked the art
styles and plots of these narratives, many used “boring” to
describe the characters and plots in the remaining narratives.
Some meaningful patterns emerged when we further examined
their comments. The results are also focused on protagonists,
character attributes, and story elements.

First, there was a lack of interesting or exciting action, which
might make the protagonist less attractive. For example, when
talking about Food Fight, one child commented, “I think it's
boring because, well the character didn't actually fight in the
game’ [Child 5]. Ancther said that “It's like—it needs more
action” [Child 239]. The same thought was mentioned for
#PeepThisSheep aswell, “[Be]cause it doesn’'t have that much
action” [Child 271]. Similarly, another child mentioned that the
reason Star Dust was not ranked higher because “...[w]alking,
running. It'sal they do” [Child 193]. From atheory of planned
behavior framework, these narratives did not seem to help with
the participants’ subjective norms by showing PA behaviors as
part of the desired action constantly performed by the characters.
The narratives failed to provide accessible and attractive
behavioral models for children to learn through observation of
the character actionsaccording to social cognitivetheory. These
issues may lead to thefailureto instigate autonomous motivation
from children, let alone enjoyment, both of which areimportant
in instigating PA behaviors according to self-determination
theory.

Second, lack of details about characters and plots seemed to
have prevented children from fully understanding and
appreciating the narrative developments. For example, when
talking about #PeepThisSheep, a child said that the narrative
“did not have that much details in it..for [the child] to
understand what that means’ [Child 216]. Another mentioned
adding a bit information to the antagonist.

Maybe just [like] give a little back story on why she
wantsto release this Peep this Sheep on social media.
[Child 2]

Similarly, another child suggested offering additional
information for how the character in Food Fight was stuck in
the phone.

They could give a whole explanation of how she got
stuck in the phone. [Child 162]

Whilethe exact causal relationship between detailsand narrative
engagement needs additional exploration from an
interdisciplinary angle, children’s complaints about the lack of
narrative detail suggested their lower level of character
appreciation and narrative engagement, which could be less
likely trandlated into PA motivation.
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Third, the narrative motifs were perceived to rely on common
or overused literary tropes, which might make the plot less
interesting. For example, when one child described Star Dust,
they said:

Because it was boring. How like—they just go on a
camping trip. And then everything just goes bad. And
like everybody just startsturning evil. | feel likethat's
what happens in most stories. [Child 156]

Another described Food Fight by saying:

I’m not saying that Food Fight is bad or anything;
it's just that it could have...been a little bit more
creative. [ Child 2]

Similarly, when describing Cobalt, the antagonist from
#PeepThisSheep, one child said:

Cobalt seems like a character |’ ve seen beforeinside
a movie. [Child 96]

These responses suggested repeated narrative tropes may not
bring about the optimal engagement from children to attend to
the story development, let alone participate in PA.

In addition, children seemed to take it for granted that there
should be a bad guy (antagonist) in the story.

| likethat there'sa video and everybody likesto watch
it, so a bad guy could hatch a plan. [Child 163,

#PeepThisSheep]

Cause he's a scientist and knows about like a lot of
stuff and then he's so evil, but | think evil’s pretty
cool. [Child 96, Star Dust]

Because like if a story doesn't have a bad guy, then
it'sjust going to be boring. [Child 156, Ataraxia]

On the other hand, as Food Fight did not feature atrue antagoni st
and shifted the conflicts among the two friends, it did not seem
to work for motivating children to exercise.

| have a best friend and me and her, we don’t get into
like fights a lot because we know it was gonna ruin
our friendship together [Child 83]

Because it’'s better to say sorry than just get mad at
your friends. [Child 173]

These responses emphasize the importance of creating
interesting antagonists with depth and dimension to maintain
children’sinterest.

Last, children did not particularly enjoy the spy-themed plot in
#PeepThisSheep. More specifically, they seemed to be bothered
by how the main character was approached and recruited by
“9,” who lured the main character out of a school party with a
favorite snack and | eft a secret note. Quite afew children seemed
to beirritated by his actions.

“9” was so secretive; he was kind of creepy. [Child
8]

Others equated his behavior to that of the antagonist.

http://games.jmir.org/2019/4/e16031/

Luetd

Well, [what] | don’t get the plan is why “ 9" would
be stalking you instead of [ Cobalt]. [Child 161]

Accordingly, they questioned the subsequent pl ot devel opment.

It was kind of hard to understand how “9” is a
stranger to the narrator and then like [the narrator]
just ends up going to his basement and...joining...his
spy team. [Child 167]

Discussion

Practical Recomendations

Based on the exploratory thematic analysis, we arranged the
two themesidentified (featuresthat motivate children to exercise
vs features that discourage them to exercise) into preliminary
creative design principles. The principles are presented as Dos
and Don’'ts for narrative creation intended to motivate children
to participatein physica activities. Thetheoretical implications
are also discussed. Please note that given the limited sample
size and research strategy, al of the recommendations are
presented more as exploratory possibilities that need to be
empirically verified.

Dos

Do Create Child Characters With Strong Moral Values

Children identify with and want to model themselves after
characters who are good people and who are like them. Both
tendencies have been well documented by social learning theory
and affective disposition theory researchers[74,75]. Whiletruly
bad characters are al so needed as antagonists, they may motivate
children to be physically active but in a more passive way. For
example, the children can escape when the bad guys are
threatening their lives. On the other hand, children do not want
to see the protagonists fight against each other.

Do Involve Extraordinary Actions

Designers should create narratives with characters in constant
need of action throughout, or in other words, action-packed
narratives. The actions should not be regular mundane routines
(eg, walking or running) but something unusual. This concept
is closely related to the interactive nature of active games and
will aso cater well to children’s novelty-seeking tendency in
their developmental stage to capture and sustain their attention
to the story development.

Do Makethe Desired Exercise Fun, I nteresting, and
Integrated Into the Story

Excitement iscrucial for inciting children to imitate characters
actionsand ultimately initiate their own PA. Fun and interesting
exercise makes PA more desirable and less tedious [76]. When
excitement, fun, and interesting exercise are packaged within
an active game, children will more likely be intrinsically
motivated to exercise over time[77].

Do Involve Super Power s When Creating Protagonists and
Plots

Fantasies and fictions open up imaginary worlds, enabling
children to be transported to the narrative world [78]. Super
powers not only could make the physical activities engaging
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and exciting but also may potentially help remove perceived
obstacles for children who are not used to exercise and who
would not want to exercise, to increase their self-efficacy.

Do Create Immersive Story Plots With Intriguing
Cliffhangers

The power of the immersive narrative engagement has been
discussed extensively [79]. In addition, suspenseisafrequently
employed device for maintaining audience interest in stories
[80Q]. Intriguing cliff hangers delivered at the right moment may
make children curious about what happens next [81]. They will
be eager to continue their narrative engagement through
additional exercise behaviors.

Don’ts

Don’t Omit Information From the Story Development

To ensure that the narratives are organically related to physical
activities, relevant information about why the character is
engaging in PA should beintegrated into the story development.
This will help to justify character’'s motivation to engage in
different types of exercises as a natural progression of plot
development, thus making character actions believable and
improving the players intrinsic motivation to participate in
physical activities.

Don’t Forget to Provide Reasonable Explanations (With
Details) for Why Things Happen

While adults may make the mental bridges as part of their
sense-making processto understand and process narratives, the
extra effort required may be taxing for children [82] and may
reduce their narrative engagement. It isimportant to assessif a
narrative has awell-balanced portion of information given and
withheld from children so that their interest in the characters
and plot can be constantly piqued but not burdened with too
many questions along the way.

Don’t Put Protagonistsin a Passive Situation to Be Tricked
or Watched

Animportant feature of interactive gamesisthat the playersare
allowed to be active agents making interactive exchangeswithin
the game to make progress [83]. As a result, while it is
reasonable to have some obstacles for the protagonists during
the narrative, they should still be given a moderate amount of
agency to be in charge of their fate. Putting them in a passive
situation (eg, being stalked or watched) may reduce children’s
motivation to engage in PA.

Don’t Make Boring StoriesWith a Lot of Ordinary Events
or Actions

Children are savvy media consumers [84]. Narrative creators
should not underestimate their expectation of innovative stories
with unpredictable endings. In addition, they want their
imagination to be their guide as they are transported into a
fantastical new world instead of getting trapped in the ordinary
daily routines.

Limitations

A limitation of this study is that we relied exclusively on
self-report interview responses instead of measuring children’s
actual PA behavior in real-world settings. Further studies are
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needed to discover if narratives produced with these featuresin
mind would indeed lead children to actually play more AVGs.
Additionally, the long-term effect of the narrative's motivation
should be validated by children’s play behavior over time. We
only used one story from each genre, and it may be hard to
pinpoint why exactly children preferred one story over the others
due to the different characteristics of the four stories. The
animated narratives were not integrated into the game, Shape
Up, during this round of data collection, and children did not
have the opportunity to play the games after they viewed the
videos. Additional studies are needed to explore whether
integration of Ataraxiainto Shape Up gameplay would motivate
children to exercise. Another limitation is that we have a
relatively small sample size and only conducted this study in
one area of the country; recruited children across many weight,
gender, and racial groups from low-income households; and
focused primarily on game narrative devel opment, all of which
would limit the generalizability of our findings. In other words,
whilewe did not observe differences across the groups, we want
to add the caveat that the subgroups were relatively small and
could limit our capacity to detect group difference. All of
participants, however, seemed eager to participate in such
projects and were able to provideinsightful responses. Last, we
only had one narrative for each genre, which could serve as a
confounder. It is difficult to tease apart whether the design
strategy or the theme of each narrative was the actual reason
for children's preference. It would be ideal if two or more
variations of the narratives within the same theme could be
designed and tested with children [85].

Conclusion

Narratives have immense potential for promoting PA among
children through AVGs, but less is known about active game
narrative devel opment. Our work here serves as one of the first
steps toward a series of systematic inquiries into how to
maximize the behavioral potential of narratives for combating
childhood obesity. We tried to incorporate existing
interdisciplinary psychological and behavioral theoriesinto the
narrative development and used direct feedback from our
participantsto further inform our narrative devel opment process.

A clinically relevant age group (8 to 12 years) was chosen for
this project because they are most at risk and closely related to
the obesity issue and the age group would be a proper range to
intervene. Given the unique persuasive power of narratives, it
isalso likely that a story devel oped with this age group in mind
would be mostly likely influential among the children. We
believethiskind of processwill help to create aniterative design
methodology for the development of child-friendly narratives
that are effective in motivating PA in the future.

From a theoretical perspective, we tried to integrate multiple
concepts from behavioral theories (theory of planned behavior,
socia cognitive theory, self-determination theory, etc) and
media psychology (identification, interpersonal attraction,
parasocial interaction, etc) into the narrative devel opment stage
(see Table 1 for details) and later explored their engagement
effect through a close analysis of children’'s feedback in the
result section. Children seemed to be attracted to positive role
models who are engaged in unique forms of PA. Such role
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models increased their narrative involvement and, to some
extent, their self-efficacy. Children also highlighted the way
the narratives created autonomous motivation (eg, wanting to
be like the characters or spend time with the characters) and
increased their subjective norms (eg, important characters
encouraging them to exercise).

Luetd

games. Appedling features include positive characters,
extraordinary actions, interesting plots, super powers, as well
as engaging cliffhangers, all of which should be aligned with
the exercise motivation. On the other hand, mentally taxing,
passive protagonists devoid of agency and hackneyed narrative
tropes should be avoided. Future work is needed to verify these

Thisresearch provides preliminary evidence that narratives have findings and examine their effect of PA during gameplay.

characteristicswhich may increase child PA when playing active
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Abstract

Background: A prototype of atangible user interface (TUI) for afishing game, which is intended to be used by children with
speech sound disorders (SSD), speech and language therapists (SLTs), and kindergarten teachers and assistants (KTAs) and
parents aike, has been devel oped and tested.

Objective: Theaim of this study wasto answer the following question: How can TUIs be used as atool to help in interventions
for children with SSD?

Methods: To obtain feedback and to ensure that the prototype was being developed according to the needs of the identified
target users, an exploratory test was prepared and carried out. During this test using an ethnographic approach, an observation
grid, asemistructured questionnaire, and interviews were used to gather data. A total of 4 different types of stakeholders (sample
size of 10) tested the prototype: 2 SLTs, 2 KTAS, and 6 children.

Results: The analysis of quantitative and qualitative data revealed that the prototype addresses the existing needs of SLTs and
KTAs, and it revealed that 5 out of 6 (83%) children enjoyed the activity. Results also revealed a high replay value, with all
children saying they would play more.

Conclusions:  Serious games and tangible interaction for learning and problem solving serve both teachers and children, as
children enjoy playing, and, through a playful approach, learning is facilitated. A clear pattern was observed: Children enjoyed
playing, and numerous valid indicators showed the transposition of the traditional gameinto the TUI artefact was successful. The
game is varied and rich enough to be attractive and fun. There is a clear need and interest in similar objects from SLTs and
educators. However, the process should be even more iterative, with a multidisciplinary team, and all end users should be able
to participate as co-designers.

(IMIR Serious Games 2019;7(4):€13861) doi:10.2196/13861

KEYWORDS
children; tangible artefact; speech sound disorders; exploratory test

speech and language therapy [2]. However, owing to budget
cuts, schools have fewer professionals to intervene; therefore,
the role of parents and kindergarten teachers and assistants

Introduction

The prevalence of speech sound disorders (SSD) in the United

Kingdom is estimated to range from 2% to 25% in children
aged 5to 7 years[1]. In Portugal, where the fiel dwork reported
in this paper took place, it is estimated that thousands of
preschool aged children (8%-11% of thetotal population) need

http://games.jmir.org/2019/4/e13861/

(KTAS) is particularly important [3], as the significant effects
that SSD can have later in life are well documented [4-6].

Speech and language therapists use physical media (gamesand
assorted toys) to stimulate speech and hel p children to overcome
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SSD [7]. A physical material has intrinsic qualities, such as
weight, form, smell, or texture, and these can be used to
stimulate speech production, thus supporting SLT interventions.
A digital app, especidly if tactile or mobile based, hasthe appedl
of being a well-known device by many children, and this
produces a sense of engagement through the use of sound,
animation, and color. A multimodal approach, although in need
of further research, appears to be effective in several fields of
speech therapy [8,9], as well as other areas [10]. What is
described in this paper is the creation of a hybrid artifact,
capable of combining physical and digital media—multimodal,
being used by speech and language therapists (SLTs), KTAS,
parents and children in aone-on-one session or as group activity,
with both children with SSD and typically devel oping children.

In this paper, the theoretical background will be discussed, as
well as previous relevant projects and their contributionsto the
development of the current prototype; the methodol ogy and the
fishing gametangibleinterface (FGTI) prototype, itsfunctional
design, and technical requirements; the prototype devel opment
phase (ie, the parts that make the prototype and its iterations);
detailed results of the exploratory test. Conclusions and future
work are presented in the final section. The aim of this paper is
to determine how can tangible user interfaces (TUIs) be used
asatool to help in interventions for children with SSD?

Speech Sound Disorders

SSD take the form of gapsin children’s speech sound systems,
which can cause difficulties in producing or understanding
phonemes|[7]. Children with SSDs also exhibit speech patterns
and structuresthat should not be present in typically developing
children of their age[7]. A child might use, on aregular basis,
what is designated by SLTs as a phonological process, for
example, final consonant deletion (ie, the child omits a
consonant in the final position of the syllable or fina position
in the word) [11]: The Portuguese word <porco> (in English,
<pig>) is produced as <poco>.

Role of Parentsand Kindergarten Teachersand
Assistants’ Roles

The current recommended speech and language therapy practices
point to afamily-centered intervention, promoting not only the
parents’ involvement in the sessionsand in homework activities
but also in planning a session and setting goal s. Family-centered
guidelinesintegrate thewholefamily asaclient, positive family
and professional relationships, parental decision making, and
the empowerment and enablement of families[12].

KTAsare of great importance to child devel opment because of
the time they spend with children and the nature of their
relationship. They are part of achild’sinnermost circle[10] and
can help in the detection and reporting of possible cases of SSD,
as well as in the implementation of specific activities with a
child, aslong as proper training, support, and tools are provided
to them by SLTs. KTAs are well aware of the cognitive and
social impacts of SSD in children and the negative attitudes
people tend to have toward them [13]. However, a caregiver
must attend the needs of several children, and in Portugal,
activities have to be group based and have to benefit all.

http://games.jmir.org/2019/4/e13861/
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Tangible Artefacts

Beyond conventional interaction paradigms, such as graphical
user interfaces or command line interfaces, there are severa
interaction paradigms (eg, natural interaction, ubiquitous
computing, pervasive computing, mixed realities, or wearable
computing) that can incorporate the activity context in an
effortless interaction approach. The role that tangible user
interfaces (TUIs) can play in education and health, the concept
of interaction and how it differs from adults to children, and
some psychological aspects that affect how children learn are
briefly discussed in this paper.

Tangible User Interfaces

TUIs seek to move away from the generic combination of
screen, mouse, and keyboard interaction and attempt to
transform the world itself into an interface [14]. They can be
defined as interfaces that support users’ direct interaction with
the digital world or digital device by use of real-world objects
or tools [15]. They use physical forms designed and improved
over millenniato fit a specific task [16], facilitating the user’'s
discernibility and direct manipulation of the interface through
the user's peripheral senses (eg, touch or vision), because of its
physical embodiment [14,16]. The user can focus his or her
attention and consciousness on the task and not on the interface
[17]. According to Norman [18], people develop throughout
their lives a process of uninterrupted adaptation to and with the
environment and an understanding of how to act in the physical
world. Itisfrom this seemingly innate understanding from which
the concept of affordances stems. Affordances, according to
the origina definition by Gibson [19]—particularly the
affordances of the environment—are what the environment
offers the animal, whether for its welfare or unease. The
affordances theory lies at the center of the conceptual model of
TUIs, astheincorporation of digital technology into objects of
the physical world will make the interface more familiar and
easier to understand from the user’s viewpoint. TUIs can be
approached as rigid discrete interfaces that use certain objects
or shapes with which the user would interact and which have a
perceived meaning with a finite set of objects and possible
interactions [16], or they can be perceived as a more “ organic”
and material malleable, taking advantage of new digital and
physical materialsthat can seamlessly pair sensing and display
capabilities. These interfaces have the potential to break the
boundaries of predetermined interactions [16].

Tangible Artefactsin Education and Health

Tangible artefacts have long been used in interactive gamesin
therapeutic contexts, especially in fields of cerebral palsy or
poststroke recovery [20,21]. They aso alow one to assess
several physiological parameters, without any stress associated
with a visit to a doctor’s office, relieving an anxiety felt by
many children and some adults alike [21].

In education, both the needs of the teachers and the needs and
curriculaof the studentshaveto be fully understood and satisfied
[22]. Serious games and tangible interaction for learning and
problem solving serve both teachers and children. Children
enjoy playing, and, through a playful approach, learning is
facilitated [23]. Tangible artefacts by natureinvite collaboration,
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allowing several users to interact with the artefact and
themselves [23], thus increasing productivity levels [21],
particularly as TUIs provide an interface that is space
multiplexed instead of the time-multiplexed interaction, as we
can typically find on conventional digital interfaces that rely
on mouse and keyboard. The way in which the user interacts
hasto be driven through aff ordances, mappings, and gamelogic
to ensure reliability and take full advantage of the potential of
the artifact [21,24].

Designing I nteraction for and With Children

Designing for interaction is all about how to design for people,
their needs, emotions, and intellect, making it imperative to be
highly aware of what to expect from those who will interact
with the final product [25]. With the shift toward participatory
and ethnographic methods, those designing interactive apps or
objects have to fully understand how and why people use
technological innovation [22,25].

The children (aged 3-7 years) targeted with the artefact created
during this project are preliterate. With short attention spans,
they have difficulty conceiving abstractions, and their fine motor
skillsare not yet fully devel oped [22,26]. Nonethel ess, designing
in away that can be perceived as too childish can be felt to be
boring or disrespectful by the children [22], asthey are acutely
aware of their capabilities [27]. A workaround is to embrace
designing with children as co-designers, evaluators or subjects,
or acombination of these. Thisapproach hasits own drawbacks,
requiring that adults and children must work together, but in
the end, this method assuresthat the design meetsthe needsand
specificities of children [22].

How Do We Learn?

Children search for multimodal stimulation, which consequently
encouragestheir physical and cognitive development. They are
naturally motivated to explorewhat is around them by engaging
with their environment, their medium and substance, which
consequently affords certain immediate perceived venues of
action, manufacture, and manipulation [19], reinforcing learning
through the dynamics of play.

Cultural and social contexts influence how children construct
the world and their knowledge [28]. Social experience is a
critical factor in mental development [29]—interpersonal
connectionsand social interaction provide the meansfor achild
to access experiencesthat they can then integrate into their view
of how things work [28]. Play helps a child to separate the
meaning of an object from the actual object, and from achild’'s
point of view, it is not just a game, it is a serious thing, which
they consider as work [28]. Adults, who make up alarge part
of our stakeholders, also benefit from something playful and
fun. As Donald Norman says in Emotional Design: Why We
Love or Hate Everyday Things [30] (page 103), “Beauty, fun,
and pleasure al work together to produce enjoyment, a state of
positive affect.” These positive emotions, as the author says,
have many benefits and are pivotal in our ability to learn.

Gamification

The prototype presented in this paper is a conversion from a
game, which, at first glance, does not need extra elementsto be

http://games.jmir.org/2019/4/e13861/
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perceived as such. However, some aspects of it can be further
improved, for example, a leaderboard that, when visible to all
players, stimulates healthy competition. Gamification can be
defined as making use of elements typically found in a game
in a nongaming context to transform every day, uninteresting
tasks, into engaging ones, while increasing user activity and
retention [31-33].

Typical game elements with extensive use of gamification and
with interest in the physical and digital part of the FGTI
prototype include the use of points (and point systems) and the
existence of levels. According to Zichermann and Cunningham
[31], points are a vital element, and they should always be
present at any gamified activity, if not in avisible way, at least
visibleto the activity designer only, so he or she can assess how
the users interact with the activity and design appropriate
outcomes [34]. When visible, points alow the user to know
how close he or sheisto his or her goal, and points can thus be
highly motivational [34]. Levels, as the name implies, mark
something, in this case they mark in-game progress, and they
allow players to be aware of where they are, over time, in
relation to the game experience. Levels should be logical in
terms of level progression, and they should be easy to add to
[34]. By further hiding away the test or activity behind a
game-like approach, the stakeholders might feel more relaxed
and willing to participate [32].

Sum of All Parts

An effective TUI, usable in SSD intervention, should allow
some degree of simulation and storytelling, as well as the
construction of mental models of knowledge. It should aso
provide some form of social interaction with the artifact and
the other players, al in a playful atmosphere [29]. A TUI can
provide natural interaction without emphasizing any cognitive
effort—a child does not need to learn or understand a set of
rules or settings. The perceived focusis on the action executed
and what it can represent. A TUI can help gamify speech and
language therapy intervention with a child; it can provide an
alternative means to promote children’s speech production; it
can help parents by being a “fun” homework exercise to do
together and can help KTAs by being an activity that can be
developedin agroup of normal children and children with SSDs.
The prototype’s intended use is at the clinic, the kindergarten,
or at home. However, there are challenges to overcome. The
prototype must offer more than atraditional game. It hasto be
lightweight and easy to transport while remaining durable to
withstand daily use by children. The software component should
incorporate options to intervene in severa SSD and remain
interesting to play with, while sending data to alog that SLTs
can consult later.

Related Work

Some examples of good practices or cases of success can be
found in the literature [35-39], but not one is an exact fit in
terms of technological requirements, target population, or
intervention area of the current project. A total of 3 projects
were considered relevant for the conceptualization of FGTI:
first, the table-to-tablet (T2T) intervention materials, designed
to beareliable and valid solution [40] to be used by Portuguese
SLTswhen treating children with SSD. It has aphysical and a
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digital version, and SLTs can use them interchangeably, but
one does not communicate with the other. Second, the
LinguaBytes materials, from the Netherlands [41], comprises a
full set of exercises and varied activities that are mediated by
tangible artefacts. The aim of LinguaBytes was to be atangible
language learning system for toddlers with some form of motor
disability. Third, Jabberstamp [42], devel oped by ateam at the
MIT Media Lab (Tangible Media Group), is atool that allows
children to add sound to their drawings, collages, or paintings,
enabling them to communicate more effectively before
developing or mastering writing skills.

Relevance and Motivation of the Fishing Game
Tangible Interface Prototype

It can be argued that the traditional fishing game is aready
engaging and in use in intervention by SLTs, similar to other
traditional games, such as Bingo or wooden blocks, with the
alphabet written on them or animals[43,44]. However, the TUI
artefact can present additional advantages:

« It allows the customization of sprites (both the avatar
representing the player and the fish). This customization
stimulates user engagement and makes each game unique.

« It facilitates the process of preparing the session (SLTs,
parents, or KTAs).. The system will set up amost
everything.

It easesthe burden of certain game-rel ated tasks, such as keeping
and updating a score or showing who is winning on a
leaderboard. In addition, the software can introduce extra
challenges, bonuses, and “power-ups.”

Santos et d

It allows the introduction of extra gamification elements.

It affords extramotivation by presenting agamein anew format
that is flexible and allows for uniqueness in each play,
potentiating children’s preferences toward digital games [42],
while retaining the physical traits.

It can also ease the postintervention process. SLTs do not need
to record any data from the session, as a “log” file will be
created for them, with all the relevant information needed
(player's names, age, intervention time, and what were the
answers of all children). This file can (idedly) be accessed
through a Web-based software or emailed to the SLTs.

The prototype, at its core, is the traditional fishing game that
so many know. Conceptually speaking, the users can expect to
find the same organization, functionalities, and set of rules. As
such, previous experiences with atraditional fishing game will
allow players to seamlessly use the prototype with just a very
quick explanation of some components and their functionalities.

The prototype aimed to be innovative and solve a real-world
issue, involving different participants, with diverseroles, ascan
be seen in Figure 1.

Several design iterations result from this richness in feedback,
different uses, and perspectives, because of an encouraged
participatory culture (consumer/player active in coproduction)
[45]. Thisconstant iteration and eval uation [46] are atrademark
of design-based research (DBR). DBR is capable of producing
2 different and nonexclusive outcomes [47]: theoretical (this
paper) and practical (the FGTI).

Figure 1. Typesof users, their permissions and possible actions within the prototype.
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Methods

Design-Based Research

DBR alows the researcher to be involved in away that he or
she may glimpse unexpected uses or interactions with the
prototype, causing aneed to alter it or re-assess thetarget users,
what they do and their needs. To reach the test phase, the
physical prototype went through severa revisions, always
analyzed by SLTs and other project participants, and reworked
accordingly. The software part of the prototype (both the game
and the web app) was equally revised and improved. To gather
data (qualitative and quantitative) from the designated users, in
areal-life scenario, an ethnographic approach was used, and a
user exploratory test was conducted regarding prototype use.
These data were collected through observation and a
guestionnaire.

Sample Definition

The sample for the exploratory test comprised 10 expert users,
with ages ranging from 4 to 55 years. The parents informed
consent was procured, in agreement with the World Medical
Association’s Declaration of Helsinki regarding human
experimentation. Parents also received a document, briefly
explaining thetest. In addition, ethical permission was obtained
from an independent ethics committee (Comissio de Etica da
Unidade Investigagdo em Ciéncias da Salide — Enfermagem da
Escola Superior de Enfermagem de Coimbra, Coimbra,
Portugal), process number P159-05/2013.

The sample can befurther clusteredinto 3 subgroups asfollows:

« Children: A total of 6 children, with ages ranging from 4
to 6 years. This group had 2 boys and 4 girls, all speakers
with normal development, —no SSD.

«  Speech and language therapists: A total of 2 SLTs, with
ages ranging from 42 to 54 years. Both are also lecturers
at the School of Health Sciences (ESSUA), University of
Aveiro, Portugal.

« Kindergarten teachers and assistants: One kindergarten
teacher, aged 55 years, and 1 one kindergarten teaching
assistant, aged 51 years.

This sample allowed testing of a variety of situations, namely
speech and language therapy intervention, children’s use of the
activity as a game (group activity), and KTAs with children.
The only missing element(s) from the expected users were
parents.

Figure 2. One of the Smileyometers used.

Santos et d

Data Gathering

The technique used was direct observation, athough the
instruments for data gathering were a form (qualitative data)
and asemistructured questionnaire (which allowed the collection
of both qualitative and quantitative data). In the creation of the
form as an element to annotate the observations, great care was
taken in not only dividing the observable actions but also in
transforming and categorizing the observable world into
interpretable and observable data.

Exploratory Test: Observation Form and Open
Questions

To carry out an effective, direct, and nonintervening observation,
especially of an activity involving children and a certain amount
of play, asimple and easy-to-complete form was created. A set
of open and closed questions, using avisual Likert like scale (a
Smileyometer as shown in Figure 2) [48], was also prepared to
be used at the end of the test, with the target users (children).

Owing to the variety in the sample and to the constraints an
observer may face, aform was prepared to addressall scenarios
in asingle 2-sided A4 page. It was up to the observer to know
what he or she was observing and where to annotate it. Both
the form and questionnaire used a unique ID for the person
observed interacting with the prototype, the type of user he or
she was, age, duration of the session, and date.

The form was divided into dimensions or broad areas with
clearly defined parameters, to mark as observed (“yes’ or “no”),
as well as an area reserved to take some quick notes. Those
dimensions were as follows:

- Game/Prototype Usability: Parametersregarding the ability
to identify the game, its objectives, and components.

- Game/Prototype (Physical) Characteristics: Parameters
revolved around the materias, colors (or lack of),
robustness, and feedback from the game.

- Gamification: Parametersregarding the desireto play more,
if players know when their turn to play is and their score.

The questionnaire was al so set on an A4 page, and the observer
would choose what to ask and to whom. It was divided into 2
parts, 1 part aimed at the children and 1 part aimed at the SLTs
and KTAs. The part aimed at the children had 2 questions, with
2 Smileyometer scales—1 with 5 smiles representing values 1
to 5 for the question “Have you enjoyed playing this game?’
The other used 3 smiles, representing values 1 to 3 for the
question “Would you play this game again?’ The remaining
guestions were open questions. The last part also had a set of
open questions, used to conduct an informal guided interview.

0000©
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Location and Setting Up

The test took place in a kindergarten near the University of
Aveiro in Portugal. This setting allowed having, in the same
place, 3 of the 5 intended users: the children, the kindergarten
teachers and the kindergarten teaching assistants. The fourth
intended users, the SLTs, joined the group at the kindergarten.
This is aso coherent with some SLTS intervention
locations—kindergartens and schools—allowing the observer
to be in the intervention environment instead of alaboratory.

Thetest was held in the kindergarten library, asitisaquiet and
spacious room with plenty of natural light. The prototype was
prepared; its contents were set up, and the fish basket was
connected to the laptop. A set of printed game rules was
available, and the SLTs and KTAs were encouraged to read
them. A brief explanation was given of how the prototype
worked, therole of the components, and functions of the buttons.
Thisexplanation was considered to be similar to theinstructions
one would receive when buying such egquipment. The observer
prepared the observation forms and the set of questions to ask
the users.

Four Possible Use Cases Tested

The prototype’s hardware and software limitations constrained
its use to 2 participants at a time. Owing to the number of
participants on the exploratory test, more than one expected use
scenario was tested.

Figure 3. Digital and physical activity assets.
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The first scenario tested was the SLT intervention on a child,
using the activity. The second was the kindergarten teaching
assistant and a child and their interaction with each other and
theactivity. Thethird scenario wasagroup activity—2 children
playing the activity, talking with each other about what the other
caught, points won, and related subjects. The fourth and final
scenario tested was achild and the kindergarten teacher playing
and how both interacted. The only untested scenario was that
of parent and child playing the activity because of time
constraints. Thislimitation is discussed at the end of this paper.

Fishing Game Tangible I nterface

The design and functionality of the FGTI is addressed in this
subsection, as well as a description of its functionalities and
needs, as related to SSD. The hardware and software used to
build the prototype and game are briefly described, concluding
with a synopsis of the ideas that led to the finished FGTI
prototype.

Functional Design

The Fishing Game (or Pond), is a dexterity game, and the rules
(which may vary from publisher to publisher or can be
determined by the players) are asfollows: all sea creatures and
treasure chest, seen in Figure 3 in both physical and digital
counterparts, go into the pond. The players take turns in
attempting to catch a fish with the (magnetic) fishing pole.

The TUI prototype rules are broadly the same as described
above, with the following exceptions:

»  All sea creatures go into the wooden trunk that serves as
both a carrying space and the “board” game area.

» Sea creatures will have a certain range of values. For
example, a codfish value can go from 5 to 15 points,
mimicking the fact that the fish can be a small or a bigger
codfish. How much each sea creature is worth will be
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calculated randomly within a range of values, during the
game.

In Figure 4, an infographic with the relevant functional
components of the FGTI is shown. The solid lines represent
interaction, whereas the dashed line represents the visual and
auditory cuesthe player getsfrom the laptop. The dashed circle
and line with the fish represent what is inside the box without
perspective skew.

The stakeholders interact with the fishing rod, which in turn
interacts (catches) with the fish (see Figure 4). The stakehol ders
interact with the captured fish by placing them in the fish basket
and pressing the necessary buttons to execute the activity
(differentiating the word and image) and change player's
turn—the sound cue is repeated at given intervals until the
stakeholder acts. The fish basket interacts with the laptop by
sending and receiving data according to the fish radio frequency
identification (RFID) data or activity moment. The users have
constant digital (via screen) or real (via the fish basket, sea

Santos et d

creatures, and fishing rod) feedback, expressing the action,
points received, or player turn.

The activity screens are shown in Figure 5. The stakeholders
are greeted by the name of the activity (top left) and have a
chance to select the level or have it chosen by the SLTs (top
right). Immediately below theseimages, thereisarepresentation
of the visual differences between levels (calm and sunny sea
for level 1 and astormy seafor level 2). The sound effects also
add to this atmosphere. The remaining images exemplify the
in-game screens, the different catches, and associated messages.

The FGTI prototype, with all its components, the activity
software, and the Web-based app, seen below in Figure 6, were
developed to be as close as possible to the traditional game and
to use the rules described above. In the case of the website or
app, it was developed to act as a possible replacement for the
setting up of both the game or activity and the clinical file of
the child.

Figure 4. Relevant functional components of the fishing game tangible interface.
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Figure5. The different screens of the activity.

Rar-Minimo

Parebéns| Pestaste um belo peise!
£ pequenol Vale 1 pontos!

Gon! Acsrtaste!

Que azar! Comeu alguns dos teus peixes! £ um polvo! Que sorte! Apanhaste um bali do tesouro!
E médio! Vale 9 pontos! E pequenc! Vale 8 pontos!

http://games.jmir.org/2019/4/e13861/ JMIR Serious Games 2019 | vol. 7 | iss. 4 |€13861 | p.63

(page number not for citation purposes)
XSL-FO

RenderX


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

JMIR SERIOUS GAMES Santos et a

Figure 6. Web companion screen.
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. . Figure 7 shows the complete prototype, assembled and ready
Technical Requ.lrements _ to be tested. It was planned to be easy to transport, install, and
The FGTI was designed to be self-contained, low cost, andeasy  use“asis” The only requirement is the presence of an electrical
to replicate, with embedded physical computing capabilities.  outlet.
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Figure 7. The prototype ready to go.

Hardware System Architecture

Owing to time and budget constraints, theliquid crystal display
(LCD) screen was not placed in the wooden trunk lid. In
addition, a Raspberry Pi approach was discarded for the same
reasons, and alaptop (asthe prototype “control center”) and its
screen (for display purposes) were used instead, as depicted in

http://games.jmir.org/2019/4/e13861/
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the block diagram in Figure 8. RFID tags glued on the sea
creatureswere used, and an RFID reader (RDM6300 125 KHz)
communicated with an Arduino via a transmission pin, with a
maximum effective (reading) distance of up to 50 mm, taking
lessthan 100 msto decode the tag or card. An external antenna
was placed around the fishing basket dlit to read the sea
creatures’ RFID tags.
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Figure 8. Technological and software requirements diagram.
Development of a tangible artefact prototype for treating

children with speech sound disorders

- technological and software requirements -
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ckets;

Node]s;

RFID
Arduino

Buttons Nano

System side

Software

The devel opment of this prototype (activity and website or app)
involved several programming languages and libraries, and
various pieces of software (or scripts) were created.

The activity was coded using a mixture of HTML, cascading
style sheets (CSS), and JavaScript, with the Phaser Framework
(available at phaser.io.). Phaser is a JavaScript framework for
2D game development in mobile and desktop environments,
also ideal for the prototype goals [49]. JavaScript Object
Notation (JSON) was used to store several valuesand properties
attributed to each sea creature, for example, name, value (range
of), or the sound it represents. To make the activity more
scalable and readier to deal with real-time use and requests,
Node.JS was also used. Node.JS can use and run a JavaScript
server side (traditionally an area for other languages, such as
Hypertext Preprocessor or PHP). With Node.JS and its node
package manager, severa packages were installed to alow
bidirectional communication between the activity and the
Arduino with the server, via WebSockets (avail able at socket.io)
plus node-serialport (available at serialport.io), or to render the
HTML codein the browser through Node (express.js; available
at expressis.com). This installation implied the creation of a
simple server-side and client-side set of filesto handle requests
and responses. The website or app companion used almost all
of the previously mentioned languages and technologies, with
some exceptions: The Phaser framework was not used; Node.JS
was used, but with different packagesinstalled; HTML and CSS
played a larger role; Bootstrap (available at getbootstrap.com)

http://games.jmir.org/2019/4/e13861/

Screen

Mobile

HTML;
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HTML; CSS; JavaScript;
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JavaScript;

Node]s;

was heavily used. Bootstrap is a front-end library that allows
one to quickly build or prototype responsive (ie, which can
adapt to any screen dimension) websites or apps [50]. The
website or app companion can be transformed into a mobile
app installer package, with software like Apache Cordova
(available at cordova.apache.org). Cordovawrapsthe codeinto
a native container that can access the mobile device's native
functions (such as the accelerometer) and several different
platforms, enabling Web-based software to deploy in any device
(platform agnostic) [51]. The software on the Arduino was coded
using the Arduino programming language. A specific library
was al so used to integrate the RDM 6300 RFID Reader. Figure
8 presents a diagram of the technological and software
requirements, as well as the parts comprising the prototype.

Prototype Development

The prototype comprised the following parts: wooden trunk,
sea creatures, fishing poles, fishing basket, and speakers. Some
elements of the prototype, because of their importance, role, or
particular challenge, required more than one revision.

Wooden Trunk

The design of the wooden trunk prototype, similar to all the
elements in the fish game, was based on a maritime theme;
therefore, theideawasthat it should mimic an old treasure chest.
That design was reflected not only in the shape (no round top
lid) but also in the choice of ironmongery and straps. It encloses
all the components used in the activity, except for alaptop. This
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laptop is needed to power the Arduino Nano and electronics
and to display the digital representation of the fishing activity.

Sea Creatures and Treasure Chest

In this prototype, sea creatures have an extra dimension (they
arenot just an object with avalue assigned to it or being counted
as one more fish caught by the player) because of their RFID
tag. This tag gives users access to as much information as
needed, included in the JSON file, read during the activity. Sea
creatures and the treasure chest were revised once. Similar to
the treasure chest, during the build and actual use, some notes
were taken on possibleimprovements. A total of 9 different sea
creatures (6 fish, 2 crabs, and 1 octopus) and a treasure chest

Figure9. Thefinal iteration of the fish basket, from prototype (top-left corner) to the final result.

Santos et d

were created. They were then laser cut, and the result is shown
in Figure 3.

Fishing Basket

The fishing basket, shown in Figure 9, was the prototype
element that took the longest to build and develop, mainly
because of the fact that it is the most complete and the one
closest to theinitial ideaof how it should be and behave. Owing
to its importance and central stage role, it was the driver of
severa design, technical and material changes. A consideration
was always taken as a decisive factor: the end result had to be
cheap and easy for any hobbyist to develop.

Speaker Rocks and Fishing Poles

The speakers were initialy conceived as being encased in the
wooden trunk lid, close to the LCD. With areduction in size of
the wooden trunk, the position of the speakers had to be
reconsidered. To keep the maritime theme, the ideawas to turn
the speakers into a rock-like element, similar to those found
around piers.

Thefishing poleswererevised twice (ie, they were built during
the initial construction of the wooden trunk and the wooden
trunk revision.02). Despite the several ideas resulting from the
initial brainstorming sessions, time-related constraints led to a
pragmatic and simple approach. Theideas for amore advanced
fishing pole were collected to be used in a future iteration of
the game.

http://games.jmir.org/2019/4/e13861/
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Results

Overview

In this section, the results obtained in the exploratory test are
presented and appraised. Some items were not possible to
observe, or it was not possible to overhear comments about
them among the users. However, they were kept in this section
(see tables in the following subsections) because of 2 main
reasons. first, being an exploratory test, done to ascertain the
pertinence of further studies[52], the authorsfelt that its absence
would skew the test results, and second, as some unobservable
itemswere expected to elicit some sort of feedback (eg, thelack
of color on the figures), and as such, the absence of feedback
was considered relevant.
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Observation Form

The observation form was divided into 3 dimensions: prototype
or activity usability, prototype or activity characteristics, and
gamification. It was used for direct observation, without any
intervention during the activity. The observer strived to annotate
all theinteractions and relevant exchanges of commentaries. In

Santos et d

the subsections below (in table format), we will present the
feedback collected from every area and parameter.

Prototype Usability

Thisdimension explored parametersregarding the users’ ability
to identify the game, its objectives, and components. Results
are shown in Table 1.

Table 1. Prototype usability observation parameters.

Observation parameters

Observation results

Was the player able to identify and
recognize the game and its objec-
tives?

Was the player able to identify the
game components (sea creatures,
fishing poles, and wooden trunk)?

Was the player able to identify the
game elements and its function
(buttons and dlit)?

Were the game elements timings
correct?

Did the player know whenit washis
or her turn to play?

« Atota of 2 out of the 6 children tested immediately identified the game. The otherswere not vocal enough
to demonstrate whether if they knew what they were playing, and the SLTs? (who remained present for

the whole duration of the test) or the KTAS identified the game for them.

« Theyal knew the“classic” objectives and assumed that the novel elements (treasure chest, octopus, and
crabs) had asimilar value and role asthe fish. Only 1 player and 1 Speech and Language Therapist noticed
that the unusual elements had different score behaviors.

« A player even said that she liked this game more than the classic that she had at home: “The one | have at
home is a blanket and we can stand on it and fish with our hands. But this oneis more fun!” —[CT, aged
6 years]. When asked why, she replied that this had alarger variety of sea creatures and some stole points
(thischild caught an octopus and noticed that it had hal ved her score). She went onto say to the Kindergarten
Teacher that she should buy this game for their classroom.

All participants were able to correctly identify the game components and even discriminated the sea creatures
(saying that one was an octopus, another a crab, etc).

« Asnone of the children were able to provide a viable answer, the SLTs and the KTAs role -played with
them and helped them when they first caught a fish or when they needed to change players or choose a
different set of words (minimal -pairs). From that moment on, the game elements and its functions were a
learned behavior.

« Thetest that involved 2 children playing against each other was also mediated by an SLT; therefore, the
same explanations/roleplays were present.

Unfortunately, it was not possible to register this parameter. The children were having such fun while using the
prototype and the SLTs and KTAs were so involved with them that none seemed to notice (or care about) the
timings needed for afish to be recognized or for the word to appear. Further testing is required to understand
whether the timings are correct. One cannot assume that the stakeholders will be this engaged all the time and
must instead assume that the novelty of the situation and the fact that it was a“ one-off” test made stakeholders
unaware of the timings.

Regarding the entire sample, 9 out of 10 knew when his or her turn to play occurred. However, this does not
mean that they took the correct stepsto play or passtheir turn. They all knew that after player X would be their
turn. But player X would usually forget to press the button to change player, or the next player would fail to re-
alize the player number mismatch and correct the situation by pressing the button. This would result in points
being given to the wrong player.

85| Ts: speech and language therapists.
bk TAS: ki ndergarten teachers and assistants.

Prototype (Physical) Characteristics

KTAs, which made them aware of the uses and whys of many
of the physical characteristics.

Parameters in this dimension are those regarding the game
components, their physical characteristics, and whether they
served their intended purpose. Many of these parameters (see
Table 2) were observable only in the children. This limitation
was because of the brief explanation given to the SLTs and
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Gamification

In thisdimension, the parameters observed were those regarding
the desire to play more, whether the player knowsif or whenis
hisor her turnto play and hisor her score. Results are presented
in Table 3.
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Table 2. Prototype physical characteristics observation parameters.

Observation parameters

Observation results

Were the game and its elements adequate?

Was the color of the game elements adequate?

Do the materials used to build the prototype invite the handling
of it?

Was the prototype considered robust?

Was the feedback throughout the activity efficient?

Did the physical constraints serve their purpose?

No comments from the users were registered.

There were no comments about the (lack of) color of the physical components of the
activity, and little attention was paid to the on-screen elements.

No comments were registered. The observer marked the parameter to ask in the
guided conversation with the SLTs? and KTAL.

No comments were registered. The observer marked the parameter to ask in the
guided conversation with the SLTs and KTAS.

A total of 2 out of the 6 children waited for the feedback (eg, the audio feedback of
the word after inserting the sea creatures into the slit) or were aware of it.

Thiswas observable in 3 out of the 6 children. It was more apparent regarding the

dit and its use.

Was the mapping of the buttonsand their actions consistent and
correctly perceived? Were they used during the activity?

A total of 4 out of the 6 children correctly and consistently used the buttons when
they were supposed to and to the desired end.

83| Ts: speech and language therapists.
K TAs: ki ndergarten teachers and assistants.

Table 3. Prototype gamification observation parameters.

Observation parameters

Observation results

Were the participants able and willing to play or participate until the end?

Were the participants willing to play more?

Were the participants aware of their score, at any given time?

All the participants were involved until the end, showing great interest
and willingness. Some (children included) even wanted to know details
about the study.

A total of 4 out of 6 children asked whether they could play more.

A total of 3 children knew their score, 1 child was not aware of it, and for
the other 2 children, this was unknown. Despite knowing the score and
being quite attentive to the value of each captured seacreature, the children
did not seem to have a clear notion of who was winning. They looked at
their points on the screen and would say, “| have x points!” but nothing
more. When the activity ended, children would often ask who had won.

Open Questions Questionnaire
The open questions questionnaire was divided into 2 sections:
1 section for children and another section for SLTs and KTAS.

Below, we discuss the results and answers obtained in both
sections.

Children

Children were asked 4 questions, 2 of which using
Smileyometers [48], with 2 scales: 1 scale had 5 smiles;
therefore, values would range from 1 to 5, whereas the other
scale had 3 smiles, with values ranging from 1 to 3. Children
being our target users, their feedback was very important;
therefore, the observer was very attentive to what they said
about the activity. Thefirst question was whether the participant
had enjoyed playing the activity. The Smileyometer scale was
explained to the children in the following manner:

You see, the first smile is sad. He has not enjoyed
playing thisgame. The second smileis—well,...I really
do not care about it. Thethird smileliked it a bit. He
could play more...or not! The fourth smile is happy,
he enjoyed playing the game. Thefifth smileisreally
really happy because he enjoyed it a lot.

http://games.jmir.org/2019/4/e13861/

This was said while pointing to each smile in turn. The child
was then asked to choose the smile that depicted his or her
feeling toward the game he or she had just played.

A total of 5 out of 6 children (83%) picked the happiest smile,
which had avalue of 5, and just 1 child chose the third smile,
which had avalue of 3. That is, more children enjoyed playing
the activity than not.

The second question concerned what feature the stakeholders
enjoyed the most. Despite this being an open question (ie, with
a broad range of possible answers), most of the children
mentioned similar aspects as the most enjoyable. A total of 4
children mentioned that they enjoyed capturing the sea creatures.
One child remarked that doing so was like going fishing (actual
fishing) with her father. A total of 3 children enjoyed pressing
the buttons, and 2 children enjoyed placing the sea creaturesin
the dlit. Some additional comments included that they had
enjoyed the fishing poleitself, the crab, the octopus, the chance
to play the game, and the variety of sea creatures, as contrasted
with the original game using “just” fish.

Thethird question probed what feature the stakehol ders enjoyed
the least. Thiswas also an open question. A total of 3 children
did not identify anything they disliked. Theremaining 3 children
reported different aspects: 1 child disliked catching the crab as
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it stole points; another disliked pressing the buttons, explaining,
“...you press the button and that’s it!” The third child disliked
watching the game on the PC, preferring instead to play it
physically. The gameplay was not fully understood by the
stakeholders. Many were not aware that catching a crab or an
octopus decreases a player’s points. Similarly, many were not
aware that answering correctly (pressing the buttons) would
double their score. To overcome this issue, a better visual
representation of the elements, with both auditory and physical
cues, must be implemented on the existing FGTI components
or components yet to be devel oped.

The fourth question regarded whether the stakeholder would
play again. This was a question made while showing a
Smileyometer with 3 values. The scale was explained to the
children in the following manner:

Ok we have more smiles. You see, the first smile is
sad. He does not want to play again. The second smile
isagain indifferent; hereally doesnot careif he plays
or not. The third smile is so happy he cannot wait to
play again.
All children picked the happiest smile (ie, al children wanted
to play again).

Speech and Language Therapists and Kindergarten
Teachers

In relation to the SLTs and KTAs, the open questions were
introduced in an informal talk that occurred after the testing of
all the children and after them having had a chance to try out
the activity themselves. This talk took the form of a fluid
conversation, with momentsthat resembled abrainstorm session.
The observer mainly listened, offering his comments
occasionally.

Thefirst question was whether they would change anything in
the concept or prototype. Some said they would not change
anything, that it was interesting to see this transformation of a
classic game and that it was nice to have the auditory feedback
when something was inserted into the dlit. Others had more,
sometimes divergent, opinions. An SLT said that given
children’s (and their own) difficulty remembering to press the
button to change players, thisfunction could be automated. This
suggestion prompted an immediate response from the other
SLT, who said that some children had mentioned that they
enjoyed pressing the buttons; therefore, this change in button
press should be maintained. What this action needed was more
feedback or to be made more visible, she suggested.

The second question concerned whether they would change
anything in the game or activity. The Kindergarten Teacher said
that she would not change anything in the game, as it is so
similar to the “original” game that no explanations are needed.
However, she felt that the way the score was being handled
lacked more and better feedback for the player. This feedback
would, in her opinion, increase the competition and game aspect
of the activity among the users.

The SLTs both enjoyed the game. They would add more sea
creatures, so you can have more auditory stimuli, as at the
moment, there are only 3 seacreatures per player: they suggested
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6 to 8 sea creatures per player. With larger number of sea
creatures, they immediately added that the agents of distraction
(the crab and octopus) numbers should also increaseto maintain
proportion and level of challenge. A sort of “superclass’ sea
creature, capable of shifting the entire gamefor all players, was
suggested. Theway the auditory stimuluswasworking was also
remarked asfaulty. Children should pick the sea creature, insert
it, and listen to the word (in loop if needed), and only when this
action is completed, should they see the image. What was
happening was that the image would come up and alow the
children to have a visual (not auditory) cue. This feature will
be revised in future versions of the prototype.

The third question enquired as to how they would expand the
prototype if they could. The kindergarten teacher mentioned
that sheworkswith bilingual children; furthermore, asasecond
language is taught at a young age, she then suggested the
prototype should be multilingual. The SLTs would like the
prototype to have more uses and not be just the game of fishing.
They suggested to give names to the sea creatures to make
children repeat those names, alowing sound production
stimulation. Another approach to extend the game’ sfunctionality
would beto use more game scenariosthat the adult could choose
from. Some sea creatures with some word values associated
with them could be tossed into the pond for children to capture.
When captured and inserted into the dlit, the word would be
unveiled, and the children would be encouraged to use it to
construct a story.

The fourth question was a preamble to the fifth and sixth
guestions, depending on the answer. The SLTsand KTAswere
asked whether they would like to see more games made into
TUI. If they answered “yes,” they would go on to question
5—"If yes, which games?’—if not, they would go to question
number 6: “If not, why?’ They all answered, “yes.”

Thefifth question was which gamesthey would like to see made
into a TUI artifact. The answers were asfollows: Tic-Tac-Toe,
Snakes and L adders, Bingo, and an indirect identification game
similar to What am 1? These can all be possible stand-alone
development avenues or add-ons to the existing TUI artifact,
adding extra elements and adjusting others, along with the
software binding them all.

Questions from the observation form, which were asked during
the conversation, asit was deemed more productive, were about
the robustness of the prototype and the adequacy of materials
and how appealing it was to be used. Both KTAs and SLTs
alike said the prototype was robust enough if the activity was
used under (adult) supervision. Left unattended, it was robust,
but accidents do happen. Regarding the kind of material and its
appeal, they all agreed that wood is used quite often and that
children are used to seeing it in other toys and enjoy using them.
They mentioned that some parts could use other materials to
give extra-sensory input that may foster immersion in the
activity.

Speech and Language Therapists and the App

Both SLTs were shown the partially developed hybrid
app—hybrid apps are web (browser based) apps, developed
using HTML, CSS, and JavaScript, which are then wrapped in
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a layer that allows interaction with smartphone and tablet
hardware and software, independent of code or language. This
app will allow oneto prepare sessionsremotely and providethe
visible front of a back-office area where SLTs can keep and
generate logs or visual representations (ie, graphics and other
visual formsto represent information) from sessions and target
users. SLTs can log in to access aroster of target users or add
a new target user. They can choose an area of intervention, a
set of exercises, what words or facilitator sounds to use, and
other functionalities. This Web-based app can even be used by
KTAs or parents, which will be able to access and set different
parts of the application. Their feedback was collected and saved
for a future implementation.

Discussion

Although it is true that in speech and language therapy, the
sound, visual cues from the SLT, and speech production trials
are essential, the main purpose of this game was not to replace
an SLT but rather to provide atool, capable of being used by
SLTs, parents, or kindergarten staff, with a focus on hearing
discrimination instead of articulation. It was felt that if a child
strugglesto produce asound, the adult using the game can offer
guidance, abeit without the know-how of an SLT. This
particular game focused on a single minimal-pairs exercise,
which comprises differentiating similar sounding words. Those
words or “sound cues’ were played until the user decided to
press button A or B (associated with animage that corresponded
to one of the sound cues). The SLT present in the room, if any,
can choose to say the word to show the articulation, if needed.

By using an ethnographic approach and a single observer,
present but not participating with any form of help besides the
setting up, the impact of the observer presence was kept to a
minimum. However, a known risk is that the observer is not
entirely unbiased and his/her presence will aways have an
impact. In addition, the inability to generalize from the data
gathered, the sample size and the analytical transparency (the
observer was also responsible for coding the data) are points
that will have to be addressed in future research, by the use of
complementary tools to gather data. Despite these negative
points, the richness of the data surmised in location allows for
a better insight on the users reaction and relation with
technology and their natural environments [53,54].

The analysis of quantitative and qualitative data revealed that
the prototype addresses the existing needs of SLTs and KTAs
and that 5 out of 6 (83%) children enjoyed the activity. Results
also revealed a high replay value, with all children saying they
would play more. In the following section, we discuss the
feedback collected and summarize some ideas and areas for
improvement.

Observation Form

The observation form was divided into 3 dimensions: prototype
or activity usability, prototype or activity characteristics, and
gamification. It was used for direct observation, without any
intervention during the activity. The observer strived to annotate
all theinteractions and relevant exchanges of commentaries. In
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the subsections below, we will present the feedback, ideas, and
areasfor improvement, collected from every areaand parameter.

Prototype Usability

The feedback and perceived recognition, as well as the ease
with which the players started playing the game, are valid
indicators that the transposition of the traditional game into the
FGTI artifact was successful. The added value/interest of the
extra sea creatures (octopus and crab) and treasure chest should
be noted. However, thefact that the score was different for each
object (as well as the on-screen object scale that changed
according to the points earned) was not readily seen, and only
2 out of 10 participants noticed it. Better audio and visual
feedback are needed in the next iteration to ensure this is an
understood behavior, which can transform the gameplay
experience. The game components seem to be well designed
and help in identifying the game and the activity (fishing) on
which the game is based. Some sea creatures can be further
developed, as the stakehol ders engaged in conversations about
fish variety (eg, isit awhitefish or acod?). Further testing with
al the stakeholders is required to understand whether the
affordances and design work and whether, within minutes, the
stakeholders are ready to use the activity to its fullest.
Furthermore, testing is required to understand whether the
timings are correct. One cannot assume that the stakeholders
will always be highly engaged in each play-through of the game,
assuming that the novelty of the situation and the fact that it
was a"one-off” test made stakeholders unaware of the timings.
Knowing one's place in a queue, which in this case was his or
her turn to play, does not seem dependent (especially in an
activity with just 2 players) on any sort of visual or auditory
feedback. It is something that the players do and know.
However, interacting with a button to signal this change is not
an expected behavior, and as such, despite knowing (SLTsand
KTAS) or being told (children) and despite the markings above
the button, this was generally overlooked and was a source of
distress.

Prototype Physical Characteristics

Further testing isrequired to understand whether the dimensions
are correct and to determine the importance of color. As the
digital part was running on the laptop screen, off-angle relative
to the wooden trunk and the main activity area, it may have
been perceived as a “secondary” thing to look at. Tighter
integration of the display (ie, with the LCD on the wooden trunk
lid) may lead to a better understanding and ability to test this
parameter. Additional testing and modifications are needed to
improve on feedback, as per user suggestions and observation.

On at least 2 occasions, sea creatures were pushed into the slot
so fast that the RFID reader was unabl e to detect them; therefore,
this issue aso has to be considered.

Several suggestions were given by the SLTs and KTAs to
dightly alter the phrases and sounds to give more feedback
regarding, for example, the score. A possiblereason for half the
children being aware of the physical constraints, such asthe dlit
and its use, may relate to their turn in playing the activity. The
first one to play used the constraint (and the SLTYKTAS help)
to know what to do with the sea creatures and the dlit, whereas
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the second did it because she or he had watched thefirst one do
it.

The mapping of the buttons and their actions were generally
well understood and used. Therewas some “ natural resistance”
against using the button to change players; the users seemed to
expect it to be automatic. The 2 children who did not seem to
be capable of using the buttons did play the activity and enjoyed
it. The other player or the SLTSYKTAS helped them with the
buttons, and they started using them after a short while.

Gamification

All stakeholders enjoyed taking part in the activity. Although
some of this (especially regarding children) can be dismissed
or looked at, considering the novelty factor, it is encouraging
to get this feedback.

More than half stated their desire to play more. The remainder
may not have expressed this desire for anumber of reasons: for
example, the test being run just before the Christmas holidays
and children being busy taking part in dance or music rehearsals
for the school’s Christmas show; therefore, they wanted to go
back to those activities.

The stakeholderswere aware of their score, or they at |east knew
wheretolook at, on screen. However, most of them were unable
to say who had won and by how many points.

Open Questions Questionnaire
The open questions questionnaire was divided into 2 sections:

children and SLTs and KTAs. Below, we discuss the answers
obtained in both sections.

Children

The mgjority of children enjoyed playing the activity. Even the
child who answered differently did not choose a negative smile
or value; therefore, even she would play.

A clear pattern could be observed: Children enjoyed playing
the game. The game is varied and rich enough to be attractive
and fun; however, the digital part of it went unnoticed. This
oversight may arise from the previously mentioned off-angle
screen. Further testing with a new FGTI revision (of all its
components) is required.

All children wanted to play again. Even considering a factor
like “novelty,” the results are encouraging and very positive.
What remains unclear and depends on further and more
exhaustive testing is whether this willingness to play would be
sustained after a number of games played.

Speech and Language Therapist and Kindergarten
Teachers

A need and desire for tools, such as the FGTI prototype, were
clearly observed. The prototype was seen as almost ready for
serious field and clinical testing after some small bugs and
feedback issues were solved. Both SLTsand KTAs said it was
something that they could see themselves using with their
children.
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Suggestions and I mprovements on the Basis of
Feedback Gathered During the Exploratory Test

During the entirety of the exploratory test, the observer was
able to callect much input and feedback, some direct, asin the
final conversation with SLTs and KTAs, as well as some
indirect, overheard during the activity testing. Those suggesting
improvements and feedback are addressed in this section.
Keeping with the maritime theme, a pirate object/figure could
be created. This object would be able to stea all points from
al players (in practice, resetting the entire score and doing
“tabularasa’ of all progress) and sail away (meaning the pirate
would be thrown again into the wooden trunk). This new
element would be used to counterbalance the treasure chest
element and would increase the challenge factor. In addition,
the score could be displayed inside a starfish and could have
some sort of animation to increase the visual feedback. A total
of 2 sets of scores could be used. One, to reward the better
fisherman, would be based on anumber of sea creatures caught
and how much they are worth. The other score would be to
reward the player who answered correctly more times (in
practice who did better at word discrimination, in the case of
the minimal pairs). This reward would make being attentive
and answering correctly worth more to a player. The number
of pointsfor each catch should be more evident with the use of
auditory cues. In the game's present iteration, a voice can be
heard saying, “You caught afish. It's small.” The voice should
say, “You caught a fish. It's small. It's worth X points!”
Similarly, the voice should al so say, after someinteraction from
the player, (eg, a successful catch but unable to discriminate
the word, catching a crab) the number of points the player has.
Furthermore, what the voice says and what is written on screen
have dlight differences that should be addressed. For example,
the voice says (in Portuguese), “Tenta de novo!” (Try again)
and what appears written is, “ Tenta outra vez!” One SLT felt
that it would be interesting and would help with the immersion
to see arepresentation of the fishing pole on screen, to have an
idea of its (relative) position.

Conclusions and Future Work

The feedback, the perceived recognition, and the ease with
which children started playing the game are valid indicators
that the transposition of thetraditional gameinto the TUI artifact
was successful. The added interest in the extrasea creaturesand
treasure chest should be noted. However, the fact that the score
differed for each object (as well as the on-screen object scale
that changed according to the points earned) was not readily
seen, and only 2 of 10 participants noticed it. Better audio and
visual feedback is needed in the next iteration to ensure that
this is an understood behavior, which can transform the
gameplay experience. Several suggestions were given by the
SLTsand KTAsto dightly alter the phrases and sounds, to give
more feedback regarding, for example, the score. Regarding the
SLTsand KTAs, aneed and desire for tools, such asthe FGTI,
were clearly observed. The FGTI and what can be produced
with the concept behind it can be extremely modular and
versatile. However, certain aspects should be improved to have
an even better product. The TUI game of “Pond,” with the
interest caused and ease of use, appearsto be a suitabletool for
the classroom or as an SLT set of intervention tools; however,
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there should be more tests with users, which would produce
more iterations of all aspects of the prototype (physical and
software). Owing to time constraints, an important group of
stakeholders, the parents, was not tested, but they must be
involved, observed, and questioned in future work. They share,
with the child, a very important space (home), and they spend
special time and form unique bonds; therefore, they possess
unheard information, not available to any of the other
stakeholders. A multidisciplinary team that included children,

Santos et d

SLTs, KTAs, and parents as co-designers would alow the
development of an end product that is suitable to respond to
each user’s needs and desires. More diverse means of gathering
data and analyzing data should be employed to minimize the
known flaws of ethnography. The FGTI’s perceived value and
the positive impact it may have as a tool for intervention for
children with SSD should be further expanded. The monitoring
part of the game, capable of producing usable reports for the
SLTs, will beimplemented in future revisions.
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Abstract

Background: Developmental disabilities are a set of heterogeneous delays or difficulties in one or more areas of
neuropsychological devel opment. Considering that childhood isan essential stage of brain devel opment and devel opmental delays
lead to personal or social burdens, the early detection of childhood developmental disabilities is important. However, early
screening for devel opmental disabilities has been a challenge because of the fear of positive results, expensive tests, differences
in diagnosis depending on examiners abilities, and difficulty in diagnosis arising from the need for long-term follow-up
observation.

Objective:  This study aimed to assess the feasibility of using a serious game—derived index to identify heterogeneous
developmental disabilities. This study also examines the correlation between the game-derived index and existing
neuropsychological test results.

Methods: The randomized controlled trial involved 48 children with either normal development or developmental disabilities.
Inthisclinical trial, we used 19 features (6 from the Korean-Wechsler Preschool and Primary Scale of Intelligence, 8 from the
Psychoeducational Profile Revised, 2 from the Bruininks-Oseretsky Test of Motor Proficiency, Second Edition, and 3 from the
Pediatric Evaluation of Disability Inventory) from neuropsychological tests and 9 (7 game scores, path accuracy, and completion
rate) from the serious game, DoBrain. The following analysis was conducted based on participants baseline information and
neuropsychological test and game-derived index datafor oneweek: (1) we compared the basaline informati on between the normal
development and developmental disabilities groups; (2) then we measured the correlation between the game-derived index and
the neuropsychological test scores for each group; and (3) we built a classifier based on the game-derived index with a Gaussian
process method and then compared the area under the curve (AUC) with amodel based on neuropsychological test resullts.

Results: A tota of 16 children (normal development=9; developmental disabilities=7) were analyzed after selection. Their
developmental abilities were assessed before they started to play the serious games, and statistically significant differences were
found in both groups. Specifically, the normal development group was more devel oped than the developmental disabilities group
in terms of social function, gross motor function, full-scale 1Q, and visual motor imitation, in that order. Similarly, the normal
devel opment group obtained ahigher score on the game-derived index than the devel opmental disabilitiesgroup. Inthe correlation
analysis between the game-derived index and the neuropsychological tests, the norma development group showed greater
correlation with more variables than the developmental disabilities group. The game-derived index—based model had an AUC=0.9,
asimilar detection value as the neuropsychological test—based model’s AUC=0.86.
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Conclusions: A game-derived index based on serious games can detect children with heterogenous developmental disabilities.
This suggests that serious games can be used as a potential screening tool for developmental disabilities.

Trial Registration: Clinical Research Information Service KCT0003247; https://cris.nih.go.kr/crislen/search/search_result_stO1

Jsp?se0=12365

(IMIR Serious Games 2019;7(4):€14924) doi:10.2196/14924

KEYWORDS

serious game; developmental disabilities; mobile game; cognitive screening tool; machine learning

Introduction

Developmental disabilitiesareamong the most common diseases
in children younger than 5 years old. Devel opmental disabilities
are a set of heterogenous delays or difficulties in one or more
developmental milestones, including learning, self-care, socia
interactions, and movement. The global number of children
under 5 years old with developmental disabilities was 52.9
million in 2016, accounting for 13.3% of total yearsliving with
disability for these children. In 1990, 53.0 million children were
living with developmental disabilities, indicating that there has
not been much change since then [1]. In the United States, the
prevalence of children diagnosed with devel opmental disabilities
increased remarkably from 5.76% in 2014 to 6.99% in 2016

2.

The brain is sensitive to stimulation during childhood, which
isan essentia stage of human development. It isthe foundation
for successive educational and vocational achievements, aswell
as society’s human capital development [3]. However, children
with developmental disabilities are a a higher risk of
substandard educational accomplishment, health status, and
social relationships. More specifically, children with
developmental disabilities have heightened difficultiesreading,
spelling, and counting due to shortages of phonological
short-term memory or central, executive-loaded, working
memory [4]. Additionally, developmental disabilities lead to
sedentary lifestyles and seven times greater reported substandard
emotional support in adulthood than in adults without
disabilities. Consecutive developmental disabilities are risk
factorsof chronic health conditions such as high blood pressure,
cardiovascular disease, diabetes, and chronic pain [5].

If achild fails to achieve a certain milestone, it is extremely
hard to recover that milestone later in life. Therefore, late
identification of developmental disabilities in children may
require schools and familiesto pay for expensive programs[6].
Additionally, an understanding of the subsequent characteristics
of a child's developmental process requires a sensitive
longitudinal examination by caregivers or specialists.

Given such a context, identifying devel opmental disabilities as
early as possible has been deemed crucial. Multiple screening
programs occurring in conjunction are recommended to detect
early-stage developmental disabilities. For example, the
American Academy of Pediatrics recommends frequent
counseling, preventive care visits, and treatment visits for
children[7]. Nevertheless, the early detection of developmental
disabilities in children has not been performed adequately for
many reasons, such as alack of specific training for screening

http://games.jmir.org/2019/4/e14924/

developmental disabilities, lack of time among specialists, fear
of positive screen results, and failure to consider testing for
developmental disabilities necessary [8]. In fact, even when
early diagnosis and intervention programs are conducted in a
timely manner, many instrumentsfor diagnosis are administered
in an environment distinct from an everyday setting. For
example, children are directed to perform tasksin alaboratory
setting or under the supervision of unfamiliar investigators.

To resolve these problems, approaches using serious games
have been proposed for the early detection of developmental
disabilities in children. Serious games are games that do not
have enjoyment, entertain] ment] or fun astheir primary purpose

[9.

Serious games targeted for health care use have seen asurgein
use since 2004 [10]. Health care-targeted serious games are
intended for health checks, disease detection, or rehabilitation.
Some studies have been conducted that investigated games
created for detecting various disorders, such as Parkinson
disease, Alzheimer disease, or early dementia [11-14]. Other
serious games have been targeted towards detecting
developmental disabilitiesin children. For example, Anzulewicz
created amachinelearning model that can identify children with
autism[15]. Alchalabi al so studied waysto detect children with
attention deficit hyperactivity disorder (ADHD) using aserious
game integrated with electroencephalogram signals [16].
Additionally, many researchers have targeted adult cognitive
impairment detection [17-21].

However, thus far there have been no studies about detecting
general and heterogeneous developmental disabilitiesin children
using a serious game, despite how important it isto detect these
developmental disabilities. Referring children to specialistsfor
clinical evaluation is also the most essential part of an early
diagnosis of developmental disabilities. Therefore, this study
aimed to develop a classifier that can distinguish between
children with heterogeneous developmental disabilities and
those with normal development using a game-derived index
based on a serious game for improving cognitive ability. In this
study, we collected gameplay data of children from Do Brain,
a smart device-based serious game intended for the cognitive
enhancement of children.

Methods

Summary

This study was based on a single-blinded, parallel randomized
controlled trial under the supervision of an independent data
management team in the Asan Medical Center (Seoul, South
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Korea) The study consists of an intervention and acontrol group,
with an allocation ratio of 1:1. Participants were openly recruited
and enrolled in clinical studies via face-to-face evaluation by
physicians and inspectors of neuropsychological testing.
Children with normal development were 5-6 yearsold and were
confirmed to have developed normally via examinations and
specialists. Children with developmental disabilities were 5-7
years old but had a cognitive age of 4-6 years old. The
recruitment period for this study was from October 2018 to
January 2019. If the child was assigned to a group after the
face-to-face evaluation, intervention was provided for 6 months.
Our study only used the results obtained in the first week of the
intervention.

Participants were too young to give consent, so we received
“Subject explanatory note and consent forms’ from the
participants’ representatives (see MultimediaAppendix 1). The
randomization, using a block size of four, was dtratified
depending on intervention and developmental disability.
Randomization was done with the use of opague, sealed
envelopes. The statistician of the data management team
generated the randomly allocated sequence with the use of the
R program (R Core Team, Vienna, Austria). Physiciansenrolled
the patients and opened the envelope with the lowest available
registration number within the appropriate stratum. Participants
knew the group to which they belonged, but the physicians and
theinspectors of the neuropsychological testswere blinded until
the end of thetrial.

Theintervention of this study was based on a serious game and
continued for 12 weeks for 40 minutes twice a week. The
intervention was based on mobile serious gameplay at home.

Figure 1. Participant selection flow chart.

Bang et d

There were no human interventions other than early, functional,
game usage training. To encourage sustainable use, we sent a
text message to the representatives of participants who had not
used it once in the preceding week. All clinical trial data were
documented, coded, and stored on acomputer at Asan Medical
Center in Seoul, Korea

In the current study, we wanted to explore the possibility of
differentiating children with developmental disabilities from
the normal population by analyzing gameplay patterns. We used
theresults obtained in the first week of the intervention because,
as the intervention progressed, the cognitive function of the
participants changed. Thisis because the cognitive function of
children changes much faster than that of adults, and the game
Do Brain was intended to enhance the cognitive function of
children. The intervention was designed for a particular time
and frequency of play (40 minutes twice a week).

Initially, 106 participants were recruited. The medical staff
screened 48 children who met therecruitment criteria. Therefore,
the study group consisted of 48 children with either normal
development or developmental disabilities (Figure 1).
Twenty-two of the children underwent intervention for 12 weeks
(experimental group) and the other 26 participants were the
control group. The control group that did not undergo
intervention and children who could not carry out level C of
the serious game were excluded from this study. The baseline
information and data of 16 eligible participants during the first
week of the intervention were analyzed. This study was
approved by the Institutional Review Board of Asan Medical
Center (IRB #2018-0989; Seoul, South Korea).

Registration Reference No :
KCT000347
(N =106)
:
Screening with Criteria
(N =48)
; !
Experimental Group Control Group
(N=22) (N=206)
: :
Able to Carry out Level C Not Able to Carry Out Level C
(N=16) (N=6)
! 3
Normal Developing Group Developmental Disabilities Group
(N=9) (N=T7)
| I
y
Eligible Participants for this study
(N=16)
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Neuropsychological Tests

A set of neuropsychological tests was conducted to assess
children’sdevelopmental ability before theintervention period.
This study employed the Korean-Wechsler Preschool and
Primary Scale of Intelligence (K-WPPSI-1V) [22], a child's
intelligence test that provides a comprehensive assessment of
overall intellectual capabilities. Thetarget age of thetest isfrom
1 year and 6 monthsto 7 years and 7 months. This study also
used the Full-Scale 1Q, which provides five basic indicators of
intellectual function of aparticular cognitive domain, including
Verbal Comprehension Index (VCI), Visua Spatia Index (VS),
Fluid Reasoning Index (FRI), Working Memory Index (WMI),
and the Processing Speed Index (PSl). In addition, the
Psychoeducational Profile Revised (PEP-R) [23], which us used
to assess the treatment capacity of children between 1 and 7.5
years old with autism and related developmental disabilities,
was used to plan treatment programs. Additionaly, the
Bruininks-Oseretsky Test of Mator Proficiency, Second Edition
(BOT-2) [24], which is administered in participants aged
between 4 and 22 years, was used to check their motor
development; it can also measure large and small muscle skills.
The age range for the Pediatric Evaluation of Disability
Inventory (PEDI) [25] is from 6 monthsto 7.5 years, and this
test is used as a tool for evaluating independence in daily life
through structured interviews with parents or caregivers.

Serious Game

Do Brain is a serious game based on an animated cartoon. The
game is a smart device—based application certified for child
suitability from the iOS App store and the Google Play Store.
It consists of games that require simple touch inputs, such as
one-point touch, drag and drop, and rub. The object of the game
isto enhance primary cognitive capacity (attention, orientation,
memory), higher-level thinking abilities (problem solving,
reasoning, concept formation), and meta-processing abilities
(executive function, self-awareness). The application was
downloaded to the personal smart device of each participant’s
caregiver from the iOS App store or Google Play Store. The
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participants played the gamein a natural environment, such as
at home. A more detailed description is available at Do Brain
homepage [26].

Game-Derived I ndex

In the program, there are sections that each contain 6-8 games.
Each game of a section tests for each of the categories of
devel opment, whichincludes: Spatial Perception, Mathematical
Thinking, Attention Memory, Logical Reasoning, Constructional
Ability, Discernment, and Reaction (Figure 2). Each game has
1-3 stages. In the first week of the intervention participants
played through nine sections, which consisted of 61 games and
128 stages. For the first week of the intervention we computed
the game score, path accuracy, and completion rate.

The game score was cal culated using both the duration and the
incorrect answer count. Duration referred to the time it took a
participant to answer correctly, and incorrect answer count to
the number of wrong answers/attempts. The game score
increased as the participant completed a certain stage within a
shorter time and with fewer incorrect answers. Therefore, the
higher the score a participant obtained, the better they played.
Below isthe equation for the game score:

]

There were 16 drag-and-drop games in the 128 stages of the
first week of the intervention, for which we computed path
accuracy from both intended path and actual path. Intended path
referred to the geometric distance between the start and end
points and actual path to the distance of the finger’s movement.
The path accuracy value ranged from 0 to 1, with values closer
to 1 indicating that a participant moved their finger more
precisely. Below isthe equation for path accuracy:

@

Meanwhile, completion rate was the ratio of the number of
games played by each participant in aweek divided by the quota
for that week. It measured a participant’s compliance.
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Figure 2. Screenshots of the serious game by game categories.
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Statistical Tests

In our study, we compared the baseline information between
the normal development and developmental disabilities groups
using the Mann-Whitney U test. We then measured the
correlation between the game-derived index and a child's
neuropsychological test scores for each group using Pearson’s
correlation method. Finally, we assessed the feasibility of using
this serious game as a tool for detecting children with
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heterogeneous devel opmentd disabilities. A classification model
was built with a Gaussian process classifier, and model
validation using leave-one-out cross validation (LOOCV) was
conducted. LOOCV is a method for evaluating the prediction
quality of a model built from a small dataset [27,28]. For the
game-derived index—based model, we used nine features (7
game scores, path accuracy, and completion rate), and 19
features for the neuropsychological test—based model (6
K-WPPSI, 8 PEP-R, 2 BOT-2, 3 PEDI). In this study the
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multi-variate Gaussian process classifier of Rasmussen and
Williams was used [29]. The classifier is based on Laplace
approximation and makes predictions based on finite
combinations of all random variables that have multivariate
normal distributions. The receiver operating characteristic
(ROC) and precision-recall (PR) curves were drawn from the
validation results, and then the area under the curve (AUC) was
calculated for each curve. Sensitivity, specificity, precision, true
positiverate, and true negative rate were al so measured. We set
asignificance level of 0.05. Data were processed and analyzed
using R version 3.5.0 (R Core Team, Vienna, Austria), and
Python 3.6 (Python Software Foundation, Wilmington,
Delaware, United States; including the Pandas 0.22.0, NumPy
1.14.3, and Jupyter 1.0.0 packages).

Results

Participant Characteristics

Basaline | nformation

Thenormal devel opment and devel opmental disabilitiesgroups
were comprised of nine and seven children, respectively.
Chronological age was not significantly different between the
two groups, but sex was significantly different in that the
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proportion of malesin the devel opmental disabilities group was
higher than inthe normal development group. The K-WPPSI -1V
test results, which measured a child’s cognitive ability, showed
that full scale |Q was significantly different between the normal
development and developmental disabilities groups (P=.008).
Moreover, the norma development group surpassed the
developmental disabilities group in all subcategories of
K-WPPSI-IV. In particular, the normal development and
developmental disabilities groups showed statistically significant
differencesin VCI (P=.01), VSI (P=.01), and FRI (P=.01; Table
1).

The developmental ages of the norma development and
developmental disabilities groups were significantly different
(P=.007). For al subcategories of PEP-R, the normal
devel opment group outperformed the developmental disabilities
group. Specifically, statistically significant differences in
Cognitive Verbal (P=.01), Cognitive Mation (P=.01), Fine
Motor (P=.01), and Imitation (P=.03) categorieswere observed.
Moreover, Visual Motor Imitation (P=.009) and Gross Motor
(P=.005) showed more significant differences than the other
categories (Table 1). For the data presented in Table 1, the
Mann-Whitney U test was used as the statistical significance
test.
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Table 1. Comparison of the baseline information and neuropsychological tests of the normal development and developmental disability groups.

Normal development group (n=9)  Developmental disability group (n=7) P vaue

Sex, n (%)
Male 4(44.9) 6 (85.7) _a
Female 5 (55.6) 1(14.3) —
Chronological age, mean (SD) 71.4 (6.20) 70.1(8.01) .35
K-WPPSI-IVP, mean (SD)
Full scaelQ 110.7 (18.3) 86.7 (13.7) .008
Verbal comprehension index 113.2(16.7) 89.1 (15.7) .02
Visual spatial index 109.4 (13.8) 89.1 (19.0) 01
Fluid reasoning index 104.6 (11.6) 89.0(13.7) .01
Working memory index 118.4 (16.8) 106.1 (15.5) 14
Processing speed index 99.3(16.2) 88.1(14.5) A4
PEP-R®, mean (SD)
Developmental age 68.7 (5.0) 62.0 (5.4) .007
Cogpnitive verbal 73.6 (4.3) 64.4 (8.5) .01
Cognitive motion 70.0 (4.8) 63.4 (6.1) .01
Visual motor imitation 67.2 (6.2) 58.6 (5.4) .009
Gross motor 59.6 (0.9) 52.4(11.7) .005
Fine motor 63.3(4.2) 56.6 (5.4) .01
Perception 59.4 (2.9) 585 (2.9) 07
Imitation 63.1(3.5) 60.6 (3.5) .03
BOT-29, mean (SD)
Fine motor 46.4 (19.9) 29.1(13.8) .05
Manual coordination 30.2 (9.0) 22.3(8.8) .08
PEDI® mean (SD)
Sdlf-care 705 (1.5) 66.0 (5.6) .10
Movement 57.0(3.7) 54.4 (5.6) .20
Social function 62.7 (2.5) 56.7 (4.6) .005
#Not applicable.

BK -WPPSI-IV: Korean-Wechsler Preschool and Primary Scale of Intelligence.

®PEP-R: Psychoeducational Profile Revised.

dBOT-2; Bruininks-Oseretsky Test of Motor Proficiency, Second Edition.

€PEDI: Pediatric Evaluation of Disability Inventory.

Game-Derived | ndex

Overdll, the normal development group showed better game
scores than the developmental disabilities group on the
game-derived index (Table 2). Logica Reasoning (P=.03),
Constructiona Ability (P=.04), Mathematical Thinking (P=.01),
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and Attention Memory (P=.04) were statistically significant in
the two groups. In all subcategories of the game-derived index,
the developmental disabilities group’s standard deviation was
larger than in the normal development group. For the data
presented in Table 2, the Mann-Whitney U test was used asthe
statistical significance test.
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Table 2. Comparison of the game-derived index between the normal development and devel opmental disability groups.

Variable Normal development group (n=9)  Developmental disability group (n=7) P vaue
Game score, mean (SD)
Logical reasoning 8.28 (0.66) 7.16 (1.16) .03
Constructional ability 7.82 (0.69) 7.04 (1.01) .04
Mathematical thinking 9.12 (0.54) 8.13(0.88) .01
Attention memory 9.20 (0.68) 8.50 (0.98) .04
Spatial perception 8.67 (0.58) 7.76 (0.97) .06
Reaction 8.31(0.78) 7.89 (0.30) .05
Discernment 8.71 (0.55) 8.07 (1.07) A9
Path accuracy, mean (SD) 0.795 (0.089) 0.750 (0.072) 17
Completion rate, mean (SD) 0.991 (0.026) 0.910 (0.203) .10

Correlations Between the Neuropsychological Tests
and Game-Derived Index

Correlations between the neuropsychological tests and
game-derived index resultswere computed for each group using
Pearson’s correlation method (Figure 3). Overal, the
game-derived index and neuropsychol ogical tests showed higher
correlation values for the normal development group than the
developmental disabilities group. Logical reassignment and
completion rate in the game-derived index showed a high
correlation with neuropsychological tests. In the developmental
disabilities group, the constructional ability of the game-derived
index showed the highest correlation with VS| (0.92).

Game-Derived | ndex—and Neuropsychological
Test—Based Classifiers

As shown in Figures 4 and 5, the game-derived index—based,
classifier has a similar AUC to the neuropsychological
test—based classifier. Sensitivity and specificity showed similar
patterns. The game-derived index classifier had a sensitivity of
0.714 and aspecificity of 0.778, whereas the neuropsychol ogical
test—based classifier had a sensitivity of 0.857 and a specificity
of 0.778.

No serious adverse events or side effects were observed in the
normal development and devel opmental disabilities groups.

Figure 3. Correlation matrix for the game-derived index and neuropsychological tests of the normal development and devel opmental disability groups.
K-WPPSI-1V: Korean-Wechsler Preschool and Primary Scale of Intelligence; PEP-R: Psychoeducational Profile Revised; BOT-2: Bruininks-Oseretsky
Test of Motor Proficiency, Second Edition; PEDI: Pediatric Evaluation of Disability Inventory.
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Figure 4. The receiver operating characteristic and precision-recall curves for leave-one-out cross validation of the model based on the game-derived
index from the serious game. ROC: receiver operating characteristic; DD: developmental disabilities; ND: normal development; PR: precision recall;

GDI: game-derived index.
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Discussion

Principal Results

We built a classifier from the game-derived index that could
distinguish children with developmental disabilities from those
with normal development. In contrast to some models that can
detect a specific type of disease, such as autism or ADHD, our
classifier isthefirst model to detect children with heterogeneous
types of developmental disabilities. This suggests that serious
games have the potentiad for screening the general
developmental disability status of children. Considering that
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the positive diagnosis of developmental disabilities should be
conducted through aspecialist’sexam, our classifier that detects
general and heterogeneous devel opmental disabilities could be
used to refer children with developmental disabilities to
specialists for more specific and expert exams.

Additionally, we compared the game-derived index with the
results of the neuropsychological tests to determine the
characteristics of the normal development group that helped
them obtain abetter game-derived index than the devel opmental
disabilities group. As many serious games that assess the
cognitive function of humans lack psychometric analysis and
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comparisons with standardized studies [30], the comparison
between the game-derived index and the neuropsychological
testsin this study provides amore comprehensiveinterpretation
of the serious gameplay of children.

Differencesin Game-Derived | ndex Between Normal
Development and Developmental Disabilities Groups

Game score, path accuracy, and completion rate were computed
to assess participants’ gameplay. Although some features of the
game-derived index lacked statistical significance, the overall
pattern showed that the normal devel opment group played better
than the developmental disabilities group.

Game score represents how fast and correctly a participant
solved a problem. The serious game used in this study is based
on acognitive counseling program for children. Asthe normal
development group showed higher intelligence scores on the
neuropsychological tests, this means that they answered
correctly with fewer attempts and in less time. For the normal
development group, many game-derived index features showed
apositivelinear correlation with neuropsychological tests. More
specifically, Logical Reasoning was correlated with Full Scale
IQ and Developmental Age with coefficients of 0.86 and 0.85,
respectively.

By contrast, most game-derived index features of the
developmental disabilitiesgroup did not show linear correlations
or had negative correlations. These results can be attributed to
thefollowing reasons. First, the developmental disabilitieswere
heterogenous in the developmental disabilities group. Also, the
developmental disabilities group had asmall, restricted sample.
Moreover, some studies indicate that cognitive assessment is
difficult for patients suffering from neuropsychological disorders
[31-33]. More specifically, when converting raw scores to
standardized scores, performance variations that need to be
detected often become obscure dueto the flooring effect [34,35].
The flooring effect refers to a phenomenon in which the
measuring tool cannot discriminate among those who belong
to thelower level of the characteristic to be measured [36]. The
flooring effect may occur when the score rangeitself islimited,
or when inspection is too difficult. As standardized tests have
such limitations, recent trendsin intellectual disability research
emphasizes narrating the cognitive signatures of conditions
throughout their lifetime rather than depending on test scores
[31]. Although many game-derived index features did not have
positive correlations, constructional ability, spatial perception,
and completion rate had correlation coefficients of 0.69, 0.67,
and 0.62, respectively.

Path accuracy indicates fine motor function and visuospatial
ability. According to Vatavu, children who are better devel oped
invisuospatial processing have ahigh path accuracy score[37].
In our study, the normal development group’s path accuracy
score was higher than the developmental disabilities group, but
the difference was not statistically significant. Path accuracy
scores were highly correlated with the VS of the K-WPPSI in
the normal devel opment group (r=0.87), which showsasimilar
pattern to Vatavu's findings. These findings indicate that
children with better VS| scores are better at interpreting
geometrical relationships. As a result, they understand
drag-and-drop games better and can movetheir finger inamore
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intentional path. However, the normal development group’s
path accuracy did not correlate well with Fine Motor index of
PEP-R and BOT-2, mainly because testing of PEP-R or BOT-2
differs from a drag-and-drop game. Moreover, the
developmental disahilities group’s path accuracy had negative
correlation with the neuropsychological tests VS| and Fine
Motor index. This negative correlation can be attributed to the
developmental disabilities group’'s heterogeneity and small
sample size.

Completion rate isameasure of participant compliance. In this
serious game, participants may skip a stage when they find it
difficult. As can be observed in the game score results, the
normal development group outperformed the devel opmental
disabilities group in gameplay. Additionaly, the normal
development group’s mean compl etion rate was higher than the
developmental disabilities group’s. Notably, the standard
deviation differed greatly between the normal development
(0.026) and developmental disabilities (0.203) groups. Thelarge
standard deviation of the developmental disabilities group’s
completion rate is due to some developmenta disabilities
participants skipping many more stages than the others.

Classification M odel

The model built from the game-derived index performed
adequately compared with that built from neuropsychological
tests, showing the discriminating power of the game-derived
index. Thisresult suggeststhat serious games have the potential
for detecting children with developmental disabilities. As
children with heterogeneous developmental disabilities show
complicated characteristics, characterizing them with high
sensitivity is difficult. In contrast to models that detect specific
developmental disorders developed in previous studies, the
model built in this study is the first to detect general
developmental disabilities.

Comparison With Previous Studies

Some studies have been conducted regarding devel opmental
delay detection with serious games. Previous works utilized
more devices, required more resources, or could detect only
specific diseases.

Alchalabi’s study that detected ADHD patients with an
Electroencephal ogram (EEG)-based serious game[16] required
an EEG reader and a special gaming setting. However, our study
only utilizes smart devicesand isdonein the home setting. Like
our study’s use of neuropsychological testsfor clinical diagnosis,
Alchalabi’s study was al so meaningful inthat it used EEG with
some diagnostic value.

Elhady build a speech disability detection game with limited
speech resources [38]. Our study usestouch input from asmart
devicewhileit recordsthe voice. However, they targeted avery
specific speech disability population suffering from the
phonemes /s/ and /r/. There is a need to cover broader speech
disabilities, asthere exist heterogenous speech disabilities[39].

Garcia and Ruiz created a children’'s psychomotor delay
screening process called Ubiquitous Detection Ecosystem to
Care and Early Stimulation for Children with Devel opmental
Disorders (EDUCARE) [40] based on a smart toy. In

JMIR Serious Games 2019 | val. 7 | iss. 4 |€14924 | p.85
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

EDUCARE, the video that children played on the toy had been
analyzed by developmental experts. However, EDUCARE only
assessed motor function and depended on lengthy screening by
experts. Our study overcomes this by assessing more
developmental areas and immediately giving numerical
developmenta indices to caregivers. In a different respect,
EDUCARE utilized methods more related to everyday objects,
such as stackable cubes, than to our game-based approach.

Limitations

Our study population is insufficient for generalizability of our
findingsto the general population. However, our findings show
the feasibility of using this serious game to screen for genera
and heterogeneous developmental disabilities. As children
continue to develop in various areas in the earlier stages of
developmental disabilities, a definite diagnosis of the disease
is difficult. Our model is useful because of the flexibility and
heterogeneous characteristics of developmental disabilities. In
the future, we will widen our study population to enhance the
generalizability of our findings.
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Inaclinical situation, a neuropsychological test is essential for
the diagnosis of developmental disabilities. Therefore, the
estimation of neuropsychological test results with a
game-derived index could provide caregivers and specialists
with more information. However, our study did not build a
model that estimates neuropsychological test results from the
game-derived index because of the small sample size. Future
studies must build a neuropsychological test estimation model
more complex than our simple linear correlation model.

Conclusion

The game-derived index patterns observed in serious gameplay
inthe normal development and developmental disabilitiesgroups
were different. In particular, the neuropsychological tests and
game-derived index have significant differences in the
correlations between groups. Thisresult isapotential indicator
that game-derived index can distinguish developmental
disabilities from normal development, and the model based on
it showed similar performance to neuropsychological tests that
congtitute conventional developmental ability tests. This
suggeststhat serious games can be used asapotential screening
tool for developmental disabilities.
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