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Abstract

Background: Adolescentsin North Americaare severely affected by the opioid crisis, yet there arelimited educational resources
for educating teens about prescription opioid safety and misuse. Empirical literature lacks evidence regarding teen education
about prescription opioid saf ety through serious games and lacks conceptual models and frameworksto guide the process of game
development for this purpose.

Objective: Thisstudy aimsto conceptualize and design a serious game prototype to teach teens about prescription opioid safety
and propose aconceptual framework for devel oping a serious game to educate youth about safe and responsible use of prescription
opioids.

Methods: Theinitia steps of the project comprised of the formulation of an integrated conceptual framework that included
factors from health behavior models and game development models. This was followed by the formal process of serious game
development, which resulted in a game prototype. The assessment of the game prototype was done through group discussions,
individual interviews, and questionnaires with adol escents following gameplay. Field noteswere used to keep track of the responses
from the group discussions. Content and thematic analyses were used to analyze field notes and responses to the open-ended
guestionnaire, which were then used to refine the game prototype.

Results: A total of 10 playtests with over 319 adolescents and emerging young adults (AYAS) in community settings such as
middle schools, high schools, and colleges were conducted by the project team between March and June 2019. The AYAS provided
feedback on the initial game prototype using questionnaires administered through Qualtrics or in-person on paper. Preliminary
feedback suggested that the teens found the game objectives, outcomes, and design appealing. Overall, the game was perceived
asredlistic, and learning outcomes seemed achievable. Suggestions for improvement included the need for additional direction
on gameplay, clearer instructions, concise dialog, and reduced technical problems in the gameplay.

Conclusions: We propose a conceptual framework for devel oping a serious game prototype to educate youth about prescription
opioid safety. The project used a theory-driven conceptual framework for the development of a serious game targeting the
prevention of adolescent opioid misuse and garnered preliminary feedback on the game to improve the quality of gameplay and
the prototype. Feedback through informal assessments in community settings suggests that the youth and their families are
interested in a game-based approach to learn about prescription opioid safety in homes and schools. The next steps include
modificationsto the game prototype based on feedback from the community, integration of learning analyticsto track thein-game
behaviors of players, and formal testing of the final prototype.
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Introduction

Background

The misuse of prescription opioids and the associated negative
health outcomes is a leading public health issue among teens
in the United States[1]. Over the past 20 years, there has been
an increase in the prescription and misuse of opioids among
teens, aswell asan increasein overdoses and overdose fatalities
[1-3]. There is a significant risk for teens to experience an
adverse drug event (such as sedation, physical dependence, or
overdose) from either intentional or unintentional use of an
opioid prescription [2]. In 2016, 11.8 million individuals aged
12 years or above living in the United States misused opioid
medications [2]. Approximately 3.6% of adolescents aged
between 12 and 17 years were reported to misuse opioids in
2016 [2]. Many teens and their family caregivers do not have
agood understanding of the prescribed medications, particularly
opioids [4]. Studies have shown that many individuals are not
well educated about the side effects of opioid medications and
the associated risks of improper storage. Thislack of knowledge
leads to adverse patient-centered events [4-9]. Hence, it is
essential that teens receive developmentally appropriate
education on opioid medication safety. Adolescent-focused
education on the dangers of misusing or abusing prescription
drugs, proper storage, and disposal of medications is
increasingly recommended and is key in addressing
inappropriate opioid usein this population [1].

Currently, there are few regulations or interventions to guide
the education about opioids, particularly for teens [9]. Paper
pamphlets are one of the few tools that exist; they tend to be
theoreticall and didactic in format and are neither
patient-centered nor engaging. Educational materials that are
intended to provide medication information to the youth and
their families are at an 11th-grade reading level, which makes
them difficult for all teensto comprehend [10-15]. Suboptimal
educational materials and lack of awareness of the risks of
opioid diversion and addiction in teens likely contribute
significantly to the increase in nonmedical opioid use, misuse,
addiction, overdoses, and deaths in this population [16-18].

Understanding and acting upon the existing medication
information and instructions pose significant obstaclesfor almost
half of the Americans [19,20]. Although a variety of opioid
educational programs are available for adults, a digital tool
designed to address the opioid medication safety knowledge
gap in teensdoes not currently exist. Technol ogy-based serious
games are a novel method of delivering interactive health
behavior education through skill-building exercises [21,22].
Serious games are digital tools that offer engagement activities
through a responsive narrative to educate the participants
through role-play and practicing skills. Unliketraditional video
games, serious games act to convey meaningful information
through interactive environments similar to real-life situations
[23,24]. Serious games offer methods for increasing knowledge,

https://games.jmir.org/2020/3/e18207

delivering persuasive messages, changing behaviors, and
influencing health outcomes among adol escents [1,25].

Although games for health offer promising positive patient
outcomes [26-28], there is a dearth of research on the use of
serious games to provide developmentally appropriate
prescription opioid education for teens. A recent systematic
review of serious games that incorporated medication usage
identified only 12 serious games (targeting adol escents, young
adults, and adults), with amajority aiming to increase adherence
to specific medications or for aspecific medical condition (such
as cancer, diabetes, and asthma). Findings from the systematic
review suggest an opportunity to use serious gamesto improve
opioid medication safety and focus on preventing adverse drug
events[29].

Behavioral theories, conceptual models for game devel opment,
and playtesting are known to improve the effectiveness of
seriousgames[30,31]. Thereislimited evidence available about
the use of specific theoretical frameworks to guide the game
development process for medication safety—focused games for
youth [29,32]. A few serious games about medication adherence
and education have incorporated varying degrees of theoretical
frameworks in their game design and assessment, but these
games focus more on medication adherence than education
about medications and effects [21,30-33]. Serious games that
adopted theory intheir design used small sample sizesfor testing
efficacy and effectiveness, hence, positive outcomes were
demonstrated by only a few of these studies [30,34]. These
studies applied either a gamification theory or the socia
behavioral theory to develop games incorporating medication
usage as learning outcomes. To our knowledge, an integrated
conceptual framework that includes concepts from both
gamification and health behavior theories has not been
developed and used to create a developmentally appropriate
serious game for prescription opioid safety education for teens.

Objectives

The MEDSMAR,T: Adventuresin PharmaCity intervention was
designed as a serious game to provide interactive education
about prescription opioid risks and safety for adolescents. The
goal of this gameisto improve the knowledge, awareness, and
self-efficacy teens have on the safe, appropriate, and responsible
use of prescription opioid medications. Given the need for
developing serious games to educate teens about prescription
opioid safety and the lack of theory-driven conceptual models
available in empirical literature to guide the process of game
development, this project aimed to conceptualize and design a
serious game prototype to educate adol escents about prescription
opioid medication safety and propose a conceptual model for
developing and assessing the use of the serious game in
community-based settings. Community-based settings, in this
context, include educational settings, such as schools,
universities, and youth clubs, as well as health care settingsin
the community, such as hospitals, clinics, and pharmacies.
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Methods

Conceptual Framework

A serious game behavior change framework for improving
medication safety in community settings was devel oped (Figure
1) asthetheoretical approach to guidethisproject. The proposed
framework was based on behavioral and psychological
interventions that incorporate a broad range of technologies,

Abraham et al

such as serious games, to positively change behaviors and
cognitions related to health, mental health, and wellness [35].
The game intervention comprises 3 domains. the in-game
environment, game mechanics, and game feedback, which are
cyclically related to each other. The conceptual framework is
derived from social behavioral and game devel opment theories.
Thus, the game experience is expected to lead to real-world
outcomes (Figure 1).

Figure 1. Serious game framework for improving medication safety in community settings.

Intervention

Outcome

[Game experience]

In-game
environment

« Family
* School
* Neighborhood

~

Game mechanics

« Perspective taking
+ Stylized realism

= Multiple routes

+ Diverse experiences

The framework was informed by the principles of behavioral
theories such as social cognitive theory and social learning
theory. The principles from these models guided the selection
of relevant constructs for the game experience and measurable
learning outcomes such as medication self-efficacy [36,37]. The
social cognitive theory posits that the combination of personal
and environmental factorsis akey influencer of behavior [38].
Each of these influencers was examined when creating this
model, and game mechanismsthat support them wereidentified.
These mechanics were primarily informed by the learning
principlesfrom the foundational text by Gee, What Video Games
Have to Teach Us About Learning and Literacy, and the
literature on good instructional design practices [39-41]. The
social learning theory proposesthat individual s can acquire new
behaviors by learning and imitating the behaviors of people
with significant influences in their lives. In the case of
adolescents, these include their parents, siblings, and friends.
Thus, the in-game environment and the situations involved in
the gameplay (such as events at home and school) were based
onthe principlesof socia learning and socia cognitivetheories
[38]. The bidirectional interaction between personal and
environmental factors and influential people who function as
models for adolescents were considered significant locations
and scenarios for the in-game environments (home or family,
school, and neighborhood). The primary outcomes of increased
medi cation self-efficacy in the conceptual model wereinformed
by the social cognitive theory [38].

The behavioral theories were supported by the components of
the behavioral intervention technology model, which integrates
the principles of behaviora science, technology design, and
engineering [42]. This theoretical framework defined both the

https://games.jmir.org/2020/3/e18207

.

Game feedback

[Real world]

Medication knowledge and
self-efficacy

+ Safe use
= Proper storage
* Responsible disposal

+ Active leaming
* Practice
+ Productive failure

+ Incremental leaming

conceptual and technological architecture of the game-based
intervention by identifying the key conceptsrelated to behavior
change strategies such as education, design elements of
technology, and characteristics of the interventions such asthe
needs, capabilities, and preferences of auser. Conceptualy, the
framework emphasizes the promotion or reduction of specific
behaviors, the technology design characteristics, and the
behavior change strategies.

Consistent with the theoretical dimension of the framework,
the content of the serious game intervention will increase
knowledge and teach adolescents essential skills to improve
their self-efficacy in safe medication use, proper medication
storage, and proper medication disposal, which are the expected
outcomes of this intervention. The different terms used in the
framework are given below.

The terms related to the game mechanics are as follows:

«  Perspective taking: During gameplay, learners can take on
identities to experience novel situations and roles, picture
themselvesin those settings, and build empathy toward the
situation [39].

- Stylized realism: In game terminology, stylized realism
involves using rich, authentically designed scenarios to
support long-term learning [43].

- Multipleroutes: Giving learners multiple optionsto explore
empowers them and provides opportunities for replaying
content. Showing different consequences of actions is
powerful feedback [40,41].

- Diverse experiences: Simulations and games can provide
awide variety of experiencesthat are real enough to matter
but still safe to explore [44].
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The terms related to the game feedback are as follows:

Active learning: In contrast to passive learning, active
learning is abroad category that includes any instructional
technique that engages the student in thoughtful, meaningful
learning [45].

Practice: Repeating attempts to recall and/or apply
knowledge promotes long-term recall and transfer [46].
Productivefailure: Thisdesign strategy |everages short-term
failure for long-term learning gains as learners come up
with multiple attempts at solutions [47].

Incremental learning: Learners have repeated attempts to
produce asense of challenge and devel op learner persistence
as well as repeated exposure to the learning material and
relevant cues [43].

Theframework suggeststhat the game-based intervention, which
is a serious game experience, will have a direct effect on the
learner’s knowledge and behaviors such as safe medication
usage, proper medication storage and disposal, and educating
peersor family members about opioid safety. Within the serious
game experience, environmental factorswhere adol escents may
interact are deliberately represented through game design and
mechanics, such as support networks (peers), family (home
environment), neighbors, and the school or city bus.

Game Development Process

Creating a Multidisciplinary Team

Thefirst step wasto assemble an experienced project team with
diverse and complementary expertise and experience in
medication safety, adolescent health, opioid use, and game
development. The project team comprised pharmacists,
physicians, socia behavioral health experts, student pharmacists,
teens, game designers and developers, and researchers with
expertise in improving medication use and health outcomes.
The game developers were chosen based on their prior
experience in devel oping serious games.

Knowing Your Audience

We assessed the baseline knowledge of the target population
about prescription opioid medication misuse and safety aswell
as existing educational platforms preferred for learning about
prescription opioid safety. This was conducted through formal
and informal discussions with teens using focus groups,
individual interviews, and questionnaires in the community.
Thetarget audiencefor this preliminary testing included middie
school, high school, and college students.

Creating Learning Outcomes of the Game

The project team met weekly for 1 year (May 2018 through
May 2019) to develop the first version of the serious game
(MEDSMAR,T: Adventures in PharmaCity) prototype. The
team meetingsfocused on identifying, discussing, and finalizing
feasible and attainable learning goalsfor the game. Thelearning
outcomes of the game were drawn from 8 principles of opioid
safety agreed upon by the project team and informed by various
opioid medication safety resources[48-50]. Playersare expected
to learn prescription opioid safety principlesthrough gameplay
and how to apply themin real-life situations. Thisincludes safe
usage, proper storage, and responsible disposal.

https://games.jmir.org/2020/3/e18207
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Applying the Conceptual Maodel

The MEDSMAR, T: Adventuresin PharmaCity game aimed to
improve knowledge, attitudes, and behaviors, and self-efficacy
of adolescents regarding the safe and responsible use of
prescription opioids. To meet this overarching goal, the project
team created a conceptual framework comprising both gaming
and health behavior theories. The conceptual framework entitled
a serious game behavior change framework for improving
medication safety in community settings (Figure 1) provided
the theoretical underpinnings that guided this project. This
framework was used to conceptualize learning objectives,
gameplay outcomes, and game scenarios.

Creating a Game Playbook

The project team exchanged and shared ideas and knowledge
about the behavioral and clinical health aspects and implications
for game design and prototype development. A game playbook
was created to serve as a guide for game design and
development. It incorporated ideas from members of the
multidisciplinary project team and was accepted by all on the
team. This game playbook was critical to the team at different
stages of prototype development to create and refine the content
and to serve as source material for the preliminary informal
testing of the game. The playbook also served as a reference
resource for all team members for protocols and procedures.

Using an Iterative Feedback Process for Game
Devel opment

During weekly meetings, the team reviewed the progress of the
game and provided feedback. Feedback was provided on
domains (game environment and mechanics) of the conceptual
model to ascertain that learning objectiveswere met, if the game
was clinicaly relevant, and on the physical characteristics of
the game (characters, aesthetics, and gameplay). The game was
revised for 1 year, based on this continuous feedback and using
an iterative process, until a playable game prototype was ready
for gameplay and testing in community settings.

Game Synopsis

The project team agreed on the use of an animated, animal-based
character design for the MEDSMAR,T: Adventures in
PharmaCity prototype game. Anthropomorphized characters
were used, which may interest a diverse audience of
gameplayers irrespective of gender, age, race, or ethnicity to
easily identify with the game characters. The initial game
prototype included anima characters, such as an
anthropomorphized sheep asthe main character (Figure 2). The
anthropomorphic style of the game is reminiscent of currently
popular games that target youth. Within the game,
anthropomorphic  characters interact within  different
environments and communicate between player and nonplayer
characters using an in-game cell phone dialog mechanism
(Figure 3). The use of such visualy attractive images is
supported in the literature asameans of connecting playerswith
game synopsis, characters, and gameplay [51]. The project team
emphasized using animated stylized realism that supported
scenarios authentic to the real-world experiences of the youth.
Rich, authentically designed scenarios support learning [52]
and long-term retention of information and knowledge [53].
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The game prototype design includes several locations that are
reflective of community settings where youth might interact
(ie, at home, in school, or on a bus). These situations were
selected to highlight realistic settings where teens may engage
in medication usage discussions and face ethical dilemmas
related to the safe and responsible use of medicines. In each
setting, players are asked to think from the lens of someone
going through a situation involving opioid safety practices, thus
implementing perspective taking in gameplay. Each situation
highlights different challenges and requires decision making
and critical thinking. Active learning is used here such that
players in the game are faced with the positive and negative
consequences of their choices as they explore options and
develop strategies for navigating medication usage, storage,
disposal, and related social pressures. Players could proceed to
the next step only if they could successfully complete the
previous level. Thus, the practice of opioid safety behaviors
was implemented in the game in realistic scenarios such that
players could also use them in the real world if needed. In the
home scenarios, the player must discover how to safely store
and dispose of prescribed opioids to avoid negative outcomes
such as friends getting sick from finding and misusing these

Figure 2. Anthropomorphized charactersin the MEDSMAR,T game.
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medications (Figure 4). In the bus scenario, the player is faced
with adilemma about sharing medications, accidental overdose,
and naloxone use (Figure 5). At school (Figure 6), the player
encounters another choice regarding prescription opioid misuse.
All these different situations in the game provide diverse
experiences for the gameplay.

In these scenes, the player must choose how to respond, with
options such as texting friends and family for advice. This
provided an option of multiple routes for players where they
could use one or more routes to decide and complete alevel in
the game. Players have an opportunity to turn back the clock
and repeat scenes until they navigate them successfully (Figure
7), thereby learning from productive failures as well as
successes. Repeated attempts al so produce a sense of challenge
and develop player persistence as well as repeated exposure to
the learning material and relevant cues [41]. This incremental
learning prompts learners to think back to the simulated
situations when faced with analogous ones in the real world.
Thislevel of control and freedom isuniqueto interactive media
tools such as serious games and promotes engagement and
learning [39,41,43].
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Figure 3. In-game cellphone dialogue.
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Figure 6. School classroom scenario in the game.
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Figure 7. Repeating gameplay feature.
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Results

Assessment and Evaluation of the Game Prototype

A total of 10 informa playtests with 319 adolescents and
emerging young adults (AYAs) from middle schools, high
schools, and colleges were conducted by the project team
between March and June 2019. The participant sample was
obtained by approaching school districts, universities, and youth

Table 1. Playtest sites and characteristics reported.

Abraham et al

clubs across the state of Wisconsin. Gameplay was conducted
as a part of the activities in classroom sessions if alowed by
the schools, universities, and youth clubs. The sites for
preliminary testing and their characteristics are described in
Table 1. The goa of the playtests was to obtain feedback to
improve the quality of the game prototype related to game
dynamics, design, and adaptability. Participants played the game
individually and in groups. Feedback was obtained using
individual questionnaires and through group discussions.

Site Age(years) Participants Number of
playtests
Middle school 11-13 Overall, 41.4% (132/319) students; 60.6% (80/132) male; race/ethnicity: 59.8% (79/132) 6
white, 13.6% (18/132) Latino, 8.3% (11/132) African American, and 17.4% (23/132) Asian
High school 15-18 Overal, 4.4% (14/319) students; 7% (1/14) female; race/ethnicity: 79% (11/14) whiteand 1
7% (1/14) Asian
High school 15-17 Overal, 24.5% (78/319) students 3
Public library 14-19 Overal, 5.3% (17/319) high school students; 53% (9/17) male; race/ethnicity: 35% (6/17) 1
white, 18% (3/17) Latino, 29% (5/17) African American, 6% (1/17) Native American, and
12% (2/17) Asian
Public library 12-15 Overall, 2.2% (7/319) students; 100% (7/7) male and white 1
Youth program 13-18 Not reported 3
University undergrad- 20-21 Not reported 3
uate students
University undergrad- 17-24 Overall, 5.0% (16/319); race/ethnicity: 44% (7/16) white and 56% (9/16) Asian 2
uate and professional
students
University student 24-26 Overall, 17.2% (55/319); race/ethnicity: 91% (50/55) white 1
pharmacists
University sciencefair Not reported  Children and parents (not reported) N/A2
3ot applicable.

Community-Based Feedback

The questionnaire comprised open-ended questions about
postgame opioid safety knowledge, experiences in gameplay,
barriers and facilitators in gameplay, and opinions about the
game. Group discussions after gameplay provided amechanism
for the project team to further understand gameplay barriers,
facilitators, and overall feedback on the prototype. Responses
were analyzed using content and thematic analysis involving
open and axid coding. A total of 2 predominant themes emerged
from the thematic analyses; the participants desired additional
directions to guide gameplay and appreciated how the game
demonstrated real-world scenarios and provided education that
they could apply inreadl life.

The responses obtained from the questionnaire indicated that
78.4% (250/319) of the students perceived game scenarios as
realistic. Participants reported the desire for more in-game hints
and directionsfor gameplay. Participants reported that the game
was appropriate for their age, whereas some high schoolers and
college students thought that it was designed for younger
populations. Overall, 94.6% (302/319) of the participants
reported playing video games at home on a computer or phone
every day. The scenarios, situations, and learning outcomes

https://games.jmir.org/2020/3/e18207

were reported to be realistic throughout the game. Suggestions
for improvement from responsesto the open-ended questionnaire
included a need for additional background information,
instructions, directions, or tutorials; expected actions; reducing
thelength of the dialog; increasing the speed of thedialog during
gameplay; and updating the characters to reflect more human
features. The group discussions shed light on the difficulties
experienced by the players in navigating and transitioning
between game scenarios and levels. The participants provided
feedback on the game scenarios recommending that the safe
and responsi ble medication management depicted in the game
should align with the typical practices of familiesin both rural
and urban settings.

Discussion

Principal Findings

The project used the serious game behavior change framework
for improving medication safety in community settings to
develop a serious game prototype, MEDSMAR, T: Adventures
in PharmaCity. The game prototype is targeted for use among
adol escentsto prevent prescription opioid misuse. The creation
of the initial game prototype involved a methodological
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approach that was multidisciplinary, iterative, and participatory
and involved community stakeholders [54]. The project team
garnered preliminary feedback from youth and suggestions to
improve the quality of gameplay and the prototype design.
Overdll, the game was perceived as realistic, and learning
outcomes seemed achievable. The game prototype was assessed
using feedback from middle school, high school, and college
students through informal group discussions and surveys. Half
of the respondents perceived that the game was suited to their
age, and the scenarios were realistic. Respondents reported
barriersin gameplay, such aslimited instructions and technical
difficulty with some gameplay features. The result from this
formative project will further improve the MEDSMAR,T:
Adventures in PharmaCity game prototype. The feedback
providesinsightsinto the perceptions teens have about the game
prototype. Although the game was perceived as realistic and
the outcomes seemed achievable, teens also reported aneed for
iterations to the MEDSMAR,T: Adventures in PharmaCity
prototype. Future directions and several limiting factors of game
development are discussed bel ow.

Future Directions

The next step in this project is to polish and refine the
MEDSMAR,T: Adventures in PharmaCity game based on
feedback from AYAs, conduct formal pilot testing of therevised
prototype, and create an in-game analytics infrastructure to
accommodate data collection from a large number of game
users. Building this infrastructure will help determine if the
domains of the conceptual framework were successfully met
and the avenues where the game requires revisions based on
internal gameplay data. In-game data such as time to complete
alevel, time spent at various decision-making points, correct
and incorrect answers, and progress within each level may
enable meaningful analysis to determine the effectiveness of
promoting prescription opioid safety among AYAs. Formal
testing of the game's effectiveness that incorporates in-game
learning analytics data can provide arich picture of a player's
gameplay experience and the potential impact of the game.
Testing this game will begin with a randomized control trial
that would include building learning analytics infrastructure
into the game. Adapting for smartphones will be done
simultaneously as well.

Limiting Factors

Costs

Developing a serious game usually requires a much smaller
budget than developing higher-quality commercial games.
However, despite the availability of several game development
and authoring tools, the complexity of devel oping ahigh-quality
educational serious game is till beyond the reach of many
developers. Creating a serious game incurs immense costs for
game devel opers, especially for creating artistic assets such as
graphics, characters, animation, dialog, and instructional design
for players. The limited availability of funds prompted the
project team to initiate the game design with key features, with
future plansto incorporate in-depth gameplay infrastructurefor
data tracking for future iterations of the game.

https://games.jmir.org/2020/3/e18207
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Adoption and Deployment

Game deployment is the process of making the game available
to the audience. Traditional PC games need to be installed in
each machine before play. However, with current technology,
providing a website to play the game is more common. The
game must also be compatible with the operating system (ie,
Windows or macOS) on the player's computer. With
institutional policies regarding data safety and monitoring,
setting up a game in classrooms, hospitals, or pharmacies can
be a daunting task for teachers, hospitals, and pharmacy staff.
The current prominent use of mobile devices and the high
prevalence of cell phone usage among teenagers makes the
situation more practical asthe operating systemsarelessvariable
compared with computer systems.

Game adoptionisthe process of actually using the serious game
in the desired audience to make learning through the game
possible. The audience for game adoption, in this case, isschools
and health care settings, which often report alack of adequate
training on how to integrate the serious game in their teaching
or consultations. Proactively identifying strategies to promote
adoption in community settings would require collaboration
with relevant stakeholders such as educators and hedlth care
providers to assess the best practices for dissemination and
implementation in their respective practices. In addition,
opportunitiesto creatively integrate the serious gameinto health
and science classrooms and medication counseling sessionsin
health care settings are important considerations. The process
of enabling effective adoption of the game requires more time,
resources, and iterative playtesting, which involves integrating
the game into real practice to reach the desired audience.
Involving educators and health care professionalsis critical to
promote adoption and dissemination in community settings.

Building Learning Analytics I nfrastructure

A major next step is to develop the learning analytics for the
MEDSMAR,T: Adventures in PharmaCity game prototype.
One study described learning analytics infrastructure as data
collected in learning management systems (LM Ss) or content
management systemsfor improving teaching and learning [53].
One of the key aspects of learning analytics is tracking how
many players interact with a web-based LMS by consulting
access|ogsfrom the game server. Anin-depth analysis of these
logs can help identify behavior patternsthat correlate with how
the game is played. Incorporating the LMS features in game
design such that it can be used for tracking gameplay requires
financia resources and the expertise of game developers. In
addition, this will enable data mining to extract and anayze
these data. Involving all these components and expertsin game
design and development requires time, resources, and further

playtesting.
Fast-Changing Technology

Rapidly changing and evolving technol ogy is another challenge
in disseminating this game to various audiences. Platforms for
gameplay are constantly evolving, and adapting the gameto the
ever-evolving technology is both costly and time-consuming.
This game prototypeis currently developed for a computer but
can easily be adapted to a smartphone in the future. Although
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challenging, keeping up with the constantly changing versions
of smartphone and computer software would also be essential
to overall game adoption and dissemination in the community.

Proposed Framework

The proposed framework is broad and has many categories.
Further research and assessment are needed to understand the
most important factors of the framework that directly affect
gameplay, medication safety, and adolescent learning, which
should be evaluated in quantitative trials [54].

Conclusions

In summary, devel oping an audience-centered gameisessential
for its mainstream adoption. Therefore, it is crucial that the
game content, learning outcomes, objectives, and game
complexity incorporate feedback from the targeted AYA
audience[55]. The project team sought to obtain initial feedback
on the current game prototype from many AYAsin community
settings. The feedback on gameplay, game design, and technical
issues assisted the project team in finetuning the
MEDSMAR,T: Adventures in PharmaCity game to ensure the
creation of a consumer-centered prototype. The information
learned through the extensive game prototype development
process is foundational for improving and implementing

Abraham et al

MEDSMAR,T: Adventures in PharmaCity on alarger scalein
community settings.

This formative project describes the development process of
MEDSMAR,T: Adventures in PharmaCity. We propose a
conceptual model entitled the serious game behavior change
framework for improving medication safety in community
settings grounded in social behavior and game development
theories. The framework may be used for developing serious
games to educate youth about prescription opioid safety. The
project utilized a theory-driven conceptua framework for the
development of a serious game targeting adolescent opioid
misuse prevention and garnered preliminary feedback on the
game to improve the quality of gameplay and the prototype.
Feedback through informal assessmentsin community settings
suggest that the youth and their families were interested in a
game-based approach to learning about prescription opioid
safety in homes and schools. The next steps include
modificationsto the game prototype based on community-based
feedback, integrating learning analyticsto track players in-game
behaviors, and formal testing of the final prototype. The future
directions congtitute making this game prototype more
consumer-centered and integrating the learning analytics
framework in the game to track the progress of players and
gaming behaviorsin gameplay.
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Abstract

Background: Seriousgamesfor health areincreasingly being used to address health outcomesin patientswith chronic illnesses.
These studies vary in their study designs, patient populations, frameworks, outcome variables, and degree of specificity of the
serious game intervention.

Objective: Thisscoping review aimsto clarify the conceptual features of the existing research related to serious games designed
to improve cognitive and behavioral outcomes in adults with chronic illness.

Methods: We applied the Preferred Reporting Items of Systematic Reviews and Meta-Analysis for scoping reviews
(PRISMA-ScR) methodology, including an a priori research question. We searched 4 electronic databases to identify articles
published through November 2019. Inclusion criteria encompassed (1) adults 18 years or older; (2) patients with a diagnosis of
chronic illness; (3) a serious game intervention; and (4) defined patient outcomes that assess patients' behavioral, cognitive, or
health outcomes.

Results: Of the 3305 articles identified, 38 were included in the review. We charted and analyzed the theoretical frameworks,
key concepts, and outcome variables of these studies with summaries of features across articles. The majority of studies used a
randomized controlled trial design (23/38, 61%), included acustom serious gameintervention (22/38, 58%), and lacked atheoretical
framework (25/38, 66%). Common outcome variables included quality of life (16/38, 42%), mood (15/38, 39%), cognitive
function (13/38, 34%), symptoms (12/38, 32%), and physica activity (9/38, 24%). Key differences between studies included
whether or not serious games aimed to train versus teach patients, be widely accessible versus tailored interventions, or replace
versus complement current treatments.

Conclusions: This scoping review defines the current landscape of research in serious games for health research targeting
behavioral and cognitive outcomes in adults with chronic disease. Studies have addressed a variety of patient populations and
diverse patient outcomes. Researchers wanting to build on the current research should integrate theoretical frameworks into the
design of the intervention and trial to more clearly articulate the active ingredients and mechanisms of serious games.

(IMIR Serious Games 2020; 8(3):€18687) doi:10.2196/18687
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Introduction

Background

Over the past decade, health-oriented clinical and research apps
using electronic serious games have increased as a means to
improve patient outcomes and provide health education [1].
Serious games take important health topics traditionally taught
to patients and apply game features to provide a motivational,
engaging, and even fun learning experience [2]. These games
may be used to prevent disease [3], improve the health of
patients with disease [4], and enhance socia interaction to
improve health [5]. Additional genres of serious games teach
medical professionals skills [6-8], ultimately attempting to
improve patient outcomes by improving clinician knowledge.
A central attraction of electronic serious games is their ability
to educate, motivate, and involve users without using
conventional patient education that relies heavily on less
engaging and often more intense training, such as written
instruction or one-on-one consultation. The potential benefits
of serious games include their high level of learning
engagement, ease, and low cost of dissemination and distribution

[9.

McGonigal [10], a game designer and leader in developing
games to improve quality of life, defined serious games as
having 4 hallmark features: (1) an overall goal—some desired
outcomethat provides asense of purpose, (2) rules—imitations
on the users activities that necessitate creativity and strategic
thinking, (3) feedback system—a way to communicate with
users about their proximity to achieving a goal that motivates
and promises that the goal is achievable, and (4) voluntary
participation—the freedom to enter and leave the game so that
participation is safe and pleasurable. The theorized learning
mechanism leading serious games to be an effective teaching
tool involves immersive qualities in which the users becomes
engrossed in the game; the requirement for usersto learn skills
inincreasingly difficult challenges; and use of the user’s desire
for mastery, arousal, diversion, and challenge [10,11].

Transformational games have emerged as a subset of serious
games that try to positively impact the user by addressing
outcomes, including behaviors, attitudes, and social issues[12].
Unlike traditional educational games that focus on the game as
an end initself, transformational gamesaim to have userslearn
through intentional participation in narratives that employ
conceptsthat, if successfully learned, should extend beyond the
game and meaningfully impact their lives [13]. This
generalization requires that the game have specific behavior
and learning outcomes, including an explicit plan for how users
will transfer their skillsfrom the gameinto real-world settings.

Rehahilitation and behaviora sciences have pioneered novel
motivational, engaging games. Currently, the field is rapidly
expanding to new patient populations and topics. Patients with
chronic illnesses such as cancer, cardiovascular disease,
diabetes, and obesity facelong-term health problemsthat require
diligent management. For these patients, behavioral, cognitive,
and health outcomes are essential in ensuring that they can
self-manage their illness and prevent long-term morbidity and
mortality. These patient outcomes cut across different chronic
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diseases and include physical activity, maintenance of ahealthy
body weight, quality of life, symptom burden, mood, and
cognitive function.

As electronic serious game interventions for health have
increased, a lack of attention to the theoretical underpinnings
has resulted in disparate game mechanisms, unclear theoretical
frameworks of action, and weak study designs. Previousreview
articles have noted a need for improved research methods and
expanded clinical applicability [14-17]. A freshreview of serious
games in adults with chronic illnesses can assist researchers
and clinicians in recognizing the strengths and limitations of
how these studies have been designed. AA review can aso
identify ways to improve research rigor and trandation to
improved patient outcomes. Mapping the current research
landscape will assist in establishing the key concepts, variables,
theories, and frameworks undergirding this growing body of
research.

Objective

Scoping reviews alow investigators to systematically examine
emerging areas of evidence and can help identify gaps in
knowledge, clarify concepts, and revea methodological
concernsin new areas of research. Asscoping reviewsgenerally
have broader inclusion criteriathan systematic reviews without
an assessment of study quality, they alow for findings from
disparate patient populations and contexts and a more
comprehensive determination of evidence. Researchers and
clinicians can apply the findings of a scoping review to more
astutely build on the current evidence base and address gapsin
existing research. Although systematic reviews of serious games
have been conducted within specific patient populations and
health care settings [18-21], the evidence supporting serious
gamesfocused on health skills and behaviors among adultswith
chronic diseases have not been mapped systematically. This
scoping review aimed to define the concepts applied to studies
using serious gamesto improve the health of adultswith chronic
illnesses.

Methods

Research Question

Our apriori research question was as follows: “What types of
theoretical frameworks, key concepts, and outcome variables
exist within serious gameinterventionsto improve the cognitive
and behavioral outcomes of adult patientswith chronicillness?’

Protocol

We followed a scoping review methodology to synthesize
concepts and research concerning the use of serious games as
interventions designed to address cognitive and behaviora
outcomes among adult patients with chronic illness. The
objectives, inclusion criteria, and methods for this scoping
review were specified in advance and documented in aprotocol .
Our protocol is freely available through the Open Science
Framework [22]. This protocol followsthe Preferred Reporting
Items of Systematic Reviews and Meta-Analysis for scoping
reviews (PRISMA-ScR) methodol ogy to ensurethat our results
would be systematically conducted with minimal bias [23].
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Inclusion Criteria

To be included in the scoping review, articles needed to focus
on the following: (1) adults 18 years or older; (2) patients with
adiagnosis of chronic illness; (3) a serious game intervention;
and (4) defined patient outcomesthat assess patients' behavioral,
cognitive, and health outcomes.

Participants

We used definitions of chronic illness as defined by the Centers
for Disease Control and Prevention [24] or the Center for
Medicare and Medicaid Services [25]. These illnesses include
Alzheimer's disease, arthritis, cancer, cardiovascular diseases
including hypertension and stroke, chronic lung disease
including asthma and chronic obstructive pulmonary disease
(COPD), cystic fibrosis, diabetes, epilepsy and seizures, obesity,
and ora health. Some articlesincluded participantswith illnesses
that require long-term maintenance and ongoing medical care
but were not listed in these definitions [26]. To err on the side
of inclusion, we revised our definition of chronic illness to
include additional diseases that could be considered chronic,
such as Parkinson’s disease. When studiesincluded participants
with and without chronic illnesses, we reviewed the full-text
article to determine the proportion of participants with chronic
illnesses and only included articles in which the majority of
participants had an eligible disease.

Concept

We broadly defined serious games as “ games that are designed
to entertain players as they educate, train, or change behavior”
[27]. We used the 4 criteriaby McGonigal [10] listed above to
determine whether an intervention included the requisite
elements of aserious game. Wedid not stipulate that the serious
game required any specified dose or intensity, length, or use of
a comparison group. When limited descriptions of the game
were available, we made assumptions about the existence of
certain features to be liberal in article selection. Some articles
included screenshots of the serious game, which indicated that
the game included feedback, points, and engaging characters
and scenery despite the article not describing these features. We
did not include articles for which the serious game was not the
intervention but was conceptualized as a diagnostic tool or
priming event for a separate intervention. For example, some
studies used video games to prime study patients working
memory and cognitive abilities, but the study was not designed
to test the effect of that video game on patients’ outcomes.

Outcomes

We included any study that assessed patients behavioral,
cognitive, and health outcomes. We created an ongoing list of
outcome variables based on the variables identified in specific
studies. Examples of behavioral outcomes included physical
activity, medication adherence, and self-management.Examples
of cognitive outcomes included executive function, working
memory, learning new knowledge, and motivation. Examples
of health outcomes included quality of life, mood, symptoms,
BMI, hemoglobin A ;. (HbA ), and blood pressure. We did not
include functional outcomes (eg, the impact of a serious game
on hand function or range of motion) because these assessments
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did not include the patient’sinvolvement in learning or behaving
to manage their chronic disease.

Context

As many interventions and meta-analyses have studied the
impact of games to increase patients’ mobility and functional
outcomes [28] and do not include behavioral or cognitive
outcomes, we only included serious game interventions that
included behavioral, cognitive, or related health outcomes. For
example, a study that analyzed the effect of a serious game on
patients motor control would not be included if the main
outcomes only included functional measurements. A study
would be included if the main outcomes included measures of
patient self-management of their illness or symptoms.

Identifying Relevant Studies and Study Selection

The following databases were searched: PubMed (1946 to
November 28, 2017), EbscoHost CINAHL (Cumulative Index
of Nursing and Allied Health Literature; 1981 to November
2017), Ovid PsycINFO (1967 to November, Week 2, 2017),
and EMBA SE (ExcerptaMedicadataBASE; 1974 to November
28, 2017). All database searches were run on November 28,
2017, and, when available, asearch limit to the English language
was applied. Updated searcheswere run on November 25, 2019.
An experienced health sciences librarian (MK) designed the
PubMed search [22] and then translated that search for use in
the other databases. The search strings consisted of natural
language terms and (when available) controlled vocabulary
representing the concepts of “videogames,” “serious games,’
and “ chronic diseases”

Two individuals independently screened abstracts and full-text
articles using DistillerSR software (DistillerSR, Evidence
Partners). This software allowed reviewers to collaboratively
review all abstracts for the inclusion criteria. For al included
articles, 2 reviewers extracted data and agreed upon the results.
When reviewers disagreed ontheinclusion criteriaor data, they
met to discuss the articles until consensus was reached.

Articles that met the inclusion criteria were charted to provide
adescriptive summary. We extracted data including their study
design; patient population; frameworks; behavioral, cognitive,
or health-related outcomes; and a description of the serious
game. We further described the key concepts that emerged as
similarities and differences across the studies.

Results

The search strategy yielded 3268 references, of which 40 met
the inclusion criteria. Figure 1 illustrates the PRISMA-SCR
flowchart for our results. Oneresearch study had 2 manuscripts
reporting different resultsfrom the sametrial . Asthe framework,
sample, and intervention were the same despite reporting on
different outcome variables, we grouped these manuscripts as
one study. A separate group of investigators had 2 manuscripts
for the same trial and a separate manuscript reporting the study
protocol. We grouped these manuscripts together, prioritizing
the trial results. Our final sample included 38 studies. Table 1
illustrates the frequency of trial designs, populations, and most
frequently cited study outcomes.
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Figure 1. Preferred Reporting Items of Systematic Reviews and Meta-Analysis for scoping reviews flowchart.
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Table 1. Frequency of trial designs, patient populations, and study outcome variables.

Characteristics Values
Trial design, n (%)
Randomized controlled trial 23(61)
Feasibility study 8(21)
Protocol for study 6 (16)
Case study 1(3)
Patient population, n (%)
Stroke 17 (45)
Cancer 6 (16)
Diabetes 5 (13)
Dementia 3(8)
Hypertension 3(8)
Parkinson’s disease 2(5
Obesity 13
Chronic obstructive pulmonary disease 1(3
Outcomevariable, n (%)
Quality of life 16 (42)
Mood 15 (39)
Cognitive function 13 (34)
Symptoms 12 (32)
Physical activity 9(24)
Trial Designs Three custom-made games used a version of the BrightArm

The majority of studies (23/38, 61%) reported the results of
randomized controlled trials, whereas 16% (6/38) articleswere
protocols for clinical trials. Of these articles, the comparison
groups for these trials mostly included a conventional form of
active therapy (23/29, 79%), such as rehabilitation, rather than
usua care or attention control (6/29, 21%). Few studiesin the
stroke population used a usual care comparison group, opting
for conventional rehabilitation as a comparison. Less frequent
trial designs included one-group pretest/posttest feasibility
evaluations (8/38, 21%) and a case study (1/38, 3%).

Populations

The patient populations represented adiverse group of common
chronic diseases, including stroke (17/38, 45%), cancer (6/38,
16%), diabetes (5/38, 13%), dementia(3/38, 8%), hypertension
(3/38, 8%), Parkinson’s disease (2/38, 5%), obesity (1/38, 3%),
and COPD (1/38, 3%). The mean sample size was 82 patients
(SD 104), with a range of 1 to 456. Most studies had small
samplesthat were not adequately powered to test for statistically
significant differences.

Serious Games

The majority of studies (22/38, 58%) described serious games
that were custom-made interventions for specific patient
populations. Studies describing custom-made games tended to
have an in-depth description of the game's features, often
because the research team built the game before evaluating it.

http://games.jmir.org/2020/3/e18687/

virtual reality system [29-31]; al other games were evaluated
in separate manuscripts.

The remaining studies (16/38, 42%) used off-the-shelf games
designed for the general population. Off-the-shelf games
included gameswithin the Nintendo Wii Fit (11/38, 28%), Xbox
Kinect (3/38, 8%), and other off-the-shelf software (2/38, 5%).
Often, the authors did not explicitly state the features of the
off-the-shelf games. In lieu of such detail, we assumed that
games such as bowling, tennis, and ping pong had agoal (score
the most points), restrictions on actions (only specific actions
are allowed), and feedback (points, badges, and scoreboards).
Although these off-the-shelf games are commonly used as
exercise, physical activity, and mobility interventions, different
studies specified different rationales for the same technology.
For example, different studies used the Nintendo Wii Fit game
suite to improve patient motor function, balance, cognition, or
general physical activity. Of the 17 studies reporting on patients
recovering from a stroke, 8 (47%) used off-the-shelf games.

Theoretical Frameworks

Most of the articles (25/38, 66%) lacked a clear theoretical
framework. This was especially true for articles focused on
patients with a history of stroke; only 3 of the 17 studies
included a theoretical framework [31-33]. In most cases, the
behavioral or cognitive outcomes appeared to serve asan add-on
to other functional outcomes without an underlying hypothesis
proposing how the serious game leads to improved outcomes.
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For example, authors may include measures of quality of life,
depression, or motivation to their study but not indicate how
these health outcomes related to the intervention.

Within the 34% (13/38) studies that cited a theoretical
framework, frameworks varied in their application to the
intervention and variables. Most frameworks focused on
mechanics of specific interventions (simulation theory [33],
cognitive training reorganization on brain network infrastructure
[34], spaced education [35], neurofeedback for pain control
[36], integrative rehabilitation [31], and self-management
[33,37]). Other frameworks focused on intervention
development (intervention mapping approach [38] and Gagne's
instruction strategies [39]) and rationales for serious game
features (behavioral economics[40,41], dual-task training [32],
narrative transportation theory [42], self-determination theory
[42-44], and behavior change theory [43,44]).

Outcome Variables

Studies varied greatly in the type and number of outcome
variables used to assess the efficacy of the serious game. We
report the most frequently cited outcome variableswhile noting
several additional outcome variables. Multimedia Appendix 1
[29-68] includes a complete list of the behavioral, cognitive,
and health outcomes as conceptualized within each study. We
indicate whether the datafor each outcome are based on patient
self-report; examination with a valid assessment or clinical
assessment; and/or objectively collected through sensor data,
blood work, or medical records.

Quality of Life

Quiality of life (including health-related quality of life) wasthe
most common outcome across all studies (16/38; 42%),
including a variety of chronic diseases. Many studies included
quality of life as an outcome, seeming to want to capture a
patient’s overall well-being. The rationalefor including quality
of life was rarely described. It was frequently captured as a
secondary outcome to functional outcomes of mobility and
strength in rehabilitation serious games for patients recovering
from a stroke. Quality of life measures included self-report
surveys, including the EuroQol-5 Dimension, Short Form
Survey-36, and Stroke Impact Scale.

Mood

M ood—including depression and anxiety—wasincluded as an
outcomein 39% (15/38) studies. Similar to quality of life, mood
variables were often included with minimal description tying
these outcomes to the use and intent of the serious game
intervention. Studies frequently included the Beck Depression
Inventory as an outcome of interest, although the rationale for
including this scale was lacking, and therefore, the discussion
of these findingswas minimal. Other studies measured patients
self-reported anxiety using the State-Trait Anxiety Inventory
or disease-specific mood surveys.

Cognitive Function

Many serious games have been designed to improve memory
and attention in patientswith a history of stroke, dementia, and
Parkinson’'s disease. Cognitive function was acommon outcome
in studies (13/38, 34%), especially for serious games targeting
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patients with dementia and stroke. Cognitive function
assessments commonly included the Trail Making Test,
Neuropsychological Assessment Battery, Mini-Mental Status
Examination, and other neuropsychological evaluations that
were administered by atrained study team member.

Symptoms

Physical symptoms such as fatigue and pain were reported as
outcomes of the serious game in 32% (12/38) studies. Specific
symptoms varied widely and were typicaly tailored to the
patient popul ation within the article (eg, fatigue was commonly
assessed for patients with cancer [38,42,49,50]). Symptom
measures included the Functional Assessment of Cancer
Therapy, McGill Pain Questionnaire, and other self-report
measures. Some studies measured symptoms using patient
medical recordsthat indicated symptom ratings and medication
use to manage symptoms.

Physical Activity

A total of 24% studies (9/38) included a measure of physical
activity as an outcome variable. In this case, physical activity
was considered an activity of diabetes self-management, which
would lead to better control of diabetes. Physical activity
measures ranged from passive sensor datafrom wearable devices
(eg, pedometers, accelerometers, and sensors on phones), clinical
examinations of patients cardiorespiratory fitness, to
self-reported activity surveys.

Other Outcomes

Studies assessed myriad additional outcomes. Several studies
assessed patients' motivation (5/38, 13%) in engaging in a
serious game, captured by various self-report measures. Several
studies assessed physical measurements conceptualized ashealth
outcomes of desired behaviors. For example, studies targeting
patients with diabetes often collected blood levels of HbA ;.
(4/38, 11%) as an outcome variable indicating whether or not
patients improved their average blood sugar level. Similarly,
3% study (1/38) assessed blood pressure as a target health
outcome for patients with hypertension. Additional outcomes
included patient self-reports of education or knowledge,
self-management, medication adherence, and other outcomes.
A minority of studies included outcomes related to learning
within a serious game, fidelity of the intervention, or
transference of learning within the game to real-life settings.

Key Concepts

Teaching Versus Training

A significant difference existed between the serious games that
were described as teaching patients a specific behavior or skill
compared with games intended to train patients in movements
or activities. Games that were focused on teaching tended to
have more explicit descriptionstying the features of the serious
game to the intended learning outcomes, whereas games that
were focused on training tended to have minimal explanation
of how the gamewould train patients. Several studiesemploying
ateaching approach cited theoretical frameworks linking how
learning a behavior would lead to improved outcomes. For
example, Kerfoot et a [35] explicitly stated how a spaced
education and self-management framework would teach patients
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how to managetheir diabetes, thereby reducing their HbA . and
diabetes distress and increasing their knowledge of diabetes.

Accessibility Versus Tailored

Differences between the off-the-shelf and custom-made serious
games was a consistent concept discussed across the studies.
Many studies cited the advantages of using an off-the-shelf
serious game such as Nintendo Wii Fit or Xbox Kinect,
including easy integration into community settings and
dissemination of effective protocols. Alternatively, studies in
which the serious game was tailored to a specific patient
population or health problem discussed the advantages of
integrating specific content and mechanisms known to be
important and relevant to that patient popul ation. Tailoring may
include specific technol ogies required to address specific health
problems or a more general consideration of the psychosocial
needs of the population. The Memory Matters game by Yu et
al [68] intricately designed their interactive reminiscence game
for patientswith dementia, providing objects, images, and music
familiar to the target patient population.

Replacement Versus Complementary

Several studies described the rationale for serious game
intervention as a replacement for conventional treatment. In
many cases, Serious games were seen as a substitute for
occupational or rehabilitation therapy in patients recovering
fromastroke. Shin et al [61] created the RAPAEL Smart Glove
to simulate upper extremity rehabilitation and compared it with
conventional occupational therapy. This varied vastly from
serious games meant to provide additional, novel, and
meaningful support but otherwise not replacing an existing
intervention, such as interventions focused on teaching
self-management or coping skills. For example, Héchsmann et
al [43,44] reported on their intervention—MOBIGAME—which
aimed to reduce diabetes by engaging patientsin animmersive,
relaxing program focused on increasing physical activity,
motivation, and adherence.

Discussion

Primary Findings

This scoping review identified that el ectronic serious gamesfor
patients with chronic illness target a variety of patient
populations, are mostly custom-made games, largely lack
theoretical frameworks, and measure a broad array of patient
outcomes. Common themes across studies included whether or
not games were intended for teaching versus training purposes,
meant to be widely available versus tailored to patient
populations, and replace or complement existing therapies.

The 38 studies in this review represented 8 different patient
populations, indicating that serious game interventions are
applicable across diverse chronic illnesses. Many of the studies
were designed for patients recovering from a stroke, possibly
because off-the-shelf games (used in ailmost half of the studies
for patientswith stroke) included physical and functional targets
similar to those used in conventional rehabilitation therapy.
Nonetheless, a variety of serious games have been used across
and within populations with chronic illness, underscoring the

http://games.jmir.org/2020/3/e18687/

Thomas et al

diversity of designs and settings in which researchers are
investigating the efficacy of serious games.

A major limitation of the current landscape of serious games
for adults with chronic illness is the overwhelming lack of
theoretical frameworks. Two-thirds of studies did not cite a
theoretical framework guiding the intervention, trial design, or
proposed mechanisms linking the serious game to patient
outcomes. Thisfinding is similar to arecent systematic review
of serious games [69]. One implication of this lack of
frameworks is the broad list of study outcomes and lack of
mechanistic or fidelity assessments. Outcomes were measured
using diverse self-report measures, examinations, and sensor
data, limiting the potential to compare outcomes across studies.
The most frequently included outcomes, including quality of
life and mood, were added without explicit hypotheses or
proposed mechanisms linking them to the serious game. This
finding corroborates other research [70], including a scoping
review by Rohrbach et a [71], which found that virtual reality
interventions for patients with stroke often include affective
traits such as motivation and enjoyment without integration into
the overall design and mechanistic planning of theintervention.

Recent consensus statements for the consistent integration of
theoretical frameworks into serious games for health research
provide researchers, developers, and clinicians with explicit
recommendations on how to address this limitation of current
studies [72]. Ideally, serious games for health would leverage
the active ingredients of games (immersive, challenging, and
chance for mastery) with persuasive strategies commonly used
in behavior change research. Reassuringly, 5 of the 9 (56%)
studies published in 2019 cited atheoretical framework, perhaps
indicating a trend in serious game research. In the future,
research should integrate gamification and behavior change
theory into rigorously designed trials based on theoretical
frameworks[73].

Few studies have assessed the transfer of skills learned within
a serious game into real-life settings. Although some studies
assessed patient behaviors to determine whether the serious
gameled to changesin lifestyle and activity, thiswasinfrequent
and sometimes only assessed during the intervention period. A
systematic review by Kuiperset al [74] noted alack of attention
to the mechanistic underpinnings of how serious gamesfacilitate
learning and drivetheir intended long-term effects. The authors
urge researchers to consider game transference effects in the
design of seriousgamesfor health, increasing thelikelihood—or
at least the ability to document—that these health interventions
will lead to lasting desired patient behaviors and outcomes.
Only one study addressed how a serious game was integrated
into patient care via an existing research and clinical platform
[40]. Researchers designing custom serious games for health
should include upfront plansfor disseminating their intervention
within clinical care or broadly into larger populations.

The outcome variables of the studies included were
inconsistently aligned with the serious game's goals. For
example, games designed to improve cognition and physical
fitness measured outcomes of executive function and physical
activity, respectively. On the other hand, many studiesincluded
outcomes that were less clearly aligned with the intervention.
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This was especially true for studies that measured quality of
lifeand mood. Many of these studiesdid not indicate arationale
for why quality of life or mood would change because of the
serious game but appeared to be included as measures of
patients general well-being.

This scoping review haslimitations. First, thisreview relied on
published manuscripts of electronic serious games. We
attempted to include abroad definition of both electronic serious
games and chronic illnesses, although fluctuations in the
terminology around these terms limited our search strategies
abilities to identify articles. Conference proceedings did not
include sufficient detail to answer our research questions.
Analog serious games were not included in this review and
could be considered in future analyses. Second, this review
relied on descriptions of serious games and interventions
described within manuscripts, which were often limited,
especially concerning game features and frameworks. Although
we attempted to use our best judgment, additional details of the
games and interventions could provide a more comprehensive

Thomas et al

summary. Finally, the broad nature of this review—although
appropriate for a scoping review—Iimits the ability to provide
specific conclusions based on patient population, game design,
patient outcomes, etc. Future research could include more
broader definitions of serious games, request information from
authorsto clarify game features and frameworks, and assessthe
efficacy of the serious game.

Conclusions

This review assists researchers in creating serious game
interventionsto address chronic health conditions by providing
clarity on how to build from the current structure of serious
games for health research. Researchers should continue the
existing momentum in building robust, large trials driven by
theoretical underpinnings of how interventions are hypothesized
to impact outcomes. As attention to how game features lead to
behavioral, cognitive, and health outcomes increases, we as a
field will grow in the ability of our research to effectively and
efficiently impact the most significant health problems patients
experience.
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Abstract

Background: Serious games (SGs) are used as complementary approaches to stimulate patients with dementia. However, many
of the SGs use out-of-the-shelf technologies that may not always be suitable for such populations, as they can lead to negative
behaviors, such as anxiety, fatigue, and even cybersickness.

Objective: This study aims to evaluate how patients with dementia interact and accept 5 out-of-the-shelf technol ogies while
completing 10 virtual reality tasks.

Methods: A total of 12 participants diagnosed with dementia (mean age 75.08 [SD 8.07] years, mean Mini-Mental State
Examination score 17.33 [SD 5.79], and mean schooling 5.55 [SD 3.30]) at a health care center in Portugal were invited to
participate in this study. A within-subject experimental design was used to allow all participantsto interact with al technologies,
such asHTC VIVE, head-mounted display (HMD), tablet, mouse, augmented reality (AR), leap motion (LM), and acombination
of HMD with LM. Participants performance was quantified through behavioral and verbal responses, which were captured
through video recordings and written notes.

Results: The findings of this study revealed that the user experience using technology was dependent on the patient profile; the
patients had a better user experience when they use technologies with direct interaction configuration as opposed to indirect
interaction configuration in terms of assistance required (P=.01) and comprehension (P=.01); the participants did not trigger any
emotional responseswhen using any of the technol ogies; the participants’ performance was task-dependent; the most cost-effective
technology was the mouse, wheress the least cost-effective was AR; and al the technologies, except for one (HMD with LM),
were not exposed to external hazards.

Conclusions: Most participants were able to perform tasks using out-of-the-shelf technologies. However, there is no perfect
technology, as they are not explicitly designed to address the needs and skills of people with dementia. Here, we propose a set
of guidelinesthat aim to help health professional s and engineers maximize user experience when using such technologies for the
population with dementia.

(IMIR Serious Games 2020;8(3):€17565) doi:10.2196/17565
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Introduction

Background

The difference between serious games (SGs) or transformational
games [1] and entertainment video games is that SGs are
software apps with a defined goal that goes beyond pure
entertainment [2]. In the field of health care, SGs have been
developed and used for a variety of purposes, such as training
and simulation [3], diagnosis and therapy [4-6], education [7],
and other purposes[8]. In recent years, there has been agrowing
interest in using gamesto target health conditions, such as stroke
[9], Parkinson disease [10], and autism [11]. To alesser extent,
SGs have also been used with people with dementia[12].

Dementia is a neurocognitive disorder [13,14], which impairs
cognitive and emotional behaviors, such as memory, language,
problem-solving, anxiety, irritability, visuospatial issues, gait
and balance-related issues, and other dementia-related aspects
[13-18]. Although Alzheimer diseaseisthe most common form
of dementia [15], there are other types of dementia, such as
vascular dementia [19], Lewy body dementia [20],
frontotemporal dementia [21], and mixed dementia [22]. In
general, the disease can profoundly affect the carriers, family
members, professional caregivers[23], and health care systems
[24]. It is estimated that over 35 million individuals worldwide
have dementia and that dementia-related expenses reached
approximately US $818 hillionin 2015 [25]. Portugal aone had
expenses ranging between US $1652.8 million and US $2120.4
million in 2009 [24].

Although there are pharmaceutical approachesto treat dementia,
these often have side effects, or their desired outcome is only
temporary [26]. In addition, the development of new drugsis
not only expensive but also time-consuming, as it needs to go
through several scientific trias before being approved for human
use [27]. As aresult, the search for aternative methods, such
as SGs, has greatly increased [28].

SGsand Technologies

SGs for people with dementia have been developed as an
assistive tool to promote physical, cognitive, and emotional
stimulation, leading to abetter quality of life[12,29]. Moreover,
anovel SG can be used to assess cognitive decline at the early
stages (or elevated risk) of dementia[30-32]. Investment in such
computer apps can provide an opportunity to reduceinstitutional
health care costs and enhance the quality of life of both family
caregivers and people with dementia[33].

Many platform strategies have been considered to develop
dementia-related SG apps. Some technologies rely on indirect
interactions, such as (PCs) [34], or conventional entertainment
systems, such as the Nintendo Wii system [35]. Other
technologies are based on direct interaction, such asaugmented
reality (AR) [36], touchscreen technology [37-39], and gesture
recognition systems, such as leap motion (LM), Kinect, and
Bracelet Myo [40].

Indirect interaction technol ogies require an intermediate device
to translate human action into interaction with the virtual
environment. Indirect interaction devices use more cognitive
resources, as they involve conscious spatial and mental

http://games.jmir.org/2020/3/e17565/
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trand ationsto convert real-world movementsinto virtual actions
[41].

Using direct interaction technologies, participants do not have
an intermediary deviceto interact with the virtual environment;
participantsinteract directly with the machinesusing their bodies
[41]. In addition, direct interaction devicesrequire less cognitive
resources, as thereis no movement trand ation between thereal
and virtual worlds as opposed to indirect interaction devices
[41].

Proposed Frameworksto Develop SGs

In terms of the development of SGs, previous studies reveal ed
interesting insights regarding the devel opment process of SG.
For example, Brian Winn proposed the design, player,
experience framework, which depicts the relationship between
the designer and the player’s experience [42]. The framework
is quite straightforward: the designer designs the game, which
is played by the player according to the player’s experience.
According to this framework, play is mediated by experience.
Thus, the player’'s experience (social, cultural, cognitive, and
experimental background) influences the design of the game.

The study also considers the learning process in using
technological devices to play games, as it can also influence
users game experience. For example, in arecent study, Vallgjo
et al [43] evaluated the performance of elderly individuals on
a set of technologies while performing 2 different tasks. The
study concluded that interaction with technology is dependent
on the task, the user’s experience, and motivation. In addition,
the interaction with technology also depends on how intuitive
both hardware and software interfaces are for people with
dementia [28]; many high-tech technologies can overwhelm
people with dementia on a cognitive level, which can affect the
learning curve of handling technology [28,44].

Thus, to enhance the user experience for people with dementia
while using novel technology, additional guidelines have been
suggested to help developers in designing technologies while
addressing the need for people with dementia, such as the
responding, enabling, augmenting, failure-free (REAFF)
framework [45,46]. The REAFF framework focuses on 4
principles: (1) responding (technologies should respond to the
needs of people with dementia), (2) enabling (technologies
should improve the quality of life of people with dementia), (3)
augmenting (technol ogies should be able to adapt to the reserved
skillsof peoplewith dementia), and (4) failure free (technologies
should be as easy to use as possible without discouraging people
with dementia).

Another framework—the virtual reality (V R)-Check framework
[47]—has been proposed by Krohn et a [47], who evaluated
clinica neuropsychology VR apps for cognitive domain
specificity ( specifically, the cognitive domain being targeted
by the VR app), ecological relevance (if the VR app focuses on
activities of daily living), technical feasibility (if the VR appis
compatible with the desired technologies), user feasihility (if
the VR app isfeasibleto thetarget population), user motivation
(if the VR app engages the users), task adaptability (if the VR
app can be adjusted, for instance, in terms of difficulty),
performance quantification (if the VR app can objectively
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quantify the participant’s performance), immersive capacities
(how immersive is the VR app for participants), training
feasibility (if the VR app issuitable to foster cognitive training),
and predictable pitfalls (estimating resource-related costswhen
using the VR app).

Main Purpose of This Study

Despite the existence of several efforts aimed at providing
recommendations to develop SGs [48-50], there is still alack
of usability studies that aim to understand how people with
dementiainteract and accept different types of technologiesto
perform specific tasks[51,52]. Although elderly individualsare
capable of learning and handling new technologies [53], using
novel technology can lead to anxious behaviors among elderly
populations [54] or lead to undesirable side effects, such as
cybersickness [55] and fatigue [28].

To avoid such behaviors, during the prototype playtest phase,
it is essential to record the feedback of each player while
interacting with the game, as the experience of one player may
differ significantly from the experience of another player [42].
In arecent study, Hackner et a [56] analyzed how people with
dementia perform different interaction techniques in a tablet,
such as a single tap, swipe, and drag-and-drop gestures. The
study identified several interaction issueswhen performing such
interaction techniques and presented different solutionsto avoid
future problems.

Considering the reported potential of SGs as a complementary
approach to stimulate people with dementia, the main goal of
this study was to better understand how people with dementia
accept and interact with out-of-the-shelf technol ogies and how
it influencesusers’ game experience while performing different
activities. Moreover, this study aimed to find the most suitable
technology to design acustomizableinteractive system that can
exploit reminiscence and music therapy in peoplewith dementia.
We recruited 12 participants with dementia to perform severa
activities with different technologies to evaluate their
performance while answering 6 research questions (RQs):

« RQL. Isthere arelationship between the patient’s profile
and user experience?

+ RQ2. Isthere arelationship between user experience and
direct and indirect interaction?

« RQ3. Does any technology €licit more positive or negative
emotional responses?

http://games.jmir.org/2020/3/e17565/
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RQ4. Overall, which technology is better suited for each
task?

RQ5. Which technology is the most cost-effective?

RQ6. Which technology isless exposed to external hazards?

Following the results of our experiment, we (1) propose a set
of guidelines that can help engineers and developers craft
better-suited technologies for this population and (2) suggest
additional setups of the technologies used to improve user
experience in people with dementia.

Methods

Participants

We recruited 12 participants, 3 males and 9 females, with mean
age, 75.08 (SD 8.07) years;, mean Mini-Mental State
Examination score, 17.33 (SD 5.79); and mean schooling, 5.55
(SD 3.30). Thiswas a convenience sample, and the recruitment
of the participants was performed by psychologists at the
Madeiran delegation of the Portuguese Alzheimer’s Association
(Table 1). Participants were eligibleif they (1) could use upper
limbs independently, (2) had an intact hearing, and (3) werein
the initia or intermediate stages of dementia. For the last
inclusion criteria, werelied on theclinical information available
and did not perform any further assessments. The study was
approved by the board of the association and followed the
standard procedures for research with human participants.
Before beginning the experimental trial, al participants (or legal
guardians) signed an informed consent form, and permission
was granted to film the sessions. After signing the consent form,
participants were briefed about (1) the activity objectives and
(2) how to handle the technologies. In addition, participants
wereinformed that they could drop out of the experimental trial
at any time.

We defined patients’ profiles based on their Mini-Mental State
Examination (MM SE) [57] scores, age, and years of schooling.
The MM SE scores were assessed before the participation of the
experimental trial. Only 5 of the participants reported previous
experience with technology. For example, participant 1 had
experience using a tablet, whereas participants 11 and 12 had
experience with PC. Participants 5 and 7 had experience in
handling both PC and tablet.
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Table 1. Participants' demographics.
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Participants  Genders Age (years) MM SE? score Schooling (year) Diagnostics

1 Female 70 25 Fourth Alzheimer disease

2 Female 85 19 Fourth Alzheimer disease

3 Female 78 18 Third Vascular dementia

4 Male 81 17 _b Alzheimer disease

5 Male 67 24 Fifth Frontotemporal dementia
6 Female 74 12 Third Alzheimer disease

7 Female 71 14 Fourth Alzheimer disease

8 Male 82 21 Fourth Lewy body dementia

9 Female 65 11 Sixth Alzheimer disease

10 Female 88 10 Twelfth Alzheimer disease and Parkinson disease
11 Female 77 26 Fourth Alzheimer disease

12 Female 63 11 Twelfth Frontotempora dementia

AMMSE: Mini-Mental State Examination.
bpartici pant 4 does not have any formal schooling.

Technologies Used During the Experiment

For each of the following technologies, we selected generic
tasks that required different types of interaction, such as (1)
manipulating virtual objects, (2) playing musical instruments,
(3) moving virtual objects from A to B, and (4) observation of
virtual environments.

To run the tasks and technologies, we used a Toshiba Satellite
L850-1HZ with Windows 10 64 hit equipped with an AMD
Radeon HD 7670 and an Intel Core i7-3630QM with 4 GB
RAM. Considering that some technologies require a
considerable amount of processing power, a desktop computer
running Windows 10 64 hits equipped with a Radeon RX 580
Seriesgraphic card and an Intel Core 17-6700 CPU with 16 GB
RAM were used. Five different interaction technologies were
used in different combinations and tasks.

http://games.jmir.org/2020/3/e17565/

Indirect I nteraction Configurations

Here we present 2 indirect interaction configurations; HMD
with controllers and mouse. Each configuration is described
below:

1. HTC VIVE with controllers (HMD with controllers): The
HTC VIVE technology (HTC) is a set of different
technologiesthat includes a head-mounted display (HMD)
and 2 handheld controllers, which are equipped with a
trackpad, menu button, system button, trigger button, and
grip button. Two base stations were used to track the
position and movements of the participant’s head and hands
(Figure 1).

2. Mouse: We used a standard USB-powered laser mouse
(Logitech LS1 Laser Mouse, Logitech International). The
mouse is designed with 3 buttons: left, right, and a wheel
button (Figure 1).
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Figure 1. Technologies used during the experimental trial. (A) HMD with Controllers. (B) Mouse. (C) Tablet. (D) Leap Motion. (E) HMD with Leap

Motion. (F) Augmented Redlity.

(&)

®)

®)

Direct Interaction Configurations

Herewe present 5 direct interaction configurations: HTC-VIVE,
tablet, LM, HTC with LM and AR. Each configuration is
described below:

1. HTCVIVE (HMD): The HTC VIVE allows the use of the
HMD without the controllers to interact with the virtual
environments (Figure 1).

2. Tablet: We used a Samsung 9“ Android Tablet (GALAXY,
Samsung) that alows interaction inputs, such as tapping
and dragging (Figure 1).

3. LM: LM (Motion Control) is an infrared camera—based
tracking technology that allowsinteraction with the virtual
environment using hands, fingers, and tools [58] (Figure
1).

4. HTC VIVE with LM (HTC with LM): We added the LM
tothe HTC VIVE HMD. Thus, participants could interact
with the virtua environment not only using head
movements but also with their hands (Figure 1).

http://games.jmir.org/2020/3/e17565/

RenderX
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5. AR: For AR, we developed a projection-based setup that
required aprojector (LG Inc) and aPlayStation Eye camera
(Sony Computer Entertainment Inc), which were attached
to atripod. A physical object with a marker attached to it
was used by the participants to interact with the virtual
environment. For marker recognition, the Analysis and
Tracking System [59] software was used, which allowed
the tracking of the physical object (Figure 1).

Manipulating Virtual Objects

LM

The playground was devel oped using the Unity 3D game engine
(Unity Technologies) and consisted of avariety of geometrical
figures (Figure 2). Inthistask, participantswerereguired to use
hand gestures, such asgrabbing, throwing, and lifting, to interact
with the geometrical figures. As participants could interact and
throw geometrical figures out of their field-of-view, the virtual
playground could be reset by tapping the computer’s space bar.
Thetask did not have any music playing in the background, and
it did not provide any additional feedback to the participant.
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Figure 2. Virtua Playground. (A) Manipulating virtual objects tasks with hands through leap motion. (B) Print screen of the game. Participants had

to interact freely with virtual objects.

A)

(y\

HMD With Controllers

The goal of the task was to manipul ate objects that were placed
on atablein avirtual music bar with the HMD with controllers
(Figure 3). We used a game called Jam Session [60], which can
be accessed for free on STEAM (Valve Corporation). Several
objects such as cups, adoll, atelephone, a clock, a globe, and

(B)

ahbook were used (Figure 3). All objects were placed randomly
on thetable. To perform the task, participants had (1) to use the
controllers with both hands; (2) grab objects by pressing the
trigger button on the back of the controller; and (3) rotate, throw,
or place the object wherever they wanted. The task did not have
any music playing inthe background, and it did not provide any
additional feedback to the participant.

Figure 3. Steam virtual reality home — bar table. (A) Manipulating daily objects using head-mounted display with controllers. (B) Print screen of the
task. Participants had to look at and manipulate daily objects that are on the table.

(4)

®B)

HMD With LM

For thistask, participants had to interact with virtual cubesusing
both hands while standing (Figure 4). The gameis afree demo
includedinthe LM device[61]. The software allowsthe creation
of different kinds of geometrical figures, such as cubes and
octagons. Before the beginning of the task, we prepared the
scenario by adding multiple geometrical figures in the virtua
environment (Figure 4). The goal of the task was to interact

http://games.jmir.org/2020/3/e17565/

XSL-FO

RenderX

with the geometrical figures by making hand gestures, such as
grabbing, throwing, or pushing, among other gestures.
Participants could interact with either the right or left hand.
Participants were positioned in the middle of the room and could
move freely around the room. For security reasons, one
researcher was always nearby to aid participants whenever
needed. No sounds or music was played during the task, and it
did not provide any additional feedback to the participant.
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Figure 4. Blocks. (A) Manipulating geometrical figures using hands and head-mounted display with leap motion while standing. (B) Print screen of

the game. A set of geometric figures that participants manipul ate.

Playing Musical Instruments

LM

The goal of the task was to interact with the piano keyboards
using hand movements (Figure 5). The game was afree software

includedinthe LM device[62]. To perform thetask, participants
had to position their hands above the LM and interact using
their fingers. There was no new music playing in the
background.

Figure5. Virtual piano for beginners. (A) Playing the piano using hands and leap motion. (B) Print screen of the game. The virtual piano being played

with virtual hands.

HMD With Controllers

We used a virtual environment with a virtual xylophone as,
from an interaction perspective, it is very similar to the piano
task (Figure 6). We used the free demo of Jam Session [60], as
it has a variety of instruments, including the xylophone. The
goal of the task was to interact with the xylophone while using
the HMD headset and handheld controls. To initiate the task,
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the participant had to (1) grab the controllers with both hands
and (2) hit the wooden notes by performing up and down
movements with their arms. When interacting with the
instrument, dancing avatars would appear in front of the user
(Figure 6). Headphones were used by the participantsto listen
to the sounds while playing the instrument. There was no new
music playing in the background.
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Figure 6. Steam virtual reality home—Playing musical instruments. (A) Playing the xylophone using head-mounted display with controllers. (B) Print
screen of the game. Wooden xylophone with wooden sticks and dancing avatars.

Moving Virtual Objects From A to B

Mouse

The goal of the task consisted of pairing—without any order
restriction—a set of 3 randomly placed red squares with 3
randomly placed gray squares using a computer mouse device
(Figure 7). The game was custom developed using the Unity

3D game engine (Unity Technologies). To complete the task,
the participant had (1) to select ared square by pressing the | eft
mouse button (the sguare becomes green after selection) and
(2) select an available gray square by pressing the left mouse
button. The right and wheel buttons were deactivated. Audio
feedback was provided with “Very Good!” whenever the
participant paired all squares.

Figure 7. Connecting Squares. (A) Participants are trying to match red sguares to gray squares. (B) Print screen of the game. A set of randomly

distributed squares.

(A)

(B)

Tablet

In contrast to the previoustask using the mouse, the goal of this
task wasto capture aset of randomly placed red spheres (Figure
8). The game was developed using the Unity 3D game engine
(Unity Technologies). To complete the task, participants had
to (1) drag a gray container to a red sphere, (2) wait for 4

http://games.jmir.org/2020/3/e17565/

RenderX

seconds to attach the sphere to the container, and (3) drag the
container with the sphere attached to it to ablack rotating target
(Figure 8). A countdown sound would provide feedback during
the 4-second countdown. After that, the red sphere would
become green. In addition, the participant was rewarded with
audio feedback—"Very Good’—when all spheres were
captured.
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Figure 8. Dragging spheres. (A) Participants are collecting red spheres using a gray container and dragging these with the finger to a black rotating
square. (B) Print screen of the game. A set of randomly distributed red spheres, agray container with the activated timer (in green), and a black rotating
target.

AR

™)

®)

|_o

For thistechnol ogy, we used the same task as the one devel oped
for the tablet. However, in this case, participants had to drag a

physical object with a gray virtual container attached to it to
collect the red spheres and bring them to the black rotating target
(Figure 9).

Figure 9. Dragging spheres. (A) Participants are collecting red spheres using a physical object. (B) Physical objects that participants use to interact
with the spheres.

Observation

HMD

In this case, the participants were seated on a chair while
wearing the HMD device. The participants were invited to
explore virtual worlds by freely moving their heads. We used
2 different tasks to evaluate the participants’ performance:

1.

Static scenario—Exploring the forest: In thistask, we used
avirtual forest that was developed in the Unity 3D game
engine (Unity Technologies; Figure 10). It has virtual
elements, such as trees, grass, and clouds (among other
elements), as well as audible elements, such as birds,
insects, and wind (Figure 10). The windy sound effect,
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combined with the animation of virtual elements, offered
dynamism to the scenario by providing theillusion that the
virtual elements were moving because of the wind. The
goa of this task was to report and describe as many
elements as possible.

Dynamic scenario—Exploring the ghost ship: This task
was a short virtual video of a pirate ship navigating in the
natural elements such asrocks, small buildings, and highly
detailed pirate ships (Figure 11). The game can be accessed
for free on STEAM [63].

When the video begins, a virtual camera automatically
moves on a predefined path while rotating on its axis to
show places of interest to the viewer. Generic background
music plays in the background, accompanying the
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participants’ journey. Participants were free to move their
head to explore the virtual environment. The goal of the
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task was to describe and report as many virtual elements
as possible to the researchers.

Figure 10. Observing virtual environments: Virtual Forrest. (A) Participants observe a virtua forest using the head-mounted display. (B) Screenshot

of the game displaying a virtual forest with trees, grass, and sound.

(A)

Figure11. Observing thevirtua environments: Ghost Ship. (A) Participants observe an interactive video using the head-mounted display. (B) Screenshot

of the Ghost ship sailing in the Caribbean Sea.

Procedure

A within-subject experimental design was used to alow al
participants to interact with al technologies and tasks. Each
week, different technologies and tasks were randomly
introduced. Participants were required to compl ete tasks, such
as manipulating virtual objects, moving virtual objectsfrom A
to B, observation of virtual scenarios, and playing musical
instruments. Participants were seated in a quiet room and
accompanied by 2 researchers and a health professional when
needed.

During the experiment, patients sat in front of atablein asilent
room of the Madeiran del egation of the Portuguese Alzheimer’s
Association (except when performing thetask requiringaHMD
with LM, which in this case required standing up). Two
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researchers were present in the room; one researcher was
responsible for filming and taking notes on the participants
performance, whereas the other researcher interacted with the
participants during the experimental trial. The video recordings
alowed us to analyze participants’ behaviors and study their
verbal responses throughout the experiment. The camera was
placed behind the shoulders of the participantsto conceal their
faces and protect their identity. In the case of participants in
moreintermediate stages of dementia, ahealth professiona was
aso present to guarantee their well-being and aid researchers
during the intervention.

During the experiment, 3 protocols were used: (1) before
initiating thetask, the researchersinstructed participants on how
to use a specific technology to complete a task; (2) each task
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had a maximum duration of 15 min, and participants could
repeat tasksif desired; and (3) during the task, participantswere
encouraged to think aloud and could ask for help at any time.
All interventions by the researchers were annotated for later
analysis.

Analysis

To address our RQs, we relied on direct observations and
behavioral and verba responses extracted from the video
recordings. To analyze the video recordings, we used Adobe
Premiere CC 2017.1.2 release version for coding. This video
editing tool allowed usto tag, comment, and export annotations
in comma-separated values (.CSV) files. The video analysis
went through 2 phases. In the first phase, 2 researchers
performed independent video analyses by tagging and annotating
events in the video files. In the second phase, the information
gathered by both researchers was compared and checked for
consistency. In case of disagreement, a third researcher was
invited to disambiguate.

To analyze participants’ user experience with agiven technology
or in each task, we counted the number of issuesidentified. The
issueswere grouped into (1) assistance provided by researchers,
(2) perception issues, (3) comprehension issues, (4) interaction
issues, and (5) discomfort that participants felt. These are
described in detail below.

1. Assistance provided: We counted the number of times
participants required assistance from the researchers. In
addition, we considered the assistance provided by
therapists if they were present during the experimental
session.

2. Comprehension issues. We counted all issuesidentified in
terms of the participants’ general understanding of how to
perform the tasks.

3. Perception issues: We considered (1) visual perception
issues whenever participants had difficultiesin visualizing
and correctly identifying game elements during user
experience and (2) sensory issues whenever participants
had difficultiesin hearing and identifying sounds correctly.
For (3) tactile issues, we counted the number of times that
participants complained of not feeling any physical feedback
of the technology during the user experience (ie, lack of
vibration and not finding the correct button) and number
of times participants were expected to interact with the
virtual environment in the same way as in a red-life
scenario (ie, expecting to be able to physically touch and
feel avirtual object when interacting with it).

4. Interaction issues. We considered issues such as (1)
controlling the interface (ie, clicking incorrect buttons to
fulfill a task), (2) controlling the software (ie, triggering
wrong software functionalities), and (3) the participants
physically misusing the interface (ie, grabbing the LM).

5. Discomfort: We counted the number of times participants
felt distressed (ie, fatigue, cybersickness, and balance
issues).

In addition, we studied emotional responses (positive and
negative). That is, we counted the number of positive emaotions
(ie, laughter) and negative emotions (ie, frustration). We also
counted the number of softwareissues (ie, undesirable features
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or bugs) that occurred during the experiment. For RQ5, we
excluded softwareissues, as these were explicitly related to the
actual software and not to the technology per se.

Finally, we calculated the number of times the equipment was
exposed to external hazards—equipment at risk. For example,
we counted the number of times the equipment was at risk of
falling to the ground during user experience.

Data Analysis

Data were analyzed using SPSS, version 24 (IBM Corp). For
each dependent variable, the normality of the distribution was
assessed using the one-sample Kolmogorov-Smirnov test. As
most distributions deviated from normality, nonparametric
statistical tests were used for the analysis. Descriptive results
are presented as median and IQR. For assessing the impact of
experimental conditions, the Friedman test was used. For post
hoc pairwise comparisons, the Wilcoxon signed-rank test was
used. The significance level was set at a=.05. Bonferroni
correction was used to account for multiple comparisons. We
aso used Bonferroni correction for analyzing which
combinations of technologies and tasks minimized feasibility
performance (RQ4) and for analyzing which technology was
exposed lessto external hazards. For nonparametric correlations,
we used Spearman rank correlation coefficient.

Results

Participants

Participants 1, 2, 3, 7, 11, and 12 completed all 10 experimental
conditions. Participants 9 and 10 withdrew from the experiment,
and participants 4, 5, 6, and 8 were not able to complete all
tasks. Consequently, only 9 datasets were considered for the
playground activity with LM; 10 datasets were considered for
condition LM (piano activity), tablet, and PC. For AR and
observation (exploring theforest), 11 datasets were considered,
whereas 7 were considered for condition observation (exploring
the ghost ship), playing musical instruments, and manipulating
virtual objects with both HTC with controllers and HTC with
LM, respectively. In addition, some video recordings were
corrupted, which did not alow us to computerize the number
of issues; instead, we relied on the written notes taken during
the experimental trial.

Analysis

RQL1: Is There a Relationship Between the Patient’s
Profile and User Experience?

We studied the relationship between the patients’ profileswhen
considering each performance domain and each technology
separately (Multimedia Appendix 1).

A positive correlation between patients MMSE score and
perception-related issueswhen using LM (r&=.652; n=10; P=.04)
wasfound. We al so found asignificant and negative correlation
between participants MMSE scores and the number of
assistances provided (r&=—.744; n=11; P=.01) when using the
AR technology. In addition, participants' years of schooling
correlated negatively (r=-.615; n=11; P=.04) with perception
issues in the AR setup. In terms of the tablet, we found a
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significant negative correlation in the MM SE scores with both
comprehension (re=—.726; n=10; P=.02) and interaction issues
(r&<=—.642; n=10; P=.045). Finally, for the HMD with LM, we
identified a negative correl ation between the MM SE scoresand
the number of assistances provided (r=-.802; n=7; P=.03).
Multimedia Appendix 2 shows the correlation plots for some
of the stronger associations. However, the significance
mentioned previously does not endure if adjusted for multiple
testing using Bonferroni correction.

Finally, to understand the rel ationship between the patient profile
and performance, we ran a Spearman correlation analysis
considering patients’ profile—MMSE, age, schooling, and the
total number of issues identified (during user
experience)—assistance provided, comprehension issues,
interaction issues, perception issues, and discomfort. This
analysis did not identify statistically significant correlations
between user experience and patient profile (Multimedia
Appendix 3).

To identify whether there are any specific tasks or technologies
where the cognitive profile may play arole, we repeated the
analysison each task (playing musical instruments, manipulating
virtual objects, move objectsfrom A to B, and observation) and
each type of technology (LM, HMD, AR, tablet, PC, HMD with
controllers, and HMD with LM). Again, we did not find any
significant correlations for either task type or technology
(Multimedia Appendices 4 and 5).

When considering performance scores by the individua
performance domains (ie, assistance provided, discomfort as
well as comprehension, interaction, and perception issues), we
also found no direct association with the patient’'s cognitive
profile (Multimedia Appendix 6).

RQ2: IsThere a Relationship Between User Experience
and Direct and I ndirect I nteraction?

In RQ2, we examined whether there was a difference in
participants’ user experiencewhileusing direct (LM, AR, tablet,
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HMD with LM, and HMD) or indirect interaction technologies
(HMD with controllers and mouse). In general, participants
required less assistance and were able to understand better how
to use direct interaction technologies. More concretely,
participants required significantly more assistance using indirect
interaction devices (median 3.00, IQR 12.00) than using direct
interaction devices (median 1.70, IQR 7.00; Z=-2.666; P=.01,
r=—0.6). Moreover, participants had significantly more
comprehension issues with indirect interaction (median 4.00,
IQR 5.50) than with the direct interaction (median 2.00, IQR
2.77, Z=-2.601; r=-0.6, P=.01). No datistically significant
differences were found in interaction issues (median 8.50),
perception issues (median 1.50), and discomfort (median 0.40).

RQ3: Does Any Technology Elicit More Positive or
Negative Emotional Responses?

We evaluated participants’ overall emotional responses while
using each technology. For this analysis, we considered the
number of positive minus the number of negative emotional
reactions identified in the video analysis. There were no
statistical differences between the emotional responses and

technologies used (x%=7.1; P=.31).

RQ4: Overall, Which Technology is Better Suited for
Each Task?

We analyzed which combinations of technologies and tasks
minimized the identified performance and maximized positive
emotional reactions. When taskswere grouped by the technology
used, participants comprehension (x26:23.1; P=.001),
interaction (x%=19.6; P=.003), and discomfort (x%=22.9;
P=.001) were significantly impacted by technology but not by
the number of assistances (median 2.00) and perception issues
(median 1.00). A post hoc analysisdid not reveal any significant
pairwise differences. Table 2 shows the ranking of technology
in terms of issues. We ranked the technologies according to
their median (IQR).
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Table 2. Ranking of technologies according to performance domains.

Andrade Ferreiraet d

Ranks Comprehension issues Interaction issues Discomfort
First HMD? 0.00 (0.00) HMD: 0.00 (0.00) Mouse: 0.00 (0.00)
ARP: 0.00 (0.00)
Second HMD with LMS: 0.00 (1.00) AR: 2.00 (7.00) N/AY
Third HMD with controllers; 1.00 (5.00) HMD with LM: 4.00 (6.00) Tablet: 0.00 (.50)
Fourth LM: 1.50 (2.50) HMD with controllers: 6.00 (11.00) HMD: 0.00 (1.00)
Fifth AR: 2.00 (3.00) Mouse: 8.50 (14.50) HMD with controllers; 0.00 (4.00)
Sixth Tablet: 4.50 (6.50) LM: 9.50 (8.25) LM: 1.00 (3.25)
Seventh Mouse: 5.00 (5.25) Tablet: 24.00 (23.00) HMD with LM: 1.00 (5.00)

3HMD: head-mounted display.
bAR: augmented reality.
LM leap motion.

dN/A: not applicable. Following a standard competition ranking, there is no device ranking second.

Playing Musical I nstruments

For this task, we used LM and HMD with controllers, and
participants played 2 virtual musical instruments: a piano and
axylophone. Participants showed more perception issueswhile
using the HM D with controllers (median 1.00, IQR 9.00) than
when using LM (median 0.00, IQR 0.00; Z=-2.226; r=-0.6,
P=.03). No other differences between technol ogieswere found.

Manipulating Virtual Objects

For this task, participants used the LM, HMD with LM, and
HM D with controllersto manipulate avariety of virtual objects.

Table 3. Ranking of participants’ performance to manipulate objects.

Participants' performance differed significantly in terms of
softwareissues (x%=6.3; P=.04) and equipment at risk (x°=6.5;
P=.04). We did not find differences in terms of assistance
(median 1.00), emctional responses (median -1.00),
comprehension (median 0.00), perception (median 0.00), and
interaction (median 5.00) issues as well as discomfort (median
1.00). Post hoc anaysis revealed no significant pairwise
differences among conditions. Table 3 shows the ranking of
technologies in the domains in which significant differences
were identified. Overdl, the combination of HMD with
controllers shows a more stable performance in this task. We
ranked the technologies according to their median (IQR).

Ranks Software issues Equipment at risk
First HMD2with controllers: 0.00 (0.00) * LMP: 0.00 (0.00)
«  HMD with controllers: 0.00 (0.00)
Second HMD with LM: 1.00 (3.00) N
Third LM: 1.00 (5.00) «  HMD with LM: 1.00 (1.00)

3HMD: head-mounted display.
bLM: |eap motion.

°N/A: not applicable. Following a standard competition ranking, there is no device ranking second.

Moving Virtual Objects From Ato B

For this task, participants used tablet, AR, and mouse devices
to move objects from A to B. We found a significant effect of
technology in software issues ()(22:13.0; P=.002) but not in
assistance (median 2.00), emotional responses (median 1.00),
comprehension issues (median 4.00), interaction issues (median
8.00), perception issues (median 2.00), and discomfort (median
0.00). Thetechnology that raised more softwareissueswas AR
(median 2.00, IQR 3.00), followed by tablet (median 0.50, IQR
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1.25) and mouse (median 0.00, IQR 0.00). However, no
significant pairwise differences were found among them.

Observation

In thistask, we studied the impact of 2 modalities: static versus
moving content on HMD. Participants explored 2 different
environments: a virtual forest and an interactive video. No
differences were identified between the 2 modalities. Figure 12
summarizes the findings, reporting the most appropriate
technologies by task—manipulating virtual objects, moving
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virtual objects from A to B, playing musical instruments, and
observation.

RQ5: Which Technology isthe Most Cost-Effective?

One critical factor that may limit the adoption of interactive
technologies in this areais their cost. Hence, it is essential to
perform a cost-effectiveness analysis to inform therapists and
caregivers on the implications of their technological choicesin
terms of costs and outcomes. In this study, the most expensive
technologieswere HMD with LM (€578.99 [US $661.76]) and
AR (€523.54 [US $598.38]), whereas the cheapest ones were
the mouse (€16.99 [US $19.42]), LM (€79.99 [US $91.42]),
andtablet (€79.99[US$91.42]). HMD (€499.00 [US $570.33]),
and HMD with controllers (€499.00 [US $570.33]) technology
presented a moderate cost. In terms of the (accumulated)

Andrade Ferreiraet d

identified issues during the study, HMD (46 issues) and HMD
with LM (51 issues) had the least issues, whereas tablet
presented the most performance issues (433 issues).
Technol ogies such asmouse (209 i ssues), HMD with controllers
(158 issues), LM (166 issues), and AR (193 issues) presented
intermediate performance issues. A cost-effectiveness analysis
aims to find the right balance that minimizes both cost and
number of issues (Multimedia Appendix 7).

We multiplied the number of issues with the purchase price of
each technology to calculate the cost efficiency of each
technology. The results are presented as the absolute value
between the identified issues and costs. As we can see in
Multimedia Appendix 7, the most cost-efficient technology is
the mouse device, whereas AR is the least cost-efficient
technology.

Figure 12. Suitable technologies for each task. Grayscale intensity represents the total number of issues (the lower the intensity, the lower the number
of errors), and x represents technologies that have not been used to perform that given task. LM: leap motion; HMD: head-mounted display; AR:

augmented redlity.
HMD HMD with
Task Mouse | Tablet | LM | HMD : AR Wi
with LM controllers
Manipulating virtual
. X
objects
Playing musical
. X
instruments
Moving virtual
objects from Ato B
Observation static X b4 pre X X X
Observation
. . . X X X X X X
interactive video

RQ6: Which Technology is Less Exposed to External
Hazards?

With all the technologies used in this study, we analyzed how
they were exposed to risks that could damage the equipment.
We found a statistical, but very modest, effect of the type of
technology (X26:15.9; P=.01). Thetechnology that led to higher
risk situationswasthe HMD with LM (median 1.00, IQR 1.00).
However, post hoc pairwise comparisons reveal ed no significant
differences among technologies.

Discussion

Comprehension

Thetechnology that ranked best in terms of comprehension was
the HMD, whereas technol ogies that scored worse were mouse
and tablet. This is probably because of the simplicity of the
interaction with HM Ds—participants only need to move their
headsto interact with the virtual environments. However, when
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using the mouse, participants showed great difficulties in
understanding how to useit. Most of the difficultieswererelated
to the mapping of the mouse, and sometimes, participants lost
sight of the mouse cursor. Participants also had difficulties in
interacting with the buttons, being distracted by the mouse wheel
many times, as it is the most salient button of the device.
Participants tended to rotate and click it instead of using actual
mouse buttons. Some participants tried to rotate the mouse
wheel forward and backward to move the mouse cursor up and
down on the screen. Such behaviors even occurred in
participants who had previous professional experience with it.
For example, participant 12 had previous experience using the
mouse, yet was unsuccessful. As aresult, the participant cried,
and the experiment had to be stopped. Thus, it becomes crucial
to develop intuitive interfaces to avoid overwhelming
participantsin understanding how to usetechnology to complete
virtual tasks[28].
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Interaction

In terms of interaction, the HMD again ranked the highest.
Participants presented issues with the tablet’s interface, mostly
because of the multi-touch control. When using multi-touch
control, participants would tend to rest their hands on the tabl et
surface and trigger undesired functionsthat would prevent them
from achieving their goal. Once more, an intuitive software
interface is vita to enhance performance in people with
dementia [28]. As our tablet was not fixed to the table, it aso
moved around as participants interacted with it. A better setup
would have the tablet fixed to a surface, as in the study by
Hackner and Lankes[56]. Despite theseissues, the participants
were able to perform the task gracefully.

Discomfort

Concerning discomfort, participants complained the most when
using the LM and HMD with LM. For example, participants 1,
2, 10, and 11 reported fatigue while using LM. Indeed, to
interact with the LM, participants arms need to be moving in
the air, leading to muscle fatigue. In the case of the HMD with
LM, only participant 5 did not report any discomfort. The
remaining participants reported fatigue, cybersickness, and
balance difficulties. Although the HMD alone did not trigger
major issues, participants 6 and 3 felt nauseated, and participant
12 reported cybersickness after the virtual video task. Participant
6 complained about the heat generated by the headset. In
general, cybersickness and fatigue are some of the negative
aspectsidentified in the scientific literature in terms of the use
of technology, whereas balance-related issues are associated
with the negative conseguences of dementia[15,17,28,55].

Effect of Patient Profile

We found that the participants’ profile influences the usage of
technology. A negative and significant correlation between
MM SE scores and the number of assistances provided with AR
and HMD with LM were found. In the case of AR technology,
we found a significant effect on the level of schooling and the
number of perception issues that arose in the experiment. We
also saw that alow level of schooling and lack of experience
with novel technology could lead to confusion (or even anxiety)
[54]. For example, participant 3 was confused when instructed
to move the red spheres that were projected on the table; as a
result, the participant questioned: “How can | catch the spheres
if they arefixed onatable?” Concerning the usage of thetablet,
we found a significant correlation between MM SE scores and
both comprehension and interaction issues. Thisislikely because
of the multi-touch feature. Some participantsfailed to understand
that by placing the whole hand on the screen of the tablet,
multi-touch is triggered. Other issues that were identified
included (1) activating the menu buttons of the tablet
involuntarily, (2) dragging the tablet involuntarily while
interacting with the virtual objects, (3) forgetting to wait for the
selection time, and (4) forgetting the task rules. Finaly, we
found a positive and significant correl ation between the MM SE
scores and the number of perception issues when using LM.
We observed that participants with high MM SE scores were
able to interact with technology easily and for longer, which
allowed researchers to identify perception issues during user
experience, in contrast to participantswith lower MM SE scores
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who struggled to begin agiven task. Similar results were found
in the study by Alvseike and Brgnnick [44], which found that
individuals with higher cognitive deficits had more difficulties
in using smart house technology than individuals with lower
cognitive deficits. Performance may also depend on other
variables, such as motivation and experience [43].

Direct VersusIndirect I nteraction

Participants required more assi stance statistically and had more
difficulties in understanding how to use indirect interaction
devices. Indirect interaction devices require more cognitive
resources[41] and, in a population with cognitive deficits, may
hinder performance during the compl etion of tasks. Conversely,
direct interaction devices require less cognitive resources, and,
consistent with our observations, participants had fewer
complications in using such technologies as they are more
intuitive and straightforward to interact with virtual content.
Some participants, such as participants 1 and 11, were able to
use both direct and indirect interaction technol ogies with minor
problems. However, it is important to take into consideration
that these participants had higher MMSE scores, and that
participant 11 had experience in using mouse technol ogy.

Emotional Responses

Participants, in general, did not show many emotional responses
when using the studied technol ogies. However, someinteresting
reactions were observed. For example, participant 1 was very
happy when she was able to grab a cube while using the HMD
with LM and said, “Oh good...what a funny thing...it is so
beautiful.” The same participant showed pride while playing
the xylophone with the HMD with controllers and said that it
was a shame that the people in the room could not hear her
playing as it was a beautiful song. Participant 11 enjoyed
exploring virtual environments with the HMD. She repeatedly
said “very beautiful” in both the Exploring the Forest and
Exploring the Ghost Ship tasks.

Playing Musical I nstruments

Here, participants used the LM and HMD with controllers to
play virtual instruments and showed more perception issues
while using the HMD with controllers than LM. Most of the
issues identified were visual, auditory, and tactile related. For
example, participant 12 complained that she did not hear the
xylophones (yet, she confirmed during the experience that she
heard the sounds). The same participant also reported that she
was not able to see anything several times. In addition,
participant 3 complained that she was not able to see or reach
the musical instruments (despite being within the participant’s
arm range).

Manipulating Virtual Objects

In this task, the participants used the LM, HMD with LM, and
HMD with controllers to manipulate virtual objects. We found
differences in terms of software issues and eguipment at risk.
In general, the best technology is HMD with controllers.
Although there were no statistically significant perception issues,
participant 12 raised most visual-related problems, as she had
difficulties in identifying the virtual objects in the virtual
environments, including the digital representation of her hand.
Participant 3 complained because she was expecting to
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“physically” grab thevirtual objects. Interms of softwareissues,
the HMD with controllers scored first place as it did present
Minor iSsues.

In contrast, LM technology scored the worst (last place). As
participantstried to grab virtual objects, sometimes the objects
stayed attached involuntarily to their hands, and they struggled
to let go of the objects. Similar behaviors were recorded while
participants performed the task while using the HMD with LM.
Participants were able to grab virtual objects but had more
difficultiesdropping them. Finally, in terms of equipment at-risk
situations, the HMD with LM triggered more dangerous
situations for the equipment. For example, when participants
were performing abrupt movements with the head, the HMD
was sometimes at risk of falling.

Move ObjectsFrom A to B

We only found a statistical difference in terms of software
issues, with AR and tablet being the ones that scored the worst.
AR technology had some camera tracking issues because of
environmental issues, such as shadows and reflections. In
contrast, most of the issues related to the tablet were because
of software bugs. Despite these minor issues, al technologies
performed at an acceptable level.

Observation

Inthistask, we did not find any statistical differences. The only
issues identified were related to cybersickness in both
observation tasks [55].

Design Recommendations

In this study, we observed that technology had different
outcomes in terms of acceptance and performance on people
with dementia. Although technologies have been accepted by
the majority, some participants had difficulties in managing
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them to fulfill the tasks. Such differences in the results are
mainly because of patient profiles, which, in turn, influence
technology configuration (direct interaction versus indirect
interaction).

Comprehensibly, most of the technol ogies used were not aligned
with the REAFF framework, as these were not explicitly
designed to take into consideration the needs of people with
dementia[45,46]. Most of thetechnologies used did not follow,
for example, the augmenting or failure free principles, as
participants did not complete the tasks independently. It isalso
important to consider how to align such technol ogies with the
remaining principles of the REAFF framework for the needs of
people with dementia (responding) and how technology can
improve their everyday life (enabling).

In addition, it would be interesting to re-evaluate such
technologies using similar tasks as presented in this study, but
inaclinical context using the VVR-Check framework [47]. Thus,
more detailed knowledge could be gained regarding the
adequacy and therapeutic outcome when using technology and
virtua reality with people with dementia.

Although the technologies used are not perfectly aligned with
the REAFF framework principles, they are accessible and can
be used in their favor if they are set up correctly. By studying
the use of the different technologies and tasks by people with
dementia, we can provide a set of recommendations for the
sel ection and implementation of different technological solutions
when working with this population. Table 4 addresses the main
problems encountered and provides recommendations to
overcome them. These recommendations can help engineersin
the design of technologies for people with dementia and draw
attention to health professionals and informal caregivers
regarding potential issues that can emerge while using such
technologies with this population.
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Table4. Identification of problems and proposed recommendations or using technology to perform virtual tasks by people with dementia.

Technology, Identified problems

Solution

Lm?
Grabbing/moving technology needlessly

Confusing virtual objects (spheres) with the
joints of the virtual hand

Tablet
Moving the whole tablet involuntarily

Triggering undesired touch inputs
ARP
Interaction with physical elements

Tracking problems

Mouse

Buttons not salient

Too many buttons

Mouse cursor (and other elements) too small

HM D with controllers

Too many buttons in handheld controls
Hitting controls against each other

HMD with LM
Lack of haptic feedback

Cybersickness and balance issues

HMD

Discomfort because of the device's heat

Design a setup where the LM isfixed and not graspable (ie, a 3D printed container or embedded
onto the tabletop surface).

Useidentifiable virtual objects and representations of the hand with higher realism.

Secure the tablet on atable or fixed structure such that patients do not need to hold it and can
interact with its touch screen.

Deactivate multi-touch and disable system buttons.

Ergonomic design with affordances consistent with the task at hand can enhance performance.

The most common tracking problems are related to (1) shadows, (2) markers out of the camera's
field-of-view, or (3) projection of virtual elements on markers. Solutions include using aroom
without direct sunlight and controlled light conditions; using lower contrast virtual elements that
diminishinterference of projecting on markers; and using asetup with clearly defined interaction
boundaries.

Select acomputer mouse that visually clearly identifies where those buttons are. A large colored
sticker or paint on a button can also be used to improve its saliency.

Most modern computer mice consist of 3 buttons and ascroll wheel. Choose a one-button mouse
(ie, Applemouse). Disabling or mapping al mouse buttonsto the same functionality will minimize
the impact of choosing the wrong button.

Increase the size of the mouse cursor and other virtual elements to enhance performance.

Usersonly seeavirtual representation of the controlsin the HMD. Minimum button input should
be considered while the remaining buttons are disabled or mapped to the same function.

Use only one control to interact with the virtual content when possible. Alternatively, replace
the controllers with an LM.

Complement with alternative channels to convey haptic feedback (ie, auditory or visual).

Peopl e with disabilities need to be assessed for balance, and seating setups should be considered.
Safety harnesses or other safety measures should be considered when standing.

Usein aproperly ventilated room. In case of discomfort, divide the session into multiple shorter
intervals.

Cybersickness Virtual environments should be designed to minimize optic flow, and incongruency between
physical and virtual motion should be minimized. It can be achieved by reducing forward motion
and rotations as well as using simpler environments with fewer visual elements.

& M: leap motion.

PAR: augmented reality.
CHMD: head-mounted display.

Conclusions

also studied how the patient’s profile woul d affect performance
in those different tasks and technologies. Finally, we provided

This study involved 12 participants with dementia who
performed 5 different tasks using 5 interactive technol ogies that
were available at the time of this study. As participants used
the technologies to perform virtual reality tasks, we identified
potential issues, such as assistance provided, comprehension
i ssues, perception issues, interaction issues, and discomfort. We

http://games.jmir.org/2020/3/e17565/

a set of recommendations for the selection, use, and design of
virtual tasks for these technologies. Our main findings show
significant effects of technology on performance regarding
comprehension, interaction, and discomfort.

Overdll, the participants were able to complete all tasks using
all technologies. However, a clear outcome of the study is that
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there is no absolute best technology for people with dementia,
but thisis both task- and patient-profile-dependent. In general,
the use of technologies that require direct interaction is
advisable, given that cognitive performance gradually declines
in peoplewith dementia, asit relies on fewer cognitive resources
than indirect interaction devices. We observed that cognitive
skills, as assessed by the MM SE test, influenced participants
perception, comprehension, and interaction and required more
assistance. In addition, schooling is also a factor to be
considered; the lack of experience and exposure to such
technol ogies can lead to confusion and anxiety, which interferes
with user experience.

A cost-effectiveness analysis comparing price and issues
identified in al technologies suggests that the best tradeoff
between performance and cost is achieved with the mouse, the
most effective technology isHMD, and the most expensive one
isAR. Through theseinsights, this study provides newer insights
for hedlth professionals, informal caregivers, and engineers
regarding the use and design of novel technologies for people
with dementia to (1) maximize their success in using such
technologies to fulfill virtual tasks and (2) safeguard their
psychological well-being. The findings of this study and the
proposed guidelines are being implemented on a set of SGsfor
cognitive stimulation, which explores the potential benefits of
music and reminiscence-related approaches in people with
dementia.

To conclude, the participants in this study were able to handle
the technologies to complete virtual tasks. Interestingly, the
overall success in using technologies by people with dementia
depends on different variables, such as patient profile, type of
task, and interaction modality. Our study provides aquantitative
analysis that contributes toward a better understanding of the
complex relationships among these factors. Finally, by
translating our findings into a set of guidelines, we hope to
facilitate technological interventions and to enhance the user
experience of people with dementia when performing virtual
tasks with out-of-the-shelf technol ogies.

Limitations

This study has some limitations. We had a small number of
participants, and not al participants interacted with all
technol ogies. Consequently, if we applied Bonferroni correction
for multiple comparisons, statistical significances during post
hoc analysis do not remain. Hence, alarger sample size would
have provided higher statistical power for the analysis. In

Andrade Ferreiraet d

addition, having acontrol group of healthy age- and sex-matched
participants would have been informative to discriminate age-
and dementia-rel ated i ssues, such as perception problems. Future
studies should consider adding a control group to draw
additional conclusions regarding the usage of out-of-the-shelf
technologies to perform virtual reality tasks. Nevertheless,
adding a control group presented some challenges.

First, we interacted with a population that cannot adequately
express themselves in the same way as healthy elderly people.
Therefore, we had to use very time-consuming methodol ogies,
such as independent annotation of hours of video recordings,
categorization, and extraction of data, so that a quantitative
analysis could be performed. Consequently, we would have to
use the same methodol ogy as the control group (that would not
requireit), making it not feasible for us, given the time needed
and available human resources. Second, even if we did so, our
experience tells us that the 2 groups would not be directly
comparable even if performing the same activities because
people with dementia required constant stimulation and
assi stance by researchers and health professionalsto understand
and perform the tasks. Third, the level of autonomy of people
with dementia in performing the activities is not comparable
with that of a healthy old adult.

In addition, when performing the cost-effectiveness analysis,
we considered different approaches, such as the normalization
of costs and issues. However, we realized that the resulting
values obscured the actual relation to either cost or actual issues,
making it very difficult to interpret. Moreover, we considered
performing an issues per euro anaysis, however, such an
approach was also problematic because the metric favored
expensive equipment. That is, the more expensive the
equipment, the less the issues and cost ratio. Similarly, very
cheap equipment, such as the mouse, always presents a very
high (comparatively) issue/cost ratio. Therefore, in the
cost-effectiveness analysis, we gave the same weight to issues
and cost because (1) it is fairer to compare and (2) easier to
interpret.

Moreover, the use of assessment tools should be considered for
additional qualitative data analysis, such as the Individually
Prioritized Problem Assessment and the Psychosocial Impact
of Assistive Devices Scale, to eval uate how technology impacts
the daily life of people with dementia. Finally, some video
recordings were corrupted, and, although we a so used written
notes, some level of detail may have been lost.
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Abstract

Background: Traditional methods of delivering Advanced Life Support (ALS) training and reaccreditation are resource-intensive
and costly. Interactive simulations and gameplay using virtua reality (VR) technology can complement traditional training
processes as a cost-effective, engaging, and flexible training tool.

Objective: This exploratory study aimed to determine the specific user needs of clinicians engaging with a new interactive VR
ALS simulation (ALS-SimVR) application to inform the ongoing development of such training platforms.

Methods: Semistructured interviews were conducted with experienced clinicians (n=10, median age=40.9 years) following a
single playthrough of the application. All clinicians have been directly involved in the delivery of ALS training in both clinical
and educational settings (median years of ALS experience=12.4; all had minimal or no VR experience). Interviews were
supplemented with an assessment of usability (using heuristic evaluation) and presence.

Results: The ALS-SimVR training app was well received. Thematic analysis of the interviews revealed five main areas of user
needsthat can inform future design effortsfor creating engaging VR training apps: affordances, agency, diverse input modalities,
mental models, and advanced roles.

Conclusions: This study was conducted to identify the needs of clinicians engaging with ALS-SimVR. However, our findings
revealed broader design considerations that will be crucia in guiding future work in this area. Although aligning the training
scenarios with accepted teaching algorithms is important, our findings reveal that improving user experience and engagement
requires careful attention to technology-specific issues such as input modalities.

(IMIR Serious Games 2020;8(3):€20797) doi:10.2196/20797
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Introduction

Background

Advanced Life Support (ALS) training is a mandatory
requirement for all medical staff with critical care exposureand
al nursing staff are required to attend as part of the AL Steam.
The term Advanced Cardiac Life Support (ACLS) is
synonymous with ALS, with the latter being the generally
accepted vernacular in Australia. An ALS team comprises a
number of clinicians with a variety of skills and experiences.
For such ateam to function at the highest level, it is essential
that askilled clinicianisidentified to taketherole of team leader
[1]. The role of ALS team leader requires the clinician to
manage a patient who is experiencing an acute deterioration or
already in cardiac arrest. Thismanagement islargely built upon
endorsed algorithms such as the Australian Resuscitation
Guidelines[2]. Theseguidelinesaretypically appliedinahighly
stressful and chaotic environment where 6 to 10 clinicians must
be directed in the tasks required to manage the patient.
Unfortunately, many clinicians may be inadequately prepared
to do thesetasks[3]. The stressand chaosresulting in deviation
from the guidelines may lead to catastrophic outcomes for the
patient [4].

Currently, AL Straining in many hospitalsconsistsof prereading
from amanual outlining the procedure algorithm; quizzeswith
multiple-choice questions; and face-to-face training days
including skills stations, didactic sessions, simulations, and a
face-to-face assessment. This assessment is then repeated as
per institutional requirements, often on an annua basis.

Initial face-to-face training, refresher training, and
reaccreditation are resource-intensive processes reguiring high
instructor-to-participant ratios and costly simulation equipment
[5]. Refresher training can pose challenges for educators and
clinicians alike [6]. There are logistical challenges common to
face-to-face training and reaccreditation, such as getting
clinicians with high clinical demands off the hospital floor as
well as coordinating recourses and educator time [7].

During face-to-face training, a significant amount of time is
spent exploring the technical elements of the ALS agorithm
and management, such as drug dosages and timings, rhythm
interpretation, defibrillation timings, differential diagnoses, and
more. Although these technical elements are important, the
exploration and training of them detracts from time that could
be spent usefully on the equally important nontechnical elements
of ALS management such as communication, teamwork, and
situational awareness[8]. These resource chalengeshavedriven
a need moving forward to focus on efficient and scalable
high-quality health education [9,10].

Objectives

There is a known and well-represented correlation between
reducing the time taken to identify patient deterioration and a
marked improvement in patient outcomesin theinpatient setting
[11]. As a result, multitiered rapid response systems and
mandatory standardized triggers for escalation in patient

management have been implemented, leading to earlier
identification of patient deterioration [12]. A recent systematic

http://games.jmir.org/2020/3/e20797/

Mooreet al

review showed that this early identification has resulted in a
pronounced decrease in the number of cardiac arrest calls
occurring in inpatient populations [13]. The challenge this
presents for clinicians is that cardiac arrest management has
now become alow-frequency yet high-stakes event. Thisinturn
means that clinicians have reduced opportunities to perform
ALS and consolidate skills. However, when required, they are
expected to execute these skills at the highest standard. Even
with exposure to these skills in a clinical setting, clinicians
require more than practice alone, as further feedback and
education are essential [10].

Clinicians and educators must, therefore, explore modalities
and technol ogies that can overcomethe barriers of cost, access,
and frequency of exposure[14]. Some of the ways of addressing
these challenges include simulation-based learning using the
latest technologies (eg, virtual reality [V R], which has generated
a growing interest in recent years [15]). Studies have
demonstrated improved performance when using VR for basic
life support training [16], but thereislimited information about
what usersof AL S systems need, specific design considerations,
and wayswe can improve user experience and engagement with
thetraining [17].

The main objective of this study is to identify key user needs
and guidance for designing VV R-based educational resourcesfor
ALS providers. We achieve this through an exploratory study,
using avirtual AL S training module we have created.

VR Technology for ALS Training

VR offers a number of novel capabilities that have promising
potential in providing new kinds of support for educators
[18,19]. The ability to visualize and interact with 3D
representations in real time and visuaize the dynamic
rel ationships between variables in acomplex environment [20]
makes for acompelling use casein the context of ALStraining.
In addition, VR technology provides a simulated environment
that can help users recreate an experience which would
otherwise be difficult to have [21]. Finaly, VR provides a
uniqueimmersive experience that blocks out the physical world,
resulting in the user believing or feeling they are present in the
VR environment [22].

These affordances of VR make it an intriguing platform to
explore for ALS training. There have been a few attempts at
developing similar VR-based training such as Health Scholars
ACLSVirtua Reality training [23] or dualgood ACLSand ALS
training [24]. However, there are a number of limitations
associated with using these platformsin our context, including
potential costs as a commercia product and a lack of
customization of the training modules, which are based on the
American Heart Association guidelines [25] and differ from
those endorsed in other countries, such as the Australian
Resuscitation Guidelines [26].

In addition to system limitations that prevent the scalability of
some current ALS trainings in VR, there is currently a
knowledge gap about the perspectives and needs of the end
users, who should be included in the development of future
applicationsin thisfield [27]. A user-centered approach would
involve a careful and iterative process that takes into account
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the training requirements, determinants of positive user
experience among trainees, and usability of the system to
provide a smooth and engaging interaction in the virtual
environment. In this study, we describe and explore this
approach in the context of ALS training, and specifically in
relation to the most challenging role, that of the ALS team
leader.

Weidentified afew challengesfor designing VR to supplement
training for ALS team leaders, based on our own experiences
of delivering this type of training. One challenge is that
participants are often unable to recall information available
within the prescribed prereading on the face-to-face training
days. The concept of learner fatigue and disengagement when
faced with alarge amount of prereading iswell established [28].
The prereading for this program is a 188-page manual intended
as an ongoing resource; however, participants are expected to
have a basic understanding of the majority of the concepts
contained within prior to the program. The level of immersion
in VR has been shown to further facilitate information recall
presented in the virtual environment compared to a flat screen
[29], upon which the training manual could be viewed. This
effect can be amplified through creating a realistic setting in
VR to enhanceinformation recall [30]. Furthermore, VR enables
the user to explore alternate viewpointsin agiven scenario [20].
This could be used to enable the user to see the environment
from the viewpoint of other team members aswell asto review
their own performance from alternate viewpoints.

Interactive VR Simulationsin Medical Education

Interactive virtual simulations have been utilized in medical
education to provide students and clinicians engaging ways to
learn skills, abilities, and critical knowledge for real-world
applications[31,32]. Immersivevirtua environments (VE) have
been used in the context of health care education to offer
development of technical skillsin the areas of surgical training
[33] and clinical procedures[34], aswell asreplicating complex
team-based systems such as ALS [31]. Until recently, one of
the limitations of these VESs has been the need to have
high-powered computers, networks, and tethered head-mounted
devices (HMD) to provide high-quality VR. The release of the
Oculus Quest (Oculus VR), which has 6 degrees of movement
and a relatively low unit cost, has allowed for a standalone
portable, powerful, and immersive experience.

A notable example of VR-based AL Straining simulation isthe
app developed by Arizona State University [ 18], which provides
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amultiplayer collaborative gaming VE. Although there are clear
benefitsfor practicing asateamin adynamic AL S setting [35],
this requires multiple users to be coordinated to practice at the
sametimeinthe same VE. This posesasignificant logistic and
time challenge and does not alow individuals to rehearse on
their own time.

In this study, we describe asingle-player interactive simulation
that overcomesthe limitations mentioned above. We devel oped
a prototype VR app that contains elements of interactive
simulation, which we then used to study the factors relevant to
users’ needsto deliver apositivetraining experiencethat isalso
easy to use. Elements that were of particular importance to the
interactivity of the experienceinclude gameplay, aclear purpose,
and realistic representation of current environments [36].
Design

In our experience developing several simulation and
flipped-classroom supplemental training assets, any solution to
supplement ALS training needs to be flexible and meet the
requirements of both the educators and clinicians. We identified
two primary usage opportunities that could be of value to the
identified audience of an interactive VR-based app and used

those to create a frame of reference for prototyping our app,
named ALS-SimVR.

Thefirst is the opportunity to use the VR app intermittently in
aclinical setting. There is often an overlap period of 30 to 45
minutes during handovers that is traditionally allocated to
in-servicetime. Designing for this opportunity means ensuring
that the VR app alows for a complete experience for the user
within thesetimeframes. Thisalsoimpliesthat the ALS-SImVR
app should be deployed on a portable device and require little
to no setup time.

The second opportunity isthe use of the app for preparation or
refreshing knowledge during the user’s private time (eg, at home
or in their office). Similarly, this requires portability and an
€asy setup process.

ALS-SimVR Application Walkthrough

Theinteractive simulation placesthe user in the position of ALS
team leader and alows them to direct the team in the
management of apatient in cardiac arrest [37]. Thevirtual space
as seen from the team leader’s point of view isshown in Figure
1
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Figure 1. In-game user view displaying the team leader’s perspective.

e

Upon commencement of the scenario, the team leader is
presented with a handover from one of the virtual team
members, outlining the current clinical situation. The team
leader is then free to manage the patient as per their clinical
judgement. All management decisions are made by clicking on
a virtua team member using the Oculus Go controller via
dropdown menus that appear above the virtual team member’s

Figure 2. Interactions with virtual team members.

Moore et al

head. These decisions are all recorded and represented on the
scribe notes within the application, which are available as a
reference for the user. Throughout the scenario, realistic prompts
are provided by the virtual team members, such as “difficulty
ventilating the patient” or “nearing 2 minutes of CPR,” all of
which are generalizable clinical cueswhich replicate real-world
team function (Figure 2).

CPR Nurse

Vital tasks such as defibrillation, drug and fluid administration,
compression/ventilation ratio and rate, role swapping,
intravenous access, and airway management are al available
asdecisionsand arereplicated redlistically in the scenario. The
user is freeto make decisions at any time they choose, whether
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the decision is correct or incorrect. Those choices and timings
form the assessment provided at the culmination of the scenario.

The scenario within ALS-SimVR mirrorstheface-to-face ALS
training at Westmead Hospital in New South Wales, Australia
The base scenario was designed in consultation with senior
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clinicians directly involved in cardiac arrest management and
reviewed to realistically replicate a common presentation of
cardiac arrest. The scenario mimics pathology and decisions
that are generalizable across Australia.

Overview of the ALS-SImVR App Architecture

The application was created initially for deployment on the
Oculus GO. The portable nature of these devices means that
clinicians can practice at their own pace prior to attending an
ALS program session or annual reaccreditation.

ALS-SimVR wasbuilt using the Unreal game engine[38]. This
choicewas made asit is considered to have textures and editing
capacity and provides a finished product of a high visual
standard. At the heart of the ALS-SimVR app isthereplication
of the complex decision-making processes. The actions are
broken down into small segments of code that populate decision
trees. Using Unreal visua scripting, these actions and
descriptions were formed into nodes. These nodes were then
compiled together to make blueprintsthat convert user decisions
into game-based actions. The use of blueprintsallowsfor actions
containing code, audio, animation, and facial motion capture
to easily be used in other sequences and scenarios. Running
concurrently with the application were analytics that recorded
al decisions and interactions. These analytics alow for the
generation of the user feedback document provided upon the
completion of the scenario. The analytics also populated the
scribe notes, which were available for reference upon user
request during the scenario. Thisisavital resource utilized by
clinicians during AL S events.

Methods

Intotal, 10 clinicianswith AL S experiencein both clinical and
educational settingswererecruited to provide expert input. The
research was approved by the University of Sydney Human
Ethics Committee (2016/089). All participants compl eted written
informed consent forms.

At the start of the experiment, participants were given a brief
overview of the study and instructed on how to use the Oculus
GO headset. Participants then performed a playthrough of the
cardiac arrest scenario and managed the patient as they would
inareal clinical setting. Their sessionswere recorded using the
Oculuslivestream feature and ran for approximately 10 minutes.

Upon completion of the scenario, a semistructured interview
was conducted, which was audio-recorded with the participant’s
permission. Each interview lasted approximately 20 minutes.
Participants were first asked about their immediate overall
impression and experience. Participants were then asked about
the usability of the application and their own performance.
These usability questions asked the participant for their thoughts
about the 12 heuristics items in Sutcliffe and Gault's heuristic
evaluation of VR apps [39], which were read out to the
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participant to ensure aconsistent but broad coverage of specific
performance aspects. If the participant’s response was vague,
theinterviewer asked for further clarity. The heuristicitemsare
thefollowing: natural engagement, compatibility withtheuse's
tasks and domain, natural expression of action, close
coordination of actions and representation, realistic feedback,
faithful viewpoints, navigation and orientation support, clear
entry and exit points, consistent departures, support for learning,
clear turn-taking, and sense of presence. Next, the participants
rated the severity of performance issues relevant to each item
on a 4-point scale (Severe, Annoying, Distracting, or
Inconvenient) as per the standard questionnaire [39].

Finally, participants provided any further comments before
completing the Université du Québec en Outaouais Revised
Presence Questionnaire (PQ) with 24 items, each rated on a
7-point scale [40]. In the context of this study, we excluded
items 23 and 24 asthey were concerned with haptic experiences
that did not apply to ALS-SImVR. The 22 remaining items are
classified into 7 presence factorsin the PQ: realism, possibility
to act, quality of interface, possibility to examine, self-evaluation
of performance, sounds, and haptics. Each item is formulated
as aquestion (eg, How much were you able to control events?)
with the 7-point scale ranging from the lowest score (1=Not at
all) to the highest (7=Completely).

Results

Overview

Participants (n=6 female, n=4 mal€) had an average age of 40.9
(SD 9.48) years, and an average of 12.4 (SD 6.93) years of
experience providing or teaching ALS. All participants had
minimal to no previous experience in using VR in either a
personal or education capacity. All audio interviews were
transcribed by ablinded researcher. Two researchers (one expert
in teaching ALS in the clinica setting and another a
human-computer interaction researcher) worked together and
followed an inductive (or bottom-up) approach to the analysis
of qualitative feedback received from participants [41]. No
assumptions were made about a coding system and instead
participant statements were clustered based on similarity in
content, after which higher level themes were identified and
labelled. The analysis aimed to identify the needs and
expectations of the participantsrelativeto their experiencewith
the ALS-SimVR. The average ratingsfor usability and presence
werethen calculated to reinforce the statements provided in the
interviews.

Interviews

A number of insights were derived from the participant
statements, which were classified into five themes summarized
in Table 1, supplemented with brief descriptionsand subthemes
when relevant. Each of the five themes are discussed next.
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Table 1. User needs groupings and exemplar statements.
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User needs theme Exemplar statements

Affordances
Redlistic tasks Common clinical tasks should be available for completion in arealistic manner
Visibility Clear visible assets aligned with environmental orientation
Completion Clear commencement and completion prompt to task

Accessibility

Agency

Clarity asto how commands are given and accessed

The environment providing opportunity to control workflows autonomously and make choicesthat align with

prior experiences, such as multitasking

Diverse input modalities

Mental models

The environment replicates natural input modalities such as issuing commands verbally

The environment design and prompts align with how the clinical environment operates (eg, 2 minutes of car-

diopulmonary resuscitation completion)

Advanced roles

The ability to manage tasks at an acceptable clinical standard

Affordances

Overview

Affordances often represent relational approaches to the way
people interact with technologies [42]. In relation to
ALS-SimVR, we specify affordances as users’ concern for the
availability of action within the virtual environment. The
participants in our study noted four specific affordances that
needed to be addressed through design. These are detailed
below.

Realistic Tasks

Participants identified a need for the ability to do thetasksin a
virtual environment in arealistic manner, replicating theclinical
environment. Although the app was designed to recreate the
majority of theinitial requirementsfor AL S management, some
participants (in particular, more senior clinicians) were not able
to complete the tasks in a manner that mirrored real clinical
management. For example, the programming constraint in the
ALS-SimVR did not allow the participants to return to their
previous decisions and change what they had previously done,
which istypical in patient management.

Visibility

Participants highlighted the need for visibility of actors and
objects they needed to interact with in the virtual environment.
For instance, the positioning of the nurse scribe avatar within
the virtual environment was visually inaccessible to the
participants (the avatar was slightly behind their right shoul der)
and it took awhilefor participantsto notice the scribe wasthere.
This resulted in some participants missing out on some of the
functionality of the app. However, once the participants had
oriented themselves, they reported the positioning of the team
members accessible and “good.” A design recommendation
emerging from this need is to alow more time within future
solutions of thistypeto alow usersto explore their surroundings
prior to commencing a scenario. Another example of visibility
issues that emerged in the study was that the three degrees of
freedom and resolution limits of the VR headset resulted in
some participants being unableto read or clearly visualize some
assets within the environment.

http://games.jmir.org/2020/3/e20797/

Completion

Knowing when all tasks were completed and the scenario had
actually ended was an affordance issue identified by some
participants. Upon completion of the scenario, the participant
was presented with alarge report document within the app titled
“Results” This provided them with feedback on their
performance, including compliance with the ALS algorithm,
defibrillation, and intervention accuracy. The report appeared
in the center of their vision, between the patient and the
participant. Some of the participants chose toimmediately close
the document without reading it and continued with the scenario.
Due to the design of the app, they were not able to find and
review that document at alater time, which seemed to negatively
impact their experience.

Accessibility

Participants highlighted the need for greater orientation in how
to start “playing the game.” One participant commented “I
needed guidance to know how to play the game.” Additionally,
participants wanted clarity around some design elements that
they could not identify affordancesfor. For instance, participants
did not realize how an interactive text box provided the available
interactions or tasks and how they could reopen them.
Participants expressed their preferences for interface
accessibility including readability of design elements (eg, larger
text size and clickable elements), visibility of design elements
(eg, amore comfortable distance to a pathology report that was
positioned too close), or flexibility of actions (eg, flipping
through a chart). These were departures from the realities of
managing patientsin the clinical setting and were consequently
deemed “annoying” by participants.

Agency

Participants wanted the opportunity and control to do things
autonomously, based on their personal experiences. In the
context of health care, this poses challenges as the complex
nature of managing unwell patients means clinicians make
different choices depending on their seniority, experience, and
education. Thisrequiresalevel of agency that was not supported
in ALS-SimVR. Additionally, having the agency to make such
choices may require multitasking, which the app did not enable.

JMIR Serious Games 2020 | vol. 8 | iss. 3 | €20797 | p.56
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

Participants wanted the capacity to plan ahead and even alocate
tasksto different team members.

Diverse Input Modalities

Participants discussed their desire for a diverse set of inputsto
the device, similar to rea life, for instance by using voice
commands in addition to using the hand controller. One
participant stated, “I just didn’t like not being able to talk” and
“1 wanted to talk to the team to ask for updates.” This particular
activity seemed divisive among participants with some
expressing an absolute need for it to reflect the real nature of
work and others stating this was not a problem for them.

Mental M odels

Overall, 3 participants identified instances where the actions
they took within the virtual environment did not align with the
approach they would take in the clinical environment (ie, their
preconceived mental models). Clinical decisions made within
the ALS-SmVR are recorded and analyzed to form an
assessment of user performance at the completion of the
scenario. The way this is programmed within the app meant
that once those decisions are made, they cannot be undone or
revisited. Thiscreated adisconnect for anumber of participants
whose mental models or real-world practice would entail
frequent reassessment of their patient and decisions to escalate
the situation accordingly.

Advanced Roles

A number of additional rolesinthe ALS-SimV R scenario were
suggested by the participants to create new interpersonal

Mooreet al

interactions within the app, for example to access the patient
assessment report by asking someone on the team instead of
clicking on the patient. One participant noted that the scenario
“didn't have extra people” Another reported the “need to
practice with team members not knowing their roles perfectly”
is a constant challenge for real-life implementation of this
training. Other suggestions included advanced roles (through
avatars) for cardiopulmonary resuscitation and to demonstrate
listening to the chest.

Usability Heuristics

The participants rated the severity of each heuristic item [39].
Two items (Item 7 — Navigation and orientation support, and
Item 11 — Clear turn taking) were eliminated from the analysis
as they were not relevant to this application. The ALS-SimVR
isasingle player experience that did not allow the user to move
intheir environment and did not involveturn taking. Theresults
of theseratings are summarized in Table 2. The number of issues
reported for each item and their corresponding severity was
calculated. For instance, for thefirst item (natural engagement),
wereceived 2 statementsimplying a“ severe” issue, 5 statements
implying an “annoying” issue, 8 statements implying
“distracting” issues, and 11 statementsimplying “inconvenient”
issues. A total scorewasthen calculated for each item by adding
the total number of reported issues.

Overall, 3itemsclearly had the highest usability issues: Item 1
—Natural engagement (with atotal score of 26), Item 3 —Natural
expression of action (with a total score of 31), and Item 12 —
Sense of presence (with atota scoreof 15). Thisisanindication
of areas of priority for improving the usability of ALS-SImVR.

Table 2. Results of heuristic responses, noting the number of statements relevant to each item and the corresponding severity ratings.

Heuristic item Severity rating Total/item
Severe Annoying Distracting Inconvenient
Natural engagement 2 5 8 11 26
Compatibility with users’ task and do- 1 _a 3 5 9
main
Natural expression of action 2 3 15 11 31
Close coordination of actionand repre-  — — 2 1 3
sentation
Realistic feedback — — — 2 2
Faithful viewpoints 1 1 — 2 4
Navigation and orientation support — — — — N/AP
Clear entry and exit points — 3 1 3 7
Consistent departures — - 1 1 2
Support for learning 1 2 3 5 11
Clear turn taking — — — — N/A
Sense of presence 1 — 4 10 15

ot available.
BN/A: not applicable.
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Presence

The participant responses to the relevant 22 items on the PQ
were compiled. The standard scoring system classifies the
responses into 7 themes: realism, possibility to act, quality of
interface, possibility to examine, self-evaluation of performance,
sounds, and haptic (not present in this study). Therating scores
received for al itemsrel evant to each theme were averaged and
then summed. The average rating scores and standard deviations
of the 7 themes are presented in Table 3.

Mooreet al

Thefindings suggest realism received the highest score (average
score 35, SD 10.1), indicating the success of ALS-SmVR in
replicating arealistic experience and potentially resulting in an
enhanced sense of presence in the virtual environment.
Conversely, self-evaluation of performance received the lowest
score (average score 10.6, SD 3.3), indicating apoor experience
of self-evaluation, which diminishes the participant’s sense of
presencein the virtual environment.

Table 3. The average rating scores on the 7 Presence Questionnaire items indicate the participants experience of their presence in ALS-SimVR, a

virtual reality Advanced Life Support training application.

Presence Questionnaire item Average (SD)
Realism 35.0(10.1)
Possibility to act 21.9 (5.6)
Quality of interface 13.1(5.0)
Possibility to examine 14.0(3.9)
Self-evaluation of performance 10.6 (3.3)
Sounds 16.5(5.4)
Haptics N/A2

3N/A: not applicable.

Discussion

Principal Findings

Our findings provide insights as to how VR applications could
be improved to better address the needs of clinicians in the
context of ALStraining. Thereisevidencethat the use of virtua
patients can be beneficial to increasing the engagement of
clinicians [43]; however, the evidence on how that can be
achieved is limited. Our study explored specific user needs to
improve their engagement with the interactive simulation
training app. We conducted usability testing and interviews
with 10 expert participants with experience in ALS. Their
feedback revealed important consideration for the ALS-SimVR
app in five categories that stipulate how VR training should be
situated to support the learning experience: affordances, agency,
diverse input modalities, mental models, and advanced roles.
These provide detailed design directions for improving
ALS-SimVR and devel oping any application of thistypeinthe
future.

The usability testing revealed higher scores for natura
expression of action, natural engagement, and sense of presence,
indicating areas of improvement. Lower scores for usability
items such as consistent departures, realistic feedback, as well
as close coordination of action, representation, and faithful
viewpoints, indicate areas in which ALS-SmVR performed
well. Thefindingsfrom the PQ complemented, gave scope and,
in some instances, reinforced some of the findings of the
heuristic-based usability testing and uncovered additional user
perspectives. For instance, realism and possibility of actions
were scored high in the PQ, which can be attributed to the
natural engagement and expression of actions mentioned in the
usability tests. These are discussed further in this section. The
interview findings revealed important avenues for further
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investigation into the design of future applicationsin thisfield,
especially in relation to what affordances should be prioritized
in design and potential challengesto user engagement.

Clinical Training Through VR: Situating Affor dances
in the Learning Experience

Itisclear from our findings that any VR application for health
care training must capture accurate and realistic affordances.
Previous evidence linked realism to successful VR training, for
instance in surgical training [44]. Our assessment of the
ALS-SImVR yielded mixed results.

On the one hand, realism was scored high in the PQ but on the
other hand, a relatively high number of presence issues were
identified through the heuristic usability testing, with most issues
linked to natural expression of actions. Clear opportunities for
future development, based on collected feedback, pointed to
the need for clarity and accessibility in problem-based |earning
[45], which underlined the training experiencein ALS-SImVR.

The clinicians who participated in our study desired an
educational packagethat allowsthem to function asthey would
in the clinical environment in a high-fidelity, redistic, and
engaging way. Thisremains an ongoing challengein the design
of VR-based health care training simulations [19] due to the
complex management choices and decision making required to
care for deteriorating patients. Our findings suggest clear
directions for addressing some of these challenges.

We propose that designing for realistic affordances should focus
on “redligtic actions” afforded to trainees in the virtual space.
For instance, the interactive VR simulation should allow users
to perform tasks in a realistic manner, to have good visibility,
a clear beginning and end to tasks, and the ability to give
commands. The latter, in our experience, is more challenging
to achieve. Thisis also clear from the notable number of issues
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relevant to natural engagement (see Table 2), as our participants
demanded the ability to walk around the virtual environment.
Thismirrorsreal-world AL Straining where, although the team
leader stands at the foot of the patient bed, they often move
around to get a better view. This was not afforded by the
ALS-SimVR hardware, which at the time only offered three
degrees of movement.

Challenges and Opportunitiesin I nteractive M edical
VR Simulations

The thematic analysis of the interview results highlighted
interaction challenges for users. Our findings suggest that
diversifying the input modalities can be a remarkable
opportunity to improve the user experience in interactive VR
simulations. This is evident from the low score given to the
sound item on the PQ (Table 3). A contentious issue among
participants was the lack of voice control. A number of
participants stated that voice control would not be necessary
because the visual communication through the text boxeswithin
the app was clear and worked for them, and they felt they could
easily “fill in the gaps.” Other participants, however, desired
the opportunity to use voice as an input modality.

Whilethiswas an important issue, the literature provides limited
discussion around it. Addressing diversity in input modalities
has become a challenge the research team has devoted
significant time to but has not yet overcome. Voice control was
part of the initial design plan for the ALS-SimVR due to an
indication from other health care settings [46]; however,
implementing it isnot without significant challenges. In addition
to the computational and algorithmic challenges, there is the
issue of a hugely diverse cohort of individuas, all of whom
often use different language to convey the same information
using expressions drawn from a diverse and specific lexicon

[47].

As a result, we propose other considerations for diversifying
input modalities, such as the use of haptic inputs or hand
gestures. The use of simple Oculus Go hand controllersin this
study was met with mixed opinions by the participants due to
the limited number of actions supported by the controller. The
link between the choice of technology (or controllers) and
simulation experience in medical training is not trivial, and yet
lacking in the literature. Although our participants indicated a
preference for diverse modalities that were not supported
through the simple interactions offered by Oculus Go, our
observation revealsthe device did not interfere greatly with the
participant’s ability to perform the required tasks within
ALS-SimVR. One explanation for thiscould bethat whilst there
were some limitations in the design of the ALS-SIimVR app,
many of the actions and interactions required were still
achievable. However, the heuristics usability testing is designed
to identify “issues’ rather than highlight the positives, which
may haveled to thisemphasison the lack of diverse modalities.
Further investigation into this matter is therefore warranted in
future research.

Diversifying input modalities can potentially impact the
experience of agency [48]. Agency in VR is generaly defined
asthe experience of controlling actions and their consequences
inthevirtual environment [48]. Previousresearch hasillustrated
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that the sense of agency in VR is diminished when relying on
voice commands instead of hand controllers [48]. Therefore,
the challenge with using voice in VR apps similar to
ALS-SmVR is to combine it with other modalities that are
meaningful to users and give them a sense of control. Our
exploratory study did not addressthisissue. Further researchis
needed to identify which design features can improve the sense
of agency in VR clinical training apps.

Wefound that assessing the experience of agency is particularly
challenging. Agency is not directly addressed through the
guestionnaires we used in our research, but there are a number
of heurigtic itemsthat may belinked to the experience of agency
inthe context of ALS-SimV R. For instance, support for learning,
ability to coordinate actions, and compatibility of the app with
the user’stask and domain. Theseitemsalign with the definition
of agency as the ability to control actions. Additionally, the
results from the PQ indicated the satisfaction of our participants
with the " possibility to act”, which can beinterpreted as closely
linked to agency. We propose that future research should
specifically examine effective ways of evaluating agency in
interactive VR experiences in medical training.

Limitations

A number of design and methodological limitationsin our study
warrant further research. Enabling clinicians to change their
mind or edit decisionsin ALS-SimV R posed challengesfor the
designers. Assoon as any user choiceismadein ALS-SmVR,
it islogged and recorded to the database to generate feedback
during the game and compile the “result” report at the end. The
database was not designed to be edited once a decision was
made, which meanslessflexihility of actionsfor users. Creating
an updatable database requires more powerful hardware
processing capability and continuous reviewing. It would also
require alot more coding development to allow theinterruption
of ongoing animations triggered by previous decisions. These
were outside the available resourcesfor theinitial ALS-SImVR
prototype used in this study.

From the methodological perspective, we intended to conduct
an in-depth study; however, our sample sizeis small and from
a clinically nondiverse background and included participants
withlittleto no VR experience. As such, wereceived comments
regarding application orientation that may not be applicable to
more experienced users. Lack of VR experience made the
learning curve of the app more challenging for our participants,
as they had to familiarize themselves with a new technology.
In addition, the prototype did not have an in-built orientation
tutorial and the participantswere given abrief verbal orientation.
Additionally, with the high level of clinical expertise of the
study group, there is a potential bias from the high level of
clinical performance within the application. Future research
should address these limitations. The findings from our
qualitative study should be further validated through more
testing and quantitative methods should be used to objectively
address the five proposed themes.

ALS-SimVR: Next Steps

Previous research had suggested that high-fidelity interactive
training simulations can foster clinician confidence [49].
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However, in our study, new questions emerged on the effects
of fidelity and realism within the immersive virtual clinical
training environments. Questions targeting the realism of
ALS-SimV R concern participant engagement and reflection on
lived real-world experiences and underline the need for more
immersive visuals and audio. The orderly and “sterile” nature
of the current scenario detracted from the overall realism of the
experience for users as it did not align with the common
experience of clinicians responding to these events. This
perceived sterility also leads usto believe there isfurther scope
to explore therole of mental models and advanced roles within
the ALS-SimVR.

Theresponsibility of being the team leader in an AL S scenario
requires establishing and implementing mental models with a
high degree of awareness toward potential consequences. For
the effective management of a cardiac arrest or significant
clinical deterioration, ateam leader must be ableto preplan their
actions [50]. The ALS-SimVR app did not provide the
opportunity for clinicians to demonstrate this preplanning. The
linear nature of the decision-making process within the app and
inability to stack or preset actions throughout the scenario
distracted some users. A future iteration of ALS-SimVR will
need to support this type of processing.

ALS is an advanced skill set requiring advanced roles and
interventions [51]. The findings of this study highlighted that
the challenge of providing users with the ability to perform
these interventions must be considered and ideally overcome
to maintain engagement. Our participants frequently brought
up theimportance of practicing advanced rolesduring interviews
and thiswill inform future iterations of ALS-SimVR.

Since the completion of this study, a number of theseidentified
i ssues have been addressed and included in subseguent versions
of the application [52]. The application now runs on the Oculus
Quest headset, which allows for greater processing power,
higher resolution, and six degrees of freedom [53]. ALS-SimVR
now has randomization of eventsand resultsto allow for greater
replay ability, user performance is recorded and available for
their own viewing and reflection on aweb portal, and atutorial
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has been added to standardize theintroduction to the application.
Finaly, the animations and visuaizations have also been
improved.

Moving forward, the research team will gather additional data
using other iterations of the application to further guide design
and development for thisapplication and VR-based educational
designin general.

Conclusion

Interactive VR simulations and gameplays areincreasingly used
to augment traditional methods of clinical training suchasALS.
However, there is limited information about how design can
support the user experience and engagement needsin such VR
apps. This study presents user-centered research on
ALS-SimVR, an application designed to deliver ALS training.
Based on interviews and usability testing of ALS-SimVR with
10 experienced clinicians, we identified five main areas of
design considerations which should be considered when
developing VR applicationsin this context: affordances, agency,
diverse input modalities, mental models, and advanced roles.
It was determined that a desirable user experiencethat supports
AL Straining and learning needsin VR must afford autonomous
interactions within the VR app to alow users to complete the
required clinical actions and make decisions in a way that is
familiar to them and replicates real life. Diversifying input
modalities to include voice commands within the VR
environment may enhance the trainees’ experience of realism;
however, this must be approached with care and combined with
other modalities. Additionally, thetasksin VR must align with
clinicians' mental models for the role they are assigned in the
game and how they would normally approach that challenge
(eg, treating a patient). This may require careful consideration
of interactions with other advanced rolesin VR. The scale and
spectrum of theinterventions possiblein this setting can provide
challenges in creating a meaningful and realistic experience.
Theinsights generated in this study can inform the design and
testing of other similar VR-based training applicationsin health
care, which is an area that requires further research [54].

None declared.
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Abstract

Background: Chronic low back pain (cLBP) can interfere with daily activities, and individuals with elevated pain-related fear
(also known as kinesiophobia or the fear of injury due to movement) can develop worse long-term disability. Graded exposure
(GEXP) protocols use successive participation in avoided activities to help individuals overcome fearful movement appraisals
and encourage activity. We sought to develop a series of GEXP virtual reality (VR) walking and reaching scenarios to increase
the exposure and engagement of people with high kinesiophobia and cLBP.

Objective: This study aimsto (1) determine GEXP content validity of the VR application and (2) determine the feasibility of
individual s with cL BP performing locomotion-enabled physical activities.

Methods: We recruited 13 individuals with cLBP and high pain-related fear to experience six VR modules, which provide
progressive movement exposure over three sessionsin a1l week period. At session 1, participants ranked each module by likelihood
to avoid and assigned an expected pain and concern for harming their back rating to each module. Participants provided arating
of perceived exertion (RPE) after experiencing each module. To test feasibility, we administered the system usability scale (SUS)
and treatment evaluation inventory (TEI) following the final session. In addition, we measured pain and pain-related fear at
baseline and follow-up.

Results: The 12 participants who completed the study period assigned higher avoidance (P=.002), expected pain (P=.002), and
expected concern (P=.002) for session 3 modules compared with session 1 modules. RPE significantly increased from session 1
(mean 14.8, SD 2.3) to session 3 (mean 16.8, SD 2.2; P=.009). The VR application showed positive feasibility for individuals
with cL BP through acceptable SUS (mean 76.7, SD 13.0) and TEI (mean 32.5, SD 4.9) scores. Neither pain (P=.20) nor pain-rel ated
fear (P=.58) changed significantly across sessions.

Conclusions: The GEXP VR modules provided progressive exposure to physical challenges, and participants found the VR
application acceptable and usable as a potential treatment option. Furthermore, the lack of significant change for pain and
pain-related fear reflects that participants were able to complete the modules safely.

(IMIR Serious Games 2020;8(3):e17799) doi:10.2196/17799
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Introduction

Background

Chronic low back pain (cLBP)—Ilow back pain present for
longer than 3 months—isacommon symptom with an estimated
lifetime prevalence of 80% and is the second leading cause of
disability in the United States [1,2]. Treatment guidelines
include implementing self-care strategies (remain active, apply
superficial heat, etc) and pharmacological (acetaminophen,
nonsteroidal anti-inflammatory ~ drugs, €tc) and
nonpharmacological treatments (exercise therapy, cognitive
behavioral therapy, etc), but many cases resist traditional
treatment [3]. Historically, the biomedical model of pain
described the experience of pain solely through biological
mechanisms and suggested a predictable and linear relationship
between pain and tissue damage. However, this straightforward
relationship hasfailed to explain many clinical observations of
pain and has led to the uptake of a more biopsychosocial
approach to chronic pain, which considers the experience of
pain as adynamic interaction between biological, sociocultural,
and psychological factors[4,5].

The fear-avoidance model (FAM), a widely used theory that
attempts to explain the devel opment of chronic disability after
aback injury, identifies pain-related fear as a central cognition
that predicts long-term disability after musculoskeletal injury
[6-9]. Elevated pain-related fear is the belief that pain always
signals serious tissue damage, and the FAM postulates that
individuals with high pain-related fear will avoid physical
activities that they believe will further exacerbate pain, trigger
reinjury, or prevent recovery. Elevated pain-related fear greatly
affectsmovement quality and isrelated to  ower walking speeds
[10], modified reaching strategies [11], and reduced lifting
ability [6]. In line with the FAM, an estimated 7.6 million
Americansreport disability related to back problems, including
cLBP [2]. Accordingly, interventions that aim to increase
physical function and decrease disability may have greater
personal and societal impact than interventionsthat solely focus
on decreasing pain intensity [12-14].

Graded Exposure as an Approach to Alleviate
Pain-Related Fear

Treatments based on the FAM employ strategies to reduce
pain-related fear and activity avoidance. Graded exposure
(GEXP) is one such treatment, in which individualswith cLBP
and high pain-related fear rank activities based on fearfulness
and then progressively confront these fearful appraisalsthrough
activity [15]. The photographic series of daily activities
(PHODA) is a measurement tool commonly used to capture
how individuals rank expected pain and the harm of different
daily activities [16,17]. The PHODA includes activities that
participants can rank by perceived harm, such aswalking while
carrying shopping bags, twisting to take books off a shelf, and
mowing the lawn.

http://games.jmir.org/2020/3/e17799/

GEXP protocols aim to correct catastrophic misinterpretations
of pain sensations and reduce expectations of harm to the back,
leading to functional improvements. A small number of
randomized controlled trials have demonstrated that GEXP may
clinically reduce fear of movement and disability among cLBP
patients [18,19]. However, low patient engagement, high
dropout, and limited ability to provide exposure to specific
activities may limit the success of GEXP. Additionally, GEXP
in aclinical setting relies on the availability of physical space
and quality of clinical props to model relevant and lifelike
exposure scenarios, which often results in training scenarios
that are uninspiring and irrelevant to patient goals [20].

Virtual Reality asa Therapeutic Tool to Deliver GEXP

Virtual reality (VR) is a tool that can generate environments
not otherwise possible in a clinical or laboratory setting.
Previous research suggests that virtual environments can
enhance rehabilitative training and improve physical outcomes
[21-24]. GEXP VR protocols may enable cliniciansto prescribe
training scenarios that are not feasible in a traditional clinical
setting. Specifically, VR may enhance traditional GEXP by
offering tailored training based on patient goals, reduced
clinician workload, and improved patient monitoring through
movement tracking [25]. VR can generate an unlimited number
of objectsand environmentsthat may enhance patient interaction
and improve the intrinsic motivation of GEXP therapy.

Researchers and clinicians can categorize movement tasks by
body orientation (providing stability or transport), environment
(stationary or in motion), and object manipulation requirements
(holding an object or not) [26,27]. Several VR applicationshave
already shown promising feasibility and usability inindividuals
with cLBP [28,29], but to date, they have only provided
exposure to back-challenging activities (ie, reaching) from a
stationary position. Stationary reaching tasks can include object
manipulation (eg, reaching with an object) and a dynamic
environment, but they limit users to reaching from a seated or
standing position. Although this may be appropriate for some
users, this approach neglects reaching activities that are more
relevant to daily living that require body transport. Thus, these
systems limit users and force training to stop before more
complex tasks, such as movement that requires walking.

In response, we have developed an engaging,
locomotion-enabled GEXP VR application to address the lack
of applications that provide progressive movement challenges
for individualswith cLBP. The VR application, Lucid, consists
of six 3-min modules that challenge participants to complete
engaging activities in VR that require progressively more
challenging walking and reaching movementsin real life. The
progressive modules deliver exposure over 3 study sessionsin
aweeklong training period, where users experience 2 modules
at each session.

Objectives

Before evaluating the efficacy of the GEXP VR application on
pain-related health outcomes, we needed to evaluate the basic
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parameters of the application’s GEXP content and establish
how potential users respond to the application. In this study,
we aimed to measure the GEXP content (ie, How well did the
module goal sgradually challenge participantswith fear-inducing
movements) and feasibility (ie, Is it possible for participants
with cLBP to use the app?). To measure feasibility, we
specifically examined usability (ie, Can users accomplish
module goals with effectiveness, efficiency, and satisfaction?
[30]), safety (ie, Can users complete the module tasks without
experiencing harm?), and acceptance (ie, Do users find the
potential treatment option fair, reasonable, and appropriate?
[31]).

Hypothesis 1. GEXP Content

Before exposure to the VR modules, participants would report
higher expected ranked avoidance, higher expected pain ratings,
and higher expected back-related concern ratings for the more
challenging modul es compared with less challenging modul es.

Hypothesis 2: Acceptability and Usability

Participants would report that the VR application is acceptable
and usable, as determined by acceptability and usability scores
above the respective cutoff values.

Hypothesis 3: Safety

The VR application would be safe for participants with cLBP
to complete, as determined by no significant increase in pain
or pain-related fear over the study period.

Figure 1. Walking and reaching virtual reality application setup.

Hennessy et al

Methods

Equipment

We used a commercially available self-driven treadmill and a
VR system to deliver the VR walking experience (Figure 1).
Participants wore an HTC-Vive head-mounted display (HMD).
Depending on the module, participants held either a regular
HTC-Vive controller in each hand or a heavier, custom-made
controller weighing approximately 2 Ibs (Figure 2). The
KineAssist-MX (KA-MX), aspecialized self-driven treadmill,
allowed participants to set their own walking pacein rea time
and naturally trandlate in the VR environment [32,33]. The
KA-MX providesasafewalking environment, and several other
studies involving both nonimpaired and clinical populations
have used it [34-37]. The KA-MX consists of a pelvic
mechanism that attachesto participantsviaapelvic harnessand
allows participants normal hip range of motion [38]. As a
participant intends to take a step, the pelvic mechanism detects
theforce generated by the participant’s movement, and abuilt-in
algorithm converts this force to a proportional speed on the
treadmill belt. Participants could speed up, speed down, or
change direction simply by moving with the intended force in
the intended direction. We added a 2-kg upward force through
the device's unweighing function to counteract the weight of
the pelvic mechanism on the participants. The KA-M X sent the
treadmill speed to a computer via an ethernet cable, and the
HTC-Vive system tracked head and hand position. Users
walked, reached, and crouched in real life to move around in
the VR environment.

Head-mounted
display with motion-
tracking sensors

Handheld
controllers with
motion-tracking

Sensors
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Camera for
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system
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Figure 2. Weighted sword and shield hand-held controllers.

VR Development

We designed and developed the novel VR application, Lucid,
that encourages participants to practice real-world movement
tasks in a fun and engaging VR world. First, we identified
functional movements used in real-world activities by using the
movements included in the PHODA. The PHODA includes 8
movement types (ie, lifting, bending, turning, reaching, falling,
intermittent load, unexpected movement, long-lasting load
instance, or sit with limited dynamics) performedin either static
or dynamic positions [39]. From these movements, we selected
reaching, bending, and long-lasting loads to incorporate into
the VR walking challenges because they have been used in
previous studies to provide a graded challenge for individuals

http://games.jmir.org/2020/3/e17799/
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with cLBP [16,40]. Second, we designed VR activities that
required different levels of each movement task to complete.
These VR activities included goals such as fighting monsters,
crouching under branches, saving animals that challenged
participants to reach, bend to get under obstacles, and walk
quickly. We then incorporated the VR activities into six 3-min
modul esthat encouraged participantsto complete progressively
more difficult combinations of the movement tasks (Table 1).
We created the VR application, named Lucid, specifically for
this study through a Small Business Innovation Research grant
partnership with From the Future, LLC. We used Unity to
develop the VR application, which ran on aWindows 10-based
personal compulter.
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Table 1. Movement requirements and activity goals for the virtual reality modules.

Session Module Movement requirements  \/R2 activity goal
1 (low-intensity chal- 1 o  Walking: any pace “Walk at your own pace and rid the realm of monsters. Swing your sword to damage
lenge) « Reaching: requires  foesand block their attacks with your shield.”
one hand
« Bending: no
«  Carry weights: no
1 (low-intensity chal- 2 «  Walking: waking “Walk at an increased pace to save as many animals as you can. Monsters have
lenge) quickly started to prey on the wildlife, and it's up to you to save the animals before the
«  Reaching: requires monster consumes them.”
one hand
« Bending: no
« Carry weights: no
2 (medium-intensity 3 «  Waking: any pace “The monsters have desolated the land, and it’s up to you to collect food and coins
challenge) « Reaching: requires  for the realm. You are given two swords to reach both your foes and your itemsin
both hands all directions.”
« Bending: no
« Carry weights: no
2 (medium-intensity 4 «  Walking: any pace “Crouch under trees and tunnelsto explore more of the realm. You'll want to make
challenge) « Reaching: requires  sureyou avoid limbs and the ceiling, or you'll bring your journey to an end.”
one hand
. Bending: yes
« Carry weights: no
3 (high-intensity chal- 5 «  Waking: any pace “Wield aweighted sword and shield while you crouch under trees and tunnelsto
lenge) « Reaching: requires  exploremoreof therealm. You'll want to make sureyou avoid limbsand the ceiling,
both hands or you'll bring your journey to an end.”
« Bending: yes
« Carry weights: yes
3 (high-intensity chal- 6 «  Walking: walking “Wield aweighted sword and shield to defeat your enemies.”

lenge)

quickly

Reaching: requires
both hands
Bending: yes
Carry weights: yes

3/R: virtual redlity.

Inthe HMD, participants navigated awalking path and utilized
a VR sword and shield (Figure 3). Participants walked to
translate along the path and moved the HTC-Vive controllers
to wield the sword and shield. The VR application presented
module challenges throughout the trail. Participants did not
have to reach a certain distance in the trail or score a certain
number of points, so not accomplishing the goal because of
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RenderX

walking speed, reaching ability, or bending ability was not a
possible outcome. Rather, we simply instructed the participants
to do their best and focus on the modul e objective for the entire
3 min. Additionally, certain in-game collectible objects
temporarily equipped the participants with a special ability (eg,
longer sword) to help them with their goal.
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Figure 3. View through the head-mounted display as a user combats a monster while holding the virtual reality sword and shield.

e

Participants

We recruited potential participants through fliers, through the
web-based clinical tria registration, and from individuals who
participated in previous studiesin our lab. Weincluded potential
participants aged 18-65 years so that we could test the feasibility
in a wide age range of individuals who may benefit from a
GEXP intervention. We screened individuals over the phone,
and individual s were deemed eligible if they self-reported low
back pain for longer than 3 months, experienced interference
caused by their back pain in daily life, and reported elevated
pain-related fear. Participants were determined to have a high
level of fear if they scored greater than 10 pointson a4-question
pain-related fear screen that consisted of the 4 highest |oaded
items from the Tampa scale for kinesiophobia (TSK) [41].
Exclusion criteria included not passing a medical screen (eg,
inability to stand for 15 min, recent fall), pregnancy, and
significant medical conditions that impair movement ability
(eg, arthritis and plantar fasciitis). Additionally, we excluded
participantsinvolved in an activetraining study or alegal claim

http://games.jmir.org/2020/3/e17799/
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RenderX

so that our protocol did not influence other proceedings where
pain status is an important outcome. Author DB, a physical
therapist, interviewed each participant at the beginning of the
study period to determine that each participant had low back
pain in a chronic state and did not have a secondary condition
that would interfere with participation.

There were 12 participants (aged 43-60 years) with cLBP and
high pain-related fear that completed the study protocol (Table
2). One additional participant enrolled in the study but was
unable to schedule the VR sessions within 1 week, and we
excluded this participant from the analysis. Participants reported
an average pain of 6.4 (SD 2.1) for the previous 7 days before
the first study session on a numeric rating scale (0 for no pain
to 10 for worst imaginable pain). In total, 58% (7/12) of
participants were taking pain medications, none of the
participants had undergone surgery, and none of the participants
were in a physical therapy program at the time of the study.
Most participants (8/12, 67%) had back pain for more than 5
years.
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Table 2. Participant characteristics (N=12).

Hennessy et al

Characteristics Values
Age (years), mean (SD) 54.3(5.1)
Gender, n (%)

Mae 4(33)

Female 8(67)
Race, n (%)

Black 12 (100)
MPQ-sf® PRI (possible score range 0-45), mean (SD) 14.8(9.4)
MPQ-sf VAS® (possible score range 0-100), mean (SD) 52.3(23.6)
MPQ-sf PPl 9, n (%)

No pain 0(0)

Mild 1(8)

Discomforting 0(0)

Distressing 10 (83)

Horrible 1(8)

Excruciating 0(0)
TSK® (possible score range 17-68), mean (SD) 44.2(8.0)
Walking speed in VR’ (m/s), mean (SD) 11(0.2)

3\ PQ-sf: McGill pain questionnaire-short form.
bpRI: pain rating index.

SVAS: visual analog scale.

dppr: present pain intensity.

®TSK: Tampa scale for kinesiophobia (scores >37 are indicative of high fear).

'VR: virtual real ity.

Study Design

Participants attended 3 VR sessions (sessions 1-3) over a 1-week
period and a follow-up session 3 to 5 days after session 3.
During each VR session, participantstested 2 Lucid VR modules
in progressive order. Participants completed a baseline
guestionnaire at the beginning of session 1 and then afollow-up
guestionnaire at the follow-up session. The questionnaire at
session 1 included basic demographics, including gender, age,
and race. The institutional review board at the University of
Alabama at Birmingham approved the study design, all
participants provided written informed consent, and we
compensated participantsfor their time. The study sessionswere
conducted at a laboratory in the University of Alabama at
Birmingham.

Primary Measures of GEXP Content Validity
(Hypothesis 1)

Our primary GEXP content validity outcome wasthe avoidance
rank, expected pain, and expected concern participants assigned
to each Lucid module at baseline. Developed in the same style
as the PHODA, we developed a card for each module that
showed an avatar performing the movement required in the
module. We laid the 6 cards randomly in front of each
participant. Participants organized the cards in a row from the

http://games.jmir.org/2020/3/e17799/

activities they would be least to most likely to avoid. We
discreetly recorded the card’s position as the ranked avoidance
(1 for least likely to avoid to 6 for most likely to avoid), which
we used as a measure of how participants perceived the
difficulty of the modulesin relation to the other modules. Then,
to encourage participants to more critically evaluate the tasks
in each module, participants reported their expected pain if they
were to perform the activity (O for no pain to 100 for worst
possiblepain) and their expected concern and worry for harming
their back (0 for not at al concerned to 10 for extremely
concerned) for each card.

Secondary Measures of GEXP Content Validity

Secondarily, we also asked participants to provide their rating
of perceived exertion (RPE) after each VR module to measure
how participants rated their perceived effort during each VR
module [42]. To administer the RPE, we asked participants,
“How hard were you working during that activity?’ after each
module. The RPE scale ranges from 6 (no exertion) to 20
(maximal exertion), and we expected participants to assign
higher exertion for the moduleswith higher challengeintensity.
RPE is an accurate measure of perceived effort in individuals
with cLBP[43]. Additionally, at session 3, we asked participants
to rate the difficulty of the session modules compared with the
previously experienced modules (questions included in
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Multimedia Appendix 1). For each question, participants could
respond from O (much easier) to 10 (much more difficult).

Primary M easures of Feasibility (Hypotheses 2 and 3)

At the follow-up session, we administered the treatment
evaluation inventory-short form (TEI-sf) asthe primary measure
of acceptability. The TEI-sf is a 9-item questionnaire used to
measure intervention acceptability from the participants’ point
of view. Scores range from 9 to 45, and scores above 27 are
considered acceptable [31]. The TEI-sf isavalid measure [31],
and several other studies have used it to measure acceptability
in participants with back pain [44,45]. We also administered
the system usability scale (SUS) at follow-up as our primary
measure of usability. The SUS is a reliable 10-item usability
measure and includes statements such as*“ | thought this system
waseasy touse” and“| felt confident using this system” [46,47].
Scores range from 0 to 100, and an above average score is 68
or higher. Our primary safety outcomes were the differencein
pain and pain-related fear between basdline and follow-up, as
measured by the McGill pain questionnaire-short form (M PQ-sf)
[48] and the TSK [49], respectively. Both these constructs are
important in chronic pain management, and we wanted to ensure
that the GEXP VR application as a potential treatment option
did not negatively influence them. The MPQ-sf is a valid
measure that asks participants to respond to 15 pain descriptors
(eg, throbbing and tender) on a4-point Likert scale (0 for none
to 3 for severe) to measure the person’s pain rating index (PRI)
[50]. The MPQ-sf also includes avisual analog scale (VAS) to
rate current pain intensity on a continuous scale (0 for no pain
to 100 for worst possible pain) and a present pain intensity
index, which asksrespondentsto select 1 of 6 wordsto describe
their pain (0 for no pain to 5 for excruciating pain). We
administered the TSK at baseline and follow-up to measure
pain-related fear. The TSK isavalid and reliable tool to measure
fear of movement in individuals with cLBP [8,41,49]. TSK
scores range from 17 to 68, with scores greater than 37
indicating elevated kinesiophobia[8].

Secondary M easures of Feasibility

To measure pain changes immediately following each module,
we asked participants to mark their pain along a VAS before
and after each module. VAS measurements are a valid and
reliable method to measure pain in individuals with cLBP
[51,52]. After each session, participants also filled out a
custom-made questionnaire, which included statements such as
“1 felt challenged,” “It was fun,” and “I felt motivated” on a0
(not at all) to 10 (extremely) scale (questions included in
Multimedia Appendix 1).

Data Analysis

This study aimed to (1) determine the GEXP content validity
of the VR application and (2) determine the feasibility of
individualswith cL BP performing integrated physical activities.
We descriptively summarized demographic data.

http://games.jmir.org/2020/3/e17799/
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To examine the GEXP content validity of the graded modules,
we used Friedman testsand Dunn post hoc pairwise comparisons
with Bonferroni corrections to analyze ordinal data across
sessions (avoidance rank and RPE). For continuous data
(expected pain and expected concern), we performed arepeated
measures analysis of variance (ANOVA) acrossthe VR sessions
and performed post hoc pairwise comparisons with Bonferroni
corrections. We reported the means and SDs of how parti cipants
rated each session’s difficulty compared with the previous
Sessions.

To evaluate the feasibility of the VR application, we cal culated
the means and SDs of the TEI-sf, SUS, and postsession
guestionnaire. We performed paired t tests to compare
participant pain and pain-rel ated fear from baselineto follow-up.
We also used paired t tests to examine differencesin VAS pain
from before to after each module.

We performed Shapiro-Wilk normality tests to confirm the
normality of the distribution for dependent variables. For all
analyses, we collapsed the VR modules into 3 groups (session
1, session 2, and session 3), based on the 3 VR sessions. We
set the alpha level of significance to .05 (two tailed) for all
datistical tests. We checked the datafor underlying assumptions,
and datawere described and analyzed using IBM SPSS 25 (IBM
Corp).

Results

Primary M easures of GEXP Content Validity Results
(Hypothesis 1)

Participants assigned higher avoidance, expected pain, and
expected concern to the Lucid sessions that are designed to be
more challenging (Table 3). A Friedman test revealed that the
difference in avoidance was statistically significant (x22=15.1;
P=.001). Dunn post hoc pairwise comparisons indicated that
the difference between session 1 and session 3 was significant
after Bonferroni correction (P=.002). The avoidance difference
between sessions 1 and 2 and the avoidance difference between
sessions 2 and 3 were not significant. A repeated measures
ANOVA revealed significant differences across the sessions
for expected pain (F,,=17.9; P<.001) and expected concern
for harming their back (F,,,=16.83; P<.001). Pairwise
comparisonsreveal ed that expected pain was significantly higher
for session 3 than for session 1 (P=.002) and session 2 (P=.03)
after Bonferroni correction. The difference in expected pain
between session 1 and session 2 was also significant (P=.003).
Similarly, pairwise comparisonsreveal ed that expected concern
was significantly higher for session 3 than for session 1 (P=.002)
and session 2 (P=.008) after Bonferroni correction. The
difference in expected concern between session 1 and session
2 was also significant (P=.03).

JMIR Serious Games 2020 | vol. 8 | iss. 3| 17799 | p.71
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

Table 3. Avoidance rank, expected pain, and expected concern for harm.
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Mesasures and sessions Values 95% Cl
Avoidancerank (possible scorerange 0-6), median (IQR)
Session 1 2.5 (1.4) 2.0-2.8
Session 2 3.3(1.8) 2630
Session 3 5.5 (0.8)2 4.7-5.6
Expected pain ( possible score range 0-100), mean (SD)
Session 1 38.3 (254120 222545
Session 2 54.2 (25.2)P 38.2-70.2
Session 3 69.4 (22.2)%° 55.3-83.5
Expected concern (possible score range 0-100), mean (SD)
Session 1 42.3(27.5)°C 24.8-59.8
Session 2 57,5 (31.2) 37.7-77.3
Session 3 74.4(30.9)%° 54.7-94.9

85ignificant pairwise comparison between sessions 1 and 3.
bsj gnificant pairwise comparison between sessions 1 and 2.
CSignificant pairwise comparison between sessions 2 and 3.

Secondary M easuresof GEXP Content Validity Results

The average RPE dlightly increased over the sessions, and 83%
(10/12) of the participants reported ahigher exertion on session
3 compared with session 1 (Table 4). The Friedman test
indicated that the difference in exertion between sessions was

Table 4. Rating of perceived exertion.

significant (x22=10.0; P=.007). Post hoc pairwise comparisons
using Dunn method indicated that the difference between session
1 and session 3 was significant after Bonferroni correction
(P=.009). The RPE difference between sessions 1 and 2 and the
difference between sessions 2 and 3 were not significant.

Sessions Median (IQR) 95% ClI
L 14.0 (4.75)° 13.2-16.3
2 15,0 (4.75) 146175
s 17.0 (4.75)° 15.4-18.2

8possible scores from 6 to 20.
bsi gnificant pairwise comparison between sessions 1 and 3.

On the difficulty rating questions, participants reported that the
session 3 modules were more difficult than the session 1
modules (mean 6.1, SD 3.6) and session 2 modules (mean 5.9,
SD 3.5).

Primary M easures of Feasibility Results (Hypotheses
2and 3)

TEI: Acceptability

Participants responded positively to the VR application as an
acceptable potential intervention for cLBP. The average TEI
scorewas 32.5 (SD 4.9), which isabove the acceptability cutoff
score of 27. Scores ranged from 26 to 41, and 92% (11/12) of
participants responded at the cutoff score or above.

http://games.jmir.org/2020/3/e17799/

SUS: Usability

The average SUS scorewas 76.7 (SD 13.0). Scoresranged from
52.5 to 92.5, and 75% (9/12) of the participants reported that
the system was usable.

Pain and Pain-Related Fear: Safety

From baseline to follow-up, there were no overall changesin
the MPQ-sf PRI (P=.20), MPQ-sf VAS (P=.73), or TSK
(P=.58). In total, 67% (8/12) of the participants had improved
MPQ-sf PRI scoresat follow-up, and participants who improved
showed an average decrease of 7.8 (SD 5.1) points on the PRI.

Secondary M easures of Feasibility Results

In most of the VR modules, there were no statistically significant
changesin VAS pain ratings. However, VAS pain significantly
increased during module 6 (P=.02), the most physically
challenging module. In module 6, average post-VR pain rose
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t051.5 (SD 32.01) from the 44.0 (SD 28.5) pre-VR pain levels.
On the postsession questionnaire, participants responded
positively to the modules (Multimedia Appendix 1). After
on 3, participants responded that even though the modules
were challenging (mean 9.0, SD 1.4), they were al so motivating
(mean 9.0, SD 1.3), enjoyable (mean 8.7, SD 1.8), and fun (mean
9.1, SD 1.3).

Discussion

Principal Findings

In this study, we aimed to (1) determine the GEXP content
validity of the VR application and (2) determine the feasibility
of individuals with cLBP performing integrated physical
activities. Participant responses supported that the VR modules
provided progressive exposure to fearfully perceived tasks by
assigning greater avoidance to the modules designed to €elicit
greater fearful appraisals and present greater challenges. In
concurrence with the FAM, participants assigned the highest
expected pain and concern for harming their back to the modules
that they ranked with higher avoidance. For feasibility, the TEI
and SUS scores indicated that participants with high fear and
cLBPfound the VR application an acceptable approach to treat
cLBP and usable asa system. Additionally, the VR application
was safe, as participants successfully completed the GEXP VR
protocol without negative effects on pain or pain-related fear.

The GEXP VR application isan important step in using VR as
a potential treatment option because it allowed participants to
gradually practice real-life movements through VR activities
that reguire combinations of walking and reaching. Many daily
tasks require a person to combine walking and reaching abilities,
such as walking to open a door or carrying a bag of groceries.
Previous applications have provided exposure to stationary
tasks, but by incorporating these tasks into a walking
environment, there may be greater potentia to trandatelearning
into real-world activities.

The participant feedback we captured is consistent with other
studies that have tested VR apps designed for individuals with
cLBP. Thomas et al [28] reported the feasibility and safety of
aVR dodgeball intervention that encourages participantsto use
various amounts of lumbar flexion to achieve VR reaching and
bending objectives. They reported that their participants were
able to complete the VR activities with no adverse events and
that their participants responded positively to the VR activity
through agreeing with statements such as “ The game was fun”
and “The game encouraged me to move’. Yelvar et a [53]
reported that passively viewing VR walking scenes during
physical therapy may improve pain-related outcomes in
individuals with cLBP. Additionally, Fowler et a [54] studied
the use of VR to gradually expose veterans with chronic pain
to progressively more involved movements. They found that
gradua VR exposure was feasible but also reported that users
rated the activities, designed to progressively deliver more
exposure, with similar intensity ratings [54]. Although these
applications are useful to train specific movement tasks and
support that VR may be an acceptable way to address chronic
pain, the VR application described in this study isthe first app,

http://games.jmir.org/2020/3/e17799/

Hennessy et al

to our knowledge, designed specifically to apply VR GEXPin
an interactive walking protocol for individuals with cLBP.

Although weintentionally used a GEXP mechanismintheLucid
VR application to decrease the physical limitations caused by
activity avoidance, other factors may have helped participants
complete the modules. Distraction from pain is a well-studied
mechanism commonly used in acute pain [20,55]. We added
components in each module to increase movement exposure,
such as adding coinsto collect or animalsto rescue. These novel
components may have helped hold the attention of participants
and maintained distraction. Many participants reported that they
were less aware of their pain and that the modules distracted
them from their pain, and this likely contributed to their
expressed acceptance of the VR application. Therefore, although
VR GEXP may be a targeted way to progressively challenge
participants with cLBP, distraction may be an important
component to include in future VR applications.

The lack of observed elevations for pain and pain-related fear
acrossthe study sessionsreflectsthat individual swith high fear
and cLBP were able to successfully complete the challenging
activities without adverse consequences in these domains. In
line with our long-term intervention goal to reduce deficitsin
physical ability caused by activity avoidance, participants with
cLBP and elevated pain-related fear exhibited their ability to
perform functional movement activities such as walking,
reaching, carrying, and crouching despite experiencing pain and
pain-related fear.

Our study goal wasto test the GEXP content and feasibility of
the VR application, which we designed to improve the physical
abilities of individuals with cLBP by gradually exposing
participants to more difficult challenges. Given that chronic
pain can significantly interfere with one's goals and ability to
complete everyday activities, interventionsthat increase physical
ability are valuable. ThisV R application allowsindividual s not
only to interact in an interesting and challenging VR world, but
it provided physical challengesthat incorporated body transport
and reaching movements in a dynamic and motivating
environment.

Limitations

As our study design was to establish the content validity and
feasibility of the GEXP app, all participants received the same
activities in the same order. The lack of personalization could
have limited the GEX P experience for some of our participants
as we only provided exposure to these predefined movement
combinations. We do not believe thislimitation had asignificant
effect on our study outcomes as participants generally ranked
the activities by avoidance in the expected order. In addition,
although we used RPE to measure perceived effort, we did not
ask participantsto specifically rate the difficulty of each module
given their back pain. Participants may have assigned greater
effort to the higher intensity modules for reasons other than
back-related challenges. Participants who walked faster may
have had higher exposure as they were able to progress further
along the trail in 3 min. Additionally, we only recruited 13
individuals to test the VR app, and this potentially limits our
statistical power. To our knowledge, this is the first study to
test a VR GEXP walking protocol for individuals with cLBP,
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and it was essential to determine whether individualswith cLBP
could engage with the system and perform the challengesin the
novel walking environment before expanding into a larger
sample size.

Future Directions

The next step in this line of research isto explore the efficacy
of the VR application on pain-related health outcomes. For this,
wewould need alarger samplesize and alonger study duration.
Although this study focused on GEXP content and feasibility,
we would also need to explore how the VR exposure training
translates to real-world activities by measuring changes in
avoidance, disability, and physical function outside of the VR
setting. Additionally, futureiterations could improvethe GEXP
experience by allowing the participantsto rank agreater number
of activities and then experience modules tailored to how they
rank their avoidance of each task. This would improve the
personalization of the VR application and could alow
participants to experience atailored program more relevant to
their daily living. Although our study focused on the general
perceived effort of module activities, future studies could also
specifically ask about the perceived back-related challenge of
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activities to better characterize the GEXP. In line with using
VR to provide atailored therapeutic experience, future studies
should also explore how age, gender, and pain status influence
participation in GEXP VR therapies.

Conclusions

We have established that the VR modul es provided progressive
challenges and were feasible for individuals with cLBP and
high pain-related fear. The locomotion-enabled VR modules
allowed usersto freely walk and compl ete challenging physical
activitiesin amotivating environment that participants thought
was acceptable, usable, and safe. Expectation ratings, RPE, and
module difficulty responses support that the sessions and
comprising modules provided a progressive challenge, in line
with GEXP protocols. Despite presenting activities likely for
individuals with high fear to avoid, the graded VR walking
challenges did not increase pain or fear of movement. The VR
modul es provided exposure to physical activity challenges that
integrate reaching, walking, crouching, and carrying weights
while also providing a safe bout of exercise and an enjoyable
gaming experience.
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Abstract

Background: Adolescents with chronic kidney disease have a hard time adhering to hemodialysis as a therapy, indicating a
need to establish new alternatives for motivation and adherence to treatment.

Objective: The abjective of this study was to develop and evaluate a serious game to stimulate and motivate adolescents
undergoing hemodialysis.

Methods: We describe the technological production followed by a qualitative analysis. We invited 8 adolescents undergoing
hemodialysisin the city Goiania, located in the midwest of Brazil, to participate. Thefinal convenience sampleincluded 7 (87.5%
of the target population) adolescents. The process was conducted in 3 phases. creation of a serious game, evaluation of its use,
and observation of its motivating effect on behaviora modification with a focus on acquiring the necessary competence for
self-care.

Results:  An app (Bim) in the modality of a serious game was developed to be used during hemodialysis; the player was
encouraged to take care of acharacter with daily actions during his or her treatment. The game was made available to adolescents
aged 10-14 years. Mobile devices were offered during the hemodialysis treatment for a period of 30-40 minutes, 3 times aweek
for 60 days. The usage definitions of the game were freely chosen by the participants. The qualitative evaluation of the use of
the Bim app showed that it encompasses scenarios and activities that enable the exercise of daily actions for the treatment of
patients. The behavioral evaluation showed that the Bim app worked as a motivating stimulus for behavioral adherence to
hemodialysis requirements.

Conclusions: The easy-to-access app interface showed good operability for its users. The description of the character and
proposed activities contributed to motivation and ability to cope with hemodialysis care.

(IMIR Serious Games 2020;8(3):€17979) doi:10.2196/17979
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Introduction

Chronic kidney disease (CKD) isamajor public health problem
worldwide. It is estimated that the prevalence of renad
replacement therapy ranges from 18 per million to 100 per
million in youth under 18 years of age [1]. In Brazil,
approximately 700 young people under 19 years of age undergo
hemodialysis, according to the 2017 Census by the Sociedade
Brasileirade Nefrologia[2].

Hemodialysis patients are subject to extensive changesin style
and quality of life dueto arduous clinical and therapeutic control
of the disease, in addition to recurrent hospitalizations due to
complications[3,4].

Theimpact is greater among adolescents and negatively affects
their growth and development, in addition to contributing to
family disorganization, social exclusion, and the prospect of
death, which simultaneously affect their families and caregivers
[5,6].

With the difficulty in adhering to hemodialysis comes the need
to implement new strategies to facilitate care planning and
adaptation to hemodialysistreatment, in order to optimize results
in self-care promation, one of the main axes of health care for
this population [5-7].

The use of games has been proposed as an effective method for
behavioral changes, influencing theresults[8-10] and considered
as a potentially effective health intervention for treatment
adherence since it motivates self-care in adolescents by the
means of greater access to information on the disease [11-13].

eHealth has been reaching users of all social classes and age
groups, enabling the devel opment of tools such as serious games
and digital media focused on health educational processes
[8,11,13]. A study published in 2014 presented a serious game
developed to stimulate care in children with hemophilia [14];
however, there have been no games in this modality aimed at
adol escents undergoing hemodialysis yet [15].

Therefore, the objective of this study was to develop a serious
game that would encourage adolescents undergoing
hemodialysisto perform self-care and adhere to the treatment.

Methods

Outline

This study involved the technological production of the serious
game followed by a qualitative analysis.

An app in the modality of a serious game was developed with
a simulator and was complemented by a series of mini-game
actions to be used by adolescents under hemodialysis; the use,
motivational capacity, and game interaction of the app were
evaluated.

The process was conducted in 3 phases: creation of a serious
game, its evaluation while being used, and observation of the
motivating effect for behavioral modification, with a focus on
acquiring the necessary competence for self-care regarding the
adherence to medical nutritional instructions appropriate to the
condition of adialysis patient.

http://games.jmir.org/2020/3/e17979/
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Sample

The population consisted of patients aged 10-14 years
undergoing hemodialysisin the city of Goiania, in the midwest
of Brazil. The 8 patients undergoing hemaodialysis in the city
were persondly invited by the researcher. They were all
instructed about the study proposal and how it would be carried
out, and an adult responsible for each participant signed aterm
of consent. One of the adol escents did not participate ashe was
transferred to another state for a kidney transplant.

Thefinal study sample was defined by convenience and included
7 adolescents (87.5% of the target population). Participants did
not need internet access to play the serious game since the app
was already installed on the tablets distributed to each of them.

Theexclusion criteriaincluded refusal to participatein the study
and the presence of any cognitive deficit that could possibly
hinder the proper use of the app.

This study was given a favorable opinion by the Ethics
Committee on Human and Animal Medical Research of the
Clinical Hospital, Federal University of Goids, under the

consubstantiated opinion number 1.455.896 (CAAE:
53877316.9.0000.5078).
Study Phases

Phase 1: The Creation Process of a Serious Game

The app point of origin was the idea of using the Tamagotchi
device that has been used by children since 1990 and bringing
it to the universe of CKD. Other highlights are the applied
3-dimensional technology and visual identity of the character
referring to akidney that includes being red and having playful
and easily identifiable features.

The conceptual development of the Bim app was supported by
applied behavior analysis, which considers that the way
individual s describe the events with which they interact changes
their emotional response, which will in turn affect the behavior
of either approaching (joining) those events or walking away
or even fighting against them (not joining). Therefore, it is
science that describesthe role of individuals' behavior [16,17].

The experiential gaming model was used to reflect on the
educational design. Thismodel proposes a sequence of elements
that allow players to think over the knowledge acquired and
evaluate their own performance while handling the app, which
characterizes the activities as cognitive-behavioral [18].

Seeking to promote a sense of commitment in adolescents must
be considered, using a contextualized and positive perspective
and the capability of addressing diverse situations [19].

In the game, the graphics and icons are personalized, and
immersionisfavored by theinteraction with scenarios, everyday
situations, and caring for the character. Learning isachievedin
the understanding of health needs by the means of a scoring
system and a simulated response in the virtual environment.

The serious game was designed for tablets and smartphones
using the Android operating system, and the Adobe Photoshop
CS6, Adobe Illlustrator CS6, Maya 3D, and Unity 3D programs
were used. Product development was carried out at the
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Laboratory of Technologies and Media for Education at the
Federal University of Goias (LabTIME/UFG).

Phase 2: Evaluation of the Use of the Serious Game

During hemodiaysis sessions, adol escents and their companions
were informed about the research and invited to participate.
After providing written, informed consent, tablets with the app
installed were made available.

The Bim app was installed on a 7-inch Samsung Galaxy Tab
Tablet model E T113, with 8GB of memory, Android 4.4
system, and Quad Core processor with 1.3 GHz. This
configuration, according to developers, guarantees better
operability.

Mobile deviceswere lent to the adolescents during hemodialysis
treatment for a period of 30-40 minutes, 3 times aweek for 60
days. The game usage definitions were freely chosen by the
participants. Two resourceswere used to evaluate the use of the
game: semistructured interviews and onsite observation of use.

The semistructured interviews were conducted with the users
after the app availability period. We used 7 guiding questions
to identify the motivation to use the app and the perception of
care actions for the character. It is noteworthy that caregivers
were al so approached, to investigate their perceptions about the
app and identify possibleinterfaces of use with the performance
of self-care by the adolescents in the domestic or hospital
environments. The interviews lasted around 20 minutes and
were carried out according to the participants’ availability in
the hemodialysis environment itself. They were recorded in
mp4 audio and transcribed for analysis afterwards.

A weekly onsite evaluation was conducted to observe the use
of the app, totaling 8 observations while the tablets were
available. We selected 3 guiding criteria for observation to
identify the handling of resources, interest or motivation while
performing the activities, and the occurrence of favorable or
opposite situations in the self-care learning process provided
by the game usage.

Theimpressions identified in this step were recorded in afield
diary.

The data obtained during the semistructured interviews and in
the observation sessions were analyzed using content analysis,

http://games.jmir.org/2020/3/e17979/
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in the form of thematic analysis. The steps used for the data
treatment were guided by Bardin [20], which allows
systematizing the nuclei of meaning of the participants
responses. The participants in this study were organized by
letters and numbers, according to the order in which they were
interviewed (A-adolescent).

Phase 3: Behavioral Evaluation

The behavioral evaluation phase of this study was conducted
using applied behavior analysis methodology, which
encompasses behavioral science and seeks to observe and
analyze the effects of the use of the game on the behavioral
pattern of the participants, focusing on the increase in adherence
to the treatment demanded by the disease. In this sense, the
verbal and nonverbal responses given during the use of the game
by the participantsin this study were taken into consideration;
these responses were related to their capacity to discriminate
the effects of adequate or inadequate care given to the character
and its correlation to their own behavioral pattern in the face of
the disease and hemodialysis treatment they underwent.

Results

Serious Game Creation Process

The creation and conception process (Figure 1) required
meetings with the multidisciplinary team, which included a
graphic designer, game designer, nutritionist, pediatrician, nurse,
biologist, educator, and psychologist. During these meetings,
both theinterface and all the necessary aspects of the game such
asthe Booleans, parameters, and environments were discussed.

This version of the serious game offers a virtual environment
that includes a home and space for dialysis treatment (Figure
2). The graphic orientation intends to stimulate task
management, the ability to pay attention, and the ability to care
for the character. A box with a tag (presentation letter) is used
to activate it, and the tag reads (Figure 2C): “My nameis Bim.
Do you wanna be my friend? | like to play, eat and receive a
lot of affection. | just can’t take care of myself. | have aproblem
called chronic kidney disease. | can drink a little water, and |
need to take medicine every day. You know what I'm talking
about, right? That must be why they brought me to you.”
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Figure 1. Process of creating the character, which resembles a kidney. The various expressions are meant to corroborate with the player's perception

of the character's emotions while performing an action in the game.

As soon asthe game starts, the adol escent is encouraged to take
care of the character with daily actions that are experienced in
hisdaily lifeand health condition such as: food and water intake,
hygiene, use of medication, and dialysis session in severa
scenarios aluding to the domestic and hospital environments
(Figure 3).

The home screen contains self-explanatory icons. It also gives
access to a tutorial that enables the user to supplement
information about the use and other features of the app. The
actionsare guided by icons next to the screen that indicate, with
colors, the need for care or its excess (Figures 4 and 5)
(Multimedia Appendix 1).

The game parameters simulate the 24 hoursin aday andinclude
the following in its normal cycle: 6 meals, 3 opportunities for
water intake, 4 opportunitiesto use medication, 1 hemodialysis
session, 1 need for sleep or rest, and 2 opportunities for body
hygiene. The parameters are signaled by the following colors:
green (normal), yellow (aert), purple (lacking care), and black
(excessive care). However, the player is free to perform a
seguence of care.

http://games.jmir.org/2020/3/e17979/
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Each activity performed by the player is mediated by a score,
and each action that is considered positive or assertiveis given
ahigher score. The positive balance of points allowsthe player
to accumulate crystal bonuses that can be used to access mini
games that stimulate motor coordination and memory. The
additional gameplay provides an opportunity for more learning
associated with leisure (Figure 6). Musical features and the
character's interactive facial expressions are present in all the
bonus games.

Situations in which the avatar, in the case of Bim, was not
properly cared for could lead to its hospitalization. Once
hospitalized, the character remainswithout accessto any action
for 30 seconds, as shown in Figure 7. It was expected that,
during this period, the player would think about the action taken
with the character, which he should have taken care of,
considering the prescriptionsfor its health condition. Afterwards,
the parameters were normalized, the game was restarted, and
the accumul ated bonuses were lost.
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Figure 3. Scenarios in the serious game. A: living room; B: kitchen; C: bedroom; D: bathroom; E: hemodialysis room; F: hospital inpatient bed. At
the sides, the scenarios display commands (icons and colors) that guide or indicate the proper care to guarantee a higher score.

Figure4. Main app interface and game parameters. Note theicons for accessing the menu, mini games, and tutorial; for viewing points; and suggesting
the need for care: thirst (glass with water), hunger (fork and knife), medicine (pills), hemodiaysis (blood drop and arrows), hygiene (shower), and
fatigue (moon and stars). The icon colors green (norma parameter), yellow (warning sign), purple (lacking care), and black (excessive care) alow
combinations where hospitalization conditions are associated with lack or excess of care and the release of points to access bonus mini games.
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Figure5. Instructions for the parameters and conditions for hospitalization and the access to bonus games.

@ INSTRUCTIONS @ INSTRUCTIONS

Indicadores: PARAMETERS
O LACK

@ DRINK O NORMAL
@ FOOD . ALERT O EXCESS

@ CONDITIONS

RELEASE GAMES

®
® 6
® ©

Figure 6. Bonus mini games. A: home screen; B: BIMCEU, a mini-game that stimulates motor coordination by ascending platforms and avoiding
obstacles; C: BIMSOM, which requires the repetition of an increasingly complex sequence of sounds and colors until the final level is reached; D:
BIMPOTE, which encourages memory while searching for the character.

DIALYSIS
SHOWER

@ MEDICATION SLEEP

@ CONDITIONS

FOR HOSPITALIZATION

®©

If two indicators are not
on alert

Lack of food, medication or
hemaodialysis

3 indicators on alert, lack or

excess.

If everything is normal

BIMSOM 2= © ®
BIMPOTE 3. © ©

Figure 7. Hospitalization alert symbolized by an ambulance and the infirmary setting. The thermometer icon on the left side of the character's bed uses
color to indicate the recovery and discharge time.

Hospitalization

(42.8%) aged 13 years, and 1 (14.3%) aged 14 years. Of the 7

Evaluation of the Use of the Serious Game participants, 3 (42.8%) werefemale, and 4 (57.2%) were male.

For this evaluation, 7 adolescents were observed, aged 10-14
years. 2 (28.6%) aged 10 years, 1 (14.3%) aged 12 years, 3
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Time with CKD ranged from 6 months to 10 years; 4 (4/7,
57.2%) had been diagnosed with CKD lessthan 2 yearsago. In
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the entire sample, hemodialysis treatment had started less than
3yearsearlier; 5 (5/7, 71.4%) adolescents had been undergoing
hemodialysisfor up to 1 year. The average time of the dialysis
on was 3.5-4.0 hours, 3 times aweek.

In the qualitative analysis of the responses obtained from the
interviews, the following categories were identified: use,
motivation regarding the use of the serious game, perception
of the clinical condition of the character, and care actions
performed in the serious game.

The participants showed interest in the serious game, which
could be verified by the interaction and motivation that led to
the fulfillment of the activities proposed.

Table 1. Evaluation of the use and motivation to handle the Bim app.

Santanaet al

The game handling was considered simple by the participants.
There was agood understanding of the main panel, easy access
to scenarios, quick association of colors to the lacking of or
excessive carefor the character, and the perception that assertive
care generated crystal bonuses and their exchange gave access
to mini games (BIMCEU, BIMSOM, and BIMPOTE).

Themost accessed gamewas BIMPOTE, and the | east accessed
was BIMSOM, which was quite burdensome when it came to
memorization and achieving more complex levels. Table 1
shows the evaluated items and the adolescents’ impressions on
the use and motivation regarding the game.

Parameters and requirements

Response (n=7), n (%)

Yes No
Use of the game
Difficulty while playing 0(0) 7 (100)
Good handling of the main panel 5(71.4) 2(28.6)
Understanding the meaning of icons 7 (100) 0(0)
Understanding the meaning of colors 6(85.7) 1(14.3)
| learned from the game 7 (100) 0(0)
Most accessed mini game: BIMPOTE 4(57.1) N/AR
L east accessed mini game: BIMSOM 5(71.4) N/A
High number of BIM hospitalizations 2(28.6) 5(71.4)
Tablet crashed while playing 1(14.3) 6(85.7)
Motivation
| liked the character Bim 7 (100) 0(0)
| liked to take care of Bim 7 (100) 0(0)
| liked the colors and music in the game 7 (100) 0(0)
| would like to continue taking care of Bim 6 (85.7) 1(14.3)

8N/A: not applicable.

Analysis of the content of the responses also signaled that the
virtual reality proposed by the game enabled perception of the
character's clinical condition, which was similar to the
adolescents' redlities:

It is a good game showing our reality, of those who

have kidney failure. | thought it was cool for him to

undergo hemodialysis. [A1]

It's [the character's routing] normal, just like mine.

[A9]
The game, asaplayful activity, revealed potential for promoting
the learning of necessary actions for self-care, providing the
practice of the guidelines given by health professionals and
family members:

He cannot drink a ot of water or he[ the character]
might be swollen for hemodialysis. [A6]

I'm already used to it ... because | know how
hemodialysisis ... how my diet is. [A2]

http://games.jmir.org/2020/3/e17979/

The hospitalization context appeared to be commonly associated
with nonadherence to food care:

A little difficult! Because he is going to the hospital!
He wants to eat something, but he can't! [A4]

Degspitethis, it allowed the association of unfulfilled care with
the emerged complication:

| learned that if don't take the medicine, we end up
at the hospital. [A1]

| learned that we have to keep a proper diet;
otherwise, we' Il get sick and be hospitalized! [A7]

On the other hand, it was observed that the character's
hospitalization was perceived with curiosity by the youngest
participant, who repeated the nonassertive care to prove the
effects of damage on the character. When she was questioned
why the character was always being hospitalized, A3 replied:
“l gave him a lot of water!” This adolescent was unable to
adhere to water restrictionsin her daily life, as reported.
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Behavioral Evaluation

The verbal reports obtained from the evaluation of the use
showed that the serious game was a motivating stimulus (Sr+:
positive reinforcing stimulus) not only for the
patient-participants (A1, A2, A5, A7), as highlighted, but also
for their caregivers and even the assisting professionals who
were able to interact with atechnology that taught the patients
instructions they wanted them to learn and practice. The
patient-parti cipants noticed that the character’s health condition
was similar to theirs; they were also able to observe the
consequence of the emitted behaviors, asine qua non condition
for behavioral modification, which implies a wide learning
process. They discriminated (Sd: discriminative stimulus) that
incorrectly medicating the character (R: response to the
condition of a patient with CKD undergoing hemodialysis) led
to hospitalization, as well as releasing (R) a larger amount of
water meant that he arrived to hemodialysis with very atered
wet weight (C: aversive consequence generated by the opposite
behavior to what is instructed to patients under treatment for
this disease). Sensitization of the caregivers while monitoring
the adol escents during the operationalization of the seriousgame
was also observed: This made the adolescent watch the effect
on the character and understand what not following the treatment
instructions produced in his own organism, as highlighted by
the caregiver of A4:

That's what she goes through! She's there playing
something she livesin day to day, right? She realizes
what is going on in the game, nothing better, right?
[caregiver of A4]
A relevant description was also presented by the caregiver of
Al

Nowadays, for their age group, it's all about game,
it'sall about theinternet. (...) what isreally going to
affect themisright there. [caregiver of Al]

They learn by the means of tools, that is to say, “teaching
machines,” or by the means of the serious game, “game or
internet.”

Discussion

Principal Findings

In this study, we developed a serious game to be used by
adolescents during hemodialysis sessions. This app has a
straightforward interface and guidelinesfor game usage. Itsuse
during the session provided the adolescent with an experience
that allowed both the routine and duration of the treatment to
bereduced. The activities proposed by the game al so contributed
to the biopsychosocial aspects and their orientation towards
self-care.

Recent studies show the potential of seriousgamesinimproving
young people's health outcomes. However, few refer to its use
by adol escents undergoing hemodialysis[21]. In this scenario,
the individual’s interaction with virtual and multimedia
resources, such as interactive games, works as a reinforcing
contingency to favor learning [8,10,22-24].

http://games.jmir.org/2020/3/e17979/
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The expansion and use of technology arerelated to overcoming
mobility barriers [25]. The young population has shown good
receptivity to educational electronic media, asthey already use
the internet and other technological resources daily [26-28].

A meta-analysis on the promotion of a healthy lifestyle by
serious games has shown a positive effect; the most significant
benefits were the understanding of clinical results and the
maintenance of healthy long-term behaviors [29].

The insertion of serious games in both hospital and domestic
contexts can lead to immersion in the experienced issue,
providing an opportunity to discuss the conditions for health
promotion, in addition to promoting reflection on unhealthy
habits or inefficient care [14,26,28,30,31].

Asfar asweknow, thisisthefirst study that developed an avatar
that proposed the learning of self-care focused on adolescents
undergoing hemodialysis. The behavioral evaluation guided the
presence of the reinforcing stimulus, which motivated the
adolescents, their companions, and health professionals, and
they could observe the consequence of the performed behaviors.

Games canimprovethe availability of reinforcing contingencies
and establish motivating contextsfor the modeling of necessary
behavioral topographies, such as those required to accomplish
the treatment of patients with CKD [21,32].

The use of serious games with playful guidance can
appropriately guide the care of adolescents on hemodialysis.
That said, a long-term evaluation with a larger number of
patients may demonstrate interference (favoring adherence to
treatment) in clinical aspects. The availability of games for
caregivers can also reinforce the desired behavior change.

However, it is worth noting that even though it is an
unprecedented device — a serious game for adolescents with
CKD — it is still the first version and therefore needs to be
optimized. In thisregard, the present study opened new research
horizons with the Bim app, in terms of a game, improving its
navigation, improving the warnings and reminders to the user,
increasing the interaction interface between the avatar and
player, seeking to broaden humanization, and expanding the
mini games.

When it comes to the users and caregivers, both training and
engaging activities should be developed in the app;
consequently, the app should be turned into part of a digital
platform where both the patient and caregivers can be offered
important information on the disease and how to better manage
it. Expanding its perspective, the Bim app could be programed
for other avatars with other chronic diseases such as obesity
and cystic fibrosis.

Conclusion

The results measured in this study emphasize the lived
experiencefor the devel opment and eval uation of aninteractive
app, in the serious game modality, to be used by patients
undergoing hemodialysis. Theinterface proved to be atool that
contributes to the motivation and reinforcement of the care that
adol escents need during treatment. Therefore, these results are
expected to expand current knowledge about the effectiveness
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of mobile health interventions in renal replacement therapy so  that thistool can be used by this population.
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Abstract

Background: The sense of embodiment (SoE) is the feeling of one's own body, and research on the SoE extends from the
rubber hand illusion to the full-body ownership illusion with a virtual avatar.

Objective: The key to utilizing a virtual avatar is understanding and controlling the SoE, and it can be extended to several
medical applications. In this study, we aimed to clarify these aspects by considering the following three subcomponents of SoE:
sense of agency, ownership, and self-location.

Methods: We defined ahuman avatar (HA), point light avatar (PLA), and out-of-body point light avatar (OBPLA) and compared
them in three user studies. In study 1, 28 participants were recruited and the three avatar conditions (HA, PLA, and OBPLA)
were compared. In study 2, 29 new participantswere recruited, and there were two avatar conditions (HA ad PLA) and two motion
synchrony conditions (synchrony and asynchrony). In study 3, 29 other participants were recruited, and there were two avatar
conditions (PLA and OBPLA) and two motion synchrony conditions (synchrony and asynchrony). Dependent measuresincluded
sense of agency, ownership, and self-location; emotional response; presence; and simulator sickness.

Results: The findings of study 1 showed that the three avatar generation methodologies can control the sense of ownership and
self-location in a stepwise manner while maintaining a high sense of agency. In studies 2 and 3, we found dependencies among
the three subcomponents of SoE and observed that they affected users’ subjective experiences.

Conclusions:  Our findings may have implications for boosting the effects of virtual avatar applications in medical areas, by
understanding and controlling the SoE with a full-body illusion.

(JMIR Serious Games 2020;8(3):€21879) doi:10.2196/21879

KEYWORDS
embodiment; virtual avatar; full-body illusion; motion capture; virtual reality

experiences himself/herself [3,4]. In the field of cognitive

Introduction neuroscience, embodiment isrelated to how the brain expresses

The sense of embodiment (SoE) is the feeling of one's own
body. When we move our bodiesin our everyday lives, we feel
the SoE unconsciously. The SoE is intimately related to the
sense of self and is considered as the starting point of having
self-identity [1,2]. The term embodiment has been defined
differently in various contexts. From aphilosophical perspective,
embodiment is considered to be how a person defines and
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the body [5,6].

Because the SoE is an unconscious process, its ateration or
manipulation is difficult. However, Botvinick and Cohen
mani pulated the SOE using an experiment [7]. With the rubber
hand illusion paradigm, the authors demonstrated that
participants experienced the SOE on the rubber hand, generating
anownershipillusion[7,8]. Therubber hand illusion experiment
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showed that concurrence of visual and tactile stimulation could
generate an embodied experience for a part of one's body.
Recently, researchers have begun to apply virtual reality (VR)
techniques to expand the SoE to the whole body. A life-sized
virtual avatar for a full-body ownership illusion has been
developed [9]. Slater et al showed that participants perceived
the ownership illusion from virtual arms [10], and Jun et &
demonstrated that a full-body ownership illusion and changes
in an avatar's facial expression meaningfully affected users
emotions [11].

The effects of the SoE on perceptual and behavioral alterations
can be extended to several medical areas. Pioneers have made
efforts to apply them in psychological counseling programs
[12], and others have used them to enhance cognitive-behavioral
therapy for eating disorders [13]. In addition to these
applications, systematic desensitized experienceswith avirtual
avatar could be extended to pain distraction among burn patients,
phobias, and posttraumatic stress disorder [14-16]. However,
for these purposes, we may need to control the SoE, which has
not yet been rigorously examined.

Previous theories have suggested that the SoE can generally be
divided into the sense of agency, ownership, and self-location
[2]. First, the sense of agency is the subjective feeling that “I
am the one who is causing or generating an action” [17]. It
includes the subjective experience of action, control, intention,
and motor selection, aswell asthe conscious experience of will
[3,18]. Second, the sense of ownership isthe feeling that “I am
the one who is undergoing the current experience” [17]. The
sense of ownership is about the self-attribution of a body that
distinguishes it from the sense of agency because it can occur
even without a behavior being conducted. Finally, the sense of
self-location is the determinate volume in space in which one
feels to be located [18]. It is determined by visuospatial
perspectives, which are usually egocentric [3], and vestibular
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signals are also considered to have an important role in
self-localization [19].

In this study, we proposed three virtual avatar methods (Figure
1) based on the definition of the three subcomponents of the
SoE, as approachesto understand and control the SoE. Thefirst
method is human avatar (HA), which is expected to maintain
agency, ownership, and self-location at high levels. The HA
method uses a human-shaped avatar that moves congruently
with the movement of the user and matches the gender and body
size of the user [11]. The second method is point light avatar
(PLA), which isexpected to maintain high levels of agency and
self-location but alow level of ownership. The PLA method is
based on the point light method proposed by Johansson in his
biological motion perception study [20]. The point light is placed
at the joint position of the HA to sufficiently reflect the
movement of the user but does not have human visua
characteristics. Because it does not have human visua
characteristics, the PLA is expected to produce a low sense of
ownership compared with the HA. However, biological motion
is the movement of aliving creature and contains information
such as behavior, intention, emotion, and personality [21]. Thus,
we expect PLA users to be aware of their movement, and their
agency will not be lowered. The third method is out-of-body
point light avatar (OBPLA), which is expected to maintain a
high level of agency and low levels of ownership and
self-location. The OBPLA method places the user’s viewpoint
behind the PLA so that the user can see the PLA from athird
person perspective. Therefore, we expect that the OBPLA will

show lower self-location compared with the PLA while
maintaining a high level of agency. We defined the HA, PLA,
and OBPLA and compared them in three user studies. In study
1, we manipulated the SoE by controlling the presence of the
virtual avatar and point of view. In studies 2 and 3, we
manipulated the SoE by controlling motion synchrony. The
differences among the three studies are illustrated in Figure 2.

Figure 1. Proposed virtual avatar methodologies. A: real world; B: human avatar condition; C: point light avatar condition; D: out-of-body point light

avatar condition.
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Figure2. Designsof studies 1, 2, and 3. Async: asynchrony; HA: human avatar; OBPLA: out-of-body point light avatar; PLA: point light avatar; Sync:

synchrony.
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Methods
Study 1

Participants

Twenty-eight participants (50% female participants, 14/28)
were recruited for the experiment (mean age 23.89 years, SD
3.08 years). One participant was excluded from the analysis
because of having a high risk of mental illness, as assessed by
the Symptom Checklist-90-revised (SCL-90-R; mean score
34.07, SD 40.22) [22]. The experimental protocol was approved
by theinstitutional review board of the research site university.

Hardware and Software Setups

The virtual environment of the experiment was implemented
using Unity3D 2017.3.1f (Unity Technologies). The software
was executed on a desktop PC with a Nvidia GeForce GTX
1080 graphics card (NVIDIA). The participants wore a
head-mounted display (HMD; Oculus Rift CV1, Oculus VR)
with aresolution of 1080x1200 pixels per eyeand arefreshrate
of 90 Hz.

A motion-capture system (Motive 2.0.2; Natural Point) was used
with 14 Flex13 cameras (NatrualPoint) and 37 markers on a
motion-capture suit. Each Flex13 camera had a resolution of
1280x%1024 pixels, aframe rate of 120 frames per second (fps),
and alatency of 8.33 ms. The positions of the markers within
the tracking areawere mapped onto a predefined avatar skeleton
using Motive 2.0.2. After generating the avatar skeleton, the
valuesfor the skeleton bones with six degrees of freedom were
streamed using socket communication at 120 fps with a
streaming latency of lessthan 3 ms.

Three Types of Avatars

For this study, the following three avatar conditions were
implemented: HA, PLA, and OBPLA.

The HA condition involved moving a human-shaped avatar
using a full-body motion capture system. Three Unity3D
modules were developed to implement the HA condition. The
first module was an avatar animator module, which streamed
21 bones of the skeleton in real time from Motive 2.02 to the
avatar. The second module was a size adjuster module, which
matched the size of the avatar to the actual participant’s body
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Study 2

L.} Study3

size using the height, shoulder, waist, and pelvis sizes of the
participant measured before the experiment. The gender of each
avatar was also matched to that of the participant. The third
module was a head rotator module, which received the head
rotation information of the HMD and rotated the camerain the
virtual space, providing visual information to the participant.

The PLA condition involved moving a PLA using a full-body
motion capture system. The PLA was composed of 15 spheres,
each with a diameter of 5 cm, according to the study of Troje
[21]. The 15 spheres were all white without shadows. In the
PLA condition, the avatar animator module sent skeleton data
to the PLA, and different from the HA condition, the size
adjuster modulereflected the height, shoulder, and pelvissizes.
The head rotator module was operated the same as under the
HA condition. Therefore, the camerain the virtual space rotated
and moved to match the head position of the PLA.

The OBPLA condition utilized the out-of-body experience in
the PLA condition, so that the PLA could be seen from the
outside. The OBPLA condition was created by moving the
camerain the PLA condition backward by 120 cm and upward
by 30 cmrelativeto the global coordinate axis. The participants
wereableto observetheir PLAsfrom athird person perspective.

Virtual Environments

A virtual mirror was placed in the virtual room so that the
participants could easily observe their avatar. Participants saw
the avatar by both looking directly toward the avatar and by
looking at its reflection in the mirror. Severa objects, such as
computers, a copier, and chairs, were placed in the room for
participantsto be able to perceive their own body sizeinrelation
to these objects.

Dependent Measures

As part of a preguestionnaire, personal information, such as
gender and age, was obtained, and the SCL-90-R was used. An
embodiment questionnaire (EQ) was used to measure the level
of the SoE. A part of the EQ developed by Piryankovaet al was
selected and modified to fit our experiment [23]. The questions
in the EQ are explained in detail in Table 1. The EQ used a
seven-point Likert scale to measure agency, ownership, and
self-location separately. Participants filled out the EQ after
experiencing each condition.
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Table 1. List of theitems used in the embodiment questionnaire.

Kimet al

Question statement® Sense aspect

| felt | could move the virtual body. Agency 1
Sometimes | had the feeling that | had control over the virtual body. Agency 2

| felt asif the virtual body was my body. Ownership 1

| experienced the arms of virtual body as parts of myself. Ownership 2

| experienced the legs of virtual body as parts of myself. Ownership 3
Sometimes | had the feeling that the virtual body belonged to me. Ownership 4

| experienced the virtual body as myself. Ownership 5

| felt asif | wasinside the virtual body. Self-location 1
| had the feeling that | was standing in the same location as the virtual body. Self-location 2

8The scale ranges from 1 (fully disagree) to 7 (fully agree).

Procedure

Prior to the experiment, all participants completed consent forms
and were instructed on the experimental procedures. All
participants a so completed a set of prequestionnaires. After the
preguestionnaires were completed, participants watched avideo
clip containing human motion for 5 minutes to prevent
participant immobility. Thereafter, participants wore a
motion-capture suit and practiced the HA condition for 3
minutes to familiarize themselves with VR and the
motion-capture environment. In the main session, participants
were asked to move freely in the virtual room under the three
conditions. Each condition lasted for 5 minutes and was
counterbalanced. After completing each condition, participants
removed the HMD and completed the EQ. The purpose of the
study was explained to the participants once they had completed
all tasks.

Study 2

Study 2 was designed to address the limitations of Study 1.
First, we manipulated the level of SoE by controlling motion
synchrony. Second, weinvestigated the differencesin subjective
measures achieved by controlling the SoE. Specifically, emation,
presence, and simulator sickness were measured. In study 2,
thereweretwo avatar conditions (HA and PLA) and two motion
synchrony conditions (synchrony and asynchrony). The
differencesin experimental design between studies1 and 2 are
illustrated in Figure 2.

Participants

Twenty-nine new participants (52% femal e participants, 15/29)
were recruited for study 2. The mean age of the participants
was 25.31 years (SD 2.62 years). One of the participants was
excluded from the analysis because of theidentification of high
risk of mental illness according to the SCL-90-R (mean score
39.03, SD 38.41).

Conditions

This study implemented the synchrony and asynchrony
conditions to control motion synchrony. The synchrony
condition was implemented with the avatar animator, size
adjuster, and head rotator modules used in study 1. The
asynchrony condition used an avatar animation captured in
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advance instead of delivering the motion capture data to the
avatar through the avatar animator module. Although each
participant’'s movement was not delivered to the avatar, the
other conditions were controlled. The size of the avatar was
adjusted according to the body size of the participant, and the
participant could freely look around even in the asynchrony
condition. The avatar conditions (HA and PLA) were the same
asthose used in study 1.

Dependent Measures

In study 2, personal information and the SCL-90-R were used
in the same manner asin study 1. The EQ was the same asin
study 1. Furthermore, self-assessment manikin (SAM), presence,
and simulator sickness questionnaires were completed. The
SAM isanine-point bipolar scal e that uses picturesasameasure
of participants subjective emotional responses to virtua
experiences [24]. In this study, arousal and valence were
measured as emotional responses. The presence questionnaire
(PQ) consists of a seven-point Likert scale and is used to
measure presence in VR [25]. The simulator sickness
guestionnaire (SSQ) is about the degree of simulator sickness
and consists of afour-point Likert scale [26].

Study 3

Study 3 was designed to include the OBPLA condition
(OBPLA-syncand OBPLA-async). ThePLA and OBPLA were
used as avatar conditions, and synchrony and asynchrony were
used as motion synchrony conditions. This experiment had a
2x2 within-subject design (Figure 2) considering motion
synchrony (sync vs async) and avatars (PLA vs OBPLA).

Participants

Twenty-nine participants (48% femal e participants, 14/29) were
recruited for the experiment. The mean age of the participants
was 24.14 years (SD 2.74 years). No participants were excluded
from the study with the SCL-90-R (mean score 36.86, SD
35.68).

Conditions

This study used the same synchrony and asynchrony conditions
implemented in study 2 to control motion synchrony. The PLA
and OBPLA conditions used in study 1 were used as the avatar
conditions.
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Results

Results of Study 1

We categorized the questions of the EQ in terms of agency,
ownership, and self-location. We averaged each category and
conducted a repeated measures analysis of variance (ANOVA)
to compare the three conditions (HA, PLA, and OBPLA). We
performed at test when post-hoc testing was necessary (Figure
3). On comparing the agency scores among the three conditions,
there was no statistically significant difference (P=.07). On
comparing the ownership scores among the three conditions,
there was a statistically significant difference (F,5,=6.239,

P=.004, n?=0.194). In the post-hoc test, the ownership score of
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the HA was found to be significantly higher than that of the
PLA (t,s=2.245, P=.03) and OBPLA (t,;=3.967, P<.001). The
ownership scores of the PLA and OBPLA conditions showed
no statistically significant difference (P=.33). On comparing
the self-location scores among the three conditions, there was
a statistically significant difference (F,5,=16.253, P<.001,

n2=0.385). The post-hoc t test showed that the self-location
scores of the HA and PLA conditions were not significantly
different (P=.11), but the self-location score of the HA condition
was significantly higher than that of the OBPLA condition
(t,6=5.649, P<.001). Additionally, the self-location score of the
PLA condition was significantly higher than that of the OBPLA
condition (t,6=3.467, P=.002).

Figure 3. Results of the three subcomponents in the embodiment questionnaire for the three conditions. Error bars are one standard deviation. HA:
human avatar; OBPLA: out-of-body point light avatar; PLA: point light avatar. * P<.05, **P<.005, *** P<.001.
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Study 1 proposed and compared three avatar conditions. In
study 1, thelevel of agency was maintained under al conditions,
and the level of ownership could be controlled by comparing
the HA and PLA conditions. Moreover, thelevel of self-location
could be controlled by comparing the PLA and OBPLA
conditions. These results suggest that the SoE can be controlled
through the proposed methods. Although this study suggested
that the SoE can be controlled, there are other factorsto consider
in further studies. First, changes in agency may have an effect.
Second, we must consider additional resultsthat can be achieved
by controlling the SoE. Previous studies have shown that
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subjectivefactors, such as psychological and emotional effects,
may play important rolesin virtual avatar application[11,27,28],
and those could be affected by controlling the agency,
ownership, and self-location.

Results of Study 2

The results of study 2 were analyzed using a 2x2 repeated
measures ANOVA with mation synchrony and avatar conditions
(Figures 4 and 5). Two factors were analyzed as within-subject
factors, and the EQ, SAM, PQ, and SSQ were analyzed. We
performed at test when post-hoc testing was necessary.
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Figure 4. Box-and-whisker diagrams showing the results of the embodiment questionnaire according to the synchrony and avatar conditions in study
2. Square points are means, thick lines are medians, and round points are outliers. Async: asynchrony; HA: human avatar; PLA: point light avatar; Sync:

synchrony.
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Figure5. Box-and-whisker diagrams showing the results of the subjective measures according to the synchrony and avatar conditionsin study 2. Square
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The agency results showed a significant main effect for motion
synchrony (F, ,7=207.328, P<.001, n°=0.885). There were no
significant main effects for avatar (P=.36) or between motion
synchrony and avatar (P=.72). The analysis of ownership
showed that there were significant main effects for motion
synchrony (F,,,=102.843, P<.001, n®=0.792) and avatar

(F127=7.293, P=.01, n%=0.213). However, there was no
significant interaction effect between the two factors (P=.59).
Theanalysis of self-location showed that there were significant
main effects for motion synchrony (F;,,=37.517, P<.001,

n°=0.582) and avatar (F;,;=10.318, P=.003, n°=0.276).
However, there was no significant interaction effect between
the two factors (P=.55).

The SAM scores of each condition were analyzed in terms of
the differences from baseline measures. For arousal, the results
showed no significant main effect for motion synchrony (P=.68),
but there was a significant main effect for avatar (F, ,,=5.725,

P=.02, n°=0.175). There was no significant interaction effect
between motion synchrony and avatar (P=.87). The valence
analysis showed that there was a significant main effect for
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motion synchrony (F; »;=25.354, P<.001, nN®=0.484). However,
there was no significant main effect for avatar (P=.61) and no
significant interaction effect between the two factors (P=.23).
The PQ results showed a significant main effect for motion
synchrony (F, ,,=85.607, P<.001, r]2:.760), but there was no
significant main effect for avatar (P=.29). There was a
significant interaction effect between motion synchrony and
avatar (F, ,,=6.063, P=.02, n2=0.183). Post-hoc t tests showed
that PQ scoreswere not significantly different between the HA
and PLA under the synchrony condition (P=.43), but the PQ
scores under the PLA condition were significantly higher than
those under the HA condition in the asynchrony condition
(t,7=—2.869, P=.008). The SSQ analysis showed that there was
a significant main effect for motion synchrony (F, ,;=4.784,
P=.04, n°=0.151). There was no significant main effect for

avatar (P=.46) and no significant interaction effect between the
two factors (P=.12).

Results of Study 3

The results of study 3 were analyzed using a 2x2 repeated
measures ANOVA with the motion synchrony and avatar
conditions (Figures 6 and 7).

Figure 6. Box-and-whisker diagrams showing the results of the embodiment questionnaire according to the synchrony and avatar conditions in study
3. Square point are means, thick lines are medians, and round points are outliers. Async: asynchrony; OBPLA: out-of-body point light avatar; PLA:

point light avatar; Sync: asynchrony.
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The agency results showed significant main effects for motion
synchrony (F,,,=218.892, P<.001, n°=0.887) and avatar
(F105=6.610, P=.02, n=0.191). However, there was no
significant interaction effect between motion synchrony and

avatar (P=1.00). The analysis of ownership showed significant
main effects for motion synchrony (F; ,3=122.502, P<.001,

n°=0.814) and avatar (F;,=14.283, P<.001, n°=0.339).
However, there was no significant interaction effect between
the two factors (P=.97). For self-location, the results showed
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significant main effects for motion synchrony (F; ,3=40.088,
P<.001, n?=0.589) and avatar (F, ,s=40.180, P<.001, n°=0.589).
There was a significant interaction effect between motion
synchrony and avatar (F;,3=5.156, P=.03, n2=0.156). In the
post-hoc test, the self-location score of the PLA was
significantly higher than that of the OBPL A under the synchrony
condition (t,g=7.007, P<.001). Under the asynchrony condition,
the self-location score of the PLA was also higher than that of
the OBPLA (t,3=3.405, P=.002), but the difference was greater
under the synchrony condition.
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Figure7. Box-and-whisker diagrams showing the results of the subjective measures according to the synchrony and avatar conditionsin study 3. Square
points are means, thick lines are medians, and round points are outliers. Async: asynchrony; OBPLA: out-of-body point light avatar; PLA: point light

avatar; Sync: synchrony.

1. Arousal
Async Sync
J —
4- o
(@] _( (®]
s 27 1
- T T
z 0_‘T| ol [Le .
=]
Z 1
£
< 24 o { o ——
=4 1 Q g o)
PLA OBPLA PLA OBPLA
3. Presence
Async Sync
120 - 8
100 - ] _|_
. Sl
§ 80 L :
on
2 " L 1
=
2 < L
£ 40 || -
By
- LT
U_ i
PLA OBPLA PLA OBPLA

The arousal results showed no significant main effects for
motion synchrony (P=.75) and avatar (P=.56). There was no
significant interaction effect between motion synchrony and
avatar (P=.94). The valence results showed that there was a
significant main effect for motion synchrony (F; ,3=20.190,

P<.001, n?=0.419). However, there was no significant main
effect for avatar (P=.29) and no significant interaction effect
between the two factors (P=.76). The PQ results showed a
significant main effect for motion synchrony (F; ,3=87.779,
P<.001, n°=0.758) and a significant main effect for avatar
(F15=6.881, P=.01, n’=0.197). However, there was no

significant interaction effect between motion synchrony and
avatar (P=.26). The analysis of the SSQ showed that there was
a significant main effect for motion synchrony (F; ,3=7.095,

P=.01, n?>=0.202). However, therewas no significant main effect
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for avatar (P=.46) and no significant interaction effect between
the two factors (P=.47).

Discussion

In this research, we proposed virtual avatar methodologies to
understand and control the SoE and compared the HA, PLA,
and OBPLA conditions using full-body motion captureand VR
technologies. Study 1 suggested that it is possibleto control the
level of SOoE fromthe HA to PLA conditions and from the PLA
to OBPLA conditions. In studies 2 and 3, we manipulated
motion synchrony and avatar type to determine whether such
manipulations affect the SoE, emotional response, presence,
and simulator sickness. The results suggested that motion
synchrony affects all subtypes of SoE. Regarding avatar type,
differences in both ownership and self-location were found
between the HA and PLA conditions, indicating positive effects
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of theHA compared with the PLA for those two SoE variables.
Additionally, we found that the PLA increased agency,
ownership, and self-location compared with the OBPLA.
Presence, emotion, and simulator sickness were affected by
motion synchrony and avatar conditions. Our findings suggest
that the SoE and subjective experiences can be affected
differently with different avatar typesin the full-body illusion.
We believe that these results can be applied to various fields.
For example, the results can be used for systematic
desensitization of phobias or pain reduction by controlling the
level of SOE. They can also be used to control the effects of
emotion and presence associated with using virtual avatars.

In study 1, no relevant differenceswere found for agency among
the three conditions. Despite the absence of human visua
characteristics, if full-body motion-capture is maintained, the
level of agency is not lowered. Recently, Zopf et a [29]
compared virtual fingers and a virtual sphere moving
correspondingly to a participant’s hand and found that the
moving sphere did not lower the level of agency. This study
suggests that the degree of visual stimulation does not affect
the sense of agency for not only the hand but also the whole
body. Therefore, based on existing research and this study, we
suggest that movementsinduced by one’sintent and predictions
determine the sense of agency. Moreover, in the comparison
among the avatar conditions, we found that the details of the
avatar'svisual characteristicsdid not affect the sense of agency.

In studies 2 and 3, we investigated the effects of motion
synchrony on sense of agency, ownership, and self-location,
and the results suggested that motion synchrony greatly affects
all SoE subcomponents. Interestingly, the effects of motion
synchrony overwhelmed all other effects. Therefore, motion
synchrony may need to be controlled if we wish to control the
SoE in general. However, the results of study 1 also suggested
that the sense of body ownership and self-location can be
controlled once motion synchrony is satisfied. Merging the
results from studies 1, 2, and 3, we expect that we can use
motion synchrony for the general control of the SoE, and we
can use the presence of the virtual body and point of view for
more detailed control over the SoE. The sense of ownership
under the HA condition was higher than that under the PLA
and OBPLA conditions. This result is an extension of previous
findingsthat the sense of ownership isinduced when thevirtual
body and physical body are morphologically coincident
[7,30,31]. This also suggests that the HA and PLA are
appropriate tools for controlling the level of ownership. The
point light (PL) method isknown to have sufficient information
to not only express human behavior but also determine gender
[32,33] and recognize emotion [34]. On the other hand, human
visual features, such asimportant interjoint expressions, finger
expressions, rotation of some joints, and skin texture are
excluded in the PL method. These characteristics of the PL
method seem to be suitable for controlling ownership when the
PLA isused asavirtual body. Participants experienced ahigher
sense of self-location under the HA and PLA conditions than
under the OBPLA condition. This result supports previous
findings that self-location can be controlled through viewpoint
changesin low agency situations[35,36]. This study suggested
that the control of self-location through changes of perspective
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isalso possiblein ahigh agency situation, such asin afull-body
motion-capture system. In study 1, there was no relevant
difference in the sense of self-location between the HA and
PLA conditions, but in study 2, there was a difference in the
sense of self-location according to the avatar's visual
characteristics. Moreover, in study 3, we found that changesin
the viewpoint (first vs third person perspective) affected the
sense of agency. This suggests the possibility of mutual
dependencies among the three subcomponents or the possibility
of the context effect of synchrony and asynchrony. However,
additional studies are required on thisissue.

This study also found that there were significant differencesin
emotional response, presence, and simulator sickness according
to avatar type and motion synchrony. Although the design of
this study did not include an emotional evocation context, it
was shown that the participants felt different emotional levels
depending on the condition. Participants felt higher arousal
under the HA condition than under the PLA condition. The HA
expresses ahuman face, but the PLA expressesthe face as point
light, sothe HA contains morefacial information thanthe PLA.
Although the avatar under the HA condition had a neutral face,
it ispossible that the human appearance influenced arousal. The
present results al so showed an interaction effect between motion
synchrony and the avatar’s visual characteristics and a main
effect in the avatar's perspective. It would be beneficia to
control presence more precisely by using these combinations
of SoE subcomponents.

This study has some limitations. First, the participants in our
study wereall healthy young college students. It is possible that
the characteristics of the participants affected the results of
embodiment and subjective responses. Therefore, in future
studies, it isnecessary to collect datafrom participants of various
ages and health statuses. Second, this study asked participants
to move freely and measured arousal and valence as emotions,
but pain, anxiety, and fear were not accurately represented.
These emotions should be considered for future medical
applications. Therefore, in future studies, it is necessary to give
specific tasks to participants and check how these methods of
controlling the embodiment affect participants in emotional
tasks. Third, this study proposed the HA, PLA, and OBPLA to
control the external appearance and perspective of the avatar.
However, an extension of these methods can be used to control
the SoE. For example, we can use lines to express the body or
low-polygon human avatars to control the level of visual
characteristics. We can a so control the point of view, allowing
the human avatar to be seen from another third person
perspective, or we can see our avatar from the front. Future
studies must use additional methods to regulate the SoE and
identify the impacts.

In this study, we proposed and compared the HA, PLA, and
OBPLA conditions to understand and control the SoE. We also
studied how emotional response, presence, and simulator
sickness can be affected by controlling the subcomponents of
the SoE. The results suggested that the three avatar generation
methodol ogies and two synchrony levels can control the sense
of agency, ownership, and self-location, and emotional response,
presence, and simulator sickness were differently affected by
each methodology. This study may have implications for
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boosting the effects of virtual avatar applications in several  education, by controlling the SoE with afull-body illusion.
fields of study, such as psychotherapy, entertainment, and
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Abstract

Background: The use of new technology like virtual reality, e-learning, and serious gaming can offer novel, more accessible
options that have been demonstrated to improve |earning outcomes.

Objective: The aim of this study was to compare the educational effectiveness of serious game-based simulation training to
traditional mannequin-based simulation training and to determine the perceptions of physicians and nurses. We used an obstetric
use case, namely electronic fetal monitoring interpretation and decision making, for our assessment.

Methods: This study utilized a mixed methods approach to evaluate the effectiveness of the new, serious game—based training
method and assess participants’ perceptions of the training. Participants were randomized to traditional simulation training in a
center with mannequins or serious game training. They then participated in an obstetrical in-situ simulation scenario to assess
their learning. Participants also completed a posttraining perceptions questionnaire.

Results: The primary outcome measurefor this study wasthe participants’ performance in anin-situ mannequin-based simulation
scenario, which occurred posttraining following a washout period. No significant statistical differences were detected between
the mannequin-based and serious game-based groups in overall performance, although the study was not sufficiently powered
to conclude noninferiority. The survey questionswere tested for significant differencesin participant perceptions of the educational
method, but none were found. Qualitative participant feedback revealed important areas for improvement, with afocus on game
realism.

Conclusions: The serious game training tool developed has potentia utility in providing education to those without access to
large simulation centers; however, further validation is needed to demonstrate if this tool is as effective as mannequin-based
simulation.

(IMIR Serious Games 2020;8(3):€21123) doi:10.2196/21123
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simulation training; continuing medical education; obstetrics
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Introduction

Continuing education and maintenance of competency of health
care professionals are critical to patient safety [1,2]. Clinical
simulation training has been proven to teach and refine skills,
offering the realism of the clinical environment without risks
to patient safety [1,2]. However, many barriers exist to the
universal availability of simulation, and an aternative smulation
technology isneeded. The current standard in simulation training
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is mannequin-based, human-patient simulators (example in
Figure 1). Although its effective use has expanded rapidly in
the last decade, this training modality requires expensive
equipment, specialized instructors, and ongoing infrastructure
support [3-5]. Widespread implementation throughout the United
States has been impeded by the high cost and shortage of
simulation training expertise outside of academic and large
multihospital medical centers. Even in areas that do have
simulation centers, few practicing physicians participate
regularly [3,6].

Figure 1. NOELLE S550 Maternal and Neonatal Birthing Simulator depiction.

p—

Serious games offer a viable aternative to mannequin-based
simulation. Serious games provide alearner-oriented approach,
inwhich the learner can control the entirelearning process[7,8].
Thisapproach has also been demonstrated to have lower overall
costs than mannequin-based simulation programs [8]. The use
of serious games has shown promisefor effectivenessinlearning
outcomes as compared to conventional training methods (eg,
in-person or online lectures, didactic case study discussion)
related to, for example, diabetes care (with primary care
providers), surgical training, and emergency airway management
[9-14]. However, few studies have evaluated serious games as
an alternative to mannequin-based, human-patient simulators
[15]. In4 recent review articlesregarding the efficacy of serious
games for training health care professionals, only 1 article
compared serious gamesto mannequin-based simulaion [16-19].
Cendan and Johnson [15] compared the use of serious game
and mannequin-based simulation for teaching shock physiology
to second-year medical students. The authors did not detect
significant differences between the serious game and
mannequin-based simulation conditions in knowledge related
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to cardiac shock physiology and treatment among medical
students. However, this study was not sufficiently powered to
conclude noninferiority of the 2 treatments, and students
significantly preferred mannequin-based simulation [15].

None of the 4 aforementioned review articles included serious
game applications for obstetrics [16-19]. Obstetrics is one of
the highest risk areasin health care[20], making it anideal area
for trialing new, innovative training techniques. Three-quarters
of US obstetrician gynecologists (OBGYNs) will face a
litigation claim by the age of 45 years [20]. Electronic fetal
monitoring (EFM) is considered the standard of care for
OBGY Nsto monitor the status of the fetus during labor. Skills
in EFM interpretation (determining baseline heart rate,
accelerations in heart rate, decelerationsin heart rate, and how
thisrepresentsthe current status of the fetus) and the knowledge
of how to apply validated treatment protocolsare critical to safe
deliveries. Fetal monitoring skills are highly variable among
practitioners and are difficult to teach, but clinica
(mannequin-based) simulation has been proventoimpart critical
skills that improve patient outcomes by reducing errors and
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delaysin care[21-25]. Theimportance of teaching EFM skills,
coupled with the difficultiesin providing widespread, accessible
mannequin-based simul ation to obstetrics providers and nurses,
make this an excellent application area for testing the viability
of serious games.

In order to address thisimportant problem, our team of experts
in education, clinical simulation, human factors engineering,
obstetrics, and serious game devel opment collaborated to create
a serious game-based simulation for obstetrical training.

The am of this study was to compare the educationa
effectiveness of serious game-based simulation training to
traditional mannequin-based simulation training and to
determine the perceptions of providers and nurses in their
experience using serious game—based s mulation. Our hypothesis
was that the serious game—based training would be noninferior
to the mannequin-based training in terms of educationa
effectiveness. We used EFM interpretation and decision-making
skills as our test case. We also assessed participant perceptions
through both quantitative and qualitative feedback to provide
actionable results.

Methods

Setting and Population

This study was conducted across 7 diverse hospitals with
obstetrical services within a not-for-profit health care system
in the mid-Atlantic region of the United States. The hospitals
included academic medical centers and community, urban, and
suburban hospitals of varying size. The health care system
averages approximately 12,000 deliveries ayear.

Figure 2. Study design flow diagram. EFM: electronic fetal monitoring.
Phase 1

Intervention #1
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The participants recruited for this study were attending and
resident OBGY Ns, midwives, and perinatal nurses. All recruited
participants worked in the health care system’s labor and
deliveries or mother baby units between July 2012 and
November 2015. Those that had participated in beta testing of
the serious game or those who would not be able to complete
both phases of the study were excluded.

Study Design

This study utilized a mixed methods approach to evaluate the
effectiveness of the new, serious game-based training method
and to assess participants' perceptions of the training. A
randomized controlled trial was performed to compare the
educational effectiveness of the serious game-based virtual
simulation to traditional mannequin-based simulation. This
study was conducted in 2 phases. In Phase 1, participants
completed a verbal informed consent process and were
randomized into the mannequin-based training group
(Mannequin Group) or the serious game-based training group
(Game Group). Upon compl etion of the Phase 1 training session,
participants completed aquestionnaire to assesstheir perceptions
of the training. Following at least a 3-month washout period,
both treatment groups participated in a posttest performance
assessment. A 3-month washout period was chosen based on
availability of the participants, availability of the simulation
center, and the aready scheduled in-situ drills that were the
posttest performance assessments. This design is depicted in
Figure 2. The health system’s institutional review board
approved this study.

Phase 2

2,

Mannequin-Based Training %ﬂ% U
a_g-/;oar
Deﬁ_oq

Randomized Group
Assignments
(Obstetricians, midwives,
and obstetrics nurses)

Perceptions survey

Intervention #2

Serious Game-Based Training

Simulation Scenarios and | nterventions

Simulation Scenarios

The scenarios used in both treatment groups were devel oped
through collaboration between the subject matter experts in
obstetrics and Certified Healthcare Simulation Educators at the
Simulation Training & Education Lab of MedStar Health.
Scenarios were designed to be representative of true clinical
scenarios with clear decision-making points. They were based
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Performance measures
1. Proper interpretation of EFM tracings
2. Proper action based on the tracing
3. Time interval to proper action

Disseminate
Results

on simulation scenarios previously developed and used by our
group for postgraduate education, postgraduate remediation,
and in-situ team training drills. In each intervention group, the
participant was expected to manage the simulated laboring
patient in a realistic clinical scenario from triage to delivery.
Time elapsed to cover 4 discrete scenarios that involved
interpreting the EFM stripsthat were correlated to the patient’s
worsening preeclampsia and fetal distress. The scenarios were
delivered through 2 different interventions or mediums
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(described in the following sections): mannequin-based
simulation training (Mannequin Group) or serious game-based
simulation training (Game Group).

Mannequin-Based Training

Participants randomized to the Mannequin Group completed
the scenario at a Simulation Training and Education Lab
simulation center site involving a pregnant mannequin patient
(NOELLE S550 Maternal and Neonatal Birthing Simulator,
Gaumard, Miami, FL; Figure 1) with preeclampsia with severe
features. Participants interacted with the mannequin as they
would with atypical patient. The training was scripted into 4
discrete scenes of the scenario with a single participant being
run at atime. Thefacilitator was 1 of 2 experienced obstetricians
with at least 7 years of facilitating training for residents in
simulation labs with interdisciplinary teams in in-situ drills.
Pilot testing of the completed scenarios and simulation was
done with a group of physicians and nurses. The training was
done once, and no repetitions were permitted.

Serious Game-Based Training

Participants randomized to the Game Group completed the
virtual simulation session on their personal computer. This
simulation program runs on astandard personal computer; thus,

Bendaet al

it can be easily used in the hospital, a home, or anywhere a
computer and internet connection are available. The EFM
serious game was developed utilizing the MedStar Digital
Simulation Platform and the Unity3D game engine. The game
also went through extensive pilot and usability testing after
development, with those potential |earners being excluded from
participating in the subsequent study. The feedback that was
given in the pilot testing was used to improve the final serious
game product. Most learners accessed the EFM Trainer via a
personal computer using web browsers via a learning
management system. Participants completed thetraining at their
leisure; therefore, any external stimuli varied. The training was
done once, and no repetitions were permitted.

The “avatar” in the serious game represented the participant
(the provider or nurse using the system). The participant’s avatar
performed real-life tasks in arealistic patient scenario. Thisis
depicted in Figure 3. The scenarios in the serious game were
clinically the same as the scenarios used in the Mannequin
Group. Any difference noted was slight and dueto any difficulty
representing the nuancein aserious game. Itemslike presenting
symptoms, differential diagnoses, exams, laboratory values,
and EFM tracings were the same. Names of patients and visual
representation of the patients differed only slightly.

Figure 3. Depiction of the avatar participants utilized to navigate the serious game.
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Using what you've leared from the previous didactic lesson, correctly diagnose and treat the
patient by interacting with the environment and resources available to you.

M easurements

Posttest Performance Assessment

The Phase 2 posttest assessment involved participation in the
MedStar Obstetrical Safety Training (MOST) program, a
mannequin-based simulation program that served as the gold
standard for performance assessment. The hospital system
implemented the MOST program 10 yearsago, and al practicing
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obstetrics physiciansand nurses are required to completeit. The
MOST program is a single-session, in-situ, mannequin-based
simulation training program that allows perinatal teams to
practice and assess various aspects of emergent obstetrical care,
including interpretation and decision making related to EFM
strips. For the purposes of this study, the MOST program session
was used as the postintervention tool to assess the learner’s
knowledge after the minimum 3-month washout period

JIMIR Serious Games 2020 | vol. 8 | iss. 3| e21123 | p.104
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

following the initial trainings described (Game Group or
Manneguin Group), not as an educational program.

A newly developed evaluation tool was incorporated into the
MOST training and was used to assess performance on
standardized scenariosinvolving the need for EFM interpretation
and related decision making. Using the MOST program for the
evaluation was chosen becauseit closely approximatesrea-life
performance. To avoid any scenario confounds, the specific
scenarios selected for MOST testing were different from those
presented to either group during training. The slight differences
were based around the types of categories of EFM tracings and
the time it took for abnormal tracings to develop.

Posttraining Perceptions Questionnaire

We developed a survey instrument in conjunction with a
PhD-level biostatistician to assess perceptions of the intended
user groups, administered at completion of Phase 1. Prior tothe
randomized controlled trial, the survey was pil ot tested by those
participating in the pilot testing for the serious game to ensure
comprehensibility. The versions of the survey administered to
each group differed only in wording to be relevant to the arm
of the study (i€, either referred to serious game—based simulation
or mannequin-based simulation). The questions regarding the
participants’ experience consisted of 19 statements pertaining
to the participants experience with technology, views on
simulation, and their specific experience with this study. The
participants rated these statements on a5-point Likert scalewith
responses ranging from strongly disagree to strongly agree. At
the conclusion of the questionnaire, participants also provided
free-text narratives regarding their experience.

Study Protocol and Data Collection

Prestudy: Recruitment and Randomization

Recruitment occurred via email, dissemination of paper fliers,
principle investigator attendance of staff meetings, and
word-of-mouth. Interested parties contacted research personnel
(NB or DH) who ensured prospective participants met the
inclusion criteria and obtained verbal consent. Eligible
participants were then randomized to the Mannequin Group or
Game Group. A randomized permuted block design of mixed
block size was used to assign participants to 1 of the 2 study
groups with a 1:1 ratio. The randomization sequence was
generated by a PhD-level biostatistician, and allocation was
performed by atrained study research assistant.

Phase 1. Simulation Training

Participants randomized to the manneguin-based training were
first briefed by a clinical simulation specialist regarding the
functionality of the mannequin and how to verbalize their
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interpretation of the EFM strip and subsequent actions. There
was also avisible, written sign reminding the participants which
components of their EFM strip interpretation needed to be
verbalized.

Participants were scored based on their verbalized interpretation
of the EFM strip and description of subsequent actions. Experts
in simulation and obstetrics (TA and SP) used a standardized
scoring sheet to score the participants interpretation and
management. The scoring sheet was an objective tool that
recorded what the participants verbalized; it has been used
institutionally to create a mechanism to grade learners on their
education. The observersrecorded the category of tracing stated
by the participant at each interpretation point. Then, the percent
correct was calculated. At the end of each experience, thein-lab
participants received a one-on-one debrief from the
evaluator/facilitator on their interpretation of the EFM tracings
and their overall decision making. The expert facilitators used
the Plug/Delta debriefing model [26]. Participants were asked
to identify what they felt they did well and what they would do
differently if they participated in the scenario again. There was
then a discussion around this, and the facilitator had an
opportunity to add insight into items that they noticed were not
mentioned. At the end of the debriefing sessions, participants
were asked to identify several “take-aways’ from the session.
They were asked to think about how they will change their
practice as aresult of participating in this experiential activity.

Immediately following the training, participants completed a
guestionnaire using a computer provided in the simulation
center. The questionnaire consisted of demographic information,
guestions regarding their experience with the smulation, and
the opportunity to provide a free-text narrative of their
experience.

Demographic information was collected, including employment
position, years of experience, prior training experience, gender,
and age. There were also Likert scale-based questions related
to the participant’s experience with different technologies, their
perceptions of simulation-based training modalities, as well as
their perceptionsregarding the simulation training they had just
completed. In addition, participants could provide free-text
narratives regarding their experience.

Participants randomized to the Game Group were shown avideo
describing the functionality of the game before they could
proceed to the training scenarios. The participant used their
avatar to move from room to room to manage the patient.
Participants utilized the game's controls to provide
interpretations of the EFM strips and compl ete related patient
care actions (example in Figure 4).
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Figure 4. Depiction of the screen participants utilized to input answers in the serious game.
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The game had an internal scoring mechanism equivalent to the
in-lab scoring sheets. In the serious game, feedback was given
based on interpretations of the fetal tracings as well as correct
and incorrect actions completed by the learner. Incorrect actions
triggered textual descriptions of feedback that pertained
specifically to the incorrect action committed and mimicked
the standardized feedback provided in the mannequin-based
training.

Serious game participants completed a perceptions questionnaire
identical to that completed by the mannequin-based training
participants. Similarly, the questionnaire was completed on a
screen to which they were directed immediately following their
training.

Phase 2: Posttest Simulation Assessment

After participants completed Phase 1, there was a 3-6-month
washout period before participants were assessed in Phase 2.
To assess the EFM skills imparted to learners in both the
Mannequin and Game Groups, participants were evaluated in
an in-situ simulation scenario (described in previous sections)
involving EFM interpretation and decision making. The
scenariosfor thein-situ simulation-based team training mirrored
that of the mannequin-based training simulation. The scenarios
contained different details from Phase 1 but were similar in the
clinical topic and category of EFM tracings to evaluate as in
the mannequin and serious game scenarios. Participants were
first given instructions regarding the functionality of the
mannequin and reminded to verbalize their EFM strip
interpretationsand care actions. Participants’ verbalized answers
were scored by a grader (the same graders used in the
mannequin-based training scenarios) in real-time. The grader
stood behind an opaque screen so they could not see the
participant in an effort to blind the grader from the participant’s
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alocation group. Correct answers to questions had been
objectively determined in advance to reduce potential grader
bias. Similar to Phase 1, subject matter experts and doctoral
professionalswith interest in assessments devel oped and scored
the evaluations for the in-situ simulation of Phase 2.

Data Analysis

A Priori Power Analysis

Prior to beginning data collection, sample size calculationswere
conducted based on a noninferiority design (ie, Mannequin
Group was not worse than the Game Group within a
predetermined margin). The noninferiority margin was set to a
—5-point difference in the primary outcome measure, namely
performance onthe MOST training. Thisanalysisindicated that
64 participants per group (128 total) would be required to
conclude noninferiority of the manneguin-based training.

Quantitative Data Analysis

Following numerous different recruitment efforts using various
strategies, a total of 36 participants volunteered to be part of
the study. While this sample size was not sufficient for testing
noninferiority of the Mannequin Group, statistical analysiswas
performed to compare the performance of Mannequin Group
participants to that of the Game Group participants on the
posttest assessment simulation to detect if there were any
significant differences that may be pertinent to understanding
the results or to future studies. Statistical analysis was aso
utilized to compare differences in perceptions from the Likert
scale questions in the posttraining assessment questionnaire.
Descriptive statistics were performed to cal cul ate mean, median,
and SD of the performance and demographic data collected.
Comparisons of continuous variables were conducted using
student t tests or Wilcoxon rank sum tests for skewed data.
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Categorical variables were compared using a chi square test or
Fisher's exact test for small cell size (n<5). For statistical
analysis, SAS 9.4 was utilized, and al analyses were carried
out by aMasters-level biostatistician.

Qualitative Data Analysis

Qualitative analysis of the free-text narratives provided by
participants during the posttraining questionnaire in Phase 1
was conducted utilizing thematic analysis[27]. Two researchers,
one PhD-level, with extensive experience analyzing qualitative
data (DH and NB) inductively elicited themes from the dataset.
Inductive coding involves compiling themes as they emerge
through the text, as opposed to deductive coding, which utilizes
a previously developed set of themes [28]. A researcher with
expertise in obstetrics (TA) then reviewed the themes and
definitionsfor clinical accuracy and relevance. Oncethethemes
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had undergone subject matter expert review (TA), the two
researchers (DH and NB) established interrater reliability with
a Fleiss kappa value of 0.791, denoting substantial agreement
[29]. Theresearchersthen independently completed the coding.
The completed coding was reviewed by both researchers to
ensure consistency of coding. Finally, axial coding was utilized
to collapse or combine similar themes [30].

Results

Characteristics of Study Participants

There were 36 total participantsin the study. Table 1 provides
demographic summary data for both participant groups. No
significant differences were found in any of the demographic
categories between the 2 treatment groups.

Table 1. Demographics of participantsin the simulation (Mannequin Group) and serious game (Game Group) arms of the randomized controlled trial.

Characteristics

Game Group (n=18)

Mannequin Group (n=18) P value

Participant role, n (%)

Nurse 2(11) 2(1) 1.00

Resident physician 12 (67) 12 (67)

Attending physician 4(22) 4(22)
Gender (female), n (%) 16 (89) 14 (78) .66
Age (years), mean (SD) 32.91 (7.35) 32.74 (7.4) 41
Yearsin role, mean (SD) 2.83(3.29) 2.32(2.41) .99

Quantitative Results

Posttest Performance Assessment

No significant differences were detected between the Manneguin
and Game Groups in overal performance during Phase 2,
namely the MOST scenario (measured as the percent correct;
P=.43). Those in the Mannequin Group had an average score

of 64.2%, while those in the Game Group had an average score
of 53.8%.

Table 2 provides a breakdown of performance by EFM
component. The Mannequin Group verbalized the correct
contraction frequency more often (P=.04), and the Game Group
was more likely to fail to state the contraction frequency
(P=.04). None of the other tests demonstrated significant
differences between groups.

Table 2. Performance in Phase 2 by electronic fetal monitoring (EFM) component, shown as the number and percent of participants providing the

correct responses.

EFM component

Game Group (n=18), n (%)

Mannequin Group (n=18),n (%) P vaue

Fetal heart rate category 14 (77.8)
Fetal heart rate variability 6(33.3)
Declarations 15(83.3)
Type 8 (44.4)
Basdine fetal heart rate 8 (44.4)
Accelerations 11 (61.1)
Contraction frequency 5(27.8)
Recurrent 7 (40.0)
Regularity 13(72.2)

9 (50.0) .09
9 (50.0) 31
16 (88.9) 1.00
9 (50.0) 74
8 (44.4) 1.00
11 (61.1) 1.00
11 (61.1) 04
18 (100) .06
13(72.2) 1.00

Post-Training Perceptions Questionnaire

Table 3 provides a comparison of the 2 participant groups for
the 5 survey questions that pertained specifically to the
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participants’ experience during their training intervention. There
were no significant differences in perceptions between groups.
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Table 3. Simulation training perception survey results, reported as the average Likert scale responses on scale of 1 (strongly disagree) to 5 (strongly

agree).
Survey prompt Game Group, Mannequin Group, mean P vaue
mean

Learning through simulation as | just experienced is frustrating. 311 2.33 19

I think the simulation training | just experienced is agreat tool for learning. 411 4.50 .46

| would like to be involved in more ssimulation training of the sort | just experi-  4.00 411 .16
enced.

| do not see how the kind of training | just experienced isrelevant to my work.  2.00 147 37

| am satisfied with this training experience. 3.83 4.06 .82

Qualitative Results

Summary

Of the 36 total participants, 16 (44%) voluntarily provided
free-text narratives during the survey portion of Phase 1 of the
study to describe their experience. From the participants
descriptions, 6 unique themes emerged. We describe each theme
inthefollowing sections, including participant quotes, followed
by a participant ID displayed such that the first letter signals
the participant role (A: attending physician, R: resident
physician, N: nurse), followed by an ID number, with the last
letter denoting the treatment group (M: Mannequin Group, G:
Game Group). Themesarelisted in descending order from most
to least commonly discussed by participants.

Overall Experience and Opinions on Simulation

Participants from both the Mannequin and Game Groups
provided feedback regarding their overall experience and
opinions related to simulation, which were positive, neutral, or
negative. Game Group participants, for example, noted that they
would “rather do thisthen listento alecture” [R-10-G]. Another
described that “this would be a useful tool once you get used
to what is expected” [A-07-G].

Manneguin Group participants also provided feedback about
the simulation: “I liked the concept of following a patient
through her labor course” [A-09-M]. Mannequin Group
participants a so tended to describe their views of the simulation,
which varied by participant. One stated: “| strongly believe that
simulation-based training is absolutely vital to training for any
and all medical procedures’ [N-06-M]. Conversely, another
participant described, “I find simulations frustrating for their
lack of natural conclusion and the feeling of being judged”
[R-23-M].

Realism of the Simulation

Both Mannequin and Game Group participants described
shortcomingsrel ated to the realism of the ssimulation. One Game
Group participant said “1 felt like | have to keep doing things
and waiting for something to happen or change though that is
not what | would have donein rea life” [R-05-G]. Mannequin
Group participants also expressed concerns, such as “It was a
bit random to be having to act like | am interacting with apatient
but then randomly having to do a strip review when talking to
the patient” [A-09-M].
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Participants also described elements that could be adapted to
improve realism, such as:

Picking a[EFM] strip most like our home institution
in terms of size and markings. [R-07-G]

I never push IV meds, so | am not sure why | can't
just call out a medication. [A-09-M]

Navigating the Simulation and Technology | ssues

Participants, predominantly from the Game Group, highlighted
issues and areas for improvement related to navigating the
simulation, including:

I would have liked to have a practice scenario to
figure out how to virtually assess my patient.
[N-03-G]
Thereisno back button to rever se steps made (if done
inerror). [R-09-G]
Another Game Group participant also reported that “some of
the actions | performed were not recorded in the summary, and
| did not get credit for them” [R-14-G].

Simulation as a Learning Tool

Multiple participants discussed the value of simulation as a
learning tool, athough this was more commonly discussed by
participants in the Mannequin Group. Feedback included:

[17 look forward to improving my virtual assessment
skillsand score. [N-03-G]

Having gone through the motions in sim lab, when
the stakes weren't as high, provides comfort and give
you confidence when faced with the real scenario.
[R-22-M]

Facilitatorsand Challengesto Understanding Simulation
Feedback

Related to learning, one Game Group participant described
challenges in understanding the feedback they were given via
a‘“scorecard’:

The review score card did not help me understand
where my clinical decision making went wrong.
[N-03-G]
Alternatively, one of the Mannequin Group participants noted
that “in rea life, it is helpful to have on-the-spot feedback”
[R-02-M].
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Mismatch in Role and Simulation Activities

Lastly, 2 nurses, 1 from each treatment group, described that
they were asked to do things that fall outside of their scope of
practice:

Decision to call a ¢/s [caesarean section] is not in
my scope of practiceasan L&D [labor and delivery]
RN. [N-03-G]

Post-partum nurses rarely have to decide what to do
with MgSo4 toxicity. [N-05-M]

Discussion

Thisstudy provides|essonsto hel p advance the future of serious
game simulation techniques through qualitative and quantitative
evidence. Among participantsin both groups, the differencein
final correct answers was not shown to be statisticaly
significant. The serious game training tool developed has
potential utility in providing education to those without access
to large simulation centers; however, further validation is needed
to demonstrate if this tool is as effective as manneguin-based
simulation. Additional lessons were provided through the
assessment of participant perceptions. Namely, feedback
suggested participants were accepting of and satisfied with the
new training modality. Further, open-ended feedback elicited
important themes for improvement to advance the future of
serious games as a training tool.

For individual components of EFM interpretation and decision
making, the only component that showed statistical significance
was interpretation of the uterine contraction pattern. Those in
the Mannequin Group performed better. However, thosein the
Game Group had a significantly higher occurrence of “no
answer” (ie, they failed to verbalize an answer for this
component), which was counted as an incorrect response. We
hypothesi ze that the Manneguin Group gained experience with
verbalizing the contraction pattern during their training and
were therefore more comfortable with thisduring Phase 2. Those
in the Game Group had no practice with verbalization until the
posttest assessment. Thisfinding highlightsatype of experience
gained from asimulation center that may be difficult to replicate
in serious games and needs to be considered in the design of
future studies.

Subjective responses, including those from the questionnaires
and narrative feedback (see Qualitative Analysis), highlighted
positives and room for improvement in both groups. Notably,
in the perceptions survey, both groups stated the simulation
modality they had experienced was a great tool for learning,
they wanted to be involved in that simulation modality more,
and they were satisfied with their training. This suggests that
participants were generally accepting of the new training
modality (serious game—based simulation). Thesefindingswere
also reflected in the qualitative analysis themes related to
“overall experience” and “simulation as learning tool.”

Quialitative feedback from the serious game group showed that
some users found the game challenging to navigate and
experienced technical difficulties. Suggestions to improve
serious game play include providing practice scenarios,
providing better affordances related to how to complete a

http://games.jmir.org/2020/3/e21123/
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scenario, and incorporating an “undo” feature. The Game Group
did watch amandatory video, but the finding related to practice
sessions suggests interactive tutorials and some type of
competency assessment prior to using the training game may
be beneficial. In general, maneuvering through the game must
be simple. We completed a usability study prior to the
assessment reported here, but these new findings underscore
the importance of user-centered design as an iterative process
that occurs throughout the product development lifecycle.
Designing serious gaming experiences to suit user needs and
goas may encourage self-guided mastery of competencies,
particularly in an area as crucia and challenging as EFM
interpretation.

Participants from both groups described challenges related to
realism of the simulation. One participant suggested that the
serious game-based simulation may benefit from using EFM
strips similar to what is used in their hospital. This highlights
an important point for expanding serious game use to national
and international platforms. Specifically, it suggeststhat it may
be beneficial to offer customization settings so the game feels
as redligtic as possible. Nurse participants also described that
some of the actions fell outside of their scope of practice.
Relatively few studies have incorporated nurses into serious
game devel opment and assessment [16-19], and it isimportant
to ensure participants of various roles have opportunities for
serious game-based learning. However, our finding highlights
the need for adapted scenarios that accurately match the
responsibilities of different roles.

The novelty of serious games for delivery of health care
education will have to endure a learning curve in learners
comfort levels of navigation. This learning curve can be
mitigated through iterative testing to ensure trainings are usable
for the various end-user groups. Over time, serious games for
health care delivery have the potential to become mainstream,
much like manneguin-based simulation has over the past 10-15
years. In traditional simulation education, it is important that
the level of fidelity or realism of the training matches the
objectives of the training with regards to the patient, clinical
facilities, and clinical scenario [31]. Understanding levels of
realism across the patient, clinical facilities, and clinical
scenarios necessary to meet objectives related in the serious
game format will need to be similarly considered as this type
of simulation training gains traction in the future.

Limitations

Our study was limited by the difficulty in recruitment of
participants. No statistically significant differenceswere detected
in the primary outcome measure, but sufficient power was not
attained to conclude equival ence of the original training method
(mannequin-based simulation) to the serious game-based
training. Further investigation is needed to determine if the
methods are equivalent, but this study certainly supports the
continued investigation of the value of virtual simulation
environments such as serious game-based scenarios as
alternatives to traditional mannequin-based simulation. While
all participants had a washout period of at least 3 months, due
to their schedules, some had washout periods as long as 6
months. Thishad an unknown effect on outcomes. Future studies
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may track this period as a covariate to test its potential effect
on outcome measures.

The perception-based questionnaires were pilot tested but were
not psychometrically validated, which should be considered in
the interpretation of these results.

Another potential limitation may be the possible training effect
from both methodologies. Though not a desired outcome, we
recognize that there is sustained difficulty in interpretation of
EFM regardless of type of training. Though years of experience
may help, thereis still significant difficulty in predicting fetal
wellbeing inall EFM situations, particularly category 2 tracings
[32,33].

The qualitative analysis was limited in that free-text narratives
were not mandatory and only provided by 44% of the
participants. Future studies may employ more robust techniques,
such as semistructured interviews, to gain more comprehensive
feedback from all participants. The discovered qualitative
themes, however, still provideimportant insight into improving
the future of serious game—based simulation.

Bendaet al

This study was conducted specifically with OBGY N providers
and nurses, which may not necessarily be generalizableto other
clinical subspecialties.

Conclusions

Dataindicated that the serious gameis viewed as effective both
by physician and nurse participants, and quantitative measures
suggest that serious game participants will have similar
performance to those participating in the human-patient
simulation. However, the study was not sufficiently powered
to assess our hypotheses. Larger studies are necessary before
definitive conclusions can be made about how serious game
training comparesto the more well-established mannequin-based
training methods in obstetrics as well as other specialties. We
have demonstrated feasibility of using serious game training to
deliver education as an aternative to simulation-based training
and provided insight to improve these methods in future
implementations of this technology. Our study has indicated
that afocus on realism and usability of the training tool will be
important areas of focus in serious game development in the
future.

Acknowledgments

The authors would like to thank Sara R Parker, MD, Mihriye Mete, PhD, and Sameer Desale, MS for their contributions to data
collection and analysis. This project was supported by grant number R18HS021444 from the Agency for Healthcare Research

and Quality.

Conflictsof Interest
None declared.

This randomized study was not registered. The authors explained that their study "involved health professional participants (not
patients or lay participants) and the educational outcome assessed was related to the health professionals. The study was funded
by the Agency for Healthcare Research and Quality who did not require it be registered asaclinical trial." The editor granted an
exception from ICMJE rules mandating prospective registration of randomized trials because only health professionals were
involved in the study. However, readers are advised to carefully assess the validity of any potential explicit or implicit claims
related to primary outcomes or effectiveness.

References

1.  American College of Obstetricians and Gynecologists Committee on Patient SafetyQuality |mprovement. Committee
opinion no. 590: preparing for clinical emergenciesin obstetrics and gynecol ogy. Obstet Gynecol 2014 Mar;123(3):722-725.
[doi: 10.1097/01.A0G.0000444442.04111.c6] [Medline: 24553170]

2. American College of Obstetricians and Gynecol ogists Committee on Patient Safety and Quality Improvement. ACOG
Committee Opinion No. 447: Patient Safety in Obstetrics and Gynecology. 2009;114(6):1424-1427. [doi:
10.1097/a09.0b013e3181c6f90¢]

3. Weinstock PH, Kappus LJ, Kleinman ME, Grenier B, Hickey P, Burns JP. Toward a new paradigm in hospital-based
pediatric education: the development of an onsite ssimulator program. Pediatr Crit Care Med 2005 Nov;6(6):635-641. [doi:
10.1097/01.pcc.0000185489.07469.af] [Medline: 16276327]

4.  Weinstock PH, Kappus LJ, Garden A, Burns JP. Simulation at the point of care: Reduced-cost, in situ training viaamobile
cart. Pediatric Critical Care Medicine 2009;10(2):176-181. [doi: 10.1097/pcc.0b013e3181956¢6f]

5. RodgersD. High-fidelity patient simulation: adescriptive white paper report. Healthcare Simulation Strategies. 2007. URL :
https.//sites.psu.edu/hersheysimul ation/fil es/2016/11/Simul ation-White-Paper-Rodgers-1pk08yn. pdf [accessed 2020-09-04]

6. Morgan PJ, Cleave-Hogg D. A worldwide survey of the use of simulation in anesthesia. Can J Anesth/J Can Anesth 2002
Aug;49(7):659-662. [doi: 10.1007/bf03017441]

7.  Maheu-Cadotte M, Cossette S, Dubé V, Fontaine G, Mailhot T, Lavoie P, et al. Effectiveness of serious games and impact
of design elements on engagement and educational outcomes in healthcare professionals and students: a systematic review
and meta-analysis protocol. BMJ Open 2018 Mar 16;8(3):€019871. [doi: 10.1136/bmjopen-2017-019871] [Medline:
29549206]

http://games.jmir.org/2020/3/e21123/ JMIR Serious Games 2020 | vol. 8 | iss. 3| €21123 | p.110

(page number not for citation purposes)


http://dx.doi.org/10.1097/01.AOG.0000444442.04111.c6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24553170&dopt=Abstract
http://dx.doi.org/10.1097/aog.0b013e3181c6f90e
http://dx.doi.org/10.1097/01.pcc.0000185489.07469.af
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16276327&dopt=Abstract
http://dx.doi.org/10.1097/pcc.0b013e3181956c6f
https://sites.psu.edu/hersheysimulation/files/2016/11/Simulation-White-Paper-Rodgers-1pk08yn.pdf
http://dx.doi.org/10.1007/bf03017441
http://dx.doi.org/10.1136/bmjopen-2017-019871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29549206&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Bendaet d

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Ricciardi F, De PaolisLT. A Comprehensive Review of Serious Games in Health Professions. International Journal of
Computer Games Technology 2014;2014:1-11. [doi: 10.1155/2014/787968]

LeFloreJL, Anderson M, Zielke MA, Nelson KA, Thomas PE, Hardee G, et al. Can aVirtual Patient Trainer Teach Student
Nurses How to Save Lives—Teaching Nursing Students About Pediatric Respiratory Diseases. Simulation in Healthcare:
The Journal of the Society for Simulation in Healthcare 2012;7(1):10-17. [doi: 10.1097/sih.0b013e31823652de]

Khanal P, Vankipuram A, Ashby A, Vankipuram M, Gupta A, Drumm-Gurnee D, et a. Collaborative virtual reality based
advanced cardiac life support training simulator using virtual reality principles. JBiomed Inform 2014 Oct;51:49-59 [FREE
Full text] [doi: 10.1016/].jbi.2014.04.005] [Medline: 24732098]

Dankbaar MEW, Richters O, Kalkman CJ, Prins G, Ten Cate OTJ, van Merrienboer JJG, et a. Comparative effectiveness
of aserious game and an e-moduleto support patient safety knowledge and awareness. BMC Med Educ 2017 Feb 02;17(1):30
[FREE Full text] [doi: 10.1186/s12909-016-0836-5] [Medline: 28148296]

Knight JF, Carley S, Tregunna B, Jarvis S, Smithies R, de Freitas S, et al. Serious gaming technology in major incident
triage training: a pragmatic controlled trial. Resuscitation 2010 Sep;81(9):1175-1179. [doi:
10.1016/j.resuscitation.2010.03.042] [Medline: 20732609]

Graafland M, Bemelman WA, Schijven MP. Game-based training improves the surgeon's situational awarenessin the
operation room: arandomized controlled trial. Surg Endosc 2017 Oct 9;31(10):4093-4101 [FREE Full text] [doi:
10.1007/s00464-017-5456-6] [Medline: 28281117]

Diehl LA, SouzaRM, Gordan PA, Esteves RZ, Coelho ICM. InsuOnline, an Electronic Game for Medical Education on
Insulin Therapy: A Randomized Controlled Trial With Primary Care Physicians. JMed Internet Res2017 Mar 09;19(3):e72
[FREE Full text] [doi: 10.2196/jmir.6944] [Medline: 28279950]

Cendan JC, Johnson TR. Enhancing learning through optimal sequencing of web-based and manikin simulators to teach
shock physiology inthemedical curriculum. Adv Physiol Educ 2011 Dec;35(4):402-407. [doi: 10.1152/advan.00061.2011]
[Medline: 22139778]

ljaz A, Khan MY, Ali SM, Qadir J, Boulos MNK. Serious games for healthcare professional training: A systematic review.
European Journa of Biomedical Informatics 2019;15(1):1 [FREE Full text]

Sharifzadeh N, Kharrazi H, Nazari E, Tabesh H, Edalati Khodabandeh M, Heidari S, et al. Health Education Serious Games
Targeting Health Care Providers, Patients, and Public Health Users: Scoping Review. IMIR Serious Games 2020 Mar
05;8(1):€13459 [FREE Full text] [doi: 10.2196/13459] [Medline: 32134391]

Chon S, Timmermann F, Dratsch T, Schuelper N, Plum P, Berlth F, et al. Serious Gamesin Surgical Medical Education:
A Virtual Emergency Department as a Tool for Teaching Clinical Reasoning to Medical Students. IMIR Serious Games
2019 Mar 05;7(1):e13028 [FREE Full text] [doi: 10.2196/13028] [Medline: 30835239]

Gorbanev |, Agudelo-Londofio S, Gonzalez RA, Cortes A, Pomares A, Delgadillo V, et a. A systematic review of serious
games in medical education: quality of evidence and pedagogical strategy. Med Educ Online 2018 Dec 19;23(1):1438718
[FREE Full text] [doi: 10.1080/10872981.2018.1438718] [Medline: 29457760]

Jena AB, Seabury S, Lakdawalla D, Chandra A. Malpractice Risk According to Physician Specialty. N Engl JMed 2011
Aug 18;365(7):629-636. [doi: 10.1056/nejmsal012370]

McGaghie WC, Issenberg SB, Petrusa ER, Scalese RJ. Effect of practice on standardised learning outcomesin
simulation-based medical education. Med Educ 2006 Aug;40(8):792-797. [doi: 10.1111/].1365-2929.2006.02528.X]
[Medline: 16869926]

Deering S, Johnston LC, Colacchio K. Multidisciplinary teamwork and communication training. Semin Perinatol 2011
Apr;35(2):89-96. [doi: 10.1053/].semperi.2011.01.009] [Medline: 21440817]

Merién AR, van de Ven J, Mol B, Houterman S, Oei S. Multidisciplinary Team Training in a Simulation Setting for Acute
Obstetric Emergencies. 2010;115(5):1021-1031. [doi: 10.1097/a09.00013e3181d9f4cd]

Wayne DB, Buitter J, Siddall VVJ, FudalaMJ, Linquist LA, Feinglass J, et a. Simulation-based training of internal medicine
residents in advanced cardiac life support protocols: arandomized trial. Teach Learn Med 2005 Jul;17(3):210-216. [doi:
10.1207/s15328015tim1703_3] [Medline: 16042514]

Wayne DB, DidwaniaA, Feinglass J, FudalaMJ, Barsuk JH, McGaghie WC. Simulation-based education improves quality
of care during cardiac arrest team responses at an academic teaching hospital: a case-control study. Chest 2008

Jan; 133(1):56-61. [doi: 10.1378/chest.07-0131] [Medline: 17573509]

Brown M, Holt R. Utilizing Plus/Delta Debriefing to Enhance Learning in Phlebotomy Simulations. Am J Clin Pathol 2015
Oct 01;144(suppl 2):A107-A107. [doi: 10.1093/ajcp/144.suppl2.107]

Strauss A, Corbin J. Basics of Qualitative Research: Techniques and Proceduresfor Devel oping Grounded Theory. Newbury
Park, CA: Sage Publications, Inc; 2015.

MilesM, Huberman A, SaldanaJ. Qualitative DataAnalysis: A Methods Sourcebook. Newbury Park, CA: Sage Publications,
Inc; 2014.

Landis JR, Koch GG. The Measurement of Observer Agreement for Categorical Data. Biometrics 1977 Mar;33(1):159.
[doi: 10.2307/2529310]

Saldana J. The Coding Manual for Qualitative Researchers. 2nd ed. Newbury Park, CA: Sage Publications, Inc; 2015.

http://games.jmir.org/2020/3/e21123/ JMIR Serious Games 2020 | vol. 8 | iss. 3| €21123 | p.111

(page number not for citation purposes)


http://dx.doi.org/10.1155/2014/787968
http://dx.doi.org/10.1097/sih.0b013e31823652de
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(14)00090-2
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(14)00090-2
http://dx.doi.org/10.1016/j.jbi.2014.04.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24732098&dopt=Abstract
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-016-0836-5
http://dx.doi.org/10.1186/s12909-016-0836-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28148296&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2010.03.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20732609&dopt=Abstract
http://europepmc.org/abstract/MED/28281117
http://dx.doi.org/10.1007/s00464-017-5456-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28281117&dopt=Abstract
https://www.jmir.org/2017/3/e72/
http://dx.doi.org/10.2196/jmir.6944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28279950&dopt=Abstract
http://dx.doi.org/10.1152/advan.00061.2011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22139778&dopt=Abstract
https://www.ejbi.org/scholarly-articles/serious-games-for-healthcare-professional-training-a-systematic-review.pdf
https://games.jmir.org/2020/1/e13459/
http://dx.doi.org/10.2196/13459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32134391&dopt=Abstract
https://games.jmir.org/2019/1/e13028/
http://dx.doi.org/10.2196/13028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30835239&dopt=Abstract
http://europepmc.org/abstract/MED/29457760
http://dx.doi.org/10.1080/10872981.2018.1438718
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29457760&dopt=Abstract
http://dx.doi.org/10.1056/nejmsa1012370
http://dx.doi.org/10.1111/j.1365-2929.2006.02528.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16869926&dopt=Abstract
http://dx.doi.org/10.1053/j.semperi.2011.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21440817&dopt=Abstract
http://dx.doi.org/10.1097/aog.0b013e3181d9f4cd
http://dx.doi.org/10.1207/s15328015tlm1703_3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16042514&dopt=Abstract
http://dx.doi.org/10.1378/chest.07-0131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17573509&dopt=Abstract
http://dx.doi.org/10.1093/ajcp/144.suppl2.107
http://dx.doi.org/10.2307/2529310
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Bendaet d

31. TunJK, Alinier G, Tang J, Kneebone RL. Redefining Simulation Fidelity for Healthcare Education. 2015 Apr
05;46(2):159-174. [doi: 10.1177/1046878115576103]

32. Shepherd E, Salam R, Middleton P, Makrides M, Mclntyre S, Badawi N, et al. Antenatal and intrapartum interventions for
preventing cerebral palsy: an overview of Cochrane systematic reviews. Cochrane Database Syst Rev 2017 Aug
08;8:CD012077 [FREE Full text] [doi: 10.1002/14651858.CD012077.pub2] [Medline: 28786098]

33. Macones G, Hankins G, Spong C, Hauth J, Moore T. The 2008 National Institute of Child Health and Human Devel opment
workshop report on electronic fetal monitoring: update on definitions, interpretation, and research guidelines. J Obstet
Gynecol Neonatal Nurs 2008;37(5):510-515. [doi: 10.1111/].1552-6909.2008.00284.x] [Medline: 18761565]

Abbreviations

EFM: electronic fetal monitoring
MOST: MedStar Obstetrical Safety Training
OBGY N: obstetrician gynecol ogist

Edited by G Eysenbach; submitted 07.06.20; peer-reviewed by M Tara, K Glover; comments to author 24.07.20; revised version
received 28.07.20; accepted 03.08.20; published 28.09.20.

Please cite as:

Benda NC, Kellogg KM, Hoffman DJ, Fairbanks RJ, Auguste T

Lessons Learned From an Evaluation of Serious Gaming as an Alter native to Mannequin-Based S mulation Technology: Randomized
Controlled Trial

JMIR Serious Games 2020; 8(3):€21123

URL: http://games.jmir.org/2020/3/€21123/

doi:10.2196/21123

PMID: 32985993

©Natalie C Benda, Kathryn M Kellogg, Daniel J Hoffman, Rollin J Fairbanks, Tamika Auguste. Originally published in IMIR
Serious Games (http://games.jmir.org), 28.09.2020. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in IMIR Serious Games, is properly cited. The complete
bibliographic information, a link to the original publication on http://games.jmir.org, as well as this copyright and license
information must be included.

http://games.jmir.org/2020/3/e21123/ JMIR Serious Games 2020 | vol. 8 | iss. 3| €21123 | p.112
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1177/1046878115576103
http://europepmc.org/abstract/MED/28786098
http://dx.doi.org/10.1002/14651858.CD012077.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28786098&dopt=Abstract
http://dx.doi.org/10.1111/j.1552-6909.2008.00284.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18761565&dopt=Abstract
http://games.jmir.org/2020/3/e21123/
http://dx.doi.org/10.2196/21123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32985993&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Zakariaet d

Original Paper

Assessing Ethoshunt as a Gamification-Based Mobile App in
Ethics Education: Pilot Mixed-Methods Study

Noor Syamilah Zakaria', BEd, MEd, PhD; M Igbal Saripan?, BEng, PhD; Neerushah Subarimaniam®, BSocSc, MSc;
Alyani Ismail®, BEng, MSc, PhD

1Department of Counselor Education and Counseling Psychology, Faculty of Educational Studies, Universiti Putra Maaysia, Selangor Darul Ehsan,
Malaysia
2Department of Computer and Communication Systems Engineering, Faculty of Engineering, Universiti PutraMalaysia, Selangor Darul Ehsan, Maaysia

Corresponding Author:

Noor Syamilah Zakaria, BEd, MEd, PhD

Department of Counselor Education and Counseling Psychology
Faculty of Educational Studies

Universiti PutraMalaysia

UPM Serdang

Selangor Darul Ehsan, 43400

Malaysia

Phone: 60 127849776

Email: syamilah@upm.edu.my

Abstract

Background: Gamification has remarkable potential in the learning space. The process of creating a gamified system and its
influence on human behavior reflect the interaction between educators and machines.

Objective: The purpose of this pilot study was to present Ethoshunt as a gamification-based mobile app that can be used in
teaching and learning ethics.

Methods: This study involved a mixed-methods research design. The researchers surveyed 39 undergraduate students who were
introduced to Ethoshunt in order to examine the relationships between mobile app usability and positive emotions, ethical
competency, and user experience. Affinity diagramming was used asatool to organize the opinions and experiences of participants
using featured gamification elements.

Results:  Game dynamics and game mechanics explained the functionality of Ethoshunt. In addition, the learning flow through
Ethoshunt was discussed. Overall, the findings were positive, and mobile app usability had the strongest rel ationship with positive
emotions (r=0.744, P<.001), followed by ethical competency (r=0.686, P<.001) and user experience (r=0.614, P<.001).
Conclusions: Positive emotions could be perceived as an important dimension in the development and usability of Ethoshunt.
The researchers suggest that the gamification-based mobile app advocated in this study may provide ideas for ethics educators
who wish to devel op a technology-mediated learning environment.

(JMIR Serious Games 2020;8(3):€18247) doi:10.2196/18247

KEYWORDS
gamification; ethics; education; ethics education; ethical competency; mobile app; mobile app usability

: Nations Educational, Scientific, and Cultural Organization
Introduction (UNESCO), the process of integrating new tools and
Background technologies that involve game elements depends on the

educator’s ability to: (1) construct a learning environment by
employing new ideas; (2) consolidate new technology with a
new pedagogy; and (3) promote socially active classrooms to
encourage group work, cooperative interaction, and collaborative
learning [4]. Furthermore, integrating game elements in
education is a technique that is used to foster collaboration

Gamification is the use of a game-like concept to create
engaging and supportive learning environments that motivate
students. Elements of games have been historically important
in teaching and learning. Game elements effectively engage
students, and the primary role of educators to engage students
inlearningisbecoming apriority [1-3]. According to the United
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among students [5] and to extend learning while developing
their cognitive, emotional, and social dimensions[6].

The application of game elements, such as game dynamics and
game mechanics, commonly known as“gamification” hasbeen
entering the realms of education, lifestyle, and health[7]. Inthe
education context, gamification is regarded as a tool that has
been influential [8] and a prominent trend in recent years [9].
It creates a great deal of value for students since it encourages
learning through entertainment [10]. With multifunction tools,
gamification is defined as the use of game design elementsin
nongame contexts [11]. The entire process of gamification is
to create interactions between educators and machines, but not
to replace educators [11].

Gamification is an application that integrates both game
mechanics and game dynamics with the support of a virtual
learning environment, offering various benefitsto humans[12].
Previous studies have investigated the development and usage
of gamification across disciplines. For instance, gamification
positively influences consumers behaviors in switching
intention between membership cards and mobile apps[13]. On
the other hand, gamification increases bicycle riding activities
and logging behaviors through a point system [14], promotes
the quality of teacher education and in-service training, assists
researchers in environmental multicriteria decision analysis
specifically related to water [15], and supports collaborative
learning in primary education through implementation of a
tactile and tangible multitablet gamified quiz system [2].

Gamification researchers have also explored personality types
that can predict players preferences for game elements and
mechanics [7], as well as energy-related behaviors that are
necessary to engage residential customersin energy application
enabled by smart meters [16]. Interestingly, many researchers
have designed gamification-based applications to capture
consumers’ fun and “gameful” experiences [9] and to observe
weight loss in overweight and obese adolescents, which
eventually improves their health conditions [12]. On the other
hand, Zhang et a [17] used gamification for cognitive bias
modification. Besides usage, usability of gamificationisequally
important as it enables users to perform tasks effectively and
efficiently. Usability ensures agamification-based tool impacts
users in many ways, such as achieving goals, increasing
proactive behaviors, and improving performance; otherwise,
the tool would be worthless.

Similarly, usability was the main concern in this study. It is
critically important to measure the usability of a
gamification-based tool to ensure it is usable, useful, and
effective in teaching and learning ethics. Therefore, the aim of
this study was to present the development of a
gamification-based mobile app called Ethoshunt and assessment
of its usability in ethics education. The researchers used a
correlation method to examine the rel ationships between mobile
app usability and positive emotions, ethical competency, and
user experience. Opinions from students based on their
experiences of using Ethoshunt were also gathered. Theresults
were expected to provide evidence of the effectiveness and
usability of Ethoshunt.
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Related Work

Gamification in Ethics Education

Gamification has a large potentia in teaching and learning
activities. Furthermore, gamification strengthens teaching and
learning processes [18]. Through gamification, students as
gamification-based application users potentially exhibit positive
learning behaviors. In addition, gamification is amost
everywhere in the form of puzzles; adventure, simulation,
edutainment, and strategy games; and real -time strategy games
[19]. Gamification reflects a shifting idea of using game design
elements, such as the mechanics and dynamics of games, in
nongame themes, products, contexts, and services to make
difficult tasks easier [10].

Gamification is an effective engagement tool that reinforces
human behaviors through specific educational activities with
the assistance of game mechanics, such as levels, ranks,
missions, and instant rewards [20]. The most used game
mechanics are badges, points, levels, prizes, storytelling,
progress bars, and leaderboards [21-23]. For instance, an ethics
educator may not conduct formative assessments in tutorial
classes, and instead, may replace it with gamification-based
assessments inclusive of prizes that would create game-based
experiences in educational contexts. These experiences would
increase students' relatedness, competence, and autonomy
[19,24]. Furthermore, gamificationispleasing, engaging [17,25],
and sustainable, as it provides an interactive educational
environment. Education-based gamification systems, such as
GamiCad, Jigsaw, and Gamified Multimedia Content
Production, guarantee students' quick task completion during
the process of reviewing the lessons learned [26].

Gamification allows students to experience a feeling of
energized focus, enjoy the process of classroom activity, and
getinvolvedin thelearning process|[2]. In addition, gamification
can be utilized as a motivational tool [1,8,27], promotes a
flexible learning environment, and provides challenges to
high-ability students [12]. In addition, students can maintain
positive attitudes toward courses integrated with gamification,
and gamification can influence students learning and
achievements [28]. Students are generally enthusiastic about
gamification and learn more with gamification. The previous
findingsreflect that nontraditional teaching methodsintegrating
technol ogy-mediated learning can enhance students’ engagement
in the classroom. However, it is important to recruit quality
educators, asthey are expected to make efficient use of technical
infrastructure, use technology effectively, enable effective
communi cation, adapt gamification content to the ethics course,
and interpret the outcome of gamification-based applications
[29].

An aternative concept to build a motivating nature in
game-based pedagogy is ethics educators competencies. Besides
effectively making use of the technology, ethics educators are
expected to be competent in four areas, including pedagogical,
collaborative, technological, and creative areas [20]. A
pedagogically competent educator ought to have the ability to
engage students in planning and designing gamification,
requiring collaboration (second area) within the school and other
schools. Moreover, educators must be technologically
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competent, asthey will need to analyze games and technol ogical
tools. It is expected as well that technologically competent
educatorswill be able to overcome technol ogy-rel ated obstacles
[20]. Finally, creative educators are needed to create playful
learning zonesto expl ore and enhance gamification in education.
The creativity aspect of teaching would assist in sustaining
students' motivation and promote self-development. For the
motivation aspect, gamification promotes behavioral changes.
Timpel et a [12] mentioned that motivation is the heart of
gamification. Gamification works best to boost motivation
through engagement, which can make the most challenging and
tedious tasks enjoyable [27]. Timpel et al [12] further revealed
that the aspect of motivation in gamification can be explained
further according to the self-determination theory and
organismic integration theory.

The self-determination theory focuses on what drives students
to make choices without external influences and argues that
students or gamification users are self-motivated and
self-determined as the gamified system provides them a sense
of social relatedness and autonomy [12]. The elements in
gamification ultimately create a state of intrinsic motivation
that influences users to go through challenges and make
achievements. According to Su and Cheng [22], intrinsic
motivation that is developed based on feelings of competence
and autonomy will keep students engaged and help them learn
actively for many hours with no rewards. On the other hand,
the organismic integration theory describes different types of
extrinsic motivation and highlights that behavioral regulations
are experienced as comparatively alien to the self [30]. In other
words, individuals actions are compelled by externaly
controlled rewards or punishments. For example, students who
are exposed to gamification in conservative classroom lectures
will feel motivated, specifically when they are rewarded with
progress bars, points, or badges, and the motivation indirectly
builds collaboration with other learning peers.

Gamification has the potential to transform an extrinsic
experience into internal meaning and help students to reflect
upon and reorganize their familiarities[31,32]. However, inthe
long run, the reward mechanism, which also serves as a
controlling aspect, may erode intrinsic motivation [12]. Thus,
it is essential to select meaningful educational game elements
that arein linewith the users’ interestsand goalsto sustain their
intrinsic motivation. According to Rodrigues et a [2], points,
quizzes, and challenges are the most used game elements.

Assessing Positive Emoations, Ethical Competency, User
Experience, and Mobile App Usability

Positive emotionsrefer to positive effects functioning asinternal
signals that increase the motivation level [33]. In addition,
positive emotions, such as joy, contentment, love, and interest,
are markers of optima well-being or flourishing. Positive
emotions are recognizable via vocal, visual, auditory, touch,
and facial cues[34]. In the context of this study, gamification
has a tendency to provide positive emotions that may break
existing habits and substitute the habitual behaviors with new
stabilized behaviors [35]. Gamification invokes students
behaviors in the classroom by activating their motivation [36]
and sustaining focus in the classroom. For example, students
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who are exposed to gamification in the classroom can learn in
a fun environment while sharing their experiences with
educators and learning peers. The game dynamics and game
mechanics in gamification-based tools attract students, as they
increase students’ positive emotions, which rationally makes
them invest moretimein exploring the game, boosts motivation,
and fosters their curiosity to know more about the game.
According to Korn et al [36], gamification is able to shift the
students' mood spectrum toward amore relaxed condition. The
delightful concept of gamification involves more emotions;
however, the happy and unhappy emotions balance each other
[36].

Ethical competency refersto ethical behaviors and actions that
require ethical knowledge and reflection [37]. Ethical
competency aids in achieving organizational goals, improves
individuals performances, improves quality of the services
provided, and invites positive consequences to the organization
[38]. Ethical competency iscritical to thewell-being of students.
Living ethically can be articulated as projecting the highest
standard of the belief system. To comprehensively teach ethics
education in asemester isachallenge; nonetheless, afoundation
of knowledge, thinking, and acting can be set in place
[26,32,39,40]. Inthis study, the ethics education instructor used
gamification for disseminating knowledge from the literature
and text books, dialoguing in conservative classroom lectures
regarding knowledge application, and utilizing experiential
activitiesto apply knowledge in real-life situations.

On the other hand, user experienceis defined as an episode that
involves interactions between categories as follows: (1) an
individual and an individual; (2) an individual and a service
provider; and (3) a customer and a product provider resulting
in a response [8]. Sheng and Teo [41] mentioned that user
experience reflects an individual’s expectations and the stimuli
that result from interactions between the categories noted
previoudly [8]. Theresearchers also mentioned that experiences
perceived by the studentswill be acomplex feeling, and usually,
it is difficult to distinguish between two different experiences.
In this study, user experience refersto what is perceived by the
students after being exposed to gamification in conservative
classroom lectures of ethics education. Experience can be
described in theform of feelings, emotions, behaviors, or mental
state.

Finally, mobile app usability refers to a method of measuring
a product’s ease of use [42]. Usability reflects the focus for
every phase of design to ensure amaobile app is designed well,
with usability in mind throughout the designing process [43].
For example, a mobile app that is designed well and fits the
current needs of people would achieve high usability. However,
app type and the location context may affect users mobile
experiences [44], which eventually would contribute to poor
usability. Thisstudy aimed to measure the usability of Ethoshunt
as one of the constructs to ensure the app promotes fun and a
meaningful learning experience of ethics education. Students
are encouraged to explore Ethoshunt as a user-friendly tool that
increasestheir chance of performing well in an ethics education
course.
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There are limited definitions and citations specifically related
to correlations among positive emotions, ethical competency,
user experience, and mobile app usability. Thiscondition reflects
the waysthey can beintegrated in gamification-related studies.
The researchers found that the four constructs were established
in gamification-related literature by many researchers, and it is
critically important to measure mobile app usability to determine
the usability of Ethoshunt. Thus, the four constructs fit the
purpose of this study, which is primarily to present Ethoshunt
as a gamification tool in ethics education. In this study, the
researchers aimed to develop a mobile app involving game
elements integrating the dynamics and mechanics of
gamification. The mobile app Ethoshunt can store ethos points
and ethos levels through hints sent by the ethics educator.
Furthermore, this paper highlights the relationships between
mobile app usahility and positive emotions, ethical competency,
and user experience, which were measured on a scale based on
the developed mobile app. Finaly, the researchers analyzed
five open-ended questions to further explore participants
personal experiencesin using Ethoshunt.

Methods

Ethoshunt Development Process

The development of Ethoshunt is divided into four steps. The
first step is the identification of the game mechanics and game
dynamics of Ethoshunt. The second step is the definition of the
components of the overall mobile app process modul e workflow.
The third step is the presentation of how Ethoshunt functions.
Finally, the fourth step is the identification of the learning flow
through Ethoshunt integration.

Participants

The participants were students enrolled in a counseling ethics
education course at apublic university in Malaysia. The students
wereall first semester undergraduate studentswho were diverse
in terms of age, gender, race, and cultura identity. The
participants were chosen based on the research purpose and
consideration of the comprehensiveness of the resources
available. Ethics education is a cut and dry course. The course
isconsidered complex and coversalarge number of topics. The
students registered for the counseling ethics education course
arerequired to read, digest, and memorize the contentsincluded
inthe Malaysian Counselor Act 1998 (Act 580) and Counselors
Code of Ethics [45]. They are also required to attend lectures
that are conducted traditionally in a classroom setting and
complete assignments given by their educator. Therefore, a
changeisneeded to ensure that student motivationto learn ethics
is sustained and to provide an engaging learning environment.

A total of 39 undergraduate counseling students participated in
this pilot study. They were selected through cluster sampling,
in which a particular batch of students was chosen as
participants. The Ethoshunt devel opment project was conducted
throughout four full semesters, which is equivalent to 2 years.
On the other hand, the ethics education course is offered once
in ayear, resulting in two batches or clusters of students for 2
continuous years. Each cluster consists of students studying in
the following two programs. (1) Bachelor of Education in
Guidance and Counseling with Honors and (2) Bachelor of
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Counseling with Honors. Therefore, one cluster of studentswas
selected randomly as participants of this study, resulting in 39
counseling students. The population consisted of 84 participants.

Data Analysis

Besides development of Ethoshunt, the researchers employed
a mixed-methods research design to collect and analyze both
guantitative and qualitative data gathered from a sample
introduced to Ethoshunt. The researchers conducted apil ot study
to assess the extent of positive emotions, ethical competency,
user experience, and mobile app usability among undergraduate
counseling studentsintroduced to Ethoshunt and to capture their
experiences of using Ethoshunt. Thefirst stage of the pilot study
involved survey analysis using Pearson correlation, and the
purpose wasto examine the rel ationshi ps between two constructs
asfollows: (1) positive emotions and mobile app usability; (2)
ethical competency and mobile app usability; and (3) user
experience and mobile app usability. This was also called the
guantitative phase.

The Gamification User Scale, a Malay language Likert-type
scale ranging from 5 (strongly agree) to 1 (strongly disagree),
was developed to measure positive emations, ethical
competency, user experience, and mobile app usability. Positive
emotions, ethical competency, user experience, and mobile app
usability are grouped into four sections, and the scale consists
of 20 items. The first section consists of four items, and it
measures students’ positive emotions regarding Ethoshunt. The
second section consists of four items about mobile app usability.
The third section consists of eight items on students’ ethical
competency, and the final section involves four items that
measure user experience. The scale has a high internal
consistency (reliability, Cronbach a coefficient of .94). A panel
of experts evaluated the content validity of the scale. Three
experts, who are registered counselors with the Board of
Counselors (Malaysia), evaluated the content validity of the
scale in terms of comprehensiveness and clarity of the items.
The examples of items for each construct are as follows:

« Positiveemations:. (1) Ethoshunt isfun and (2) | am excited
to learn while playing.

« FEthica competency: (1) Ethoshunt enhances my
understanding in learning counseling ethics and (2)
Ethoshunt assists me in application of counseling ethics
education.

«  User experience: (1) | aminterested to learn using amobile
app in the future and (2) Ethoshunt makes me think about
personal well-being.

« Mobile app usability: (1) A mobile app can make learning
of counseling ethics more fun and (2) A mobile app can
replacethetraditional method of learning counseling ethics.

Another separate sheet was attached to the scale, and it involved
the second stage of analysis, which isthe qualitative phase. The
separate sheet sought to collect students' opinions based on
their experiences using featured gamification elements. The
researchers conducted analyses manually to understand students
insights. An affinity diagram was used as a tool to analyze
qualitative data by integrating the traditional qualitative smple
data analysis method of using a pen and sticky notes. Opinions
gathered from the students were transformed into an affinity
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diagram involving the following three steps: (1) capture; (2)
group; and (3) label. The opinions from all participants were
captured, grouped, and labeled to determine students’ insights
regarding Ethoshunt as a gamification tool in ethics education.
A total of five open-ended questions were included in the
guestionnaire, in addition to the scale (Multimedia Appendix
1). All opinions provided by the participants were coded using
atraditional simple qualitative data analysis tool.

Data Collection

The developed Ethoshunt app was used in parald with
conservative classroom lectures. It was not meant to replace the
lectures, but rather complement them in afun way. The ethics
courseinstructor conducted the conservative classroom lectures
for the first three topics. Thereafter, the instructor started the
first set of hints, and the students followed the hintsto get their
ethos points, which eventually brought them to the next level
of hints. The Ethoshunt was used until week 12 of the semester
academic calendar. The ethics course instructor then rewarded
the students who successfully managed to get to the next level
up to the matured adult level, with treats, educational visits, or
educational cash vouchers. Based on the developed Ethoshunt,
the students' positive emotions, ethical competency, user
experience, and mobile app usability were assessed, and
evaluations were conducted on ascale of 1 through 5. Students
who used Ethoshunt indicated whether they strongly agree or
strongly disagree with theitemsthat reflect their perceived level
of positive emotions, ethical competency, user experience, and
mobile app usability. Furthermore, students responded to five
open-ended questions concerning Ethoshunt. The surveyswere
distributed to the students, and they returned the surveysto the
researchers after completion.
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Results

Game Mechanics and Game Dynamics of Ethoshunt

Ethoshunt has been designed and created by the researchers
through an understanding of game elements from traditional
treasure hunt to aid learning, which is not seen as a serious
game. Game mechanics refer to building blocks for gamifying
offers, such as badges and scoring systems [35]. On the other
hand, game dynamics describe the effects of game mechanics
on students [35]. The game mechanics integrated in the
mobile-based Ethoshunt trigger exploration in finding
information relevant to the ethics course being taught, and there
is a competition element as the game dynamic of Ethoshunt.
Competition in Ethoshunt refers to a healthy game that creates
collaboration among classmates or other game usersin thelong
term. It involves a combination of game mechanics and
motivational driversto make Ethoshunt morefun and appealing
to students. Levels, points, and rewards were also chosen asthe
game mechanics of Ethoshunt from other types of game
mechanics, such as prizes, badges, and progress bars. In
Ethoshunt, ethos levels eventualy unlock the ethics course
contents and ethos points increase the running numerical value
of students’ work.

Figure 1 presents the game plan of Ethoshunt for introducing
four levels of ethics acquisition, which include comprehension
and application. All students can choose the gender (male or
female). They start at the infancy level and progress to the
childhood level, teenager level, and eventually matured adult
level. If they fail to secure points at any level, they may be
demoted to an earlier level. Students who have achieved the
matured adult level are considered competent, and they are
perceived to have gained good understanding, experience, and
application of the ethics course content. Ultimately, students at
the matured adult level will experience a sense of pride in
learning the ethics education course.
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Figurel. Game mechanicsof Ethoshunt. The green arrow indicates advancement to the next level, and the red arrow indicates demotion to the previous

level.
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Ethoshunt System Architecture

Figure 2 illustrates the system architecture used in devel oping
Ethoshunt. The system architecture was designed to handle
threetypes of interfaces, including mobile web browser, desktop
web browser, and Android mobile app. The administrators have
a lot of information to view; hence, specifically for
administrators, Ethoshunt is designed to be viewed using a
desktop web browser. The system has been tested on the desktop

Figure 2. Ethoshunt module workflow.

web browsers Google Chrome (version 74.0.3729.131, official
build, 64-bit; Google) on Windows 10 (Microsoft) and Safari

(version 11.0.3; Apple) on Mac OS X El Capitan (version
10.11.6; Apple).

Users can use either a mobile web browser or the Android
mobile app to access the system. The system has been tested
on the mobile web browser Google Chrome (version
74.0.3729.157; Google), and the Android mobile app has been
tested on Android Pie (version 9.0; Google).
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All views from the maobile web browser, desktop web browser,
and Android mobile app are connected to the application server
that stores the Ethoshunt database. A unique architecture needs
to be implemented for the Android maobile app, where a web
service module and sync module need to be placed in between
the interface and server to establish a compatible connection
between the app and the server. This ensures areal-time update
of the Android mobile app once the server has been updated
using either a desktop or mobile web browser.

Ethoshunt Functionality

Game mechanics and game dynamics are two crucial
components in a gamification-based mobile app. Hint is used

Figure 3. Hints sent by the ethics course instructor.

i ) of

In the context of this study, a total of 39 students used
Ethoshunt. The ethics educator initially sent ahint to the students
after completion of thefirst three topics. They responded to the
hint by submitting the required format of answersto the ethics
educator through Ethoshunt. Points were given for correct
answers, and the process was repeated throughout the semester.
The achievement of each student, which is the level of ethics
acquisition, was determined at the end of the semester. Examples
of hints sent to the counseling students and types of hints
required by the ethics educator are asfollows: (1) What makes
counseling supervision effective? (text); (2) What are the ethical
dilemmas encountered in counseling research? (animation); (3)
Therapeutic counseling relationship (image); (4) The counselor
as a person and professiona (video); (5) What a counselor
should do when hisor her client reports suicidal ideation? (text);
(6) Songs relevant to confidentiality (audio).
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as a game mechanic in Ethoshunt. The ethics educator sends
hints relevant to the ethics course contents to the students
(Figure 3). It can be at any time of the day. The dedicated
Android app receives the hints automatically via message, and
an dert is displayed. The types of hints can lead to two types
of activities as follows: (1) hidden information in the virtual
world that requires students to find internet stories, links,
movies, notes, quotes, images, and sounds related to the topics
being discussed, with guidance by the hints and (2) hidden
information in the real world that requires students to find
physical clues related to the topics being discussed, with
guidance by the hints. Students then submit the answers to the
ethics educator and are given points for correct answers.

L earning Flow Through I ntegrative Ethoshunt

Students who use Ethoshunt will be able to take part in the
learning process through a meaningful educational flow.
Through this flow, students develop their competence in ethics
education and meaningfully reflect on what has been taught by
the ethics educator prior to making their own revisions.
Furthermore, this flow strengthens the process of conveying
ethics course contents using gamification. Figure 4 shows the
learning flow that every student will experience. First,
achievement enables students to earn public recognition
(learning peers and educator) for completing the tasks given.
Second, students will check on their appointments, where they
need to check in to receive new hintsfrom their ethics educator.
Third, students will collaborate and work with other learning
peers to accomplish learning goals. Fourth, students are
encouraged to work on the epic meaning, where they are
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expected to work to achieve excellent learning outcomes.
Thereafter, studentswill receive unexpected rewards or bonuses
for their achievements, and this isto motivate students to move
forward and set countdowns. Through countdowns, students
will tackle challengesin alimited amount of time. The seventh
component in the flow is discovery. Students will navigate
through the learning space and uncover pockets of knowledge.
Students will then learn to synthesize the knowledge they have

Figure 4. Learning flow through Ethoshunt.
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gained and work continuously on challenges that require
multiple skills to solve. The ninth component is|oss aversion,
where students play to avoid losing what they have aready
gained, and finally, studentswill go through infinite play, where
they continuously learn until becoming experts in the field.
Students who are active throughout the learning process
involving Ethoshunt will achieve unexpected positive outcomes.

2.
Appointment

3.
Collaboration

5.
Bonuses
6.

Countdown

Survey Analysis

Themean scores of positive emotions, ethical competency, user
experience, and mobile app usability were calculated. The mean
scores ranged from 2.2 to 5.0, which indicates that most of the
participants’ selections on the scale fell between 2 (disagree)
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and 5 (strongly agree). Figure 5 shows the distribution of the
mean scores among the participants. The distribution pattern
suggested that there were relevant rel ationships among positive
emotions, ethical competency, user experience, and mobile app
usability.
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Figure5. Distribution of mean scores. EC: ethical competency; MAU: mobile app usability; PE: positive emotions; UE: user experience.
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For the first stage of analysis (Table 1), Pearson correlation
indicated that positive emations, ethical competency, and user
experience were significantly related to mobile app usability.
Positive emotionswere positively related to mobile app usability

Table 1. Correlation coefficients for positive emotions, ethical competency,

Participants

(r=0.744, P<.001). There were also significant positive
relationships between ethical competency and mobile app
usability (r=0.686, P<.001) and user experience and mobile app
usability (r=0.614, P<.001).

and user experience.

Variable/relationship

Correlation with mobile app usability (r)

Positive emotions
Ethical competency

User experience

0.744
0.686
0.614

Thereafter, Guildford rule of thumb was used to determine the
strength of the relationships. Based on the rule of thumb
(Multimedia Appendix 2), positive emotions had high
correlation, followed by ethical competency and user experience,
which had moderate correlation with mobile app usability.

Insights From Participants

For the second stage of analysis and referring to question one
in Multimedia Appendix 1, it was found that 74% (29/39) of
students had a better understanding of ethics education. They
mentioned that their knowledge about ethics expanded, and it
was their most meaningful experience. However, the opinions
of 26% (10/39) of students were focused specifically on the
ethics educator, ethics course, and classroom, instead of
delivering perceptions about their most meaningful experiences
in learning ethics.

For the second question, 36% (14/39) of students mentioned
that the opportunity given to them to present in the class and
the ethics educator’'s sharing of own experiences in ethics
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education were the most hel pful experiencesin the ethicsclass.
They were able to make their own reflections based on the
support provided by the ethics educator and were able to share
their reflections with their classmates. One of the students
mentioned that knowledge gained through the technol ogy-based
education tool was the most helpful experience, as the student
could learn while enhancing the understanding of ethics. The
remaining students stated that the activities conducted in the
ethics class and the support from the ethics educator were the
most helpful experiencesin learning ethics.

In responding to what can be improved in the ethics education
class, 26% (10/39) of studentswere expecting technol ogy-based
elementsinlearning ethics and 74% (29/39) of studentsfocused
on traditional teaching methods. For the fourth question, 38%
(11/39) of students stated that the technol ogy-mediated ethics
education class can be improved by providing high-speed
internet facilities in the classroom, extending the duration of
the ethics class, and including more game elementsin the mobile
app. The rest of the students suggested frequent use of
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game-based tools in the classroom, as well as an attractive,
colorful, and user-friendly mobile app. Finaly, for the last
question, 59% (23/39) of students wanted to see improvement
in the elements of Ethoshunt. They suggested more game
elements, more challenging questions, and more button
functions, as well as the inclusion of animation with motions,
attractive graphics, and ethics notesin gamesto improve ethics
education classes that use Ethoshunt. The remaining students
commented on the external factors of Ethoshunt, such as
accessing Ethoshunt offline and internet speed.

Discussion

Principal Findings

In this study, the researchers found rel ationships between mobile
app usability and positive emotions, ethical competency, and
user experience. In addition, the researchers gathered new
insights to be incorporated as ideas of gamification in ethics
education. It isinteresting to note that most of the students had
meaningful experiencesin learning ethics, and they considered
Ethoshunt as a good mobile app with room for improvement.

The results of the survey analysis showed that there were
relevant relationships between positive emotions and mobile
app usability, ethical competency and mobile app usability, and
user experience and mobile app usability. The highest correlation
with mobile app usability was noted for positive emotions,
followed by ethical competency and user experience. Theresults
are in line with findings from other studies, which emphasize
positive emotions as the effect of gamification techniques
[35,36]. Blohm and Lelmel ster [6] mentioned that gamification
promotes behavior changes that could be the result of positive
emoations exhibited after being exposed to gamification e ements.
Students who have experienced positive emotions as aresult of
using gamification in ethics education would most probably
support mobile app usability. They would consider a
gamification-based mobile app as a useful tool that can assist
them in learning ethics. On the other hand, ethical competency
and user experience recorded moderate relationshipswith mobile
app usability. It can be seen that ethical competency and user
experience do not greatly ater the idea of using gamification
in ethics education. Although Ethoshunt was used to enhance
the understanding of ethics education, students still perceived
that there was not much difference in their ethical competency
after using Ethoshunt. Their experience of using Ethoshunt was
also amost similar to what they experience with traditional
teaching and learning methods. Their positive emotions
flourished more compared with ethical competency and user
experience, which indicates the great impact of using
gamification in ethics education. The findings reflect that
positive emotions were associated with the usability of
Ethoshunt. The primary objective of devel oping Ethoshunt was
toimprove students’ ethical competency. However, thefindings
showed that students prefer a fun, contented, and interesting
learning environment to learn ethics education. This would
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eventually help them to invest more timein exploring Ethoshunt
and learn ethics education simultaneously.

The second stage of analysis that involved qualitative data
reported various comments or feedback from students. Most of
the students experienced fun and joy in learning ethics. They
preferred more games in ethics education. However, they
suggested providing high-speed internet and more time to
explore Ethoshunt. All students participating in the study owned
mobile phones and were able to access maobile data. However,
the speed of the internet varies depending on multiple factors,
such as network, mobile processor, and type of mobile phone.
In addition, the design of the mobile app affects usability. A
mobile app that isdesigned well will definitely attract usersand
increase the chance of improving usability [43].

Limitations and Future Research

Past literature reviews relevant to gamification that can explain
positive emotions, ethical competency, user experience, and
mobile app usability are very limited. This restricted the
researchers in providing arguments that could support the
research findings. Ethoshunt requires good internet connectivity,
whichisaconstraint for some students who do not have access
to smartphones and the internet. As for gamification itself, the
newly developed online-based mobile app Ethoshunt can be
used for al ethics-based courses, which can be expanded in the
futureto benefit other disciplines, such asethicsin engineering,
ethics in medicine, ethics in law, ethics in business and
marketing, ethics in technology, etc. In the future, a larger
sample size can be used to broaden the perspectives of
gamification, and assessments should be conducted in
large-scal e actual research.

Conclusion

Ethics education is one of the most important areas of
knowledge acquisition in any profession. It isthe responsibility
of ethics educators to prepare students to learn, understand,
experience, and apply ethics education to their personal and
professional work. Lack of ethics knowledge and self-care
awareness can contributeto poor ethical decision-making ability.
Therefore, it is necessary to implement new strategies in
teaching and learning to enhance the understanding of ethics
education among students. The integration of gamification
elements, integration of the use of game dynamics and game
mechanics, and implementation of gamification deserve greater
attention. Ethoshunt, a gamification-based mobile app, is one
of thetoolsthat can beintegrated in teaching and learning ethics,
asit enables creative and intuitive skills, which may encourage
students to learn ethics more attractively and effectively.
Furthermore, the nature of ethics education is complicated, and
itisquite challenging to comprehensively teach ethics education
in a semester. Thus, ethics educators may use Ethoshunt
(although it requires improvement) to disseminate and apply
ethics-related knowledge while making learning enjoyable.
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Abstract

Background: Debriefing iskey in asimulation learning process.

Objective: This study focuses on the impact of computer debriefing on learning acquisition and retention after a screen-based
simulation training on neonatal resuscitation designed for midwifery students.

Methods: Midwifery students participated in 2 screen-based simulation sessions, separated by 2 months, session 1 and session
2. They were randomized in 2 groups. Participants of the debriefing group underwent a computer debriefing focusing on technical
skills and nontechnical skills at the end of each scenario, while the control group received no debriefing. In session 1, students
participated in 2 scenarios of screen-based simulation on neonatal resuscitation. During session 2, the students participated in a
third scenario. The 3 scenarios had an increasing level of difficulty, with the first representing the baseline level. Assessments
included a knowledge questionnaire on neonatal resuscitation, a self-efficacy rating, and expert evaluation of technical skills as
per the Neonatal Resuscitation Performance Evaluation (NRPE) score and of nontechnical skills as per the Anagesthetists
Non-Technical Skills (ANTS) system. We compared the results of the groups using the Mann-Whitney U test.

Results: A total of 28 midwifery students participated in the study. The participants from the debriefing group reached higher
ANTS scores than those from the control group during session 1 (13.25 vs 9; U=47.5; P=.02). Their scores remained higher,
without statistical difference during session 2 (10 vs 7.75; P=.08). The debriefing group had higher self-efficacy ratings at session
2 (3 vs 2; U=52; P=.02). When comparing the knowledge questionnaires, the significant baseline difference (13 for debriefing
group vs 14.5 for control group, P=.05) disappeared at the end of session 1 and in session 2. No difference was found for the
assessment of technical skills between the groups or between sessions.

Conclusions: Computer debriefing seems to improve nontechnical skills, self-efficacy, and knowledge when compared to the
absence of debriefing during a screen-based simulation. This study confirms the importance of debriefing after screen-based
simulation.

Trial Registration: Clinical Trials.gov NCT03844009; https://clinicaltrials.gov/ct2/show/NCT03844009

(IMIR Serious Games 2020;8(3):€18633) doi:10.2196/18633
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Introduction

Neonatal resuscitation requires training. Almost 10% of
newborns and 80% of preterm newborns weighing less than
1500 g will undergo resuscitation at birth, and the quality of
care provided during the first minute of life is directly linked
to the outcome [1-3]. Theoretical knowledge from current
guidelines [4] is essentiad to ensure optimal neonatal
resuscitation. Several technical skills, such as bag-mask
ventilation, endotracheal intubation, or umbilical catheter
placement, and nontechnical skills, such as situation awareness,
decision making, communication, and teamwork [4,5] are aso
required to ensure safety and efficacy.

Since 2011, the Neonatal Resuscitation Program (NRP)
developed by the American Academy of Pediatrics includes
simulation-based training. The implementation of NRP led to
a decrease in neonatal and perinatal mortality [6]. Simulation
training increases the trainees’ self-confidence [7], knowledge
[2], and technical skills [8] and improves team behavior [9].
Simulation training has many advantages such asthe possibility
to practice procedures without any risk for the patient and for
trainees to commit errors and learn from those errors, through
the repetition of different scenarios[9].

In recent years, screen-based simulation hasbecomeincreasingly
prevalent. They show many advantages such as better
affordability than high-fidelity simulation [10], transportable,
and autonomous (no need for an instructor). Screen-based
simulation appears to be a valid tool in simulation-based
education for health professionals, ensuring the same learning
efficacy than traditional learning methods [11,12]. Indeed,
recently, the development of computer sciences allowed the
creation of more realistic medical simulators to improve
knowledge and acquire nontechnical skills, know-how, and
technical gestures [12,13]. A screen-based simulator (NRP
eSim) designed by Laerdal Medical in collaboration with the
American Academy of Pediatricsis even included in the NRP
program as 1 of the 6 educational components of the NRP 7th
edition curriculum [14].

Debriefing is inseparable from simulation. It has been shown
to improve professional practice and clinical skills [15-18].
Debriefing represents a discussion between 2 or more
individuals during which, aspects of a performance are explored
and analyzed with the aim of gaining insights that impact the
quality of future clinical practice [19]. Various efficient

debriefing methods exist: postsimulation debriefing,
in-simulation  debriefing, verbal instructor debriefing,
video-assisted instructor debriefing, self-debriefing, and

multimediadebriefing (acomputer text presentation with audio
voice-over and videos) [15,17]. For example, Boet et al [20]
showed that a self-debriefing (formative self-assessment aiming
to provide feedback, allowing students to reflect on their
performance and subsequently improve their skills) was as
effective as traditional debriefing by an instructor. As part of
simulation-based education, screen-based simulation must
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provide debriefing. These simulators “ can easily include tools
and modules of variouskindsto collect datatransparently during
play. The data can then be processed to provide material for
feedback during play, as in-game debriefing, and also as part
of the end-of-game debriefing” [21]. For example, after the
NRP eSim training, students received automated feedback for
self-reflection. This feedback highlighted good performances
achieved during the experience, the procedures that needed to
be improved, and the missed procedures. The feedback
represents what we refer to as “computer debriefing,” often
delivered after a screen-based simulation in order to stay in a
virtua environment with no need of aninstructor [22]. However,
few evaluations of the impact of computer debriefing on
acquisition and retention of learning exist.

Retention of learning has been studied extensively after different
simulation training in health sciences [23] and neonatal
resuscitation [2,24,25]. However, the mean retention time of
learning after simulation training and the optimal time interval
between two formations remain debated [26,27]. The role of
debriefing on retention of learning was already highlighted in
some high-fidelity simulation studies [15,17], but it has not
been studied in the context of screen-based simulation.

The objective of this study is to evaluate the impact of a
computer debriefing after a screen-based simulation session
compared to no debriefing in a virtual environment with no
instructor. Our endpoints are acquisition of knowledge and skills
and their retention after 2 months. We hypothesized that the
debriefing group would yield better scores in different
evaluations (knowledge, technical skills, nontechnical skills,
and self-efficacy) as compared to the control group.

Methods

This randomized controlled simulation study was performed
from November 2018 to January 2019 a L'école de
Sages-Femmes de Baudelocque, a midwifery school of the
Université de Paris. It was approved by the CERAR (Comité
Ethique sur la Recherche en Anesthésie Réanimation) (IRB
00010254-2017-008). All students signed an informed written
consent. The study was registered at ClinicaTrials.gov
(NCT03844009).

Participants

Volunteer participants were recruited from among fourth-year
students of L’ école de Sages-Femmes de Baudelocquein Paris.
They al followed the same curriculum on neonatal resuscitation,
corresponding to only 1 academic course. No sample size
calculation was performed for this research; a convenience
sample was used. We included all 28 volunteers of the
fourth-year class of 35 students.

Screen-Based Simulation

The screen-based simulation—Périnatsims—was designed by
Medusims. It features the virtual environment of a delivery
room in 3D with anewborn installed on aneonatal resuscitation
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table (Figure 1). The simulation used a point-and-click interface
with a first-person point of view. In this digital simulator,
learners could either be midwife, anesthetist, or pediatrician,
although al the participants of this study were midwifery

Michelet et &

students. Throughout the scenario, the learner can call a
pediatrician for help. Many scenarios were available with
different difficulty levels (eg, preterm birth, emergency cesarean
under general anesthesia, and abruptio placentag).

Figure 1. Participant during a scenario on the left and screenshot of the interface and virtual environment of Périnatsims screen-based simulation on

theright.

d

Design
Each participant performed individually on a laptop during 2
screen-based simulation sessions: session 1 in November 2018

Figure 2. Experiment design.

and session 2 in January 2019 (Figure 1). The study design is
summarized in Figure 2.
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Session 1 started with aknowledge questionnaire (Q1, baseline),
followed by the briefing, consisting of a 15-minute tutorial to
explain different possible actionsin the screen-based smulation.
The participant performed the first scenario (low difficulty level)
considered asthebaselinelevel for knowledge and skills. It was
followed by asecond scenario (medium difficulty level). At the
end of session 1, each participant again filled out the knowledge
guestionnaire (Q2) and a demographic survey, including a
self-efficacy question.

Session 2 was conducted after 2 months. The simulation started
with the same knowledge questionnaire (Q3) and tutorial,
followed by athird scenario (high difficulty level). At the end
of session 2, a last knowledge questionnaire (Q4) and the
self-efficacy question were administered.

http://games.jmir.org/2020/3/e18633/
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RenderX

All 3 scenarios were identical and in the same order of
increasing difficulty for every participant. The potential
exposure of each participant to a real case (or training) of
neonatal resuscitation during the 2 months delay was controlled
and monitored.

Participantswere randomized in 2 groups: debriefing group and
control group. At the end of each scenario, participants from
the debriefing group accessed acomputer debriefing on technical
and nontechnical skills. Technical skills assessment, based on
the recommendations of International Liaison Committee on
Resuscitation (IL COR), was presented with acolor code: green
(well-performed action), orange (partially-performed action),
and red (absent or wrong action) (Figure 3).
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Figure 3. Computer debriefing of technical skills.

Vous avez bien déclenché le chronométre a
temps (< 60s).

Vous avez vérifié la liberté des VAS a temps (<
30s).

Vous avez justement évité de réaliser une
trachéo-aspiration pendant la premiére minute de
prise en charge.

Vous n'avez pas bien géré la normothermie
(essuyer le nouveau-né, lui mettre un bonnet,
paramétrer la température de la table & 36,5°C
reliée par une sonde thermigue au nouveau né et
de la salle a 25°C).

Vous avez bien stimulé le nouveau-né en phase
A pour vérifier ses réactions aux stimuli moteurs.

Michelet et al

Recommandations :

Durant la phase A de prise en charge (a accomplir en moins de 60 secondes), il
faut :

- déclencher le chronometre

- réchauffer et maintenir la normothermie

- assurer la liberté des VAS

- stimuler si nécessaire

Le déclenchement du chronométre dés le début de la réanimation est important
car:

- le timing des actions fait partie intégrante de I'algorithme ;

- le temps qui passe au cours d'une réanimation est une notion difficile a évaluer,
en I'absence de repérage du temps ;

- la supplémentation en O2 est décidée sur la notion de saturations cibles
atteintes ou non a des temps donnés par rapport & la naissance.

Assurer la liberté des VAS est le premier geste a faire par le soignant situé a la
téte. Il faut commencer par mettre la téte en position neutre pour ouvrir les VAS
('hyperextension ou I'hyperflexion de la téte entrainant leur fermeture), puis en
cas d'encombrement, effectuer une désobstruction des voies aériennes
supérieures avec une bonne technigue et un matériel adapté en état de marche.
Le choix d'un numéro de sonde d'aspiration adapté au nouveau-né est important
_Lpour la réussite de cette action. L'association des ces 2 actions permetune

/

Debriefing of the nontechnical skillswas a self-debriefing. Each
nontechnical skill involved in the neonatal resuscitation [3-5,28]
was explained in one sentence, and then the learner self-rated
their proficiency on ascale of 1to 5, asshown in Figure 4. In

Figure 4. Self-debriefing of nontechnica skills.

8. CONSCIENCE DE LA SITUATION

<

this example, the nontechnical skill of situational awarenessis
explained as, “Medical staff have to stay alert and focus on the
resuscitation. Distractions must be avoided.” The following
question is, “Do you think you had this behavior?’

>4

Le personnel médical doit rester alerte et concentré sur la réanimation, Les distractions doivent étre évitées.

Pensez-vous avoir eu ce comportement 7

NON

Participants from the control group had no debriefing until the
end of the second session and the completion of every
questionnaire. The sessions were recorded using acamerawith
participants’ written consent.

Outcomes

Comparison of Knowledge Acquisition and Retention

Knowledge was assessed using validated questionnaires (25
questions with single or multiple choices) based on the ILCOR
recommendations [29]: Q1 at the beginning of session 1, Q2 at
the end of session 1, Q3 at the beginning of session 2, and Q4
at the end of session 2.

http://games.jmir.org/2020/3/e18633/
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Comparison of Skills Acquisition and Retention

Two independent blinded raters (an anesthetist and a human
factors expert specialized in health sciences) evaluated the
technical and nontechnical skills retrospectively by analyzing
the video recordings.

Technical skills were assessed by the Neonatal Resuscitation
Performance Evaluation (NRPE) scoring system [30], with 20
points for each scenario (eg, checked the material, dried the
newborn, and initiated mask ventilation). Nontechnical skills
were assessed by the Anaesthetists Non-Technical Skills
(ANTYS) [31] observation system, including four categories:
situation awareness, task management, team work, and decision
making (eg, prioritizing, coordinating activities with team
members, gathering information, and selecting options). ANTS
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is avalidated tool used to assess nontechnical skillsin various
situations, ranging from emergencies for medical students[32]
to neonatal resuscitation for midwives (with aspecific modified
ANTSversion) [33]. ANTS scoreswere recorded asthe overall
category scoreson ascale of 1-4 from poor performanceto good
performance and on the 16-point global score as per ANTS
system. Interrater reliability calculations were performed for
both eval uations, with agood agreement between the two raters
(k=0.66; P=.01).

Comparison of Self-Efficacy Evaluation

The self-efficacy question assessed midwives perception on
their own performance: “How much are you confident in your
capability to organize and execute a neonatal resuscitation?’
using a 6-point Likert scale ranging from “not at all confident”
(scored as 0) to “very confident” (scored as 5) [34]. It was
assessed at the end of each session.

Statistical Analysis

Data are presented as median (IQR) for continuous data given
the small sample size. Agreement between ratersfor the ANTS
and NRPE scores was evaluated using percent agreement and
corresponding Cohen kappa coefficient (inter-rater agreement).
Comparisons between groups were performed using the

Michelet et al

Mann-Whitney U test for independent samples. All tests were
two-tailed, and statistical significance was considered at P<.05.
Statistical analyses were performed using SPSS 25.0 software
(IBM Corp).

Results

The study included 28 participants; 14 were randomly assigned
to the control group and 14, to the debriefing group. The
participants were fourth-year students of a 5-year curriculum
of midwifery in France. A majority (27/28) were women. The
median (IQR) age was 22 (21-22) years. Five participants had
previously followed high-fidelity simulation training, one had
followed screen-based simulation training, but none had
followed any training on neonatal resuscitation. No participant
had witnessed or participated in areal neonatal resuscitation in
2 months prior to the study or had received any training.

Comparison of Knowledge Acquisition and Retention

At baseline, the control group (median 14.5; IQR 12.5-16) had
better results than the debriefing group (median 12.5; IQR
11-13.75) (P=.05). Thisdifference disappeared over time. There
isno difference between the groups during session 1 and session
2. Results are presented in Table 1.

Table 1. Comparison of the knowledge questionnaires of the control and debriefing groups.

Questionnaires of the groups Median (IQR) U P value
Q1 baseline 56 .05
Debriefing group 12.5(11-13.75)
Control group 145 (12.5-16)
Q2 at theend of session 1 66 15
Debriefing group 13 (12.25-14)
Control group 14 (12.25-16)
Q3insession 2 82 A7
Debriefing group 14.5 (13-16)
Control group 14 (13.25-15)
Q4 at the end of session 2 83 48

Debriefing group 14 (13.25-14.75)

Control group 14 (12.5-15.75)

Comparison of Skills Acquisition and Retention

Technical Skills Assessment Through the NRPE

No significant difference in the NRPE scores was observed
during the experimentation (Table 2).
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Table 2. Comparison of the nontechnical skills, technical skills, and self-efficacy evaluation between the debriefing and control groups.

Baseline Session 1 Session 2
Debrief-  Control U P Debriefing Control U P Debrief-  Control U P
ing value vaue N9 value
ANTS?score(to- 8(61-  675(56- 785 38 1325 9 (6.6- 475 02 1093 7.75(65 605 .08
tal=16 points), me- 9-8) 7.9) (11.1-14.4) 11.4) 13.9) 12)
dian (IQR)
Task manage- 2 15 70 18 3 2 43 10 2 2(1-3) 78 .34
ment (total=4  (137.25) (1-2) (25362) (153) (2-3.62)
points)
Teamwork (to- 2 2 80 .39 375 2.25 54 04 4 3.25(1.87- 655 .11
t=4points)  (137-3) (1-2.5) (287-4)  (1.87-362) (3-4) 4)
Situationaware 2 2 87 60 325 2.25 60 .08 225 15 655 .13
ness(total=4 (1525 (1.37-25) (2.87-362) (1.5-3.62) (1.87-  (1-3)
points) 3.62)
Decisonmak- 1.5 15 9 8 3 225(137- 61 .08 2 2 70 .19
ing (total=4  (1.25)  (1-2.5) (2.37-35) 39 (187-35) (1-3)
points)
NRPE? score (to- 10 10 95 8 92 10 875 62 105 105 97 .96
tal=20 points), medi-  (7.3-12.3) (7.3-12.3) (7.7-135)  (9.2-13.1) (8128) (7.5-12)
an (IQR)
Sdf-efficacy (to-  N/A N/A NA NA 2 2 2 76 3 2 52 .02
tal=5 points), medi- 1-2 1-2 2.3 1-2
an (10R) (1-2) (1-2) (2-3) (1-2)

3ANTS: Anaesthetists Non-Technical Skills.
PNRPE: Neonatal Resuscitation Performance Evaluation.

Nontechnical Skills Assessment Through the ANTS

A significant difference was observed between the two groups
for session 1 (U=47.5; P=.02) and remained higher in favor of
the debriefing group during session 2 (U=60.5; P=.08), while
no difference wasfound in the baseline evaluation (scenario 1).
Theresults (including the subcategories analysis) are presented
in Table 2.

Comparison of Self-Efficacy Evaluation

A significant difference was found between the groups for
session 2, with animproved self-efficacy scorefor the debriefing
group (Table 2).

Discussion

Major Findings

This study highlights the benefit of a computer debriefing
compared to no debriefing on nontechnical skills acquisition,
self-efficacy, and knowledge after a screen-based simulation of
neonatal resuscitation. Our hypothesisthat the debriefing group
would abtain better scoresthan the control group in the different
evaluationsisvalidated for knowledge, nontechnical skills, and
self-efficacy.

The major interest of debriefing after a simulation session has
already been extensively demonstrated. The review by Cheng
et al [15], including 108 studies comparing debriefing and no
debriefing, found positive effects of debriefing on every
knowledge and skills outcomes. From debriefing comesamajor

http://games.jmir.org/2020/3/e18633/

part of the theoretical benefit of screen-based simulation for
training, contributing to meaningful connections between the
learning experience and thereal world [21]. However, our study
was the first to compare computer debriefing and no debriefing
and to analyze their impact on knowledge, technical skills, and
nontechnical skills after a screen-based simulation.

Concerning knowledge evaluation, participants of the control
group had better baseline knowledge of neonatal resuscitation
than the debriefing group. Our results showed an improvement
in the debriefing group’s score from the baseline level. The
differences between the groups disappeared at the end of
sessions, reflecting a positive effect of debriefing.

Usually, personalized debriefing after screen-based simulation
addresses only technical skills. Data collected from the
simulation are given back in the form of an automated feedback
at the end of the scenario [21]. We found no evolution for the
technical skillsin our study. However, the increasing difficulty
of the scenarios was designed to minimize the repetition effect
on performance, as repeating the same scenario increases the
participants’ skills more than varying the scenarios [35]. This
could mask the effect of the debriefing itself since the required
technical skills evolved with scenarios.

In this study, we added a self-debriefing of nontechnical skills
after the screen-based simulation of aneonatal resuscitation. In
areview on screen-based simulation for medical education and
surgical skills training, Graafland et a [36] highlighted the
interest of ascreen-based simulation to train nontechnical skills.
Furthermore, in a review of debriefing techniques after
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nontechnical skills simulation training, performance seemed to
improve equally with various methods of debriefing: skilled
facilitator, novice instructor using a script, and self-led debrief
or multimediadebriefing [37]. Our results confirm the possibility
and benefit of a self-debriefing of nontechnical skillsfollowing
a screen-based simulation to improve learning.

The second major finding of thisstudy isthe effect of computer
debriefing on retention 2 months after the initial training. The
debriefing group showed a better self-efficacy assessment than
the control group. Their ANTS performance remained higher
than that of the control group. Therole of debriefing on retention
of learning was aready underlined in some studies[25,38]. Few
studies assessed the retention of learning after screen-based
simulation training. Their results were rather positive when
evaluated up to 1 month after simulation [38] but less effective
than traditional learning methodswhen evaluated after 6 months
[39]. Our positives results are encouraging and emphasize the
role of the debriefing in retention of learning even though further
studies are needed to confirm alonger-term effect.

Limitations of the Study

First, this study compared the effect of a computer debriefing
with the effect of the absence of debriefing. Our objective was
to stay in a virtua environment without the need for an
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instructor. As debriefing is a major component of simulation
training, participants from the control group had access to the
complete debriefing at the end of session 2. Therefore, thisstudy
only assessed the efficacy of acomputer debriefing but not the
superiority over other debriefing methods.

Second, the timing of the debriefing was not standardized or
assessed. Participants from the debriefing group had an
unlimited amount of time to consult the debriefing. This was
not the case for the control group. Perhaps, a free time period
should have aso been proposed to the control group to offer
the possibility for a spontaneous reflective process.

Third, the nontechnical skills assessment was performed with
the ANT S scoring tool, which was not originally devel oped and
validated for the studied population. Thelack of published data
on the use of the ANTS scores for midwivesis alimitation.

Conclusion

Computer debriefing seemsto improve nontechnical skillsand
self-efficacy estimation when compared to the absence of
debriefing during a screen-based simulation. It also allows a
progression of learner’s knowledge. This study supports the
benefit of debriefing (including a computer debriefing) in
screen-based simulation.
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Abstract

Background: Choking is one of the causes of unintentional injury death. Gaining the knowledge of the first-aid procedure that
has to be applied in case of choking can increase the chances of survival of persons with choking. Serious games can be a good
channel for educating people about choking scenarios and the actions to be taken to save the persons with choking.

Objective: The objective of this study isto present and eval uate the effectiveness of a serious game designed to prevent choking
and to promote the first-aid procedure that needs to be applied in case of choking.

Methods: In this study, we present a serious game as a set of minigames that reproduces the main steps of the protocol for the
first-aid performed in choking. In the proposed game, the player acquires the role of a helper who has to save the person in a
choking emergency by applying the main steps of the protocol. Time and score restrictions are imposed to pass each minigame.
To test this game, we performed a pil ot study with 48 high school students. Different tests were performed to assess the students’
preferences and their knowledge on choking before and after playing the proposed game. The obtained results were analyzed
using Mann-Whitney U test when a grade variable was involved and by using Fisher exact test when 2 categorical variables were
involved.

Results: The findings of our study showed that the players enjoyed the game. No statistical differences were detected when
considering the gender of the player, their preferences for video games, or their previous experience in choking emergencies. By
comparing the knowledge of these students before and after playing the game, we found that all the indicators of the knowledge
about how to act in case of a choking emergency were improved through this serious game.

Conclusions: The findings of our study show that the proposed game is a good strategy for promoting and teaching first-aid
procedures in choking emergencies to nonexpertsin this field.

(IMIR Serious Games 2020;8(3):€16655) doi:10.2196/16655

KEYWORDS
choking; prevention; first-aid procedure; first-aid education

combined with back blows [1]. Unfortunately, not everyoneis

Introduction aware of this procedure, and the strategies to promote the

A foreign object lodged into the throat or the windpipe may
cause choking. Unlesstheair passageis cleared, the person with
choking can lose consciousness within 3-5 minutes. In worse
cases, thelack of oxygen to the brain could cause brain damage
or death. In these situations, it is recommended to administer,
asquickly aspossible, first-aid that consists of abdominal thrusts

http://games.jmir.org/2020/3/e16655/

awareness of thisfirst-aid are necessary [2].

In order to educate about the risks, prevention, and treatment
of choking, different approaches have been proposed.
Organizations such as the Resuscitation Council [3], the Red
Cross[1], or the American Heart Association [4] have defined
guidelines that describe how choking interventions should be
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performed both safely and effectively. These organizationsalso
offer courses, videos, and other materialsto teach the procedure
of the choking rescue. In addition, many countries haveinitiated
campaigns to educate their citizens about the prevention, risks,
and treatment of choking. Special attention has been given to
children sincethey are the most susceptibleto choking [5]. The
effectiveness of these initiatives has also been studied and, in
most of the cases, the general conclusion is that prevention
strategies are effective and contribute to decreasing the choking
incidence [6-8]. Moreover, severa initiatives have focused on
the devel opment of first-aid training devices. The Zoll Medical
Corporation has proposed a handheld device that uses several
accelerometers to monitor abdomina thrusts [9]. Recently,
Watson and Zhou [10] presented BreathEZ, a smartwatch app
that provides both first-aid instructionsfor choking and real-time
tactileand visua feedback on the quality of the abdominal thrust
compressions.

In this paper, we propose to tackle the problem of choking by
using serious game strategies. Serious games are digital games
used for purposes other than mere entertainment and are applied
in different areas such as military, government, education, and
health care[11]. They can recreate scenariosto experiment with
situations that otherwise would be impossible in the real world
owing to the required safety, cost, and time [12]. In addition,
serious games enhance the development of skills such as
analytical and spatial, strategic, or psychomotor [13]. Although
there are alarge number of serious game apps related to health
care, as far as we know, there are no serious games focused
only on first-aid education for choking.

Serious games have become a powerful tool to develop and
acquire new knowledge and skills. Different games have been
developed for health care purposes and tested in a wide range
of diseases, treatments, and other related topics [14-16]. These
games focus not only on expert users but also on nonexperts.

Baranowski et a [17] presented a classification of games for
health in 5 categories. One category, which was centered on
health care professional s, consists of games designed to provide
simulation environments and virtual patients to practice and
acquire relevant skills [18]. An example in this category is
MyCraft, which provides virtual consultation training on
tuberculosis [19] and games to practice surgeries, blood
management, image-guided procedures, assessment, prevention,
and treatment [20-24]. The other 4 categories, which are
centered on nonexperts such as patients or general users, consist
of games designed to increase knowledge, change behavior, or
involve health behavior in gameplay. An example of a game
that increases knowledge and changes behavior is Yummy
Tricks, which is agame intended to teach healthy eating habits
[25-27] or the game by Ito et al, which was developed to
evaluate the dissemination of public awareness on preschool
children’s oral health [28,29]. Regarding games that involve
behavior, exergames are the most representative of this category.
These gamesincorporate physical activity in the gameplay and
can be used for different purposes such as physical activity
encouragement [30-33] or rehabilitation to recover from brain
injuries, cognitive impairments [34], or motor deficiencies
[35,36]. Finally, with respect to the games that influence health
precursors, some examples are games that reduce stress and
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anxiety [37], deal with depression [38], or prepare for cancer
treatments [39]. The game proposed in this paper can be
classified as a game designed for nonexpert users to increase
their knowledge on a health topic, particularly on first-aid
survival techniques.

Inthe context of the first-aid techniques, different serious games
have been proposed. The Virtual Heroes company [40] presented
serious games for health care professionals, such as 3DiTeams
[41], afirst person, multiplayer training app, wherein the player
isplaced in ahigh-fidelity virtual hospital; Combat Medic[42],
a web-based 3D collaborative virtual world to deal with
hemorrhage, airway management, and tension pneumothorax;
and HumanSim:Blast [43], wherein after a train station
explosion, the player must identify and label zones on an area
map, tag potential hazards, assess patient vitals, perform
life-saving procedures, and triage patients. In asimilar way, the
BreakAway Company proposed Code Orange [44], a serious
game wherein the playerswork in concert with thefirst-aid staff
of a hospital to save people injured in a weapon of mass
destruction event. Other games for emergency staff training are
Nuclear Event Triage Challenge [45], Peninsula City [46], Burn
Center [47], and Clini Space [48]. Inthefield of cardiopulmonary
resuscitation (CPR), Jerin et a proposed the automated external
defibrillator challenge, which is a web-based serious game for
teaching and training automated external defibrillation and
first-aid maneuversto lay people and emergency medical service
professionals[49]. Other proposalsare JUST [50], animmersive
virtual redlity situation training system for nonprofessional
health emergency operators; MicroSim Prehospital [51] designed
for prehospital training on emergency medica services, and
Staying alive [52], an online 3D simulator that provides a
learning experience of saving a virtual patient from cardiac
arrest in 4 minutes; LISSA [53,54], which presents an
emergency situation wherein CPR actions have to be applied
to save the person with choking; 30:2 [55], a game designed to
educate on CPR protocol to nonexperts; Relive [56], a first
person 3D adventure where the player faces different rescue
situations; Vival Game[57], aweb-based serious game designed
to create awareness on cardiac arrest and CPR; and HeartRun
[58], amobile simulation gameto train resuscitation and targeted
at giving school children an understanding of this protocol.
Recently, Benkhedda and Bendella [59] presented FASIm, a
3D serious game that combines health care simulations with
serious games and the functionalities of the multiagent systems
in a single framework in order to learn the first-aid procedure
for and the signs of a cardiac arrest. In the context of choking,
Carvalho et a [60] proposed an Android app video game
wherein different first-aid actions are presented to familiarize
users with these scenarios, choking being one of them.

In most of the cases, the games focused on first-aid procedures
have been designed for patientswith health i ssues and the game
being tailored to address their health issues adequately [61]. In
general, little attention has been paid to nonexperts, although
first-aid protocols would be a basic knowledge for everyone.
To overcome this limitation, our aim was to exploit the
advantages of serious games and use them to promote basic
knowledge on choking recovery procedures. Regarding choking
procedures, no games related to this topic have been proposed
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and thisisthe novel aspect of our approach. The advantages of
game-based technologies over traditional education methods
have been studied by many authors [62,63]. Game-based
technologies are more effective because they use action instead
of explanation, they are able to create personal motivation and
satisfaction and accommodate multiplelearning stylesand skills,
and they are ableto provide an interactive and adecision-making
context [64,65]. These facts combined with the extended use
of portable gaming platforms makes computer-based games a
perfect channel to promote learning contents [66] such as the
ones required to educate about the choking procedure.

Methods

Main Design Decisions

In this section, we present the main considerations that have
been taken into account to design the game. To create this game,

Boada et al

the educational game development approach proposed by
Torrente et al [67] was applied. This approach covers all the
tasks of the game design from implementation to evaluation. It
isbuilt on 4 basic principles: (1) the procedure-centric approach
that gives importance to capturing the procedural knowledge
of the domain, (2) the collaboration between experts, (3) the
agile development with agile tools, and (4) the low-cost game
model. In our case, these principles were applied as follows.
The game procedural knowledge of the domain is given by the
choking protocol illustrated in Figure 1. This knowledge was
supervised by the group of physicians that collaborated with
our research group. The agile development was done via an
iterative design and a development process that included
analysis, game design, implementation, and quality assurance.
Finally, instead of the 3D realistic models, our game is based
on 2D animations, thereby |leading to alow-cost game maodel.

Figure 1. Main steps of the first-aid procedure that has to be applied in a choking emergency. The numbers in the boxes indicate the relationship of
the minigames 3, 4, 5, and 6 with the procedure steps. AED: automated external defibrillator.
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The pedagogical approach used to design the game was based
on the experiential learning theory, wherein educators aim at
engaging learners in direct experience to increase their
knowledge, skills, and values[68]. Experience occursasaresult
of interaction between human beings and the environment in

http://games.jmir.org/2020/3/e16655/
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the form of thinking, seeing, feeling, handling, and doing [68].
In our case, thisexperienceisgoing to take placein an artificial
environment wherein a choking person has to be identified by
the choking symptomsand al so recovered by trying to reproduce
the protocol. There are 5 instructional strategies rooted in the
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concept of learning through experiences. These arelearning by
doing, experiential, guided experiential, case-method teaching,
and a combination of experiential and inquiry-based learning
[64]. In our case, the proposed approach can be seen as a
learning by doing strategy. The idea is to reproduce the steps
of the choking protocol several times. Since just doing actions
does not involve acquiring the knowledge, the game will aso
includeinstructions and feedback messagesto makethe actions
meaningful in order to consolidate the player knowledge [69].

Thelast issueto be considered was how to deal with the protocol
steps. From our experience in the previous games that focused
on first-aid protocols [55,70], we decided to decompose the
game into a set of minigames, thereby making knowledge
acquisition easy for the players [71]. Therefore, the game in
this study is composed of 6 minigames, the player being the
first oneto put in context, then presenting the elementsthat can
cause choking, and the rest of the game isfocused on the steps
of the choking recovery procedure (Figure 1). The main steps
of the first-aid procedure have to be applied in a choking
emergency. The numbers in the boxes indicate the relationship
of the minigames 3, 4, 5, and 6 with the procedure steps.

Choking Prevention Game

The 6 minigames that compose the game can be seen as
submissions to reach the goal, which is to save a person from
choking by applying the steps of the choking protocol. The
submissions are designed to identify the choking symptoms or
to apply a specific step of the protocol. In al the minigames,
the player actsasarescuer who interactswith the main character
that represents the person with choking. This character appears
inall the minigamesin asimilar scenario, with the same screen
design, with time and score information on the top of the screen,
as well as help messages used to highlight the relevant
information of the step. To guide the player between the
minigames, at the beginning of each minigame, theinstructions

Boada et al

of the step protocol are presented. Thereis also a help icon to
access an animation that describesit. In addition, at the end of
the minigame, another message communicates if the step has
been achieved or not.

In al the minigames, correct actions add points and incorrect
ones subtract points. The minigame is finished when the time
isfinished or when the maximum scoreisreached. Two playing
modes are supported. The player can play each minigame
independently to reach the maximum level or sequentialy,
thereby completing all the sequences of minigames with the
same level of difficulty, to see the whole protocol each time.
All user interactions are limited to touch and drag-and-drop
actions. Inthisway, the players can achieve great mastery within
ashort period. A detailed description of each minigameisgiven
below. For each one, first, the learning objective is presented,
and then the design is proposed to achieveit. A complete demo
of the game is provided on https://youtu.be/cABGCo7R2H]I.

Minigame 1: Choking Prevention

In the first minigame, we focus on children who are more likely
to choke than adults. The aim of this minigame isto promote 3
tips to prevent choking by using the following 3 methods: (1)
avoid small and dangerous objects, (2) keep food pieces small,
and (3) not move while eating. To reproduce these situations,
anicon representing a child appears in the middle of the screen
and different elements are placed around it. The player has to
interact with these elements and carry out different actions
according to the elements (Figure 2). In particular, if it appears
to be a dangerous element, the player has to drag it out of the
screen. If it appearsto be apiece of meat, the player hasto click
on it 5 times to simulate cutting of small pieces. If the child
icon movesfrom the center, the player hasto drag it to the center
again. This last action represents not to move while eating. In
Figure 3A-3C, the different scenarios corresponding to these
situations are illustrated.
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Figure 3. Choking prevention minigame. A. Avoid small and dangerous objects. B. Keep food pieces small. C. Do not move while eating. D and E.
Identify choking persons minigame. F and G. Ask for response minigame. H. Identify choking symptoms minigame. | and J. Ask for help minigame.
K. The icons representing breath status (no breath-breath with difficulties-normal breath) and choking symptoms (no breath-cough-cry).
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Minigame 2: | dentify Personswith Choking

The aim of this minigame is to identify persons with choking
and remove them from the screen. On the screen appears person
iconswith 2, 1, or no air pathways to represent breath status as
normal, with difficulty, and airway totally blocked, that is,
choking person, respectively. When the icon is on the screen,
its breath status can become worse (Figure 3D and Figure 3E).
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The player has to click on the choking persons and if these are
not selected, they will disappear and the player score will
decrease.

Minigame 3: Check Response

A choking person will not be able to talk but will probably
communicate through signs and actions such as grabbing his or
her throat. The rescuer has to know when the choking person
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is able to communicate or not. To reproduce this situation, in
this minigame, a choking person represented as a person icon
appears on the screen. Theicon changesits color from black to
whiteto indicate that the choking person isreceptive to be asked
or not, respectively. In addition, danger elements going to the
choking person appear on the screen. The player has to drag
these objects out from the screen and click on the choking person
when theicon isreceptive be asked. If adangerous object arrives
to the choking person, the icon cannot be asked and the player
scorewill decrease. The score al so decreaseswhen no receptive
choking person is asked. In Figure 3F and Figure 3G,
screenshots of this minigame are presented.

Minigame 4. | dentify Choking Symptoms

A choking person typically has a panicked, confused, or
surprised facial expression and usually place hands on the throat.
If the airway isnot totally blocked, choking personswill beable
to cough or make squeaking noises while trying to breathe. If
the airway is totally blocked, the choking persons will not be
ableto speak, cry, or cough, and their skin color will range from
red to pale owing to the lack of oxygen. Inthisminigame, person
icons appear on the screen and some of them represent choking
symptoms. The player hasto identify icons and separate choking
persons from the others. Points are lost in case of incorrect or
nonclassification of choking persons. A screenshot of this
minigameis presented in Figure 3H, and theiconsrepresenting
the different symptoms are shown in Figure 3K.

Minigame 5. Ask for Help

After the identification of the person with choking and
confirming the person with choking, the player has to ask for
help and call an emergency number.

In this minigame, person icons aswell asletters on the top and
numbers on the bottom will appear on the screen. The player
has to select one of the icons and write help by combining
selected letters from the top. The icons and letters are

Figure 4. Icons representing different hand positions.
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continuously moving. The same procedure has to be done to
call emergency numbers by selecting one of the icons, not
necessarily the same, and attaching the correct emergency
numbers. The player ends the game when help and the correct
emergency number are written. The game screensare shownin
Figure 3l and Figure 3J.

Minigame 6. Choking Maneuver

Thisminigame representsthe most important part of the choking
rescue protocol. To reproduceit, we have divided this minigame
into 3 partsthat recreate back blows and abdominal thrust, CPR,
and object removal. To pass this minigame, the player has to
passthe 3 parts. The description of each part ispresented bel ow.

Perform Back Blows and Abdominal Thrusts

For adults and children with choking, to force the object out of
the airway, the hel per hasto give acombination of 5 back blows
between the shoulder blades followed by 5 abdominal inward
and upward thrusts just above the navel. To reproduce this
situation, 2 silhouettes representing the choking person and the
helper and icons representing different hand positions will
appear on the screen (Figure 4). Firgt, the player has to put the
choking person in the correct position by clicking on the head
and dragging to the right side (Figure 5A) and then select the
correct hand position represented in one of the different icons
that will appear (Figure 5B). Then, the player has to give 5
clickson the correct position of the choking person (Figure 5C)
to simulatethe 5 back blows. The player hasto placethe choking
person in the initial position by clicking on the head and
dragging to the left side (Figure 5D). The player hasto perform
5 abdominal thrusts by selecting the correct position of the hands
(Figure 5B) and then by clicking 5 timesin the correct position
(Figure 5E). This process is repeated until the choking person
gjects the object or passes out. If the person g ects the object, a
new choking person will appear. If the choking person passes
out, the second part of the minigame, that is, CPR, will start.
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Figure 5. Choking maneuver screens corresponding to the different parts of the minigame. A-E. Back blows and abdominal thrusts. B, F, G, H, J.

Cardiopulmonary resuscitation. I. Remove the object. K. Rescue breaths.
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Perform CPR

When the choking person is unresponsive because back blows
and abdominal thrusts have been unsuccessful, the player has
to perform the CPR, which combines 30 chest compressions
with 2 rescue breaths. First of al, the player hasto gently lower
the choking person by touching the body (Figure 5F). At this
point of the minigame, the choking person and the helper stay
in the position of the CPR protocol. To start, the player has to
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select theicon representing the correct hand position to perform
chest compressions. Then, the player has to click 30 times on
the chest of the choking person following the correct rhythm
(Figure 5G). After each set of chest compressions and before
rescue breaths, the player has to click on the mouth of the
choking person and look for the object. If the player sees the
object, the third part of the minigame starts (Figure 5H). If the
object is not visible, the player has to perform 2 rescue breaths
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by touching the mouth of the choking person following the
correct rhythm (Figure 5K). Again, a new sequence of
compressions has to be performed and the process is repeated
until help arrives.

Remove the Object

If the helper sees the object in the mouth of the of the choking
person, it has to be removed. To reproduce this situation, the
object appearsin the mouth of the choking person with asphere
behind it. The sphere changes its color and the player can only
move the object when it is green (Figure 51 and Figure 5J). If
the player moves the object when the sphere has another color,
the object will fall. The object has to be removed in the given
time.

Designed Study and Statistical Analysis

To test the game, a sample population consisting of 48 high
school students from a summer camp of our university was
considered for this study. Our laboratory, the Graphics and

Textbox 1. Test 1 questionnaire before playing the game.

Boada et al

Imaging Laboratory, participated in this camp for a 2-h session
that was carried out in a computer laboratory. The aim of the
session was to introduce high school students to video games
and serious games. After the first introduction of our research,
we asked the students to answer the questionnaire presented in
Textbox 1. Then the students had 30 minutes to play the
proposed game as an example of a serious game. Each student
had a computer to play, and no introduction to the game was
given; the students were just asked to play the game. During
the session, we observed them so that we could detect the
difficulties that the students encountered in the game. After the
session, we asked them to answer the new questionnaire
presented in Textbox 2.

To detect significant statistical differences, we used the
Mann-Whitney U test when a grade variable was involved and
we used the Fisher exact test when 2 categorical variables were
involved.

Questionnaire to be completed before the game
1. Select gender: Male/female

2. Age: Insert the number

3. Do you like video games? Yes/No

4. Do you know what is choking? Yes/No

6. Have you ever been in achoking emergency? Yes/No

o Perform abdominal thrusts until object expulsion

o Perform back blows until object expulsion

«  Repeat 5 back blows and 5 abdominal thrusts until object expulsion

« Inall thecases, asit isapart of the choking first-aid protocol

« Incase of unconscious choking persons

9. Write the emergency number.

5. Grade your knowledge of the choking first-aid protocol from 1to 5 (1 being the least and 5 being the highest):

7. In case of choking, to remove the throat object you have to (select only 1 correct option):

«  Repeat 10 back blows and 10 abdominal thrusts until object expulsion.

8. In which of the following cases of choking, would the cardiopulmonary resuscitation (CPR) protocol be applied? (select only 1 correct option):

« Never, asthe object causing choking does not need to be removed by CPR.
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Questionnaireto be completed after the game

1. Do you know what is choking? Yes/No

2. Grade your knowledge of the choking first-aid protocol from 1to 5 (1 being the least and 5 being the highest):

3. In case of choking, to remove the throat object you have to (select only 1 correct option):

Perform abdominal thrusts until object expulsion

Perform back blows until object expulsion

Repeat 5 back blows and 5 abdominal thrusts until object expulsion

Repeat 10 back blows and 10 abdominal thrusts until object expulsion.

4. In which of the following cases of choking, would the cardiopulmonary resuscitation (CPR) protocol be applied? (select only 1 correct option):

In al the cases, asit is apart of the choking first-aid protocol

In case of unconscious choking persons

5. Write the emergency number.

6. Grade your experience of the game from 1 (completely disagree) to 5 (completely agree) for each of the following categories:

« Thegameisentertaining.
o | likethe game.

«  Thecomplexity of the game s correct.

The help indications provided by the game are enough.

The game describes how to proceed in a choking emergency.

Never, as the object causing choking does not need to be removed by CPR.

After playing the game, | know how to proceed in a choking emergency.

Results

Categories of the Findings

The obtained results are presented in 3 parts. The first part
describes the sample popul ation, the second one describes the
results obtained from the game performance evaluation, and the
third one compares the results obtai ned before and after playing
the game.

Test Population

Our test population of 48 high school students consisted of 16
males (33%) and 32 females (67%). Their mean age was 15.42
(SD 0.74) years. Of these 48 students, 29 liked video games
(60%) while 19 did not like video games (40%), and12
encountered a choking emergency (25%) while 36 never
encountered this emergency situation (75%).

Evaluation of the Game Performance

Firstly, we present the results obtai ned from the answersrel ated
to the game such as the complexity and the degree of
entertainment (Test 2 question 6). Then, we describe the results
considering the gender of the player, video game preferences,
and choking emergency experience.

In Table 1, the descriptive statistics of the answers to the
guestionsrelated to the game are shown. Although, the answers
are not extremely positive, we can observe that they tend to be

http://games.jmir.org/2020/3/e16655/

more positive than negative. Notethat all the mediansare above
3; the median of the help indications provided in the game are
enough (3.8) was the highest followed by the medians of the
game describes how to proceed in a choking emergency (3.58),
the game is entertaining (3.5), and the complexity of the game
is correct (3.46). These results show that the primary aim of
the game, that is teaching the procedure that has to be applied
in case of choking, was achieved. In addition, we saw that the
players enjoyed the game; it was considered to be not boring
and not difficult. Our results also show that the game effectively
described how to proceed in a choking emergency.

In Table 2, the descriptive statistics of the answers to the
guestions related to the game based on the player gender are
shown. No statistically significant differenceswere found except
with regard to the complexity of the game. All theitems showed
asmall effect size, except the complexity of the game, which
showed amoderate effect size. Regarding the complexity of the
game, more mal esthan femal es agreed that that complexity was
appropriate. The results based on whether the students liked
video games or not are presented in Table 3, and the results
based on whether the students had a previous experience of
choking emergency are presented in Table 4. No statistically
significant differences were found in any of the cases, and the
effect size was small. Therefore, we can consider that this
serious game on first-aid for choking fits the different player
profiles.
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Table 1. Descriptive statistics of the answers to the questions related to the game.

Answers to the questions (grades 1-5) Median (Q1, Q3)
The gameis entertaining 35(3,4)

I like the game 3.02(2,4)

The complexity of the gameis correct 346 (3,4)

The help indications provided by the game are enough 38(2,4)

The game describes how to proceed in a choking emergency 3.58 (2.75, 5)
After playing the game, | know how to proceed in a choking emergency 3.13(2,4)

Table 2. Descriptive statistics of the answers to the questions related to the game (grades 1-5) by each gender.

Answers, Gender Median (Q1, Q3) P value Effect size

The gameis entertaining 21 0.182
Females® 4(3,4)
Males” 324

| likethe game >.99 0.0016
Females 3(2.4)
Males 3(24)

The complexity of the gameis correct .03 0.324
Females 33,4
Males 4(3.75, 4.25)

The help indications provided by the game are enough .85 0.293
Females 3(2.4)
Males 3(2.4)

The game describes how to proceed in a choking emergency .69 0.059
Females 4(2.75, 4.25)
Males 4(3,9)

After playing the game, | know how to proceed in a choking emer gency .69 0.060
Females 3(2.4)
Males 33,4

3N umber of femalesin the study=32.
BNumber of malesin the study=16.
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Table 3. Descriptive statistics of the answers to the questions related to the game (grades 1-5) depending on whether the students like video games or

not.

Answers, Video game preference category Median (Q1, Q3) P value Effect size

The gameis entertaining .89 0.021
Not like® 334
Like? 434

| likethe game 17 0.198
Not like 3(2,3)
Like 3(2.4

The complexity of the gameis correct .19 0.192
Not like 33,4
Like 4(3.4)

The help indications provided by the game are enough .64 0.069
Not like 3(2,4)
Like 3(2.4

The game describes how to proceed in a choking emergency .64 0.069
Not like 4(3,4.5)
Like 3(3,5)

After playing the game, | know how to proceed in a choking emer gency .36 0.133
Not like 3(2,4)
Like 3334

3N umber of students who did not like playing video games=19.
BNumber of students who liked playing video games=29.
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Table 4. Descriptive statistics of the answers to the questions related to the game (grades 1-5) depending on whether the students had previously

experienced a choking emergency.

Answers, Experience of a choking emergency Median (Q1, Q3) P value Effect size

The gameis entertaining .68 0.061
No? 43,49
YesP 35(2.75,4)

| likethe game .87 0.025
No 3(2.3
Yes 3(2.75,4)

The complexity of the gameis correct 57 0.084
No 43,4
Yes 33,4

The help indications provided by the game are enough .81 0.036
No 324
Yes 3(2,9)

The game describes how to proceed in a choking emergency 49 0.100
No 4(3,5)
Yes 3.5(2.75, 4.25)

After playing the game, | know how to proceed in a choking emer gency 72 0.053
No 324
Yes 3(27,4)

3N umber of students who had never been in a choking emergency=36.
BNumber of students who been in a choki ng emergency=12.

Protocol Knowledge Before and After Playing

Focusing on the main steps of the choking protocol (Textbox
1 questions from 4 to 9), we compared the answers obtained
before and after playing the game.

In Table5, the self-impression of the knowledge of the choking
protocol before and after playing the game is shown. These
results are presented for the complete sample and by gender,
game preference, and experience of choking scenarios. The
findingsin al the analyses showed animprovement after playing
the game, with small effect sizes, except in the groups of males
and those who liked video games, which showed moderate
effect size, and in those with experience in choking scenarios,
whichislarge.

In addition, in Table 6 and Table 7, the results of how the
students have to act in case of choking to remove the object in

http://games.jmir.org/2020/3/e16655/

thethroat and when the resuscitation protocol hasto be applied
are shown. Inthese 2 analyses, we compared the correct answers
with the incorrect answers. The results are presented for the
whole sample and by gender, game preference, and experience
of choking scenarios. All the indicators of the knowledge about
how to act in case of a choking emergency improved after
playing the game. When the same questions were analyzed by
gender, game preference, and experience of the choking
scenarios, all the groups achieved a significant improvement,
except in the action of removing the object from the throat. In
this case, males and those who had a previous experience of
choking scenariosdid not show significant improvement. Inthe
situation of when the resuscitation protocol has to be applied
in a choking emergency, males did not show significant
improvement.
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Table 5. Sef-impression of the knowledge of the choking protocol before and after playing the game (grades from 1 to 5).

Student categories, Time of answering the questionnaire Median (Q1, Q3) P vaue Effect size

Complete sample population, N=48 <.001 0.120
Before playing 3(24
After playing 43,5

Females, n=32 .002 0.217
Before playing 3(2.75,3.25)
After playing 33,49

Males, n=16 .002 0.345
Before playing 3(2,9
After playing 4(3.75,5)

Studentswho did not like playing video games, n=19 .03 0.136
Before playing 3(25,3)
After playing 3(3,35

Studentswho liked playing video games, n=29 <.001 0.407
Before playing 3(2,9)
After playing 4(4,5)

Studentswho did not have a previous experience of a choking emergency, n=36 <.001 0.147
Before playing 3(2,3.25)
After playing 4(3,4)

Studentswho had a previous experience of a choking emergency, n=12 .047 0.707
Before playing 3(3,4.25)
After playing 45(3,5)
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Table 6. Statistical analysis of the responses of the action in case of choking before and after playing the game.
Student category and subcategories, Responses before the game (n) Responses after the game (n) P value
Correct Incorrect
Complete sample, N=48 <.001
Correct 28 0
Incorrect 12 8
Gender
Females, n=32 <.001
Correct 19 0
Incorrect 6 7
Males, n=16 44
Correct 9 0
Incorrect 6 1
Video game preference
Do not like, n=19 .02
Correct 11 0
Incorrect 4 4
Like, n=29 .02
Correct 17 0
Incorrect 8 4
Previous experiencein a choking emer gency
No, n=36 .003
Correct 21 0
Incorrect 9 6
Yes, n=12 A5
Correct 7 0
Incorrect 3 2
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Table 7. Statistical analysis of the responses regarding the resuscitation protocol before and after playing the game.

Student category and subcategories, Responses before the game (n) Responses after the game (n) P value
Correct Incorrect
Complete sample, N=48 <.001
Correct 27 1
Incorrect 8 12
Gender
Females, n=32 <.001
Correct 20 1
Incorrect 2 9
Males, n=16 21
Correct 7 0
Incorrect 6 3
Video game preference
Do not like, n=19 .009
Correct 11 1
Incorrect 2 5
Like, n=29 .001
Correct 16 0
Incorrect 6 7
Previous experiencein a choking emer gency
No, n=36 .003
Correct 21 1
Incorrect 7 7
Yes, n=12 .015
Correct 6 0
Incorrect 1 5
Discussion In the proposed game, the player acquires the role of a helper

Serious games have become a useful training technology in the
health care profession and for patients to learn about the
proceduresinvolved in health care. Serious gamesare applicable
in different fields such as surgery, odontology, cardiology,
nursing, diabetes, psychology, or first-aid [16,72-74]. First-aid,
triage, and mass emergency arethe most popular fields, wherein
games have been developed for training residents, medical
doctors, or students. However, little attention has been paid to
genera playerswith no health issues. In the context of first-aid
education, the majority of the proposed games have focused on
the CPR protocol [53-55]. However, no games have focused
on the procedure to be applied in case of choking. To overcome
this limitation, in this paper, we have proposed a game to
introduce the main steps of the first-aid procedure in cases of
choking for the general population. This game was tested on a
sample population of 48 high school students. Although tests
have been done with young people, this game in our study has
been designed for the general public with no age restrictions.

http://games.jmir.org/2020/3/e16655/

who has to save a person in a choking emergency by detecting
the choking symptoms and applying the main steps of the
protocol. This serious game has been designed as a set of
minigames, with each minigame focused on a single concept
of the protocol. Several authors have demonstrated that the use
of serious minigames requires less time to master the game,
which has apositiveimpact on the learning process. In addition,
minigames make the study of a subject from different angles
more encouraging [75-77]. These advantages have been
exploited in this game in our study. Our minigames have very
simple mechanics and the interaction is reduced to touch or
drag-and-drop actions. The simplicity of this game allows the
player to achieve great mastery in a short period of time. The
actions reproduce some steps of the protocol that will be
transmitted by applying the learning-by-doing strategy. Torelate
the performed actions with the protocol step, different messages
are also provided to the player in the form of instructions or
feedback. In addition, thereisahelp icon to access an animation
that presents the gameplay mechanics. Time and score
restrictions are imposed to pass each minigame. These
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restrictions increase when the game advances with the aim of
creating an addiction [76].

In the tests, we observed that the players do not access the
provided help icon. The players preferred a trial-and-error
strategy to discover the game mechanics than the provided
animations. However, in some cases, the player reached theend
of the game without performing any correct action. It seems
that the players prefer the trial-and-error strategy rather than
the help option. To avoid this situation, we modified the help
activation in such a way that if the game detects a period of
timewith no correct actions, the help animation isautomatically
activated. The idea is to reduce this trial-and-error period in
order to be more effective with the minigame. In addition, if
the help option is on (playing with help mode) when a new
game starts, the help animation is automatically activated with
no game interruption.

In the tests, we also evaluated player impressions about the
game complexity, enjoyability, etc. From the results, we
observed that players enjoyed the game irrespective of their
gender, their preferences for video games, or their previous
experience in a choking emergency. Regarding the acquired
knowledge, to evaluate it, pretests and posttests were carried
out. We observed that the knowledge on choking and the
first-aid procedure for choking wasimproved through the game.
Therefore, theideaof using minigamesto introduce the choking
concepts becomes ideal for creating an awareness of the topic
in an engaging and aquick manner [78]. From these results, we
considered that by focusing on protocol s composed of different
steps, this same strategy can be applied by simply designing

Boada et al

serious minigames for each step and integrating all of themin
acommon story or in acommon scenario. Inthisway, thewhole
objective of learning a protocol can be decomposed into a set
of subobjectives. Although the obtained resultswere satisfactory,
we consider that different improvements need to be done. In
our study, we focused on high school students, which is a
limiting factor since all of them are in the same range of ages.
To overcome this limitation, our ideais to extend the study to
amore general population. In addition, we want to evaluate the
minigamesindependently. We detected some game preferences
and some difficultiesin some minigames but these were obtained
from the visual observation and we consider that these
observations are not robust enough to be included in the paper.
We aim to design anew experiment to carry out this evaluation.
Moreover, we have not considered any particular player's
capabilities, needs, and interests. We also want to consider
players with visual impairments [70].

In conclusion, serious games are increasingly gaining attention
in health careto complement and promote the training of experts
in the field. However, little attention has been paid to the use
of serious games as a tool to promote health in a nonexpert
population. Our study proposes a serious game with the aim of
educating on the first-aid procedure for choking. Our game
introduces the main steps of the procedure as a set of minigames.
It has been tested in a pilot study, and very promising results
have been obtained. The students enjoyed the game and, more
importantly, their knowledge on the first-aid for choking was
found to be greatly improved. We conclude that serious games
are a good strategy to promote first-aid knowledge to
nonexperts.
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Abstract

Background: Many researchers have been evaluating how digital media may impact the emotional and perspective taking
aspects of empathy in both clinical and nonclinical settings. Despite the growing interest in using virtual reality (VR) and VR
games to motivate empathy, few studies have focused on empathy for people who live with chronic pain.

Objective: Chronic pain affects, by conservative estimates, 1 in 5 people in industrialized countries. Despite this prevalence,
public awareness of chronic pain wasremarkably low until therecent opioid crisis; asaresult, stigmaremains a problem frequently
faced by people who live with this condition. To addressthis, the VR game ASIF was devel oped to increase nonpatients’ empathy
toward the growing number of people who live with long-term chronic pain. On the basis of our prior work, we overhauled our
approach, designed and built a VR prototype and evaluated it, and offered design suggestions for future research.

Methods: We introduced the design features of the VR game AS IF and described the study we devised to evauate its
effectiveness. We adopted a mixed methods approach and compared the empathy-related outcomesin both pre- and posttesting.
A total of 19 participants were recruited.

Results: Thefindings of this study suggest that the VR game was effective in improving implicit and explicit empathy as well
as its emotional and perspective taking aspects. More specifically, for the Empathy Scale, the total pretest scores (mean 47.33,
SD 4.24) and posttest scores (mean 59.22, SD 4.33) did not reach statistical significance (P=.08). However, we did find differences
in the subscales. The kindness subscale showed a statistically significant increase in the posttest score (mean 15.61, SD 2.85)
compared with the pretest score (mean 17.06, SD 2.65;P=.001). For the Willingness to Help Scale, a significant increase was
observed from at test analysis (P<.001) of scores before (mean 7.17, SD 2.28) and after (mean 8.33, SD 2.03) the gameplay. The
effect size for this analysis was large (d=—1.063).

Conclusions: The contributions of this research are as follows. ASIF provides a promising approach for designing VR games
to motivate people’s empathy toward patients with chronic pain, the study evaluates the potential effectiveness of such a VR
approach, and the general design suggestions devised from this study could shed light on future VR game systems.

(IMIR Serious Games 2020;8(3):€17354) doi:10.2196/17354

KEYWORDS
virtual reality; serious games; empathy; chronic pain; game design

: the Study of Pain defined chronic pain as pain that persists for
Introduction more than 3 months [1], whereas acute pain refers to pain that
Background persistsfor ashorter time and is expected to subside with healing

o . . . (eg, pain from surgery or childbirth) [2]. Although most people
Painis abasic and necessary experiencethat ertsustophysicl e experienced acute pain, chronic pain persistswell beyond
harm_or |nfec.t|o_n. However, pain is notorioudly difficult to the expected time of healing and can last alifetime[3]. Although
describe, and it is harder for one person to understand what . onjic pain is now considered to be a condition [1], its cause
another person’s pain islike. The International Associationfor -4 cire have yet to be discovered, and it has no clear
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biomarkers. In addition, chronic pain often has associated
sequelae, from anxiety, depression, insomnia, and cognitive
impairment to decreasing mobility [3].

Conservative estimates suggest that 1 in 5 people of all ages
livewith chronic pain[1,3]. Despitethishigh prevalence, people
who live with chronic pain also face social stigma and high
rates of socia isolation [4]. Morethan loneliness, socia isolation
is correlated with a decreasing quality of life and earlier
morbidity [3,5]. Astreating thislong-term pain means managing
it, it isimportant that caregivers and health professionals find
ways to understand the lived experience of chronic pain
sufferers—in other words, what it is like to actually live with
the debilitating effects of long-term pain and how it impacts a
patient’s biopsychosocial redlities, their ability to function, and
their quality of life[3].

Definitions of empathy are wide ranging: the most common is
“our ability to perceive, understand, and respond to the
experiences and behavior of others’ [6]. According to Davis
[7], empathy has 3 primary dimensions: (1) physical sensations,
(2) emotional sensations, and (3) cognitive awareness
(perspective taking). In many studies from the medical and
cognitive science domains, the emotional and perspectivetaking
dimensions of empathy were the predominant dimensions that
were evaluated, along with their effects in both clinical and
nonclinical environments [8-13].

However, despite renewed attention on empathy, some studies
found that teaching empathy has declined in undergraduate
education both in medical schools [8,14,15] and colleges in
general [16]. Researchers believe that we can mitigate this
situation by teaching empathy in medical schoolsby embedding
it in students' actual experiences with patients[17], which can
lead to better diagnoses [17-19]. Consequently, empathic
communication may help patients manage their health by
fostering trust between them and their health professions [9].
Hence, empathy training may similarly improve the attitudes
of nonpatients toward patients with chronic pain. (Here, we
define nonpatientsin terms of 2 populations: (1) doctors, nurses,
and health professionals who work with patients with chronic
pain and (2) caregivers and family members of chronic pain
sufferers.)

Previous studies demonstrated that games and video games have
a high potential for fostering empathy toward a certain
population, even if the players are concerned about winning the
game[20-24]. The sense of embodiment in virtual reality (VR)
games can appear significantly more effective compared with
watching a 2D video [12,25,26]. Evidence al so showed that VR
games and environments can facilitate a significantly higher
level of empathy than videos or traditional media forms [27].
The immersive and convincing nature of VR has profound
effects and may confer meaningful benefits for an individual’s
cognition or behavior [28]. For instance, Bailenson et a [27]
found that subjects showed a higher occurrence of thinking from
the place of their partnersin aVR perspective taking experience.
They also observed an improvement in participants' empathy
levelstoward their partners when they considered the patients
perspective [27]. In other words, two experiential aspects of

http://games.jmir.org/2020/3/e17354/
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VR—an immersive sense and an embodied sense—appear to
play important roles in empathy [27,29,30].

Objectives

To develop or strengthen a more empathic connection between
nonpatients and patients with chronic pain, we designed an
interactive VR game entitled AS IF [31]. In this VR game,
participantsinhabit an avatar—a 3D character who has chronic
pain—from a first-person perspective. Participants were then
asked to perform a series of activities and tasks as patientswith
chronic pain. In other words, AS IF was developed to enable
participantsto not only inhabit the virtual body of a patient with
chronic pain but also to metaphorically walk in the shoes of this
patient by experiencing physical limitations during tasks and
to hear that patient’s self-talk during each task. We designed
ASIF with aview to eventually deploying it for clinicians and
caregivers. Overall, the goas of this study wereto (1) increase
empathy toward the growing number of people who live with
chronic pain, (2) evaluate the prototype, and (3) offer design
suggestions that may guide future research.

Methods

ASIF, the Game Design

Initially, a non-VR desktop version of AS IF was developed
and tested by the authors using Microsoft Kinect [31]. Later,
we conducted a study to evaluate the effectiveness of this
interactive game system [32]. In that version [31,32], the game
tasks involved completing connect-the-dots puzzles from a
third-person perspective. The player inhabited and could move
the limbs and head of a virtual avatar—a grandmother living
with chronic pain. Playerslistened to the grandmother’s self-talk
while solving puzzles, each solved puzzle resulted in the
completion of a kitchen task. From analyzing the feedback
collected in playtesting, we found that participants were more
willing to help people with chronic pain and exhibited positive
attitudes about playing from the first-person perspective.
However, participants wanted to interact with virtual objects
more directly, rather than solving the more abstract
connect-the-dots puzzles, and some suggested we design a
comparable gamein VR for that reason.

Therefore, we redesigned the game and switched from Microsoft
Kinect’s platform to animmersive VR platform, the HTC VIVE
[33]. In addition, we made significant changesto the game using
the Unity3D [34] game engine. Here, we outline the revision of
ASIF.

InthisVR version, from thefirst-person perspective, the player
inhabits an avatar of agrandmother who liveswith chronic pain.
Participants attended to tasksthat required physical movements
and, as the grandmother, experienced limitations of those
movements as she would, a point that was made in her self-talk
or audible narration. The embodiment aspects of the VR game
feature multimodal feedback; design decisions such asthiswere
based on the theory of embodied simulation [35].

Narrative and Stories

Now redesigned for a different medium, a major overhaul
involved the visual and interactive aspects of the game.
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However, the narrative of ASIF primarily remained the same
because participants favored the story and settings. Similar to
the initial version, the VR game starts with an introductory
tutorial that shows players how to use handheld controllers to
interact with AS IF and its virtual objects. In contrast to the
initial version, the movement tasks of AS IF are now
realistic—direct manipulation of objects by using one's hands
(viacontrollers). Instead of connecting the dotsto get something

Tong et a

done, the VR player makes a cake by direct action, such as
breaking an egg. In this new version, participants play from a
first-person perspective rather than the prior version’'s
third-person perspective (Figure 1). As the players as
grandmother attend to each task of cake making, they
simultaneously hear the grandmother’s self-talk: the hopes,
frustrations, and fears that stem from the ways chronic pain
affects her.

Figure 1. Thevirtua reality game's developer view; and the kitchenin ASIF.

Representations of Physical Pain

When the VR player moves each handheld controller, the
grandmother avatar (the virtual body inhabited by the player)
moves synchronously. A widely adopted Unity package named
Final 1K was used to achieve this synchronous movement
function [36]. This synchronous movement from afirst-person
perspective creates an illusion that the player inhabits the
avatar—the player thus feels as if they are embodied as a
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grandmother. When the player interactswith the virtual objects,
they also experiencethe avatar’s physical limitationsthat result
from pain. Theideaisnot to induce painin the player, but rather
to enable the player to get a sense as if they are a patient with
chronic pain. Here, physical pain ismade visiblein 2 ways: by
limited movement (range and the ability to hold onto an object;
Figure 2) and by visual cues. Another visual effect isthat when
pain spikes in the game, red flashes appear to mimic the onset
of a headache (Figure 3). Consequently, these indications of
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pain are aform of feedback, and players quickly learn that they
hinder their ability to accomplish tasks through the avatar.

In general, the overhaul of the VR game ASIF is distinguished
from prior versions designed to facilitate healthy people’s
empathy toward patients in 2 ways. First, the player can now
experience, if not physical pain itself, at least a sense of how
pain may limit their ability to move and visual representations
(red flashes) of animpending headache. To our knowledge, few

Tong et a

VR games use visual representations to depict pain, which may
limit physical movement and breakthrough pain. Second, the
experience of what it may be like to live with chronic pain is
implicitly deployedin thevirtual environment—playersperform
direct, realistic tasks asif she/heisthe patient with chronic pain;
gain a sense of how pain may limit and interfere with ordinary
physical movements; see signals that something is wrong; and
hear self-talk about the fears and anxiety that living with pain
can produce.

Figure 2. Three selected gametasksin ASIF: A. mixing the flour with milk; B. adding cream; and C. adding birthday candles.
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Figure 3. Some of the movements of the virtual avatar’'slimbsin ASIF become limited when pain increases (as circled in the figure). In addition, red
flashes signal the onset of a headache. During the flashes, a transparent red layer appears over the visible areas of the virtual environment.

Recruitment

Altogether, 18 participants (4 females), aged 19-39 years (mean
24.8, SD 3.8 years), were recruited through convenience
sampling method for this study. We placed advertisements in
the university campus media and sent emailsto the faculty and
student groups. The inclusion criterion was anyone older than
19years, and the exclusion criteriawere anyonewho had apain
condition or was a pain patient or did not understand English.
No participants had a reported history of a chronic pain
diagnosis; this was an essential requirement because personal
experience of chronic pain could bias expectations of AS IF.
Nevertheless, 3 participants reported that they had contact with
patients with chronic pain.

Study Intent

The goal of this research study was to determine if a serious
VR game such as AS IF may influence participants’ empathy
for patients with chronic pain (raising awareness and fostering
positive attitudes toward patients) and to explore what factors
may be important to elicit empathy. Furthermore, based on
participants' feedback on this version of our design, we
summarize the fundamental design principles and game
components to help guide future works.

Apparatus

Participants experienced and could interact with objectsin the
virtual environment via a wired, stereoscopic HTC VIVE
head-mounted display (HM D) and its handheld controllers. We
developed the game using the Unity3D game engine, which was
responsiblefor rendering and running the game during the study.
Thesereal-time rendered scenes of ASIF were sent totheHMD
through SteeamVR (HTC VIVE) suites; the software was
responsible for data between Unity3D and the devices via an
API called OpenVR.
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Procedures

A mixed-method design approach was adopted in this pre-test,
post-test study. Participants empathy levels towards chronic
pain patients before and after playing AS-IF, and quantitative
guestionnaires and qualitative interviews were used in parallel
to derive the findings [37]. The study lasted for 35to 40 minin
total. On arrival, participants were briefly introduced to the
purpose of the study and the entire procedure and were then
asked to read and sign the informed consent form. Next,
participants were asked to fill out the preintervention
questionnaire, which included the Empathy Scale (revised from
the Compassion Scale[38]), the Willingness to Help Scale, the
V R-adapted Other in the Self Scale, and the Emotional Wheel
evauation (Multimedia Appendix 1). During the intervention,
participants werefirst shown how to play ASIF, and then, they
played it for approximately 10-15 min.

When they finished the game, participants were asked to fill
out the posttest questionnaires to assess their level of empathy
toward patients with chronic pain. The posttest questionnaires
were a repeat of the Empathy Scale, the Willingness to Help
Scale, and the Emotional Wheel evaluation. The Other in the
Self Scale was added to assess the rel ationshi p between self and
the first-person perspective in the VR experience (Multimedia
Appendix 1). In addition, participants were given a Sense of
Embodiment questionnaire to evaluate their perceived level of
immersion in the VR game. Finaly, through a 15-min
semistructured interview, partici pants discussed their experience,
provided feedback, and offered researchers their ideas about
thegame. Theinterview topicswere primarily about the game's
interactions, depictions of pain, and physical impact on
participants’ empathetic attitudes in AS IF. Meanwhile, the
session was audio recorded to ensure that the captured datawere
accurate.

Instruments
We used multiple instruments to measure various aspects of
empathy. For instance, the Empathy Scale (adapted from
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Pommier Compassion  Scale  [38,39)]) measures
multiple-dimensioned implicit cognitive changes, whereas the
Willingness to Help Scale detects explicit cognitive changes.
Wheels of Emotion reflects emotional changes, and the
VR-adapted Other in the SelfScale assesses the perspective
taking aspect of empathy. As chronic painisacomplex process
that involves physical, emotional, and social aspects, we adopted
instruments that account for cognitive and emotional
perspectives regarding pain (refer to Multimedia Appendix 1
for more details on each scale).

To determine which instruments were validated and the most
appropriate, we compared existing instruments, such as the
Basic Empathy Scale [40], Toronto Empathy Questionnaires
[41], and Baron-Cohen and Wheelwright’s Empathy Quotient
for people with autism [42]. After thoroughly examining
guestions from each scale and evaluating how the scales may
fit and be adapted for our purposes and population (patients
with chronic pain), we selected the Compassion Scale [38,39]
for its appropriate number and types of questions.

In our previous study of theinitial version of ASIF, the Empathy
Scale, the five-point Numerical Rating Scale (NRS), and the

Figure 4. Virtual reality—adapted Other in the Self Scale.

Tong et d

Willingness to Help Scale (10-point NRS) were used to
understand if and how that game may have affected participants
cognitive empathy levels. A total of 2 pretest questionnaires
were also used in the previous version: (1) the Empathy Scale
was used to assessimplicit empathy (unconscious emotion) and
(2) the Willingness to Help Scale was used to assess explicit
empathy (conscious emotion).

For the new VR version of ASIF, the Wheel of Emotion [43]
and the V R-adapted Other inthe Self Scale[44] (Figure 4) were
adopted to measure any emotional changes associated with
empathy and the degree of perspective taking according to the
suggestions of Carey et a [45]. The Wheel s of Emotion provides
a comprehensive list of emotions and standardizes the data
collected (according to Plutchik’s Psycho-Evol utionary Theory
of Emotion), whereas the Other in the Self Scale helps players
articulate how they related to the grandmother’s avatar.
Moreover, to further investigate embodiment inthe VR version,
we adapted a sense of ownership (SoO) and a sense of agency
(SoA), rated on an 11-point NRS (from -5 to 5). The adapted
guestions are listed in Table 1.

Circle the picture that best describes your relationship with the first-person perspective in the experience.

" Yourself | hYour |
outside of | | 'are\ilcl:er /
VR in

| feel like there is some overlap between
myself and my character in VR.

no identity

| feel like neither like myself nor my
character in VR. | had no conscious
sense of identity.

| Yourself Your
| outside of VR character
in VR

My character in VR felt completely distinct from me

Character
in VR

\ Self outside of VR /

My character in VR feels the same as self outside of VR.

Table 1. The sense of ownership and sense of agency self-reported questionnaires were sorted by categories.

Embodiment aspects Questions: while playing ASIF

Sense of body ownership .

| feel asif the virtual body (eg, arms and hands) were my own (eg, real arms and hands).

« | feel my real body (eg, arms and hands) were becoming virtual.
« | feel my real body (eg, arms and hands) were moving sometimes.

Sense of body agency

| feel asif the virtual body (eg, arms and hands) have awill of its own.

« | fed thevirtual body (eg, arms and hands) would move in the same way as my real body (eg, arms and hands).
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Results

Quantitative Findings

All statistical analyses of the quantitative data were performed
using SPSS version 22 (IBM) software [46]. For quaitative
data, in-person interviews were first transcribed as electronic
textual data. These data were then coded into categories by 2
authors based on preexisting knowledge or hypotheses. After
comparing the results, the researchers highlighted significant
patterns and summarized and grouped them into themes.

Empathy Scale (Adapted Compassion Scale)

We used a paired t test to analyze the differences between the
before and after empathy ratings, total scoresand subscale scores
(Figure 5), kindness, indifference, separation, and
disengagement [38]. For the adapted Empathy Scale, the total
scores from the pretest (mean 47.33, SD 4.24) and the posttest
(mean 59.22, SD 4.33) scoredid not reach statistical significance
(t;,7=—-1.41; P=.07). However, we found differences in the

Tong et d

subscales: the kindness subscale showed a statistically
significant increase in the posttest (mean 15.61, SD 2.85)
compared with pretest (mean 17.06, SD 2.65; t;;,=—3.97; P=.01).
However, indifference (t,;,=—1.52; P=.14), separation (t,7=0.75;
P=.46), and disengagement (t,;,=0; P=.99) subscales were not
statistically significant before and after the study. The mean
and SD values of separation (pretest: mean 11.11, SD 1.64 and
posttest: mean 10.72, SD 2.11), disengagement (pretest: mean
11.61, SD 2.17 and posttest: mean 11.61, SD 2.28), and
indifference subscales (pretest: mean 9, SD 1.75 and posttest:
mean 9.83, SD 2.46) in pretest and posttest are shownin Figure
5. Admittedly, the scores of the overall empathy and its 3
subscales (indifference, disengagement, and separation), which
are different combination of questions from the empathy
guestionnaire, did not change significantly. However, the
statistical significance of the kindness subscale revealed that
thisaspect of empathy could be potentially alteredinaVR game
such as ASIF.

Figure5. Mean values from the Empathy Scale with error bars before and after the study. From left to right: total score, kindness subscale, indifference
subscale, separation subscal e and disengagement subscale (y-axis: self-reported ratings from the questions in each category).

Empathy Score: Total and Subscales

&0

40

30

20

Total Score Kindness

B Pretest

Willingnessto Help Scale

The Wilingness to Help Scale has a question that involves a
real-world scenario regarding how likely oneisto help apatient
with chronic pain (refer to Multimedia Appendix 1); it is
intended as a means to eval uate the emotional and perspective
taking aspects of a participant’s empathy for patients with
chronic pain. For the scores of the Wi lingness to Help Scale
before and after the gameintervention and from at test analysis,
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Indifference

| o ni

Separation Disengagement

Posttest

asignificant increase in the posttest score was observed (mean
8.33, SD 2.03) compared with the pretest score (mean 7.17, SD
2.28; t;;=-4.51; P<.001). The effect size for this analysis was
found to be large, according to Cohen convention (d=-1.063).
This statistically significant increase indicates that the game
was able to increase participants’ explicit willingness to help
people with chronic pain.
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The Wheel of Emotions

In their protocol paper for measuring empathy in VR, Carey et
al [45] recommended using the Wheel of EmotionsScale to
measure the emotional aspects of empathy. Specificaly, this
instrument isintended for understanding emotional empathy or
the spontaneous feeling of oneness with another’s emotions
[45]. Therefore, we reported the basic anaysis of each
participant’s emotional changes before and after the study.
Overdl, 12 of the 18 participants changed from positive
emotions (eg, joy, love, and optimism) to negative emotions
(eg, sad, helpless, and scared). This may have been influenced
by the ASIF experience. Six participants reported no changes,
regardless of what their initial emotions were. However, half
of the 6 participants first described their emotions as negative
ones (eg, sad, helpless, and scared). Therefore, most participants
emotions appeared to have changed from a positive to negative
direction. Given that the virtual character’'s self-talk can be
characterized by a sense of frustration and fear, these results
suggest that AS IF fostered emotional empathy.

VR-Adapted Other in the Self Scale

A fourth set of tools was needed to understand cognitive
empathy, characterized by understanding another’s perspective
while also maintaining a distinct sense of self. Regarding the
relationship between the virtual avatar and the participant’s self,
13 of the 18 participants reported feeling an overlap between
their sense of self and the virtual avatar. Three participants felt
completely distinct from the avatar, one participant reported
not feeling any identity of himself (either inside or outside the
game), and one participant reported feeling compl etely the same.
Therefore, 14 of the 19 participants (74%) could relate the
virtual avatar to themselves while playing AS IF. In general,
the results from the VR-adaptedOther in the Self Scale suggest
that most participantsfelt thevirtual body overlapped with their
real identity—the perspective taking aspect of empathy.
Therefore, most participants were able to take the perspective
of the grandmother who suffers from chronic painin ASIF.

Sense of Embodiment—the SoO and the SoA

As one of the goals was to investigate whether embodiment in
VR affected or correlated with changesin empathy, we collected
posttest dataregarding the participants' SoO (of the avatar) and
SoA in VR. On average, participants' scores were higher than
zero for both SoO (mean 1.28, SD 2.78) and SoA (mean 1.5,
SD 2.65). Inthe SoO and SoA questionnaires (Table 1) because
therating scaleranged from —-5to0 5 (-5 means strongly disagree,
and 5 means strongly agree with the statements), the mean
values here show that the participants experienced a medium
to dightly strong level of body ownership and agency over the
virtual avatar.

Correlation Analysis

Pearson correlation tests were also run to test the relationship
between SoO and SoA, between the sense of embodiment
(comprising SoO and SoA) and the Willingnessto Help Scale,
and between the sense of embodiment and the Empathy Scale
(comprising 4 subscales). The results show that SoO is
significantly correlated to SoA (r18=0.832; P<.001), indicating
that the participants SoO strongly correlates with their SoA in
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AS IF. Although the correlation between SoO and Empathy
Scalescores (P=.10) and the SoA and Empathy Scale (P=.11)
did not reach statistical significance, the P valuesfell just short
of statistical significance. Finally, the results from the
Willingness to Help Scale had statistically significant positive
correlations with the kindness subscale (r18=0.632; P=.005)
and statistically negative correlations with the indifference
subscale (r18=-0.531; P=.02).

Qualitative Findings
Here, we discuss what the participants thought of AS IF and
evaluate the strengths and weaknesses of the VR game. We also

discuss which of the game’'s main features may be useful for
future research.

Participants' Views About the ASIF VR Game

Although AS IF does not simulate the physical feeling of
persistent pain, the game achieved its primary goals: to motivate
the participantsto reflect on experiences of patientswith chronic
pain and to raise empathy.

One participant said:

| think this can help me to understand more about
patients. It definitely made me start thinking about
how hard other day-to-day tasks would be for people
with chronic pain. [P19]
Overall, participants considered the gameinteraction to be easy
to follow and very intuitive. For instance, P05 said:

Theinteraction was pretty good and very illustrative.
P08 and P09 said:

The interaction is pretty straightforward.

The 2 approaches of representing painin VR had pros and cons
in providing an immersive experience of a patient with chronic
pain. Nonetheless, the VR game shows a high potential for
fostering cognitive and emotional empathetic attitudes toward
people with chronic pain.

Representing Pain, Approach 1: Restricting Movement
to Represent Pain

In general, none of the participants had trouble understanding
or completing the VR game’s tasks. From the interviews, most
participants were aware that the physical limitations imposed
in VR represented pain. However, a few participants initially
reported that these restrictions felt more like a bug in the
program. Overall, approximately one-third of the participants
considered the randomly frozen hands/armsto be annoying and
more like technical issues. For instance, P08 and P10 told us
that:

At first, | thought the arms had some delay compared
to my real arms, and | thought it was technical
difficulties. Then | realized it was the game setting.

Nonetheless, to a certain degree, this mechanism did achieve
the goal because participants emotional status changed, leading
to anincreased empathetic attitude toward the grandma patient.
Overdll, 14 participants reported that their affective changes
emerged because of the game and described it using negative
emotional words, including depressed, impatient, upset,
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frustrated, pensive, sorry, and pity. For instance, PO1, P03, P04,
and P11 said:

| felt lonely in the game and frustrated while playing
the game, but in the end, | am happy to finish the
game and achieve the patient’s goal [ cake making].
[PO1]

| felt like my movements were slowed down. Plus, |
made a mess in the kitchen by dropping things.
Emationally, it wasa little discouraging and lowered
my confidence with being able to bake all by myself.
[PO4]

It was pensive. | wasthinking like people with chronic
pain, how it's gonna be for them. [P11]

The participants reported that their empathy was elicited when
they felt that they were incapable of handling easy daily
activitiesasavirtual patient. P10 said:

Suffering pain and | should takearest and slow down
my movement later. | feel that everyone else could
make a cake faster than me.

Although 3 of the participants said they did not have emotional
feelings about the grandmother, all agreed that this VR game
brought about an awareness. For thefirst time, participants said
they started to think about what life would be like for patients
with chronic pain. For instance, P16 said:

Although | can't feel any pain, | can feel the difficulty
of [the] tasks.

Interestingly, some participants offered suggestions for
improving the game, such as adding more and different forms
of feedback regarding movement restrictions, such as a pain
meter or digital pain diary. Some participants also suggested
that if the granddaughter wasvisible, she could provide contrast
with the physical problems the grandma experiences because
of her chronic pain. For instance, P09 said:

The limited movement also helps as | cannot move
quickly, which is appropriate for a grandma at her
age. But, it would be better if there is any contrast,
for instance, having a very active child, or people
who can move fast.

Representing Pain, Approach 2: The Red Flashes
Signaling the Pain of a Headache

Generally, participants responsesto the red flash effect matched
our expectations. Specifically, the red flashes elicited some
sense of pain, if only vaguely, through a visual effect. In total,
participants reported 3 types of sensations when they saw this
visual stimulus. The first type reported by the majority of
participants was that the reddened world made them feel pain
and headaches.

For example:

| did notice the red filter effect, and | can understand
that the game was trying to express what the pain
patient may have experienced. [PO3]

It was very annoying, and | cannot think or move
when the red shadow happens. [PO5]
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| feel very dizzy when the red flashes were coming
out, and | cannot think anymore. My brain was
entirely blank, and this can definitely represent pain
to me. [PO8]

The second type of sensations participants experienced in
response to the red flashes were not physical pain per se, but
an ideaof what the reddened environment was meant to be, and
they felt bothered by it. For example, 2 participants mentioned
that although they did not feel physiological pain:

It can work as an indication to slow down my

movement...but | do not feel any physical pain myself.

[PO9]
The third type of response to the red flashes was an inability to
make an association between the visual indication of an
impending headache (or pain spike) with the patient’s pain
experience. Two participants reported that they did not
understand this idea and did not think it represented pain
effectively.

The Narrative Strengthened the Sense of Immersion

From participants' feedback, the realistic visual depiction of
the kitchen and cake making tasks strengthened the experience
of being a patient with chronic pain:

Everything in this game was so realistic and
well-done. | was beginning to embody myself to the
character and feel | was there. There were moments
that | forgot that was me. [P07]

In addition to the visual simulation, the audio of the
grandmother’s inner voice or self-talk also strengthened the
sense of immersion and empathy. For instance:

It could put me into this situation by narrating that
for me. [P18]

Yes, the narrator was expressive, and the voice felt
very exhausted and tired. | think the audio was the
most influential part and it directed the story. [P13]

The most significant change in the new VR version of AS IF
was that tasks are now accomplished directly, rather than
indirectly by solving puzzles. In the new VR version,
participants complete the tasks of baking a cake by directly
interacting with virtual objects, such as stirring together
ingredientsin abowl, just as they would in the real world; this
also increased the sense of immersion. Moreover, the
ordinarinessor daily life aspects of the tasks also appear to have
succeeded in raising awareness of what life with chronic pain
might be like.

AsP19 sad:

Normally, speaking of chronic pain patients, | usually
think of the hospital or [them] laying on [a] bed.
Baking a cake bring[s] me more awareness about
how daily life could be so hard for themtoo. | won't
feel having empathy for themif not doing these tasks.
Right now, | feel more related to the grandma in the
game.

Therefore, providing a connection to the virtual avatar—by
performing realistic tasks and multimodal sensory input in
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VR—better situated the participants as if they were in the
patients’ shoes. P11 mentioned that he was thinking of his
mother’s chronic pain while inhabiting the grandma avatar. He
felt frustrated, and his experience in AS IF reminded him how
hard his mother’s life was.

Discussion

Principal Findings

We explored a significant redesign and study results of a VR
game, the ASIF. It is aimed at motivating people who do not
live with chronic pain (nonpatients) to better understand the
lived experience of chronic pain by increasing empathy. In
genera, the findings demonstrate that participants had greater
degrees of empathy toward patients after playing the VR game.
Furthermore, from the semistructured interviews, we were able
to gather essential feedback about the strengths and limitations
of the current VR design, such as the effectiveness of pain
representations. Finally, we extracted critical design issues,
implications, and protocol suggestions and offered them to
potentially benefit similar research in the future.

Overal, after playing the VR game AS IF, participants scored
significantly higher on the Willingness to Help Scale and the
kindness subscal e—an adaptation of the Empathy questionnaire.
These two scores revedled that not only could one VR
experience of ASIF raise people's awareness of chronic pain
but it could aso increase their implicit and explicit empathy.
Data from the kindness subscale showed implicit cognitive
changes, whereas data from the Willingness to HelpScale
reveal ed changes in explicit empathic attitudes toward patients
with chronic pain. The other three subscales showed
nonsignificant differences. Furthermore, the quditative interview
data show that most participants reported that playing thisgame
helped them to understand what a chronic pain patient’s life
would belike, and that they had never thought about that before.
We assume these findings may result from 2 potential reasons:
(1) indifference, disengagement, and separation are difficult to
affect or change during a single, short period, asin this study,
and (2) the design of the VR game AS IF focused more on the
perspective taking and emotional aspects of empathy, but it did
not have specific game features that were meant to increase the
four subscales.

The VR-adaptedOther in the Self Scale suggested that most
participants felt that the virtual body overlapped with their real
identity. The findings from the VR-adapted Other in the Self
Scale also overlapped with the interview results. Some
participants said they felt embodied in the grandma avatar who
has chronic pain through narrative storytelling, the immersive
environment, and the game tasks. Thus, in AS IF game,
participants were able to understand the perspective of the
grandmawho has chronic pain.

The sense of embodiment scores showed that, on average,
participants could sense owning and controlling the virtual
avatar. However, the Pearson correlation test revealed no
statistical significance between the sense of embodimentin VR
(comprising SoO and SocA) and the Empathy Scale (posttest)
or the sense of embodiment in VR and the WiIlingnessto Help
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scale. We conjecture that 2 reasons might account for this
nonsignificant outcome. First, there could be multiple factors
that affected empathy levels besides embodiment, such as the
narrative and the game’s specific tasks (and the fun/frustration
behind that). Hence, asingle factor might not be strong enough
to alter overall feelings of empathy. As mentioned in the
interviews, participants suggested that tactile feedback might
be a better way to indicate pain or the association of visual
effectswith pain. The second possible explanation could be that
the game did not provide astrong enough sense of embodiment
to reach statistical significance. In interviews, participants said
they wanted the virtual avatar to more closely match their own
gender and ethnicity and perhaps even body height and shape.
A few participants—a male and a participant whose skin color
differs from the avatar’ s—reported they felt disembodied with
the virtual avatar because of its divergent characteristics.

Admittedly, the overall empathy scores and the 3 subscales
(indifference, disengagement, and separation) did not change
significantly. A crucial issueis how long it takes to affect and
change empathy and what factors are important in facilitating
such change. For example, implicit empathy may be difficult
to changein ashort time, in part because of its mental cost [47].
However, in this study, the VR-adapted Other in the Self Scale
findings suggest that participantsidentified with the VR avatar,
insofar as the avatar was felt to overlap with their real self.
Therefore, a perspective taking ability may be critical to being
ableto influence one's empathetic attitudes toward patientswith
chronic pain and painful experiences. From the qualitative
interviews, 2 approachesto representing pain in the virtual body
may also facilitate empathy. Although afew participants found
the movement restrictions confusing, most reported it made
them realize how pain would impact one's range of motion and
emotion. Most liked theideaof using the red flashesto represent
pain spikes and reported that the visual effect felt like aheadache
or pain (asynesthesia effect of transferring avisual senseto an
emotional sense).

Besides facilitating nonpatients' (game players who are health
care givers or family members of patients with chronic pain)
empathy toward patients with chronic pain, we believe that a
VR game such as ASIF hasthe potential to benefit patients and
other researchers. Chronic pain experiences are notoriously
difficult to describe and are often out of the experiential scope
for most people. Hence, VR is one method that may provide
cliniciansand family membersor friendswho play acaregiving
role with a deeper understanding of a patient’s chronic pain
condition. VR appears to have the potential to change the
player's mind significantly [48] and to stimulate perspective
taking and/or behavioral changes that are associated with
empathy toward others like patients [49,50]. For instance, in
previous research, Platt et al [51] showed how empathic
communication, such as clinicians’ awareness of the patients
affective states and showing appreciation of the patient’s
feelings, may reduce patients' feelings of isolation [43]. In
addition, thefindings, experiences, and design suggestionsfrom
this paper may directly benefit other researchers in the future
developing empathic games for patients with chronic pain
specifically or for patientswho must manage similarly invisible
chronic conditions. Given our aging population, this may be
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particularly useful as an approach to medicine shifting from
treating acute conditions to managing chronic conditions and
promoting wellness.

Some of the participants questioned, “Was my pain sensation
the chronic patients' pain too?’ Although it is impossible to
make this determination in this study, we assume that the
sensations were not the same. For one thing, chronic pain is
unique and difficult to describe, let alone recreate specific
perception. For another, the interview findings suggested that
current gameplay increased the participants awareness of
chronic pain patients situation through the narrative, visua,
and audio feedback in ASIF.

Limitations

Thisstudy also had afew limitationsthat may affect the empathy
outcomes and bring a risk of bias regarding the conclusions.
First, the sasmple size for this preliminary study was small, and
alarger number of clinicians will be tested once the prototype
isrevised and prepared for clinical deployment. Next, to avoid
overwhelming participants with assessment instruments, the
level of immersionin VR was not measured, so we do not know
if there are potential relationships between immersion and
changes in empathy. Moreover, we only conducted a
preliminary, in-laboratory study using questionnaires and
interviews to evaluate changes in empathy, and no real-life
assessment has been implemented. However, evaluating the
pragmatic aspects of the VR game is definitely something we
are planning. Thisinvolvesrunning apractical test immediately
after the subsequent study, asking participants to donate a
portion of their study compensation to a hospital’s foundation
or a nonprofit organization for patients with chronic pain.
Finally, we did not have a control group and did not conduct a
follow-up study to see if any long-term empathy behavioral
changes persisted. Investigating these factors to determine
whether they affect changesin empathy areimportant next steps.

Tong et d

Comparison With Prior Work

For a long time, researchers have been looking for evidence
about how the sense of embodiment in VR may impact one's
cognitive perception [48]. Various potential impact factors of
virtual embodiment on empathy (perspective taking) have been
investigated, notably, attitudes toward racial bias [52], gender
bias[53], and age[54,55]. We explored the rel ationship between
S00, SoA, and empathy through correlation tests. However,
although participants reported a medium-level SoO and SoA
over thevirtual body, no significant relationship was discovered.

In summary, to put nonpatients in the shoes of patients with
chronic pain, players inhabit a virtual body of a patient with
chronic pain who attends to everyday tasksin the VR game AS
IF. It simulates several experiences common to chronic pain:
physical limitations of movement and a patient’s verbally
articulated self-talk. Thevisua-motor synchronicity of aplayer's
full-body movements mirrored by the avatar appears to elicit
identification with the avatar. The results from the mixed
methods study revea ed that the game was effectiveinimproving
implicit and explicit empathy. Furthermore, the findings showed
that the game rai sed the emotional and perspective taking aspects
of players empathy. However, no associations were found
between the sense of embodiment (SoO and SoA) and the
empathy scales in this game. On the basis of the analysis of
participants' feedback, we developed and proposed design
suggestions for empathic games designed to facilitate
understanding of pain patients. In future work, we plantoiterate
thedesign featuresand study protocol s according to participants
feedback. We also plan to conduct a randomized controlled
study with alarger sample size that is more diverse in terms of
gender and age. As for the game, we plan to implement tactile
feedback in the controllers (or body sensors) that matches the
game tasks, and we would also prepare virtual avatars of
different genders and ethnicities.
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Abstract

Background: Although full-body seated exercises have been studied in a wide range of settings (ie, homes, hospitals, and
daycare centers), they have rarely been converted to seated exergames. In addition, there is an increasing number of studies on
immersivevirtual reality (iVR) full-body gesture-based standing exergames, but the suitability and usefulness of seated exergames
remain largely unexplored.

Objective: This study aimed to evaluate the difference between playing a full-body gesture-based iVR standing exergame and
seated exergame in terms of gameplay performance, intrinsic motivation, and motion sickness.

Methods: A total of 52 participants completed the experiment. The order of the game mode (standing and sitting) was
counterbalanced. Gameplay performance was evaluated by action or gesture completion time and the number of missed gestures.
Exertion was measured by the average heart rate (HR) percentage (AvgHR%), increased HR%, calories burned, and the Borg
6-20 questionnaire. Intrinsic motivation was assessed with the Intrinsic Motivation Inventory (IMI), whereas motion sickness
was assessed via the Motion Sickness Assessment Questionnaire (MSAQ). In addition, we measured the fear of falling using a
10-point Likert scale questionnaire.

Results: Players missed more gestures in the seated exergame than in the standing exergame, but the overall miss rate was low
(2.3/120, 1.9%). The analysis yielded significantly higher AvgHR%, increased HR%, calories burned, and Borg 6-20 rating of
perceived exertion values for the seated exergame (all P<.001). The seated exergame was rated significantly higher on peripheral
sickness (P=.02) and sopite-related sickness (MSAQ) (P=.004) than the standing exergame. The score of the subscale
“value/usefulness” from IMI was reported to be higher for the seated exergame than the standing exergame. There was no
significant difference between the seated exergame and standing exergame in terms of intrinsic motivation (interest/enjoyment,
P=.96; perceived competence, P=.26; pressure/tension, P=.42) and the fear of falling (P=.25).

Conclusions:  Seated iVR full-body gesture-based exergames can be valuable complements to standing exergames. Seated
exergames have the potential to lead to higher exertion, provide higher value to players, and be more applicable in small spaces
compared with standing exergames. However, gestures for seated exergames need to be designed carefully to minimize motion
sickness, and more time should be given to users to perform gestures in seated exergames compared with standing exergames.

(IMIR Serious Games 2020;8(3):€17972) doi:10.2196/17972
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Introduction

Background

Physical inactivity has been identified as the fourth leading
cause of death globally [1]. It is now well established that a
sedentary lifestyle is a unique risk factor for several illnesses,
such as type 2 diabetes and cardiovascular diseases, which
account for about 30% of global mortaity [2]. Exergames
represent a promising approach that has been widely examined
for various population groups (ie, children [3], youngindividuals
[4], and older adults [5]) to promote regular exercise (defined
as planned, structured, repetitive, and intentional movement
intended to improve or maintain physical fithess) in unmotivated
or inactive target groups [6,7].

In recent years, exergames have been proven to have the
potential to improve enjoyment, motivation, and long-term
engagement when compared with other conventional exercises
(eg, cardiovascular exercises like biking [8,9]), and as such,
they can be effective in promoting both physical and mental
health [10,11]. Various nonimmersive virtual reality (VR) [12]
(like using interfaces such as a flat-screen television/monitor)
exergames have been designed to encourage people to be more
active [5] and promote a positive lifestyle [13] and self-care
[14]. Previous literature has shown that exergames could bring
physical and health outcomes to players. For example, Peng et
a [15] performed a meta-analysis of energy expenditure in
exergames, and their main finding suggests that exergames are
as effective as traditional exercises in facilitating light- and
moderate-intensity physical exertion. Huang et al [16] reported
that participants who were enthusi astic about exercising showed
positive changes in happiness, perceived energy levels, and
relaxation in a 2-week exergame intervention. Sapi et al [17]
reported that participants showed improvements in balance
following a 6-week exergame intervention, and the
improvements were in favor of using the exergame than
conventional balance training. da Silva Alves et a [18] found
that participants showed improvementsin functional well-being
and physical well-being after 10 sessions of exergaming. Inthe
study by Garcia et a [19], participants showed improvements
in stepping, standing balance, gait speed, and mobility following
a 12-week exergame intervention.

With the recent advances in immersive virtual redity (iVR)
head-mounted displays (HMDs), an increasing number of iVR
exergames [20-22] are being devel oped. They have opened the
possibility of atering more radically how we engage users in
performing exercises. Studies have shown that iVR has the
potential to produce benefits that other types of displays (ie, a
standard display liketelevision) cannot offer. For instance, iVR
exergames can offer users the illusion of more exceptional
physical capabilitiesthan they have. Assuch, iVR may increase
motivation for exercising in general [23]. Moreover, iVR games
can offer benefits such as increased perceived competence and
the feeling of body movements that are more in line with how
we perform exercise in the real world. Participants have
described exaggerated movements to be natural, fun, and
empowering [24]. Furthermore, exercising in iVR has been
found to be an effective intervention to increase enjoyment and
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motivation than standard televisions or monitors [8,25], where
enjoyment and motivation are, in turn, linked to increased
adherence to physical exercisesin general [26-28].

Full-body gesture-based exergames have been widely explored
with people in standing positionsin iVR [20,22,23]. However,
they have not been adapted and explored in seated versions.
Seated iVR exergames could have the following benefits: (1)
suitability for users with a sedentary lifestyle (eg, university
students [29]); (2) feasibility for mobility-impaired users (eg,
elderly users and wheelchair users [5,30]); (3) possibility of
reducing the risk of injuries due to falls or motion sickness
[31,32]; and (4) avoidance of injury from hitting other objects
(eg, furniture) when the space is small or surroundings are
cluttered, because players are not required to walk around.

Motivation can be divided into intrinsic (enjoyment of the
activity) and extrinsic (driven by external outcomes, eg, losing
weight and improving fitness) [33]. Intrinsic motivation (ie,
motivation derived from enjoyment and satisfaction gained from
an activity) plays an essential role in long-term adherence to
exercising [26,27,33], whereas extrinsic motivation, such as
competitive pressure, may lead to tension and feelings of
compulsion, and can diminish intrinsic motivation [34,35].
There is evidence that exergames increase enjoyment and
intrinsic motivation compared with conventional exercises (eg,
biking) and distract from uncomfortable bodily sensations
[25,36-39].

A sedentary lifestyle is a problem for older adults and people
with physical disabilities and isaserious health problem among
university students[40]. Most of the research on exergames has
been targeted at older adults or disabled people [5,30,41] but
not university students, who are underrepresented in such
studies. Research has shown that lack of time and not liking
exercising are the major barriers for university students [29].
These barriers could be overcome by using full-body
gesture-based exergames that can be played either standing or
seated at any time and in small spaces because exergames are
perceived to be more enjoyable and preferred by university
students than other conventional exercises (eg, cardiovascular
exercises like biking [8,9]).

Goal of the Study

The focus of this research was to evaluate the playability and
user experience of a seated iVR exergame compared with a
similar standing exergame among university students in terms
of gameplay performance (ie, action completion time and
number of gestures missed) and user experience (ie, motion
sickness, intrinsic motivation, and fear of falling).

Methods

Experiment Design

We employed a one-way within-subjects experiment design
where theindependent variable was game mode with two levels
(standing and sitting). The order of the game mode was
counterbalanced to compensate for any learning effects. The
whole experiment lasted between 30 and 40 minutes for each
participant depending on their tiredness level and resting heart
rate (RestHR).
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Participants

Participants were recruited from a local university campus
through posters, social media platforms, and amailing list. The
study included university students with the ability to speak
English, who were not disabled, were not pregnant (because of
the physical exertion required to play the game), and had not
consumed any alcohol during the day (blood acohol level of
approximately 0.07% could reduce symptoms of cybersickness
[42], which might affect the results of our study).

Participants were excluded from the experiment if they (1)
answered “yes’ to any of the Physical Activity Readiness
Questionnaire (PAR-Q) [43] questions, (2) had aresting blood
pressure higher than 140/90 mmHg, and (3) had aRestHR level
that was too low (ie, RestHR <62 beats/min for a 16 to
19-year-old female, RestHR <60 beatsmin for a 20 to
39-year-old female, RestHR <56 beats/min for a 16 to
19-year-old male, or RestHR <55 beatsmin for a 20 to
39-year-old male) or too high (ie, RestHR >94 beatsmin for a
16 to 19-year-old female, RestHR >89 beats/min for a 20 to
39-year-old female, RestHR >87 beats/min for a 16 to
19-year-old male, or RestHR >84 beatsmin for a 20 to
39-year-old male) [44].

All participants received drinks and snacksfor their participation
after they finished the experiment. The University Ethics
Committee at Xi'an Jiaotong-Liverpool University approved
the experiment. All participants signed informed consent forms
prior to taking part in the study, and the research protocol was
approved by the University Ethics Committee.

To determine the sample size for the study, a statistical power
analysiswas performed. This statistical power analysiswas not
based on datafrom prior studies owing to limited similar work.
It was based on general considerations about the trade-offs
between the ability to detect certain effects and the feasibility
to acquire a sufficiently large sample. We used a sample size
calculation software program (G*Power version 3.1.9.2 for
Windows), with an effect size of 0.5 (Cohen d), statistical power
of .90, and statistical level of significance of .05. The sample
sizewas established at 44 participants, and we decided to recruit
an additional 10 participantsin the case of dropouts.

Game

The game was implemented in Unity3D with the SteamVR
plugin to enable positional tracking of the HTC VIVE trackers
and controllers.

Xuet al

Rulesand Logic

A gameisan activity that requires at least one player, hasrules,
and has a victory condition [45]. The design of our game
followed this definition and was inspired by the game called
Just Dance, which requires users to follow and imitate the
dancing gestures one by one and has been used in some prior
studies [46]. However, the level of our program consists of a
seguence of exercise gestures instead of dance movements. As
the game starts, the player needsto follow the body gestures of
the instructor in the VR system to move his’/her body
accordingly. For ease of reproducing the gestures, a gesture is
deemed completed if specific joint positions (eg, head,
controllers, and trackers) of the player meet the predefined
variables of corresponding gestures based on asimplerule-based
system and if the player can keep the pose for 0.4 seconds,
which was determined from the results of a pilot study with 10
participants, where we found that a short pose hold time could
lead to gesture misrecognitions and along pose hold time could
lead to player fatigue easily. In addition, thistime of 0.4 seconds
was informed from the literature in other fields (eg, text entry
[47]). A badge [48] is given to players when they complete
every 10 actions as an in-game achievement to motivate them
to follow and replicate the gestures carefully. The victory
condition was to successfully follow the instructor’s gestures
and not fail to follow these gestures three times in a row. In
addition, our game warned users when they were not paying
attention to the virtual instructor by tracking the rotation data
from the HMD. Both visual and auditory feedback were
provided to encourage players to continue playing.

Game Procedure

The game starts with a calibration phase (Figure 1A) for the
system to take into account theindividual differences of players.
The player needs to lift the hands midair and confirm having
finished the calibration by pressing a button on the controllers.
The system then records the position data of the head, hands,
and feet. After the calibration phase, the game progressesto the
training (warm-up) phase (Figure 1B), where the player needs
to follow the virtual instructor to perform two rounds of six
gestureswith afixed order to become familiar with the gestures
that need to be performed. The gameplay phase (Figure 1C)
starts after the training phase, where the player needs to follow
the virtual instructor who performs gestures presented in a
random manner.

Figurel. (A) Cdlibration, (B) training, and (C) game phases for the seated version; the process for the standing version isthe same, except theinstructor

is standing instead of sitting.
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Included Gestures

Table 1 shows the intensity of the gestures selected for our
game. Figure 2 shows the final pose of the gesturesinvolvedin

Table 1. Intensity level of the gestures used in the experiment.

Xuet al

the sitting and standing versions of the exergame. The selection
process of gestures and the intensity values were informed by
the results of a pilot study (Multimedia Appendix 1).

Gesture Intensity (%)

Sitting gesture
Hands up 32.30
Knees up 32.27
Feet up + hands up 35.10
Feet up + hands stretched 34.75
Knees up + hands up 42.39
Knees up + hands stretched 44.03

Standing gesture
Hands up 31.00
Hands stretched 37.20
Left/right kick 27.25
Squat 50.69
Hand stretched + kick 43.88
Hands up + kick 46.05

Figure 2. Seated gestures: (A) Hands up + knees up; (B) Hands up; (C) Knees up; (D) Feet up + hands up; (E) Hands stretched + knees up; (F) Hands
stretched + feet up. Standing gestures: (G) Left/right kick; (H) Squat; (1) Hands up; (J) Left/right kick + hands up; (K) Left/right kick + hands stretched;

(L) Hands stretched.

Outcome M easurements

Exertion

We measured participants exertion based on HR and calories
burned using a Polar OH1 wrist-strap monitor. Average HR
(AvgHR%) was expressed as a percentage of a participant’s
estimated maximum HR (MaxHR), where MaxHR was
estimated as 220 minus age [49]. This measure is commonly
used in exercise studiesto confirm that participants are working
at arequired level of exertion. Additionally, we measured the
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increased HR%, which was the difference between the HR% at
the beginning and the end of the game phase, for a direct
comparison of both versions. Calories burned were calculated
using the Polar Beat mobile app with the activity set as other
indoor activity and the user profile of the app calibrated to each
participant. We started recording the HR and calories burned
as soon as the participants finished the training phase.
Furthermore, the Borg CR 6-20 [50] rating of perceived exertion
(RPE) was used to measure the participants' perceived exertion
level. It describes the physical efforts involved in completing
the game as perceived by the participants, with “6” indicating
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“no exertion,” “13" indicating “somewhat hard exertion,” and
“20" indicating “maximum exertion.” Borg RPE is frequently
used in exercise sciences as a quantitative measure of perceived
exertion when exercising [50,51], and it has been applied to
studies with iVR exergames [4,20].

Gameplay Data

We collected several types of datain the background, including
(2) the action completion time of every successfully performed
gesture, which was equal to thetime spent by the user to perform
the same pose and hold the pose for 0.4 seconds, (2) the number
of gestures missed for each gesture type, and (3) the real-time
HR data from the Polar OH1 optica HR sensor for every 0.2
secondsin the actual experiment stage. Therefore, we analyzed
(2) the average action completion time, (2) the total number of
missed gestures, and (3) the plot profile of real-time HR.

Motion Sickness

Motion sickness was assessed using the self-reported 16-item
Motion Sickness Assessment Questionnaire (MSAQ) [52],
which is a valid descriptor of motion sickness in the genera
population that coversthefollowing four dimensions of motion
sickness: gastrointestinal (stomach sick, queasy, nauseated, and
vomit), central (faint-like, lightheaded, dizzy, spinning, and
disoriented), peripheral (sweaty, clammy, and hot/warm), and
sopite-related (annoyed, drowsy, tired, and uneasy). Theresults
fromthe M SAQ were correlated strongly with the overall scores
from the Pensacola diagnostic index (r=0.81; P<.001) and the
nausea profile (r=0.92; P<.001) [52]. It has been found that the
MSAQ isavalid evaluation tool and that it is advantageous to
use this multidimensional questionnaire rather than the
one-dimensional form [52]. The questionnaire has been widely
used in studies dealing with virtual environments [53-55]. The
scale ranges from 1 (not at all) to 9 (severely). A lower score
is associated with lower motion sickness.

Intrinsic Motivation

Intrinsic motivation was measured using the self-reported
25-item version of the Intrinsic Motivation Inventory (IMI)
[56], which covers the following four subscales:
interest/enjoyment, perceived competence, pressure/tension,
and value/usefulness. Although IMI includes seven subscales,
only interest/enjoyment measures intrinsic motivation and is
considered the primary self-reporting measure. We included
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the perceived competence and pressure/tension subscales
because they are positive and negative predictors of intrinsic
motivation, respectively. In addition, the subscale
value/usefulness has been used in internalization studies [57]
and can provide us with an idea about how people internalize
and self-regulate themsel ves with respect to the activities that
they experience as useful or valuable for themselves. The IMI
has gained widespread acceptance as a multidimensional
measure of intrinsic motivation in the context of sports and
exercising [58,59] and has been widely used in studies dealing
with iVR exergames [23,60,61]. Each item was rated on a
severity scale ranging from 1 (not at all) to 7 (very). A higher
score indicates a more internally motivated self-regulated
physical activity behavior.

We measured fear of falling by asking participants “how
concerned are you about the possibility of falling during the
experiment?’ using a 10-point Likert scale from 1 to 10, with
1 indicating “very dslightly or not at al” and 10 indicating
“extremely.”

After completing the above questionnaires, participants were
asked to answer the following open-ended question in the
guestionnaire: “What do you think about this version of the
game?’ They responded by typing into atext box. There was
no limit for the length of participants’ responses. A full list of
questions used after each condition can befound in Multimedia
Appendix 2.

Apparatus and Setup

The experiment was conducted using HTC VIVE Pro Eye
connected to an HP Z workstation (i7 CPU, 16 GB RAM, and
Nvidia Quadro P5200 GPU). Two HTC VIVE handheld
controllers, two HTC VIV E trackers, and two base stationswere
used to enable hand and feet motion tracking. A stable chair
with two handleswas used in the sitting condition. The HR was
monitored by a Polar OH1 optical HR sensor, which has been
proved to be ableto capture good HR datawhen compared with
the gold standard of HR measurement with an
electrocardiography device [62,63]. The experiment was
conducted in an indoor laboratory room that could not be seen
from the outside. The room temperature was always set to be
23 to 24°C during the experiment. Figure 3 depicts the
experiment setup and devices used in the experiment.
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Figure 3. Standing (A) and seated (B) experiment setup, and the devices used in the experiment: (1) the HTC VIVE base stations, the locations of the
two base stations can be found in the vertical view in the left bottom corner; (2) the two VIVE trackers attached to the legs; (3) the VIVE controllers
used to track the player’s hand positions; (4) HTC VIVE Pro Eye; (5) the HP Z backpack; (6) the chair; and (7) Polar OH1.
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Procedure

Beforefilling in the pre-experiment questionnaire that gathered
demographic information (eg, age, gender, and experience with
the VR device), we obtained participants’ consent to participate
in the experiment and collected their RestHR and resting blood
pressure. They were also asked to enter their age, gender, height,
and weight into the Polar Beat app. Before each condition
started, a researcher would help them to wear the VIVE Pro
Eye headset with two VIV E handheld controllersand two VIVE
trackers. Participants were then given 3 minutesto get familiar
with the corresponding condition of the iVR exergame. Once
their HR reached the equivalent RestHR level, they proceeded
to the experiment stage, beginning with calibrating the game,
training, and testing. In each condition, they needed to perform
120 gestures, requiring 5 minutes (120 gestures x 2.5 seconds).
We fixed the number of gestures to allow for comparing the
two games. After each condition, they were asked to fill in
postexperiment questionnaires. They proceeded to the next
condition when they felt rested and their HR was at the rest
level.

Statistical Analysis

We used the paired t test to understand the difference between
the seated exergame and standing exergame regarding gameplay
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performance, IMI, MSAQ, fear of faling, and exertion
measurements. For the percentage of missed gesture types for
sitting/standing gesture type, we used one-way repeated analysis
of variance (ANOVA) with the sitting/standing gesture type as
the within-subjects variables, respectively. We also examined
and reported if there were any significant gender differencesin
our measurements by using one-way between-subjects ANOVA.
We set the a level at .05 in our analyses. We further reported
the effect sizes using Cohen suggestion to classify the effect
size, where Cohen suggested that d=0.2 represents a “small”
effect size, 0.5 represents a “medium” effect size, and 0.8
represents a“large” effect size [64]. Analyses were performed
using the Statistical Packagefor the Social Sciences (IBM Corp).

Results

Participant Characteristics

Fifty-four individuals were interested in participating in the
experiment. Two were excluded owing to their high RestHR.
At theend, atotal of 52 participants were eligible to participate
in the study. The characteristics of the study participants are
shown in Table 2.

JMIR Serious Games 2020 | vol. 8 | iss. 3| €17972 | p.174
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

Table 2. Characteristics of the study participants.
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Characteristic Value
Number of students, n 52
Age (years), mean (SD) 18.81 (1.70)
RestHR?, mean (SD) 71.71(8.78)
Height (cm), mean (SD) 170.11 (7.75)
Weight (kg), mean (SD) 60.84 (10.79)
Body mass index (kg/m?), mean (SD) 20.93 (2.87)
Self-reported exercise time per week (min), mean (SD) 87.88 (66.55)
Normal or corrected-to-normal, n 52
Self-reported experience with seated exercise regimes No
Self-reported experience with VR® HMDSS, n 21

Frequent user, n 1
Self-reported experience with full-body gesture-based video games, n 28

Frequent player, n 4

8RestHR: resting heart rate.
bVR: virtual reality.
“HMD: head-mounted display.

Gameplay Data

Gameplay dataand analysisresultsarereportedin Table 3. The  exergame.
analysis showed that game mode did not influence action

Table 3. Gameplay data and exertion measures.

completion time. However, the analysis showed that players
missed more gesturesin the seated exergame than in the standing

Variable Standing exergame, mean (SD)  Seated exergame, mean (SD)  ts1 P value® Cohend
Gameplay
Action completion time 1.48 (0.14) 1.53(0.18) 1.87 .07 N/AP
Missed gestures 1.65 (1.71) 2.33(1.83) 2.40 .02 0.332
Exertion
AVGHRYS 51.9% (4.6%) 54.3% (5.0%) 4.66 <.001 0.646
Increased HR%Y 6.9% (4.4%) 11.8% (5.3%) 5.86 <.001 0.813
Calories 21.83 (6.76) 24.67 (7.25) 4.44 <.001 0.615
Borg 6-20 9.02 (2.15) 10.25 (2.59) 3.96 <.001 0.548

gignificant at .05.

BN/A: not applicable.

CAng R%: average heart rate percentage.
9HR%: heart rate percentage.

Percentage of Missed Gesture Types

Theresults of one-way repeated ANOVA yielded no significant
effect of the sitting gesture type (F5 255=1.98, P=.08) or standing

gesture type (Fs,55=1.058, P=.38) on the percentage of
corresponding missed gestures. The missed rate for sitting and
standing gesture types can be found in Figure 4.
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Figure 4. Missed rates for (A) seated gestures and (B) standing gestures. Error bars indicate +2 standard errors.
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Exertion (AvgHR%b, increased HR%, cal ories burned, and Borg
6-20) data and analysis results are presented in Table 3. The
analysisyielded significantly higher AvgHR%, increased HR%,
calories burned, and Borg 6-20 RPE for the seated exergame
(all P<.001). Our results suggest that the seated exergame was
rated as “very light” to “light” exercise and the standing
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exergame was rated as “very light” exercise according to the
Borg 6-20 RPE scale.

To aid the visualization of the AvgHR% behavior of both
exergames, Figure 5 shows the AvgHR% data from all
participants during the 5 minutes of gameplay, averaged over
thewhol e session. The seated exergame had a higher AvgHR%
than the standing exergame after 0.34 minutes.

I T I
Squat Hands up Streched
+ kick + kick

Missed rates for standing gestures

Figure5. Mean AvgHR% during gameplay for both versions of the exergame; the interaction between two lines occurs at 0.38 minutes. At 2.64 minutes,
AvgHR% of the seated exergame reached the moderate physical intensity level. AvgHR%: average heart rate percentage.
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Data analysis of the MSAQ included the overall MSAQ score
and its subscal e scores (gastrointestinal, central, peripheral, and
sopite-related). The M SAQ dataand analysisresultsare reported
in Table 4. The analysis showed significantly higher peripheral
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seated exergame. We did not find a significant difference
between the seated exergame and standing exergame in terms
of central (P=.81), gastrointestinal (P=.81), and overall sickness
(P=.06).
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Regarding IMI, there was no significant difference for
interest/enjoyment (P=.96), perceived competence (P=.26), and
pressure/tension (P=.42). However, the analysis yielded a
significantly higher value/usefulness for the seated exergame
(P=.04). IMI data and analysis results can be found in Table 4.

Xuet al

The one-way between-subjects ANOVA showed that
interest/enjoyment was rated significantly higher by females
(mean 5.20, SD 1.23) than males (mean 4.38, SD 41.16), with
amedium effect size (F; 5,=6.01, P=.02).

Table 4. Motion Sickness Assessment Questionnaire and Intrinsic Motivation Inventory test measures.

Variable Standing exergame, mean (SD)  Sitting exergame, mean (SD) 51 P value? Cohend
M SAQP
Peripheral 22.7% (12.9%) 27.7% (14.3%) -241 022 0.334
Sopite-related 18.8% (11.3%) 23.9% (15.4%) -3.06 0042 0.424
Central 19.2% (11.1%) 18.8% (10.7%) 0.24 81 N/AC
Gastrointestinal 13.5% (5.7%) 13.7% (5.2%) -0.24 81 N/A
Overall 17.4% (7.3%) 19.4% (8.4%) -1.91 .061 N/A
M9
I nterest/enjoyment 4.73(1.30) 4.72 (1.30) 0.05 96 N/A
Competence 4,99 (1.12) 4.85 (1.20) 114 .26 N/A
Pressure/tension 2.90 (0.95) 2.99 (1.04) -0.82 42 N/A
Value/usefulness 5.12 (1.28) 5.38 (1.12) =211 042 0.292

agignificant at .05.

bm SAQ: Moation Sickness Assessment Questionnaire.
°N/A: not applicable.

4IMI: Intrinsic Motivation Inventory.

Fear of Falling

There was no significant differencein the fear of falling ratings
between the standing exergame (mean 2.10, SD 1.58) and seated
exergame (mean 2.40, SD 1.78) (t5,=—1.16, P=.25).

Discussion

Overview

With the limited exploration of seated exergamesintheliterature
of iVR exergames, this study isthefirst to explore the difference
between full-body gesture-based seated exergames and standing
exergames in iVR among university students regarding
playability (ie, gameplay performance) and user experience (ie,
intrinsic motivation and motion sickness). Our results suggest
that participants perceived higher value in the seated exergame
than in the standing exergame. However, the seated exergame
was associated with a worse gameplay performance (ie, the
number of missed gestures) and a higher rating of motion
sickness than the standing exergame.

Although we observed that participants missed a significantly
higher number of gestures in the seated exergame than in the
standing exergame (P=.02), this rate was as low as 1.9%
(2.3/120). Further analysis of the type of gestures missed in the
seated exergame confirmed that these misses were in the early
stages of the experiment, and as such, the main reason for the
misses could be because of participant unfamiliarity with
exercising in the seated position (none of them had previous
experience of seated exercising; Table 2).

http://games.jmir.org/2020/3/e17972/

Regarding motion sickness, previous studies [31,32] have
suggested that the seated exergame might result in alower level
of motion sickness. However, this was not supported by our
findings. We observed that participantsfelt sicker (ie, periphera
and sopite-related motion sickness) in the seated exergame.
However, the reason was beyond the scope of this study; a
further investigation is required to understand why motion
sickness was higher in the seated exergame than in the standing
exergame. We suggest that future designers and researchers
should carefully design full-body gestures for iVR seated
exergames to minimize motion sickness.

Asfor intrinsic motivation, we did not observe any significant
difference between the seated exergame and standing exergame
(ie, interest/enjoyment, P=.96; perceived competence, P=.26;
pressure/tension, P=.42). However, there was a gender effect
on participants’ intrinsic motivation toward exergames, where
we found that females had a significantly higher intrinsic
motivation (ie, interest/enjoyment) than males (P=.02). This
could be because the exergame involved in our study was more
like adance game, which wasinspired by Just Dance, and prior
research [65] has shown that femalestend to be more physically
active in dance exergames. Aside from this difference between
male and female participants, no other differences were found
in our experiment.

In most cases, standing exercises have ahigher exerciseintensity
(in traditional exercises [66,67] and exergames [68,69]). We
found that our seated exergame led to a higher exertion (ie,
AvgHR%, increased HR%, calories burned, and Borg 6-20)
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than the standing exergame, possibly because the seated
exergame involved more whole-body movements that required
increased energy expenditure during gameplay [70-73].

Design Guidelines

In this section, we provide design guidelines that are based on
suggestions provided by Wiemeyer et a [74] for future game
designerswho areinterested in building iVR full-body standing
or seated gesture-based exergames.

First, practice should be provided for each gesture during
warm-up. A warm-up session before exercising isessential [75],
and it should be included in exergames as well. One way to
perform warm-up for full-body gesture-based exergames is to
practice the gestures involved in the game, which will not only
help players reduce the risk of injures but also make them
familiar with the in-game gestures.

Second, the difficulty level of the game should be adapted to
the current state of theindividual . Regarding an offline approach,
players might have difficulty in performing certain gestures
during gameplay. Therefore, to match the difficulty of the game
to the current state of the individual, it would be necessary for
players to experience and select gestures they are comfortable
performing before playing the game. Regarding an online
approach, one of the adaptive methods that has been used and
proven to be suitable in exergames is
proportional—integral—derivative (PID) control [76]. Designers
can use PID control to modify the transition time between
gestures or select the gestures based on the player’s real-time
HR and gameplay performance (ie, the number of gestures
missed). PID control is also useful to avoid overly vigorous
exercise, which might put the exerciser at risk of eliciting
unwanted coronary issues[77].

Third, warning signs should be provided for standing exergames
if users have left (or are about to leave) the calibration position
and are too far to keep them protected. Thisis because players
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tend to move around during gameplay, which we encountered
in our study and has been reported previously [23]. It could lead
to potentially dangerous situations (eg, hitting objects that are
in the environment and going out of the safe tracking area) or
decreasethe recognition performance of the sensors (eg, tracking
may not work when they are too close to or far from the
Sensors).

Limitations and Future Work

Our study only focused on one sedentary lifestyle user group
(university students). Future work could focus on investigating
the two versions of the exergame with different population
groups (eg, older adults and users who have physical
disabilities). To minimize players' cognitive workload, we set
both exergames to include only 6 out of the 10 gesture types
that we measured during the pilot study. In the future, we could
add more gestures to increase the complexity of the game (as
stated by participants 13, 20, 30, and 37). A further limitation
isthat our experiment did not measure which types of gestures
caused the unwanted level of motion sickness in the seated
exergame. Future experiments could be conducted to check
issuesrelated to motion sickness based on specific gestures and
types of gestures.

Conclusions

Our contributions to the field of iIVR exergaming regarding
gameplay performance and user experience are as follows: (1)
the iVR seated exergame could result in higher exertion and
provide higher value to playersthan the standing exergame; (2)
participants might feel sicker in the iVR seated exergame than
in the standing exergame, and as such, full-body gestures for
seated exergames need to be designed carefully to help minimize
the feeling of motion sickness; and (3) participants might miss
more gesturesin the iVR seated exergame than in the standing
exergame. Therefore, designers should allow more time for
performing gestures in the seated exergame.
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Abstract

Background: Virtua reality (VR) exergaming may be a promising avenue to engage adol escents with physical activity. Since
parental support is a consistent determinant of physical activity in adolescents, it is crucial to gather the views of parents of
adolescents about this type of intervention.

Objective: Thisstudy aimed to interview parents of younger adolescents (13-17 years old) about physical activity, gaming, and
VR as part of the larger vEngage study.

Methods: Semistructured interviews were conducted with 18 parents of adolescents. Data were synthesized using framework
analysis.

Results: Parents believed that encouraging physical activity in adolescents was important, particularly for mental health. Most
parents felt that their children were not active enough. Parents reported their adolescents regularly gamed, with mostly negative
perceptions of gaming due to violent content and becoming addicted. Parents discussed an inability to relate to gaming due to
“generationa differences,” but an exception was exergaming, which they had played with their children in the past (eg, Wii Fit).
Specific recommendations for promoting a VR exergaming intervention were provided, but ultimately parents strongly supported
harnessing gaming for any positive purpose.

Conclusions: The current study suggests promise for a VR exergaming intervention, but this must be framed in a way that
addresses parental concerns, particularly around addiction, violence, and safety, without actively involving their participation.
While parents would rather their children performed “real-world” physical activity, they believed the key to engagement was
through technology. Overall, there was the perception that harnessing gaming and sedentary screen time for a positive purpose
would be strongly supported.

(IMIR Serious Games 2020;8(3):€14920) doi:10.2196/14920
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Introduction

Sufficient physical activity protects against noncommunicable
diseases[1] and is associated with better mental health[2]. The
detrimental health outcomes associated with low population
levels of physical activity have placed a significant strain on
the economy and health services|[3]. Adolescence, which spans
the ages of 10-24 years, encompasses an important phase of
social and biological development and has been suggested as
the stage at which individuals acquire skills that contribute to
future health and wellbeing [4]. Thus, adolescence is an
opportunetimeto encourage engagement with physical activity
[5]. Early adolescence is particularly important in this context
because physical activity substantially declinesfrom childhood
through adolescence and isincreasingly displaced by sedentary
behavior, particularly screen time [6,7]. Data from the United
Kingdom (UK), United States (US), and elsawhere show that
lessthan 20% of adol escents meet the recommended 60 minutes
per day of moderate-to-vigorous physical activity (MVPA)
[8-11]. Active adolescents are more likely to become active
adults and lead healthier lifestyles, gaining benefits both in the
short-term (eg, bone health, mental health) and long-term (eg,
sedentary behaviors, breast cancer, asthma, and self-esteem)
[12,13]. A 2018 prospective cohort of 1826 UK adolescents
(followed at 13, 14, and 15 years) found beneficial associations
between device-based measures of MVPA and systemic
metabolism (metabolic markers such astriglycerides, fatty acids,
and systolic and diastolic blood pressure). Associations were
more dependent on the most recent engagement, suggesting that
regular physical activity sustains beneficial metabolic health
and helps prevent disease [14].

Challengesin Changing Physical Activity in
Adolescents

Despite the importance of promoting physical activity in
adolescents, it is not yet clear what works. A recent
meta-analysis of 17 cluster-randomized trials of school-based
interventions, including children and adolescentsup to 18 years
old, found these did not affect accelerometer-measured MV PA
[15]. Multidimensional interventionstargeting physical activity
across multiple settings, including school/home environments,
policy, and parents, could promote, or at |east prevent adecline,
in physical activity in younger adolescents [15-17]. Despitethe
potential importance of parental support or involvement in
multicomponent interventions [17], few studies have explored
parental views, and the possibility of wide-scaleimplementation
of suchinterventionsisunclear. Digital interventions have been
proposed as a solution to offer wide-reaching accessibility, but
the majority of trials have been small, with mixed findings and
web-based [ 18], which isnot necessarily reflective of adolescent
digital behavior.

Gaming Interventionsto Change Physical Activity in
Adolescents

Gaming constitutes a significant part of an adolescent’s
voluntary leisure time behavior, with some estimates of more
than 90% playing for at least an hour per day [19]. Gaming is
usually sedentary, but games that require bodily movement (ie,
“exergames’) have proved popular [20,21]. A 2015
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meta-analysis of 35 trials showed that exergames, like Nintendo
Wii, increased physical activity and improved physiological
parameters as effectively as field-based physical activity and
significantly enhanced enjoyment, self-efficacy, and intrinsic
motivation for physical activity [22]. Although these small
comparative trials were promising, no studies have explored
exergaming as a population health intervention, whichislikely
to involve embedding exergaming in a larger multicomponent
intervention that targets social and environmental determinants,
including parental support [23-25].

Earlier generations of exergames such as Dance Dance
Revolution released in 1998 and Nintendo's Wii Fit (2007),
which sold over 22 million copiesworldwide, and more recently,
Pokémon Go, downloaded over 800 million times, are examples
that have had huge commercia success[20,21]. Research studies
on these earlier exergames have shown that playing exergames
can increase energy expenditure up to 300% aboveresting levels
and achieve physical activity of at |east moderateintensity [22].
Randomized controlled trialsin children [25,26], preadol escents
[24], adolescents[27-29], and adults[30] found that exergames
supported weight loss and increased fitness. However, trias
have not been able to confirm exactly which psychological or
social factors might lead to long-term engagement [31-33].

The Potential of Virtual Reality to Increase Physical
Activity in Adolescents

Virtual redlity has the potential to enhance the impact of
exergaming by allowing the user to fedl present and immersed
in the virtual environment [34]. VR ownership is predicted to
rise and estimated to be owned by most homes by 2022 [35].
With the possibility that VR will reach a wider population in
the following years, VR hardware and software markets are
reported to be increasing to 16 billion US dollarsin 2022 from
6.2 billionin 2019 [36].

Small laboratory-based studies in adults have found that VR
exergaming increases enjoyment and levels of physical activity
but with lower perceived exertion than standard exercise
conditions [37-39]. For example, one study involving 88
university staff and students found that although the heart rate
was higher in VR than during regular exercise, participants
reported feeling lesstired and had higher ratings of enjoyment
when VR was paired with exercise [40]. These results were
echoed in an exploratory pre-post study in which 12 children
engaged in VR-based biking (VirZoom) and traditional
stationary exercise biking sessions for 20 minutes per session.
The results showed no significant differences between the
groups in the measures of heart rate. However, perceived
exertion during the VR-based exercise was significantly lower,
with participants also reporting significantly higher self-efficacy
and enjoyment during the VR-based exercise compared to the
traditional biking exercise session [38]. Another study of 30
people (between the ages of 6 and 50 years) playing a VR
exergame for 15 minutes showed how perceived workout
intensity correlated positively with the level of motivation and
a significant increase in heart rate after gameplay [39]. These
results were similar in a study of 60 females (18-30 years),
which tested rowing performance, motivational, and affective
impact during an aerobic exercise using VR and non-VR
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environments. VR groups rated physical activity tasks as more
enjoyable, had improved performance (rowing longer distances,
particularly the VR group which had a companion avatar) and
did not perceive themselvesto be exerting more physical effort
when they did [37]. Thus, playing VR exergames with
companions rather than alone raises and enhances physical
activity levels even further. These psychologica results,
however, should beinterpreted with caution dueto small sample
sizes and afailure to evaluate the effects of long-term physical
activity.

Parental involvement islikely an important factor in the uptake
of physical activity in younger adolescents[18]. We qualitatively
interviewed 31 younger adolescents and determined that they
were very interested in the concept of VR exergaming
intervention, but that parental approva would be important for
implementation [41]. To the best of our knowledge, no studies
have explored the wider determinants, such asparental support,
that would be required to implement a VR intervention.

The aim of this study, therefore, was to interview parents of
adolescents (13-17 year-olds) to understand their views of
physical activity, gaming, and head-mounted VR in order to
gather evidence and build more understanding around this, in
line with the Medical Research Council (MRC) Framework for
developing complex interventions [42]. The MRC Framework
includes several general stages, including planning, pilot and
evaluation stages, reporting, and implementation [42].

Methods

Thisstudy formed part of the devel opment work for the vEngage
project [43]. Parents or primary caregivers with an adol escent
child aged between 13 and 17 yearswere eligibleto participate.
They were recruited through social media, local secondary
schools in London (UK), and the University College London
(UCL) network and facilities (such as notice boards and online
subject pool/study participation announcements) viaemailsand
posters. The aim was to recruit up to 20 participants according
to the recommended 10-20 interviews for a medium project
using thematic analysis [44]. The study was approved by the
UCL ethics committee (Project ID 12669/001), and all
participants provided informed written consent before the
interview.

Materials and Procedure

A semistructured interview schedule was developed to guide
interviews (Multimedia Appendix 1). According to
recommendations from Lewis and Ritchie [45], the schedule
was designed to gather rich data on select topics including
physical activity, gaming, VR, and the potential for using VR
inaphysical activity intervention. The schedule included open
guestions and specific probesto useif required. Interviewswere
conducted viatelephonein June and July 2018 by one researcher
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(LM). The interviews were recorded and transcribed verbatim
before analysis. As part of the interview schedule parents were
asked whether their children had any disabilities that might
impact their physical activity levels, but this data was not
collected using a standardized questionnaire. Data was stored
in accordance with the General Data Protection Regulation
(GDPR).

Analysis

Framework analysis (aform of thematic analysis) was used to
synthesize the data. Framework analysis is a systematic and
effective approach for analyzing qualitative data in health
research [46]. It is a recommended method for data that has
been collected in semistructured interviews. Additionally,
Framework analysis has been recommended for use when the
data relates to a small number of topics and is appropriate for
asample of 10-20 participants [46].

Two researchers (LM and NF) independently analyzed three
transcripts and generated a set of codes. The researchers then
met to discuss, compare, and adjust the codesin order to develop
the final analytical framework. The final framework was used
to code all 18 transcripts by oneresearcher (LM). No particular
software was used in coding the transcripts; however, the final
set of themes and subthemes were collected with supportive
guotesin an Excel spreadsheet (Microsoft). The datawere then
analyzed to explore emerging themes and identify common
themes. Analyses were conducted with guidance from an
experienced qualitative researcher (KN). The principal
investigator (AF) independently reviewed the Framework Matrix
and themes before the final interpretation.

Results

Participants were recruited through two local secondary schools
in South London, UK (n=6), the University College London
(UCL) network (n=8), and socia media (n=4). Thirteen
participants were mothers (age 48-58 years, mean age 53 years,
SD 3years), and five were fathers (age 48-58 years, mean age
52 years, SD 2 years) (see Table 1). Six had sons, two had
daughters, and 10 had both. The mean age of all adolescents
was 14 years (range 13-17 years, SD 1 years). Interviews|asted
an average of 50 minutes (range 30-70 minutes). Only one
adolescent had a disability (high-functioning autism spectrum
disorder, Asperger syndrome), but this did not impact their
ability to perform physical activity as reported by their parent.
This difference was important to consider when analyzing our
results because the literature on children and adolescents with
autism spectrum disorders has shown difficulties in the
development of coordination and movement [47]. However,
the parent in question reported no issues in their child's
coordination or movement. The final interpretation of the data
is summarized in Table 2, with illustrative quotes in the text.
Information in parentheses includes the child’s age and gender.

Table 1. Demographic characteristics of parents and their adolescent children.

Characteristic Participants (n=18), n Parents' age (years), mean (SD) Adolescents' age (years), mean (SD)
Mothers 13 53(3.4) 14.8 (1.5)
Fathers 5 52 (2.1) 14.6 (1.4)
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Table 2. Main themes and subthemes.
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Main theme Subthemes

Genera views on adolescent physical activity .

Views on gaming

General views on VR? .

Strong belief in the importance of encouraging physical activity in adolescents

Adolescents game too often and this can be a dilemma

Addiction and violent content were major concerns

Accepting technology and gaming as facts of life and embracing potential
Peer influence and social pressure are strongest influences

Limited experience

« VR gaming concerns
«  Concernswould be overcome if health benefits existed

VR exergaming .

Concern that a VR fitness game will be afad

« Regulations of use

Preference for real-world physical activity .

VR exergaming better than nothing

«  Obvious parental support may be off-putting
« Harnessing screen time for a positive purpose strongly welcomed

3/R: virtual reality

General Views of Adolescent Physical Activity

Strong Belief in the l mportance of Encouraging Physical
Activity in Adolescents

Awareness of physical activity guidelines for adolescents was
low. Only one participant knew that the adolescent physical
activity guidelines were 60 minutes of MV PA per day. Intotal,
17/18 (94%) did not know the guidelines, and most were
unaware that the guidelines existed. Some participants made
accurate guesses.

Parents emphasized the importance of engaging adolescentsin
physical activity for lifetime health benefits. However, most
specifically linked the importance of physical activity to their
child’'simmediate mental health:

| think it is very [important] because I'm very, very
active, and | know how good it isfor your mind. (16F)

I think anything that will get her moving more and
doing more exercise will be good. (13F)

Only two participants (11%) felt their child was engaged in
enough physical activity. Most believed their child “should be
doing more” (16F). All strongly believed that it was extremely
important to encourage physical activity in adolescents:

Oh, it'smassively important. | would put it one of the
highest things, that and eating correctly. (13M)

Views of Gaming

Adolescents Gametoo Often and ThisCan BeaDilemma

All parents (100%) reported their child did somekind of gaming
most days of the week, usually reflecting that they felt thiswas
too often and thiswas associated with alevel of guilt: “Probably
six out of seven days a week” (16M) and “Every day and far
too long. | feel guilty asaparent” (13M).

http://games.jmir.org/2020/3/e14920/

Addiction, Violent Content, and Time Spent Gaming
Were Major Concerns

Nearly all participants (17/18, 94%) had negative opinions
towards their child’'s gaming. All (100%) participants were
concerned about gaming being violent. Most participants (14/18,
78%) reported trying to limit gaming, a sentiment generally
raised by parents of younger adolescents:

Oh, | absolutely hate it. (14M)

I do think they're incredibly addictive and then you
get issues with trying to manage the time. (13M)

| don’'t like the bloody, shooting kinds of things. |
think some of it isa little too realistic. (16F)

| wouldn't be letting him just have it in his bedroom
overnight and that kind of thing. (M13)

Participants did perceive some benefits to gaming, including
skill devel opment, such as becoming adept at using computers,
developing visuospatial skills, and improving cognitive
functioning. Another particularly common perceived benefit of
gaming was social interaction:

A social aspect to it aswell and even though it's not
physical and in-person, there definitely is a lot of
banter and a lot of chat, and they're very much in
touch. | find that hugely beneficial. (13M)

Accepting Technology and Gaming as Facts of Lifeand
Embracing Potential

Participants felt that due to generational differences, they were
unableto relate to gaming. However, 12/18 (67%) participants
acknowledged that, when played in moderation, gaming could
be fun:

| think it'sjust | find it hard to relate to because it’s
not something that | do. (13M)

| think in moderation, it is a source of enjoyment.
(13Mm)
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Unlike sedentary games, participants shared experiences of
taking part in exergames with their children. Only 2/18 (11%)
participants reported positive experiences with exergames such
as the Wii Fit (Nintendo, 2006), but these were referred to as
something done in the past. Despite concerns around gaming,
participants accepted that gaming and technology were parts of
life and could be used as aforce for good. Participants felt that
they could not fight against technology, that it was a reality of
modern life:

It feels like an ancient device now, but at the time, it
was one of those things that came along, and
everybody was really excited about it. (13M)

Technology is here, it's not going away, and that's
fine if it has benefits for his health, then, yes, I'd
always be up for that. (14M)

Peer I nfluenceand Social Pressure Are Perceived asthe
Strongest I nfluencesin Adolescence

A magjority of participants (10/18, 55%) highlighted the social
pressure on adolescent gaming, particularly in terms of owning
certain consoles and games. There was a general view that
adolescents were influenced by peer and social pressure, then
persuaded parents, rather than thereverse. Nearly all participants
(17/18, 95%) underlined the role that the peer group playsin
adolescent interests:

So that's the thing is to try and get something that
becomes the really cool thing to do. (14M)

General Viewsof Virtual Reality

Limited Experience

Most participants (15/18, 83%) had only alimited understanding
of VR, and most had not tried it. A few had tried phone-based
headsets. The same number of participants expressed an interest
in VR, and some said that it seemed exciting. Othersrecognized
it had potential;

It seems like you're actually in there, and you're
moving within that space. And it's a whole lot more
realistic, you're actually in the game rather than
watching. (13M)

I think it opens possibilities, definitely that's
something | think that’s really the future. (17F)

Virtual Reality Gaming Concerns
A majority of participants (13/18, 72%) were more concerned
about violent gamesin VR than in regular gaming:

Involving killing people, and that would not be
appropriate in a virtual reality kind of scenario.
(13Mm)
It'squite aweird idea that you then have no idea what
it isthey're experiencing. (13M)

Similarly, participants expressed safety concerns around

multiplayer VR games as they may be unaware of whom their
child isinteracting with:

That she might be playing or getting in contact with
people who she doesn't actually know. (13F)

http://games.jmir.org/2020/3/e14920/
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Further health and safety issues that participants mentioned
concerned the practical matter of the space that VR would
require.

| wouldn't want it taking over the sitting room. (16M)

While participants suggested that gaming could be a socia
activity, they were concerned that VR gaming could beisolating:

It seems solitary, another solitary thing that, she'll
be up in her room on her own. (13F)

All parents cited cost as a barrier:
Obvioudly, there’s the cost of it. (13M)

ConcernsWould Be Overcomeif Health Benefits Existed

A third of the participants (6/18, 33%) suggested they would
overcome their concerns if VR presented a tangible health
benefit. Participants recognized that outside of gaming, VR
could have the potential to be educational, and thiswas viewed
as a positive thing:

If they (parents) can see the benefits of technology,
then they're quite happy to invest in it. (13M)

I’m sure there'll be some educational aspects to it
that it could be used for aswell. (13M)

Virtual Reality Exergaming

Concern That a Virtual Reality Fitness Game Will Bea
Fad

Participants did express concern that a VR fitness game could
be afad or novelty that comes and goes (7/18, 39%). However,
participants suggested that if the game could maintain their
child’sinterest, they would be more likely to invest:

It might be one of those fad things—they useit all the
time for the first month, and then it’ll die off dightly.
(16F)

Providing that it has some kind of stickinessin terms
of it wasn't just a five-minute thing. (13M)

Regulation of Use

A few participants (3/18, 17%) expressed that it would be
important to regulate and manage the usage of the intervention.
A majority of parents (13/18, 72%) expressed that they used
technology and did not want to appear hypocritical:

It would need to be regulated really so that it's not
just taking over. (16M)

| think it's fine. | mean, we use technology for
everything now, don’t we? Soit’san inevitable march.
I’ve got no problemwithiit. I'd be a bit of a hypocrite
if I did, considering | work in technology. (F14)

Preference for Real-World Physical Activity

Virtual Reality Exergaming Better Than Nothing

Half of the participants (9/18, 50%) felt strongly that physical
activity in the real world would provide greater benefits.
Participants showed a preferencefor outdoor activitiesand team
sports. Nearly al of the participants (17/18, 94%) thought their
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child would be excited to try a VR fitness game, and that they
would embrace it:

| would see it as inferior to physical activity in the
real world. (13M)

| feel they're sitting indoors, on the computer, when
they could be outside doing other things. (14M)

They love new things, and they love the next step up
technology-wise. He would loveit, I'm sure. (13M)

Obvious Parental Support May Be Off-Putting

However, 5/18 (28%) participants perceived that adolescents
might be less keen to engage in something that their parents
were actively encouraging. Participants also expressed the view
there may be gender differencesrelating to a VR fitness game,
such that boys may be more engaged than girls and that girls
may engage differently.

| think that all teenagers and young people are
developing a separation from their parents, and not
necessarily wanting to do what their parents say.
(13Mm)

Maybe girls wouldn't be as into it as boys or maybe

the time you have to give, you know, different
challenges, different games. (14M)

Participants also had ideas as to what may make the game
appealing. Theseincluded levels, competition, asocia element,
and a challenge that requires skill:

| suppose some kind of score, so you could either beat
people or beat your own score. (16F)

Participants also reflected on the fact that adolescents expect
the best in terms of quality and graphics:

They are tough consumers. If it’'snot on-brand, if it's
not hitting their buttons, then they will just drop it
and say, or won't even pick it up. (13M)

Harnessing Screen Timefor a Positive Purpose Strongly
Welcomed
All participants welcomed the potential of gaming with a
positive purpose, particularly mentioning being active during
screen time;

If somebody has already lost them to screen time,
having part of their screen time as exercise could be
fantastic couldn’t it? (13M)

Discussion

Principal Findings

All participantsin our study strongly believed that encouraging
physical activity in adolescents wasimportant. Most participants
felt their children were not active enough. National datasetsin
adol escents using objectively measured physical activity suggest
this perception is likely correct, with less than 15% meeting
minimum guidelines [48]. Awareness of the recommended
physical activity levels for adolescents was very low in our
sample, mirroring the findings of our qualitative study in 31
adolescents[41] and aquantitative survey by our group in >1000
families showing that less than 20% of parents knew the
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recommended physical activity guidelines for their preschool
children [49]. Parents who were aware of physical activity
guidelines for their children were more likely to be supportive
of physical activity [49], suggesting parental education ought
to beincorporated in an intervention. Knowing targetsfor health
would also assist with goal setting, abehavior change technique
consistently associated with successful physical activity change
[50].

Parents tended to have negative perceptions of gaming,
particularly expressing concerns about addiction. Reflecting
and perhaps exacerbating parents’ concerns, “gaming disorder”
is recognized in the International Classification of Diseases
(ICD-11) [51], highlighting the scale and seriousness of
addiction and possibly putting further pressure on parentsto be
alert to their children’s gaming habits. The participants reported
that trying to monitor their children’s gaming and any digital
intervention involving gaming would have to address this
conflict. Positively using gaming time would be welcomed, so
a possibility is that games designed in the future, used as
physical activity intervention, could include materials and
messages around replacing sedentary screen time with active
gaming. A future game could also encourage breaks, and include
real-world elements such as trying various sports or visiting
clubs (eg, climbing wall, boxing, trampoline park). Parentsin
our study suggested that in an ideal world, their child would be
encouraged to be active outdoors, but acknowledged that the
gaming element would engage their child.

Parents reported they managed their child’'s gaming to some
extent (usually with time limits), but acknowledged that
adol escents should be allowed some autonomy, particularly as
they approach young adulthood. Thisimpression was supported
by astudy of 500 families using latent growth curve monitoring
to demonstrate that parental media restriction decreases
throughout adolescence [52]. Except for exergames, parentsfelt
unableto relate to gaming, attributing thisto agenerational gap.
The same effect was reported in a study of 80 teens aged 16-18
yearsand their parents exploring the mediation of mobile phone
and internet use [53]. Exergaming was an exception in our study
interms of parental involvement. Almost half of the participants
had used exergames, such as the Wii Fit in the past.
Gamification of physical activity has been proposed as a way
to encourage the integration of physical activity into their daily
lives[54]. Those parents who tried exergames reported playing
exergames with their children, and reported enjoying it (but
recognizing that the technology was now outdated and was
viewed as*“ past activity”). Playing with otherswas an important
driver, including peer and social influence, and whether the
game was believed to be “cool” [55].

ParentsHad Limited Knowledge About Virtual Reality

Harnessing novel technology, such asthe mobile game Pokemon
GO, socia mediainterventions and immersive VR games have
been identified as an effective way of increasing physical
activity in adolescents [54,56,57]. Therefore, the intervention
should attempt to alleviate the discomfort that some experience
when faced with new technology. For example, an information
leaflet for parents enclosed in the intervention may help reduce
parental concern.
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Parents identified several benefits to gaming. These included
sociaizing, becoming skilled at using technology, moving, or
utilizing screen time for health benefits, the development of
visuospatial skills and strategy. Participants were aware of VR
but had a limited understanding of its use. Perceptions of VR
were generally positive, with many participants describing it as
interesting, intriguing, and as having potential. However, there
was uncertainty around VR and its applications, and participants
expressed concern about their child using violent games would
be used in VR and have damaging psychological effects.
Therefore, when developing the intervention, these factors
should be considered, with violence avoided and, for example,
providing guidance to help protect against addiction.

Parents reported they managed their child’'s gaming to some
extent (usualy with time limits) but acknowledged that
adolescents should be allowed some autonomy, an effort
supported by a study of 500 families using latent growth curve
monitoring to demonstrate that parental media restriction
decreasesthroughout adolescence [58]. Participantsraised health
and safety concerns, particularly around multiplayer games,
with the belief that they may cause adol escents to interact with
people they do not know. There was also concern about using
a VR headset, causing injury or isolation for their child. Cost
was abarrier reported by all participants. Many were not aware
of the cost but believed it to be prohibitively expensive. The
concern is not surprising given that VR is not yet mainstream
technology, despite the predicted increase in household
ownership by 2022 [36]. It isimportant that in the intervention
devel opment concerns are recogni zed and addressed by ensuring
appropriate protective measures are taken, such as education
around VR and safety.

Health Benefitsof UsingHead-M ounted Virtual Reality
for Physical Activity Changed Parents Attitude
Toward Gaming

Despite concerns such as “novelty wearing off in 5 minutes,”
participants said they would support their children’s use of VR
if they knew there was a health benefit or educational element.
Thus, despite reservations around VR, parents see the potential
of the technology and would be open to it should it present a
tangible health benefit. While some participants seemed to
embrace technology and its potential for promoting health and
fitness, others appeared merely accepting of technology and
surrendering to its applications. These responses show that,
while in different ways, al parents were open to using
technology to improve the health of adolescents [58]. With the
studies mentioned in the introduction, there is a potential risk
of publication bias because studies showing positive or negative
results are more likely to be published than those that show no
results[18].

Parents reported a strong preference for real-world physical
activity and felt that exercising using VR would be “ better than
nothing.” There was a strong message for VR having the
potential for adolescents who do little or no physical activity,
which isthe mgjority [59]. Therefore, an effective intervention
is required, and a home-based physical activity intervention
could particularly appeal to adolescents [6]. The intervention
itself could also come with the direction that it isto be used in
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combination with outdoor exercise, which adolescents have
previously suggested would be effective and appealing [41].

It may be important that the game is marketed directly to
adol escents rather than to their parents since adolescents strive
for independence [56]. Parents also suggested features they
thought their children would find appealing in a game.
Competition, levels, achallenge, and asocial element werethe
aspects that came up most often and reflected findings from
previous gaming research [60,61].

Only one adolescent child had a known disability, Asperger
Syndrome. It wasinteresting to see that the mother of thischild
stated that she believed that gaming and head-mounted VR
would help her child because “it takes away the pressure of
having to interact with other people” (13M). Her feedback was
interesting, but due to the aims of this study, we did not explore
this further. While we recognize the potential for the benefit of
exergamesin children with disahilities, wefelt that any disability
that impacted movement might impact parent’s perceptions of
physical activity. Exergaming would best be excluded from the
scope of our study.

Strengths and Limitations of the Study

The sample size was sufficient, according to Clarke and Braun’'s
[41] recommendation of between 10 and 20 participants. It is
not possible to say if the theoretical saturation was reached
because we cannot be sure that the views of parentswould differ
in other populations [62,63]. Themes that reached saturation
included al major themes, especially lack of experience with
VR, general views on physical activity, worries around violent
content, spending too much time online or gaming, and
preferences for real-world physical activity.

Our sample comprised of more mothers than fathers and more
parents of boys than girls, despite there being low levels of
physical activity in both adolescent girls and boys. It would be
useful to investigate whether parental concernsdiffer depending
on the child’sgender. Further research should also explore ways
to engage boys and girls with the intervention equally. Social
desirability bias may affect participants answers since parenting
methods can be a sensitive topic, but participants were open
about how they knew their child should be engaged in more
physical activity.

Conclusions

Adolescents have previously raised parental support as being
an important factor in the intervention success [41], consistent
with findings from a meta-analysis that found parental support
correlated with adolescent physical activity [64].

The results of this study provide support for developing a
head-mounted VR intervention to promote physical activity in
adolescents. Thefindings provide useful insight for intervention
development. Parents had negative associations with gaming
but are accepting of it and embracing its potential. It isimportant
that concerns are considered in the intervention devel opment
and negated, where possible, to maximize adoption and,
ultimately, the efficacy of the intervention. Overall, parents
believe encouraging physical activity in adolescents to be of
importance. Therefore, while parents have reservations, it seems
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they would wel come anything that may improvetheir children’s  how best to educate and inform parents to reduce uncertainty
health, including if it involves harnessing abehavior likegaming  around VR and theintervention. Additionally, shaping the game
and using it asaforce for good. Recommendations for thenext  with an adolescent steering committeeisrecommended in order
stage of intervention development would beto further research  to ensure it is enjoyable and has longevity.
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Abstract

Serious games are digital gamesthat have an additional goal beyond entertainment. Recently, many studies have explored different
quality criteriafor serious games, including effectiveness and attractiveness. Unfortunately, the double mission of serious games,
that is, simultaneous achievement of intended effects (serious part) and entertainment (game part), is not adequately considered
in these studies. This paper aims to identify essential quality criteriafor serious games. The fundamental goal of our researchis
to identify important factors of serious games and to adapt the existing principles and requirements from game-rel ated literature
to effective and attractive serious games. In addition to the review of the relevant literature, we also include workshop results.
Furthermore, we analyzed and summarized 22 state-of-the-art serious games for education and health. The selected best-practice
serious games either prove their effectiveness through scientific studies or by winning game awards. For the analysis of these
games, we refer to “DIN SPEC 91380 Serious Games Metadata Format.” A summarized text states quality criteria for both the
serious and the game part, and especially the balance between them. We provide guidelines for high-quality serious games drawn
from literature analysis and in close cooperation with domain experts.

(JMIR Serious Games 2020; 8(3):€19037) doi:10.2196/19037
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Introduction

Serious games are digital gamesthat not only entertain but also
intend to achieve at least one additional goal, a so-called
characterizing goal [1]. Serious games aim to accomplish this
characterizing goal without compromising the experience of
playing a game (player experience). Examples include
educational games, such as Meister Cody — Talasia (Meister
Cody GmbH) [2], and games for health, such as ExerCube
(Sphery AG) [3] and Pokémon GO (Nintendo Co) [4]. They
should, in general, motivate the player to achieve the
characterizing goal through appropriate methods, an engaging
player experience, and the use of appropriate interaction
technology.

http://games.jmir.org/2020/3/€19037/
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Serious games are not limited to training (exercising) or
learning. They can also be used for other purposes and can be
applied in amost every area. For example, America’s Army
(US Army) [5] is used as a recruiting tool; Re-Mission
(HopelLab) [6,7] aims to change attitude, knowledge, and
behavior; Trash Monsters (Bunny and Gnome) [8] improves
knowledge about waste separation; and Orwell: Keeping an Eye
on You (Osmotic Studios) [9] raises awareness about
government surveillance. In some cases, games that have not
been intentionally developed for serious purposes can aso
achieve additional effects. For example, the Civilization
(Take-Two Interactive Software) [10], Age of Empires
(Microsoft Corp) [11], and Assassin’s Creed (Ubisoft) [12]
series are primarily developed for entertainment purposes;
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however, when playing these games, players also learn about
ancient organizations or the history of civilizations.
Nevertheless, the question remains: what are important
congtituents of serious games and, in particular, what are
important aspects of high-quality serious games? Although
many useful heuristics are presented in the game-related
literature [13,14], no model yet exists that focuses equally on
the serious and game aspects, aswell as on the balance between
them.

Existing quality criteria for video games often focus on
appropriate game design, (eg, they consider only the player
enjoyment [13] and are identified based on game reviews and
rating systems[14,15]). Rating systems cover the different kinds
of expertise of involved game reviewers and the complexity of
testing processes[16]. For example, IGN (IGN Entertainment),
Gamespot (CBS Interactive), and PC Gamer (Future US Inc)
primarily rely on the expertise and opinions of their in-house
editors. The metareview system Metacritic (CBS Interactive)
aggregates these expert scores into a single metascore, in
addition to letting users vote on a secondary user score.
Conversely, studies that evaluate quality criteria for serious
games are often specific to an application field and focus on
didactic aspects (ie, they propose specific guidelines for
educational [17] or motion-based serious games [18]). In
particular, existing quality criteriafor serious games often lack
in the combining of both aspects (ie, serious as well as game

aspects).

In this paper, we aimed to gather criteriafor high-quality serious
games, considering both the serious and game aspects and the
balance between them. First, we described some of the
successful serious games according to the proven “DIN SPEC
91380 Serious Games Metadata Format” (SG-MDF) [16,19].
Existing serious games taxonomies include specific
classification systemsfor rehabilitation games[20], educational
games [21,22], or serious games in general [23-25]; however,
they usually select classification criteria arbitrarily and are not
generally accepted. In particular, they do not take the aspects
of the characterizing goal or the quality of serious gamesinto
consideration. SG-MDF overcomesthese limitations and covers
all crucial aspects of serious games (ie, the characterizing goal
aswell as quality criteria). Finally, based on the description of
serious games, relevant game-related work, and close
cooperation with domain experts, we refined and extended these
quality criteriato define high-quality serious games.

To summarize, our primary goal is to identify quality criteria
for the serious and game part, as well as the balance between
them. We have provided guidelines for high-quality serious
games drawn from literature analysis and workshops with
domain experts.

State of the Art

Game Classification and Selection

We studied serious games to classify them according to
SG-MDF. SG-MDFisalso used in ametadata-based information
system [26], which allows providers of serious games (eg,
devel opers and publishers) to systematically describe the games
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so that users (eg, teachers, trainers, coaches, doctors, and
therapists) can find suitable games accordingly. Using this
format, we provide a summary of games for health
[3,4,6,7,27-52] and educational games [2,8,9,53-64] (see
Multimedia Appendices 1 and 2). Note that the list is not
complete and should only serve as afoundation for developing
and explaining the quality criteria. We selected serious games
that prove their effectiveness either through scientific studies
or by winning game awards. Furthermore, the selected serious
games have a certain level of familiarity in the community.

We use SG-MDF because it overcomes the limitations of the
existing taxonomies[23-25] and covers crucial aspectsof serious
games, such as the characterizing goal and the quality (based
on scientific studies, game awards, professiona ratings,
recommendation by experts, and number of players/downloads).
However, we did not include all categorizations as proposed by
SG-MDF and included only measures that are important to
present the quality criteria in this paper. For example, game
modes are important for the “support socia interactions’
criterion, and the target group is essential for the “appropriate
interaction technology” and “media presentation” criteria. In
genera, all serious games should use appropriate interaction
technology for the target group, game purpose, and application
area. Furthermore, the progress indicator is essential for the
“appropriate feedback and reward” criterion.

Gamesfor Health

Serious games are not only fun to play but are also beneficial
for health. For example, they can motivate players to increase
physical exercise. Dueto insufficient physical activity, the risk
of diseases such as obesity, diabetes, cancer, and cardiovascular
diseases areincreasing. The World Health Organization reports
that physical activity has decreased over time in high-income
countries [65]. These results show that it is crucial to motivate
people to become more physically active. However, games for
health do not only cover physical exercises but are also often
used for prevention, rehabilitation and, in general, supporting
health (ie, enforcing a behavior change towards a better, more
active, and healthier lifestyle, including better nutrition).

Popular exergames such as Pokémon GO [27] and Dance Dance
Revolution (Konami) [28] aim to provide an effective and
attractive workout experience for a wide variety of users.
Pokémon GO, for example, has over 1 billion downloads on
Google Play Store (Google Corp) [44], making over $800
million US dollarsworldwidein 2019 [45]. The study by Althoff
et a [4] shows that it indeed increases players' activity level
compared with their prior activity level; however, the researchers
could only confirm short-term effects. Additional studies show
that Dance Dance Revolution significantly increases energy
expenditure [29] and improves aerobic fitness in overweight
children [30]. Some schools have even included the game in
their physical education coursesto motivate children to exercise
[66]. However, studies also report that exergames are often only
capable of providing light to moderate exercise and thus, often
faill to significantly increase physical activity or exercise
attendance [67].

Furthermore, Wii Sports games (Nintendo Co) are best-selling
video games [68] that contribute to weight loss [31] or to
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increased muscle strength [32]. However, they lack proper
training concepts and disregard performance aspects that are
essential for a successful workout (eg, accuracy, precision, and
intensity of movement). Similarly, Beat Saber (Beat Games)
[33] is one of the top virtual reality games in 2019 [46,47];
however, it focuses on game design and ignores the extensive
knowledge of movement and training science in sports. On the
contrary, the ExerCube [34] was developed by an
interdisciplinary team of sports scientists, game designers, and
researchers in the field of human-computer interaction. The
results of a user study with 40 participants show that the
ExerCubeis on par with personal training [3].

Other serious games intend to improve the physical status of
older people. For example, BalanceFit aims to improve
coordination, strength, and balance [35]. A study by Hardy et
al [36] shows that an adaptive approach enables people with
heterogeneous skills to play this game (eg, fit players as well
as playerswith gait impairments or wheelchairs). Furthermore,
the game ErgoActive provides adaptive cardio training on an
ergometer bike to increase the physical activity of its players
[35]. The results of a feasibility study with 16 participants
demonstrated the effectiveness of cardio training based on
personalized heart rate control [37].

The characterizing goa of agamefor health does not necessarily
need to aim at a physical training effect. The serious game
Re-Mission [38] intends to inform patients about cancer
treatments and aims to change their attitude positively. Studies
confirmed the effectiveness of the game in randomized
controlled trialswith cancer patients[6,7]. Other serious games,
such as Escape from Diab and Nanoswarm: Invasion from Inner
Space (Archimage) are persuasive and are able to change
health-related behavior among children [39]. Further serious
gamesfor health are used as prevention (eg, PlayForward: EIm
City Story) [40] or rehabilitation (eg, SnowWorld) [41].
Moreover, Dr Kawashima's Brain Training (Nintendo Co)
includes a set of minigames that are designed to improve
cognitive functions in elderly persons. However, even though
randomized controlled trials report benefits [42,43], no
long-term effects and relevance for everyday functioning could
be confirmed.

Educational Games

In addition to motivating players to become more physicaly
active, serious games are often used to increase players
motivation levels to learn and improve learning outcomes.
Educational games can be areliable and effectivetool compared
with traditional methods [69]. According to the Entertainment
Software Association, 74% of parents believe that video games
can be educational for their children [70]. Educational games
are also the second most popular Google Play app category [71].
Serious games are effective in terms of learning and some of
them are even better at teaching than traditional methods[72].

Studies in the field of game-based |learning show the benefits
of educational games, including improvement of mathematical
skills (eg, Meister Cody — Talasia [2]), reading performance
(eg, Meister Cody — Namagi [53]), and programming skills (eg,
Debugger 3.16: Hack’'n'run [Spiderworks Games] [54,61]).
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Serious games can aso be used to assess knowledge (eg,
Semideus [Flow Factory] [55,56]). VocabiCar (Westermann
Digital GmbH) [57] is another educational game for children
and intends to expand the English vocabulary of pupils.

In addition to improving players' skills, educational games can
also raise awareness. The game Trash Monsters [8] raises
awareness of waste separation and teaches children how to
recycle correctly. Educational games do not necessarily need
to be intended for children but can be dedicated to students or
adults in general. Orwell: Keeping an Eye on You serves to
raise awareness of state surveillance [9,63], and Orwell:
Ignorance is Strength (Osmotic Studios) serves to raise
awareness of fake news[58,64]. By representing different moral
values, the game strengthens or enforces players opinions.
However, both serious games are reading intensive and therefore
(similar to all serious games) only suitable for specific player
types.

Another application area for serious games are smulations, in
particular, corporate games for training purposes. ViPOL
(TriCAT) enables police forces to train in virtual reality for
scenarios that are too expensive, complex, or dangerous to be
trained for in thereal world [59]. The simulation was devel oped
in close cooperation with police officers. In astudy by Bertram
et a [59], theresults show that virtual training can be as efficient
asregular training for complex collaborative tasks.

ldentifying Quality Criteria for Serious
Games

Development of the Criteria

A review of the state of the art was conducted to determine
quality criteria for attractive and effective serious games. We
propose essential aspects of high-quality serious games,
including characteristics for the serious and game part, as well
as for the balance between them. Although we focus on
educational games and gamesfor health, the quality criteriaare
transferable to al kinds of application areas. For example, the
criteria can be used not only for games that improve players
skills/performance but also for games that raise the players
awareness of a certain topic or that positively change their
attitudes.

We furthermore discussed the derived quality criteria in
workshops with experts from the respective areas. The aim of
the workshops was to identify the requirements and needs for
high-quality serious games. Therefore, domain experts, such as
game devel opers and companies that deploy serious games, as
well as scientists from different areas (eg, sports education and
computer science), critically discussed the quality criteria of
serious games. The quality criteria are shown in Figure 1 and
further detailed in the following section. High-quality serious
games must achieve both the serious and the game aspects; they
must systematically support playersto reach the characterizing
goal (serious part) and they must elicit and maintain player
experience (game part). Furthermore, both parts should be
perfectly matched and integrated rather than addressed in
isolation.
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Figure 1. Quality criteriafor the serious part and game part, as well as the balance between them.
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o

In the following section, we summarize key findings, including
the strength of evidence for each criterion. These results should
help other researchers and game developers gain a deeper
understanding of high-quality serious games.

Table 1. Summary of quality criteriafor the serious part.

Serious
Game
Balance
Characterizing goal Integrated serious part with gameplay .
Methods Interaction technology Enjoyment
) Media presentation
Quality

/

Serious Part

This section describes the core elements for the serious part of
the game: existence of a characterizing goal, development of
appropriate methods for achieving this characterizing goal, and
evaluation of the quality (see aso Table 1).

Quiality criteriaand relevant quality aspects Explanation
Characterizing goal
Focus on the characterizing goal «  Learning/training goal must remainin focus, for which acombination of physical and cognitive

training can be beneficia
«  Support players to achieve the characterizing goal
«  Game elements should not interfere with the learning/training process

Clear goals .

Appropriate methods for the specific application area and target group

« Goasareclear and appropriate so that players can work towards the characterizing goal

Indispensability of the characterizing goal  »

Serious part must be mandatory

«  Characterizing goa must not be avoidable
«  Training and learning tasks should not be a hurdle

Methods

Correctness of the domain expert content ~ »

Avoid errors and ensure that the content is technically correct

«  Ensure correct technical language
« Remain neutral, especially on political and social issues

Appropriate feedback on progress .

Players should receive feedback on their performance and progress

« Visible and recognizable effects
. Provide simultaneous feedback (eg, visual, audio, haptic; multimodal feedback)

Appropriate rewards .

Quality
Proof of effectiveness & sustainable effects

Provide positive reinforcement and in-game awards

Prove that the characterizing god is achieved

« Learning/training effects need to be sustainable

Awards and ratings .

Game awards, professional and user ratings, recommendations by domain experts, gamereviews,

and number of players/downloads state the quality of the game

Characterizing Goal

Serious games must ensure that players achieve the
characterizing goal.

Focus on the Characterizing Goal

The characterizing goal of a serious game is closely linked to
the application area. In educational games, the characterizing

http://games.jmir.org/2020/3/€19037/

goalsinclude learning or training effects. In games for health,
the characterizing god sinclude changesin vital status or general
changes in attitude and behavior (eg, nutrition or mobility
behavior). It may aso be beneficial to combine physical and
cognitive training. For example, inthegameL i (LU Interactive
Playground) [73], the players not only improve mathematical
skills but also stay physically active. Similarly, ExerCube [34]
provides training for body and mind. Furthermore, recent
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evidence on exergame-based therapy for Parkinson disease
shows that exergames can enhance cognitive skills and are at
least as effective as traditional therapies[74,75].

Thus, serious games should always focus on achieving the
characterizing goal and should support the player in achieving
this goal. Learning or training content must remain in focus
during gameplay and game elements should not interfere with
the learning or training process.

Clear Goals

Similar to entertainment games, in which the game goals should
beclear [13,14], the characterizing goal of aserious game should
also be transparent so that players can work towards achieving
thisgoal. In particular, a serious game should ensure that players
always know what to do to complete the tasks or exercises;
otherwise, atutorial is required (see aso the “Intuitive Game
Mechanicsand Natural Mapping” section). For example, inthe
ExerCube, a virtua avatar demonstrates required movements
inashort tutorial to make surethat players know how to execute
them [3]. The educational games Meister Cody — Talasia and
Meister Cody — Namagi [60] show how each exercise should
be solved before players start to solve the tasks.

I ndispensability of the Characterizing Goal

Engaging in the serious part of the game should be mandatory
for playing the game. Otherwise, players may avoid the serious
part to get to the fun part more quickly [76], preventing the
characterizing goal from being reached. In particular, the
training and learning tasks should not be ahurdle while playing
a serious game. In other words, the characterizing goal should
be embedded in the gameplay (see also the “ Integrated Serious
Part With Gameplay” section).

Methods

The methods for serious games need to be appropriate for the
specific application area and target group.

Correctness of the Domain Expert Content

The most evident requirement for serious games is that they
must not contain any errorswith respect to their subject matter,
such aserroneous mathematical equations, incorrect information
on historical events, or inadequate information on physical
exercise. If typing or presenting errors occur, these errors must
not mislead players. Furthermore, conveyed information must
not only be factualy correct but aso be imparted using
appropriate technical language.

Moreover, even though there is usually no connection between
neutrality and the correctness of agiven opinion or issue, serious
games should remain neutral, especially on political and social
issues. For example, the games Orwell: Keeping an Eyeon You
[9] and Orwell: Ignorance is Strength [58] do not convey a
specific political opinion to the player. Instead, they only show
the effects of the player’s actions without judging them. The
player then hasthe opportunity to assess and question their own
decisions. In particular, serious games should be appropriate
for the target group, depending on religion, culture, and
traditions.

http://games.jmir.org/2020/3/€19037/
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Appropriate Feedback on Progress

A serious game should provide appropriate feedback to players
so that they can assess their progress. Thus, to enhance player
performance, effects should be visible and recognizable (eg,
through a progress bar). Continuous feedback on progress is
essential in all serious games as the players work towards
achieving the characterizing goal [77]. Moreover, multimodal
feedback (eg, visual, audio, or haptic feedback) can be beneficial
[14]. For example, in the ExerCube, players receive immediate
visual and audio feedback to enhance their movements [3].

Apart from in-game feedback, Ravyse et a [78] furthermore
show that postgame feedback aso improves|learning. Similarly,
the level number can indicate the player's progress (ie, the
higher the level, the more skills the player has developed). A
higher in-gamelevel seemsto have amore significant effect on
motivation (desire to practice) than individual rewards (eg,
achievements) [79]. Game statistics additionally show the
player's progress after ending the game or a level and are not
only advantageous for players themselves, but also useful for
their therapists (especialy in games for health [20]) or their
parents and educators (in educational games [60]).

Appropriate Reward

Games should provide positive reinforcement and in-game
awards [1] to immerse players more deeply in the game [14].
For example, in the educational game VocabiCar, players who
accomplish alearning task or complete a challenge gain points
and can access their progress in a high-score table [57].
High-score tables allow players to compare their performance
against other players. In addition to points, in-game awards
consist of virtual badges, achievements, power-ups, and
desirable objects. Fancy animations or a possibility to change
their avatar (eg, new clothes, hair color, or equipment) as a
reward for accomplishing a task can further motivate players.
However, there is ample evidence that “rewards or feedback
deliveredin acontrolling manner undermineintrinsic motivation
and deeper forms of learning” [80]. Therefore, rewards should
be deliberately deployed in serious games.

Quality

High-quality serious games should measure the effects and
benefits in a scientific study. Furthermore, awards and user or
domain expert ratings can confirm the quality of aseriousgame.

Proof of Effectiveness and Sustainable Effects

A serious game is effective when players achieve the
characterizing goal and the learning or training effects are
sustainable. Researchers often validate effectiveness with a
study, such as a scientific, clinical, or empirical evaluation, by
monitoring heart rate (eg, ExerCube [3] and ErgoActive [37]),
number of steps (eg, Pokémon GO [4]), or aerobic fitness (eg,
Dance Dance Revolution [30]). However, potential aversions
to video games, certain game genres, or specific interaction
technologies among players have to be considered when
designing and evaluating a study. In educational games, the
results of a group exposed to a serious game and a group
exposed to traditional methods can be compared (eg, Meister
Cody —Talasia[2] and ViPOL [59]). However, empirical studies
often suffer from numerous sources of error (eg, bias) [81]. In
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thisregard, randomized controlled trial swith a sufficient number
of participants are the gold standard for empirical proof of
effects.

Awards and Ratings

In additionto scientific studiesthat eval uate usability and player
experience, game awards (eg, German Computer Games Award,
European Innovative Game Award, and International
Educational Games Competition) are also an important aspect
of identifying high-quality seriousgames. Further quality criteria

Table 2. Summary of quality criteriafor the game part.

Caserman €t d

include professional or user ratings, the number of players or
downloads (eg, Google Play, App Store [Applelnc], and Steam
[Valve Corp]), and recommendations by domain experts and
game reviews (eg, IGN, GameSpot, and PC Gamer).

Game Part

This section describes core elements for appropriate game design
and suitable interaction technology, as seen in Table 2. Note
that thereis considerable overlap in the various concepts within
the game part.

Quiality criteriaand relevant quality aspects Explanation

Enjoyment

Ensure player engagement and experience

Ensure positive experience during playing

«  Seriousgames should be engaging and enjoyabl e (Koster’s theory of fun for game design [82],

GameFlow approach [13], and PLAY 2 heuristics [14])
. Provide an engaging experience for different player types

Ensure flow .

Keep a balance between a player’s skills and challenge (Csikszentmihalyi’s flow theory [83])

«  Dynamically adapt the difficulty level depending on the current player’s performancein the

game

« Adapt to players to increase effectiveness (eg, motivate them to repeat the exercises continu-

ously and regularly)

« Increase complexity asthe player gets better (Bushnell’s theorem of “easy to learn, difficult

to master” [84])

«  Provide varied gameplay

Establish an emotional connection .

of fun [86])
Sense of control .
Support social interactions .

better in groups)
Ensure immersive experience .

Allow emotionsand arouseinstinct (Dillon’s6-11 framework [85], LeBlanc’stheory of 8 kinds

Players should have control over their actions in the game

Provide different game modes (collaborative and competitive settings for players that perform

Include multimodal sensory stimulations: visual, audio, haptics, smell

«  Ensurethe sense of “being there”

M edia presentation

Attractive graphics .

Graphics must be appropriate for the game purpose, application area, and target group

«  Ensure clear interface without unnecessary information to not distract players from a specific

task

Appropriate sound .

Include appropriate background music and sound effects

3PLAY: Heuristics of Playability.

Enjoyment
Serious games should not only ensure positive player experience,

flow, and sense of control but should also support socia
interaction.

Ensure Player Engagement and Experience

Player engagement istightly associated with enjoyment. Koster,
the author of A Theory of Fun for Game Design, addresses the
importance of a game being engaging, enjoyable, and fun[82].
The GameFl ow approach proposed by Sweetser and Wyeth [13]
includes 8 dimensions with numerous criteria and
recommendations to ensure player enjoyment in games.
Calvillo-Gamez et al [87] furthermore present the core el ements

http://games.jmir.org/2020/3/€19037/

of the gaming experience to provide a positive experience while
playing video games. Moreover, Desurvire and Wiberg [14]
propose heuristics of playability for game developersto develop
better games.

However, due to different kinds of players, not every player
will find all components equally important. Therefore, the game
should providedifferent fun componentsto provide an engaging
experience for different player types (eg, Bartle's player types
[88]).

Ensure Flow

For the optimal player experience, the game has to establish a
satisfying balance between chalenges and  skills.
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Csikszentmihalyi’ swell-known flow theory describesthefeeling
of enjoyment when the task difficulty and skill levels are in
balance [83]. This theory is complemented by Bushnell’'s
theorem of “easy to learn, difficult to master” [84]. Games that
are easy tolearn enable flow because they are not overwhelming,
whereas games that are hard to master keep players from
dropping out because of boredom. Thus, as the player's
performanceimproves, the complexity or difficulty of the game
should also increase. In other words, serious games should adapt
to the current performance level of the player (ability vsskills).

To avoid boredom, game devel opers should also ensure that the
gameplay varies. As proposed by Desurvire and Wiberg [14],
any fatigue or boredom should be minimized by varying
activitiesand pacing during the gameplay. Furthermore, research
by Scoresby and Shelton [89] identified that content, emotion,
motivation, and engagement associated with the game are
necessary criteriafor flow.

Moreover, serious games should automatically adapt to the
players to motivate them to keep learning/training and to
increase the effectiveness. One of the primary advantages of
educational games is their ability to engage the learner so that
they voluntarily complete sufficient repetitions of activities,
ensuring that learning takes place [90]. For example, both of
the Meister Cody educationa games adapt their difficulty
depending on the player’s skills[60]. The results show that, due
to adaptivity, game-based learning is particularly promising for
children who want to learn in a home environment or do not
have access to individual reading support [53]. Similarly,
exergames should ensure that the intensity matchesthe player’'s
fitnesslevel in order to motivate players to repeat the exercises
continuously and regularly [91]. For example, ExerCube[3] or
ErgoActive[37] identify theindividual’s optimal strain to adapt
the game difficulty and complexity gradually based on the
player’s heart rate.

Establish an Emotional Connection

Additionally, players should get emotionally involved in a
serious game. Dillon [85] has drawn attention to the fact that
emotionsand instinctsincrease players’ engagement to continue
playing the game. The game designer and developer proposed
the 6-11 framework, which contains 6 basic emotions and 11
instincts. For example, various serious games use an instinct to
survive and thus to fight (eg, Re-Mission [38]) or to collect
something (eg, VocabiCar [57] and Debugger 3.16: Hack' n'run
[54]). Furthermore, LeBlanc'stheory of 8 kinds of fun describes
the desirable emotional responses evoked in players when they
interact with the game [86].

Sense of Control

Players should feel in control over their actions in the game
world [14]. In particular, players should have control and
influence on the game world. For example, in the serious game
PlayForward: EIm City Story, players can see how different
actionslead to different outcomes[48]. Similarly, Escape from
Diab allows playersto influence the storyline and the characters
[51,52]. Asaresult, the ability to influence the game world and
in particular the story progress can motivate players to keep
playing the game. Furthermore, serious games should support
an optimal relationship between the player’s actions and the
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game's reactions. For example, increased pedaling frequency
in ErgoActive will always cause the character to rise [35].

Support Social Interactions

Bond and Beale [15] identified that good games offer some
form of social interaction (see a so the self-determination theory
[92]). Socia interactions in games are important for players
who perform better depending on the game mode (eg, playing
with friends or against them). For example, Pokémon GO [27]
lets friends feed the player’s creatures, and friends and family
playing Dr Kawashimas Brain Training [49] can compete
against each other. Vorderer et al [93] suggest that competitive
elementsareimportant for enjoyment. On the contrary, the work
of Staiano et al [31] reveals that playing a cooperative version
of the Nintendo Wii Active gameis more effective than playing
a competitive version. Thus, different game modes motivate
playersmore or less. Especialy if the players perform better in
groups, collaborative and competitive multiplayer settings can
contributeto motivating players[3]. For specific players, playing
in a group (ie, multiplayer games) is more motivating than
playing alone (ie, single-player games) [86]. Depending on the
game purpose and target group, the game developers and
designers should try to include different game modes so that a
serious game is enjoyable for a broad player base.

Ensure Immersive Experience

Immersion in virtual environments can be increased by
stimulating different human senses, especially by including
appropriate audiovisua elementsin the game. The game should
usevisceral, audio, and visual content to immerse playersmore
deeply in the game [14]. Slater and Wilbur [94] describe
immersion as the extent to which the computer system can
deliver anillusion of avirtua environment to players. Thus, an
immersive virtual environment should accommodate a wide
range of appropriate synchronized sensory modalities. Recent
studies already provide evidence that multimodal sensory
stimulation improves the sense of presence (ie, the sense of
“being there”) and immersion [95]. For example, SnowWorld
[50] successfully distracts players during rehabilitation (wound
treatment) by immersing them in a virtual world. For a fully
immersive virtual reality experience, serious games should
include visual (eg, current-generation head-mounted displays),
audio (eg, noise-canceling headphones), and haptic (eg, data
gloves with force feedback or vibrations) feedback, as well as
sense of smell (eg, smell dispenser) [96].

Media Presentation

One of the most apparent factors for immersive serious games
is that they should have visualy appealing graphics and
appropriate sound effects. In particular, audiovisual elements
in the game seize the attention of players[78].

Attractive Graphics

The included graphics should look attractive and engaging, as
well as appropriate for the game purpose, application area, and
the target group. For example, a game should have different
designs for children, adults, and people with disabilities. The
game designer should ensure clear interfaces without
unnecessary information. Ravyse et al [ 78] furthermore suggest
creating games that are high in realism; however, it should not
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be overloaded with unnecessary objects so that players do not
get distracted from a specific task. For effective training,
particularly for firefighters [97] or police training [59,98], the
simulations should provide realistic virtual environments.
However, in contrast to high-end graphics, reduced graphics
can also be appropriate for some game types. For example,
Minecraft (Mojang Studios) [99] is one of the most successful
video games and it contains aworld of blocks.

Appropriate Sound

Serious games should not only bevisually appealing but should
also include appropriate background music and sound effects.
Previous studies have shown that audio influences the sense of

Caserman €t d

presence, particularly in immersive virtual reality applications
[100,101]. Martin-Niedecken et al [3] have expressed a similar
view. Theresearchers show that music increases the motivation
and immersion of the test subjects while playing the ExerCube.
However, due to the players’ varying music preferences, the
choice of music could aso be animportant factor in motivation
[102]. For example, the game Beat Saber allowsplayersto create
levels with custom songs [33].

Balance Between Serious and Game Part

The serious part and the game part of the game should be
integrated and strongly connected, as seen in Table 3.

Table 3. Summary of quality criteriafor balance between the serious and game part.

Quiality criteriafor balance and relevant quality
aspects

Explanation

Integrated serious part with gameplay

Embedding characterizing goal into the .

gameplay

Scientific foundation

I nter action technology

Appropriate i nteraction technology

Intuitive game mechanics and natural map-
ping

No simplifying of the learning and/or train-
ing process due to technical features

Integrate the characterizing goal into the gameplay
Learning/training tasks must be related to the game and should be connected to the game el-
ements

Include interdisciplinary teams; game designer and domain experts should work together
(also together with the target group)
Include state of the art in the relevant disciplines

Interaction technology must be suitable for the target group (ie, their physical and mental
ability and game purpose)

Providetutorialsfor complex games; otherwise, players should discover the game mechanics
themselves

Intuitive use of game controls (eg, the WASD keys to move and space bar to jump)

Enable natural mapping between technology and gameplay

Interaction technology must support playersin achieving the characterizing goal
Ensure accurate tracking to prevent cheating in exergames

Avoid adverse effects .

Low risk of accidents, injuries, or overload

« Avoid technical issues and ensure easy maintenance

I ntegrated Serious Part With Gameplay

Serious games should embed the characterizing goal into the
gameplay and the characterizing goal should not be avoidable.

Embedding Characterizing Goal Into the Gameplay

The gameplay experience includes, among other factors, an
imaginative immersion (ie, immersion in the game world and
thestory) [95]. Thus, to motivate players, learning/training tasks
need to be embedded into the immersive gameplay, such asin
a story or narrative. Learning and training tasks should be
directly related to the game and should be connected with the
game elements and environment. For example, the educational
game Addy (Coktel Vision) does not integrate learning into the
game mechanics but uses agame only asareward for learning.
In this case, the serious part is not integrated into the game.

High-quality serious games should always integrate the serious
part with the gameplay. For example, in adventure-based games,
such as Meister Cody — Namagi and Meister Cody — Talasia,

http://games.jmir.org/2020/3/€19037/

thetasks are embedded in anarrative and the story only proceeds
when the player solves a problem. Similarly, Semideus [62]
integratesthe player’sknowledge of rational numbers seamlessly
into the gameplay. This close connection between the
learning/training tasks and the storytelling makes the game even
more motivating for children. An engaging story can motivate
players, however, games without any story can still be very
successful (eg, ExerCube [34]). Therefore, a story does not
necessarily have to be profound or fascinating, but depending
on the type of game, it can still be motivating.

Scientific Foundation

To develop an effective and attractive serious game, members
of an interdisciplinary team of game designers, programmers,
artists, and domain experts have to work together throughout
the entire development process. As proposed by
Martin-Niedecken et a [3], the target group should also be
involved in the design process from the beginning (ie,
participatory game design). This interdisciplinary team has to
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establish a balance between the disciplinary standards and
requirements and the interdisciplinary integration under the
twofold mission of serious games. Thus, for a high-quality
serious game, one needs scientific foundations on both sides
[1]. However, dueto the limited devel opment budget for serious
games, there are often no resourcesfor hiring professional game
designers or artists. Thus, the challenge of an optimal balance
between the serious and the game parts remains, making it
difficult for the teams to develop a high-quality serious game
that is entertaining and also fulfills its characterizing goal.
Nevertheless, teams should continue to ensure an appropriate
balance.

I nteraction Technology

Depending on the serious game and the target group, adequate
interaction technology must be deliberately chosen based on
the specific needs of users and the game's purpose.

Appropriate I nteraction Technology

The interaction technology must be suitable for the physical
and mental ability of the target group. For example, the Kinect
sensor (Microsoft Corp) and the Leap Motion Controller
(Ultraleap) are particularly suitable for rehabilitation games,
such as games for players with Parkinson disease or players
who have had strokes, since these players often cannot hold or
wear additional sensors [74]. Thus, depending on the target
group, serious games must be presented by appropriate
technology, including the appropriate visual display, speakers,
and haptic interfaces, as well as suitable game-specific
controllers (eg, gamepads or joysticks) [103]. The usage of an
innovative technology should be appropriate for the game
purpose as well; for instance, a head-mounted display can be
annoying during sports, especialy if the player is excessively
sweating. However, commercial virtual reality games such as
Beat Saber [33] have dready proven that immersive
environments are engaging and motivating despite sweating.

I ntuitive Game M echanics and Natural Mapping

It should be easy for players to understand how to play.
Otherwise, the game should provide atutorial. A tutoria should
introduce not only game mechanics (how to do something) but
also the gameplay (what to do). For inexperienced players, the
controls should be basic enough to learn quickly, whereas
experienced players can use advanced options. Desurvire and
Wiberg [104] proposed principles for game designersto create
better tutorials. In general, the game should be developed in
such away that players do not need to read a tutorial in order
to play [14]. The work of Andersen et a [105] shows that
tutorials are only appropriate for complex games and that
simpler games should alow the players to discover the game
mechanics themselves. Regardless of which interaction
technology is used, the game controls should beintuitive, such
as using the WASD keys to move and the space bar to jump
(well-known game contrals).

In addition to intuitive game mechanics, a game should also
ensure natural mapping between technology and gameplay; in
other words, the game should naturally map its controls to
changes in the virtual environment [14]. For example, games
for health should sense the movements of playersto trigger the
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corresponding game responses [103]. Beat Saber [33] fulfills
this requirement and allows players to intuitively move in the
real world by simply walking around and using arm movements
to slash the blocks.

No Simplifying of the L earning/Training Process Dueto
Technical Features

The interaction technology must support players in achieving
the characterizing goal and must not impair or even disturb the
learning/training processes. In exergames, players should not
have advantages due to poor interaction technology (eg, cheating
in Nintendo Wii sports games). The system must ensure that
players are moving their bodies as required by the game [25].
Without accurate tracking, Wii players can sit on a couch and
successfully play the game with acontroller without performing
the desired physical exercise. In this case, the system can be
tricked and players only pretend to carry out a movement
correctly. A study by Markset al [106] showsthat games played
with Wii controllers require less physical activity than games
played with the Kinect. To addressthis, exergames should track
and detect motions accurately and in rea time to ensure that
players correctly execute all exercises. If the movement of a
specific body part isrequired, thisbody part should be explicitly
tracked to avoid cheating. For example, the ExerCube uses
virtual reality trackers (HTC Vive; HTC Corp) to track upper
body movements accurately [3].

Avoid Adver se Effects

Serious games should ensure that no accidents or injuries can
happen, as older people can easily stumble and fall. Especially
in exergames, the movements have to be tracked accurately so
that players perform the exercises correctly and do not make
mistakes that cause injuries. If required, the technology should
be adapted and personalized to the specific target groups. For
instance, the game BalanceFit uses a stability frame for secure
balance training so that older people with heterogeneous skills
are ableto play the game [35]. Furthermore, physical or mental
overload should be prevented by adequate monitoring of the
player's psychophysical state or through regular breaks
suggested by the game.

Independent of the application area, al games should avoid
technical issues and should be easy to maintain [15]. Moreover,
in immersive virtual reality, it isimportant to maintain a high
frame rate, low latencies, and fast synchronization to avoid
cybersickness. Cybersicknessis caused by perceived motion or
sensory mismatch, usually reported in a virtual roller coaster
or car simulations. Thelatency between a user’s movement and
visual feedback in virtual reality has a significant impact on
user experience and performance [107].

Conclusion

In this paper, we proposed criteria for high-quality serious
games. We examined various serious games and existing
heuristicsfrom game-rel ated literature to specify quality criteria
for effective and attractive serious games. The suggested quality
criteriawere furthermore discussed in workshops with domain
experts. Weintroduced quality criteriafor the serious and game
aspects, aswell asthe balance between them. First, high-quality
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serious games should keep the characterizing goal in focus and
should use appropriate methods for the specific application area
and target group. Serious games should provide suitable
feedback so that players can assess their progress and work
towards achieving the characterizing goal. The effectiveness of
serious games should be proven in scientific studies or by
winning game awards. Second, high-quality serious games
should be fun and enjoyable. They must ensure player
engagement and should keep the players in flow (ability vs
skills). Finally, the double mission of serious games, that is, the
balance between the serious and the game part, must be ensured.

Caserman €t d

Therefore, high-quality serious games should embed the
characterizing goal into the gameplay so that engaging in the
serious part is mandatory for playing the game. Furthermore,
theinteraction technology should be suitable for the target group
and game purpose.

In futurework, we want to evaluate the proposed quality criteria,
weight them, and determine a score to specify high-quality
serious games, thereby proposing a quality mark. We hope that
the proposed criteriawill encourage game designers, devel opers,
and researchers in the future to develop more high-quality

Serious games.
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Abstract

Background: In order to present virtual sound sources via headphones spatially, head-related transfer functions (HRTFS) can
be applied to audio signals. In this so-called binaural virtual acoustics, the spatial perception may be degraded if the HRTFs
deviate from the true HRTFs of the listener.

Objective: In thisstudy, participants wearing virtua reality (VR) headsets performed alistening test on the 3D audio perception
of virtual audiovisual scenes, thus enabling us to investigate the necessity and influence of the individualization of HRTFs. Two
hypotheses were investigated: first, general HRTFs lead to limitations of 3D audio perception in VR and second, the localization
model for stationary localization errorsis transferable to nonindividualized HRTFs in more complex environments such as VR.

Methods: For the evaluation, 39 subjects rated individualized and nonindividualized HRTFsin an audiovisual virtual scene on
the basis of 5 perceptual qualities: localizability, front-back position, externalization, tone color, and realism. The VR listening
experiment consisted of 2 tests: in the first test, subjects evaluated their own and the genera HRTF from the Massachusetts
Institute of Technology Knowles Electronics Manikin for Acoustic Research database and in the second test, their own and 2
other nonindividualized HRTFs from the Acoustics Research Institute HRTF database. For the experiment, 2 subject-specific,
nonindividualized HRTFs with a minimal and maximal localization error deviation were selected according to the localization
model in sagittal planes.

Results:  With the Wilcoxon signed-rank test for the first test, analysis of variance for the second test, and a sample size of 78,
the results were significant in al perceptual qualities, except for the front-back position between own and minimal deviant
nonindividualized HRTF (P=.06).

Conclusions: Both hypotheses have been accepted. Sounds filtered by individualized HRTFs are considered easier to localize,
easier to externalize, more natural in timbre, and thus more realistic compared to sounds filtered by nonindividuaized HRTFs.

(IMIR Serious Games 2020;8(3):€17576) doi:10.2196/17576
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: many researchers and developers till ask themselves. The
Introduction increasing access to advanced virtual and augmented reality
Theories technologies gives this topic a particular immediacy. There are

different school s of thought asto whether it isimportant to have

The question rajsedinth.earticlzle, “Binaural Technique: DoWe  perspnalized head-related transfer functions (HRTFs) for a
Need Individual Recordings?" by Maller et & [1], isonethal  yeqjigic reproduction of auditory scenes via headphones in
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virtua reality (VR). The ability to adapt nonindividualized
HRTFsviatraining [2] or the given tolerance by adding distance
perception [3], auraization [4,5], auditory motion [6], and
cross/multimodal perception [7-10] aswell asdifferent recorded
auditory stimuli (eg, noise bursts, speech, music) still bringsup
the question in the title of Mgller et a [1]. However, it iswell
accepted that individualization has asignificant effect in sagittal
plane sound localization with static target position without visual
stimulus[1,11,12]. Thereare several VR studieswherethefocus
liesonimmersive VR, whichishelpful in health care (the more
immersive the better) [13] or in spatial navigation memory
assessment [14], though considerations about immersive audio
are missing in these studies. Audio is often neglected in VR
studies (eg, [15]), even regarding the sound quality [16], hot to
mention HRTFs. If and to what extent the perception quality of
sound signals in VR can be improved by using individualized
HRTFs has not been investigated yet.

Background

Acoustic localization is the ability to determine and report the
position of avirtual sound source and is based on the processing
of auditory localization features such as monaural and binaural
features [17-21]. It is assumed that binaural and monaural
spectral features are processed largely independently of each
other [22,23]. Whilebinaural disparities such asinteraural time
and level differencesplay animportant rolein sound localization
in the lateral dimension (left-right), monaural spectral cuesare
known to determine the perceived position of the sound source
in the sagittal planes (front-back and up-down). Sound
localization in sagittal planesrelies on spectral features caused
by the filtering effects of the human body [24].

HRTFsdescribe the acoustic filter effect through the torso, head,
and pinna [24-26]. A set of HRTFs (also caled “binaural
HRTF") includes the primary localization cues: interaural time
differences, interaura level differences, and the monaura
spectral cues [24]. This acoustic filter of our own anatomy is
individually different and highly frequency-dependent. When
HRTFs are measured in the listener’s own ears, it is described
as ‘“individual,” “own,” or “listener-specific,” whereas
“nonindividual,” “other,” or “generic’ HRTF refer to
measurements from a different listener, a dummy head, or a
calculation from amodel.

In order to present virtual sound sources via headphones, the
audio signal can be filtered with HRTFs. In this so-called
binaural virtual acoustics, the spatial perception may belimited
if the used HRTFs deviate from the individualized HRTFs of
thelistener [11]. Thiscan lead to incorrect virtual sound source
positions or even to alocalization within the head.

Prior Work

Individual features should be used to ensurerealistic replication,
as previous studies have shown that by using listener-specific
HRTFs for headphone reproduction, subjects could locate the
source of the sound just as accurately asif they were listening
to something in free-field reproduction [27,28]. Their research
results al so showed that subjectswith nonindividualized HRTFs
have significantly greater localization errors, especially in the
median plane, and that front-back confusion increases. However,
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the results of other studies show that subjects with
nonindividualized HRTFs have no localization loss in the
horizontal plane with voice stimuli [29] nor do inexperienced
subjects acknowledge any significant impact on front-back
confusion with individualized HRTFs[30]. Furthermore, studies
[31-33] have shown a worsening of externalization or a
significant increase in the inside-head localization and an
increase in the localization errors in the distance perception in
subjects who heard stimuli with nonindividualized HRTFs.
Romigh and Simpson [34] confirmed that the replacement of
listener-specific interaural features by generic interaural features
did no harm but replacing listener-specific monaural features
with generic monaural features did interfere with localization
performance. Localization models such as the probabilistic
model for stationary localization errors in sagittal planes [35]
can be used to predict localization errors, which alistener would
have had with HRTFs from another listener.

Goal of This Study

Our study examines the need for individualization of HRTFs
in headphone reproduction and the impact of customizability
of binaural performance in audiovisual virtual environments.
The aim of the study was to find out if and to what extent the
perception quality of sound signalsin VR can be improved by
using individualized HRTFs.

The hypotheses of this experiment can be summarized as
follows:

Hypothesis 1. Genera HRTFs such as the KEMAR (Knowles
Electronics Manikin for Acoustic Research) HRTF lead to
limitations of 3D audio perceptionin VR.

Hypothesis 2: Thelocalization model for stationary localization
errors is transferable to nonindividualized HRTFs in a
multimodal representation.

For the general HRTF, we have chosen the KEMAR HRTF
from the Massachusetts | nstitute of Technology (MIT) KEMAR
database [36], which is one of the most widely used HRTFsin
both science and industry. The artificial head used to obtain the
data has the dimensions of an average human ear and body. We
assumed that generic HRTFs lead to limitations of 3D audio
perceptionin VR, such as sound sources would be more difficult
to localize and internalize and the tone col or would be unnatural,
and in general, perceived as unrealistic. However, front-back
confusions would be unlikely because listeners were able to
move their heads [37]. For the nonindividualized HRTFs, we
have chosen HRTFsfrom the Acoustic Research Institute (ARI)
HRTF database. The difference between the KEMAR HRTF
and the HRTFs from the ARI database is that the KEMAR
HRTF is measured from a dummy head and the HRTFs from
the ARI database are measured from human subjects.

Methods
General Information
For the study, 39 subjects rated individualized and

nonindividualized HRTFs in an audiovisual virtual scene by
using aquestionnaire, which consisted of 5 perceptual qualities
(localizahility, front-back position, externalization, tone color,
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realism; see definitionsin Table 1) and was based on the spatial
audio quality inventory [38] and the study of Simon et al [39].
A head-mounted display was used to present an acoustically
located flying dynamic sound source (drone) in a winter
landscape environment. Switching HRTFstook place viatouch
controllers enabled with the plugin [40]. The filter algorithms
took the listener interaction into account in real time. The VR
listening experiment consisted of 2 tests: inthefirst test, subjects
rated their own versus ageneral HRTF (MIT KEMAR dummy
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head, [36]) and in the second test, their own versus 2 other
nonindividualized HRTFs from the ARl HRTF database. As a
basis for the selection of nonindividualized HRTFs, the
localization model in the sagittal plane by Baumgartner et al
[35] was used, which predicts localization errors. For the
experiment, 2 listener-specific, nonindividualized HRTFs with
a minimum and maximum localization error deviation were
selected. For the selection, 140 HRTFs from the ARI database
were chosen.

Table 1. Perceptual qualities for the assessment of the audiovisual scene derived from the studies on spatial audio quality inventory [38] and that of

Simon et a [39].

Perceptual quality Circumscription

Scale end label

Localizability

If localizability islow, the spatial extent and location of a sound source are difficult to

More difficult to easier

estimate or they appear diffuse. If localizability ishigh, asound sourceisclearly delimited.
Low/high localizability is often associated with high/low perceived extent of a sound

source [38].

Front-back position

Refersto the position of a sound source before or behind the listener only. Impression of

Confused / not confused

a position difference of a sound source caused by “reflecting” its position on the frontal

plane going through the listener [38].
Externalization

Describes the distinctness with which a sound source is perceived within or outside the
head regardless of the distance. Terminologically often enclosed between the phenomena

More internalized to more
externalized

of in-head localization and out-of-head localization [38].

Tone color bright to dark
components [38].

Realism

Timbral impression, which isdetermined by theratio of high-frequency to low-frequency

Sounds seem to come from real sources located around you [39].

Darker to brighter

Nonrealistic to realistic

Subjects

A total of 39 subjectstook part in the study. All of them (males,
26/39, 67%; females, 13/39, 33%) had absolute hearing
thresholds within the 20-dB range of the average normal hearing
population in the frequency range between 0.125 kHz and 12.5
kHz. The 39 subjects had a mean (SD) age of 30.03 (6.738)
years (agerange, 22-47 years), and about half were experienced
listeners (low expertise, 19 subjects; high expertise, 20 subjects).
The “low expertise” group included, for instance, lay listeners,
who might have been music lovers but were not trained
musicians. The “high expertise” group included experienced
listeners such as trained musicians, “Tonmeister,” and sound
engineers [41]. To determine the required number of subjects,
we conducted an a priori power analysis with the software
program G* Power (Heinrich Heine University Disseldorf). A
two-sided t test with Wilcoxon signed-rank test (one sample
case) was assumed, which resulted in atotal sample size of 35
with an expected mean effect size of d=0.5for an a error of .05
and atest power of 13 of 80%.

HRTF M easurement

HTRFs were obtained for each subject individualy by
measuring in asemianechoic chamber. The same apparatus and
procedure as reported by Majdak et a [42] were used. With a
loudspeaker arc of 22 vertically arranged loudspeakers
(custom-made with 10 BGS drivers, Vifa), 1550 measuring
positions were achieved. The loudspeakers were arranged in
the elevation direction from —30° to 80°, with a 5° spacing
except between 70° and 80° with a 10° increment. The radius
of theloudspeaker bow was 1.2 m. Therotation of the turntable
with chair took place in 2.5° increments. For the recording in
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the ear canal, in-ear microphones (Sennheiser KE-4-211-2) were
used. The microphones were connected to the digital audio
interface via amplifiers (Radio Design Lamps FP-MP1). An
electromagnetic tracking system (Flock of Birds, Ascension)
was used to monitor the head position and orientation. Assignals
during the measurement were exponential, sine sweeps were
used with a signal length of about 1.8 seconds, starting at 50
Hz and ending at 20 kHz. To reduce the total time taken to
measure HRTFs, we used the multiple exponential sweep
method [43]. The HRTF measurement procedure took
approximately 60 minutesfor each subject, including instruction,
reference measurements, and adjustments. The measuring
process itself took about 20 minutes.

Stimuli

As an acoustic stimulus, the synthetically generated stimulus,
Gaussian white noise was selected. Gaussian white noise is
often used as a stimulus in HRTF studies and was applied to
simulate a drone noise. The stimulus was filtered by
individualized and nonindividualized HRTFs. The selection of
nonindividualized HRTFs in the second test was based on the
sagittal plane localization model by Baumgartner et a [35].
Thismodel can predict localization errors of static sound source
positionsin an auditory-only environment. For the experiment,
2 listener-specific, nonindividualized HRTFs with a minimum
and maximum localization error deviation were selected. The
deviations of the stationary localization errors were given by
means of this model in quadrant error (QE) in percentage and
root mean square local polar errors (PES) in degrees. The QE
and PE were calculated using the model via the Auditory
Modeling Toolbox in Matlab [44]. Based on the subjects own
HRTFs (template), it is possible to predict how large QE and
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PE are when the subjects then hear another HRTF (target). For
the range of minimum and maximum HRTFs, 2 conditionswere
defined to ensure comparability: 1st condition, minimum
nonindividualized HRTF range, QE of 10%-30%, PE of 33°-42°,
maximum nonindividualized HRTF range, QE of 30%-50%,
and PE of 43°-52.25°; 2nd condition, minimum distance between
individual/minimal and minimal/maximal HRTFs, QE of 3%,
and PE of 3°. Anindividual, minimal, and a maximal deviant
HRTF is shown in Figure 1 using the example of the listener
NH258 (norma hearing listener number 258). The

Figure 1. Localization model for prediction of localization errorsin the

Jenny & Reuter

individualized HRTF of NH258 had an initial value of QE
18.2% and PE 36.1°. For example, a dlightly minimal deviant
HRTF would bethat of NH157, with which NH258 would have
QE of 21.3% and PE of 40.7°. A maximal deviant HRTF would
be NH89, with which NH258 would have a QE of 40% and PE
of 46.7°. For all HRTFs, the sensitivity parameter was set to
the default value 0.5 inthe model. All the selected minimal and
maximal deviant HRTFs were calculated individually for each
subject.

sagittal plane. Probabilistic response predictions are encoded by brightness

according to the color bar to the right. Predicted response angles are shown as open circles. NH258: normal hearing listener number 258; min: minimal
deviant head-related transfer function; max: maximal deviant head-related transfer function.
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Apparatus

Thevirtual acoustic stimuli were presented via headphones (HD
650, Sennheiser) in a semianechoic room. As shown in Figure
2, the listener was seated on a height-adjustable swivel chair in
the middle of theroom. Thevirtual visual environment, created
with Unity version 2017.3.1f1, was presented via a
head-mounted display (Oculus Rift CV1 headset, 2 PenTile
organic laser-emitting diode displays, 21601200 combined
resolution for both eyes, 90 Hz refresh rate, 110° FoV) including
touch controller for switching the HRTFs using the Barebone
gaming PC in Thermaltake housing with Intel (R) Core (TM)
i5-6500 CPU 3.2 GHz processor, 16 GB RAM, 64-bit operating
system (Windows 10), 200 GB SSD, GTX 1060 graphics card
(6 GB VRAM), HDMI 1.3, 4x USB 3.0, 2x USB 2.0, mouse,
keyboard, screen and 3 sensorsfor head-tracking. Stimuli were
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generated using the “SOFA (Spatially Oriented Format for
Acoustics) Spatializer” plugin [40] and output with a 48-kHz
sampling rate filtered with individualized and nonindividualized
HRTFs. The* SOFA Spatializer” pluginisaUnity native plugin
based on C/C++ for enabling playing HRTF in the SOFA format
[45]. Thevirtual visua environment was created in C# by using
the Unity game engine. Three tracking sensors captured the
position and orientation of the head in real time. The front 2
sensors were connected with USB 3.0 and the back with USB
2.0. All sensors were fixed at the same height, sightly above
the head height. The 2 front sensors had adistance of 1.8 mand
the rear sensor had a straight line distance of 2.55 m from the
farthest front sensor. The range of motion was 2.4x2.4 m2. The
sensorswere 1.2 m away from the headset. The sensor settings
thus corresponded to all specifications for the head-mounted

display.
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Figure 2. Experimental setup with the Oculus Rift head-mounted display in a semianechoic room. Test environment with open, dynamic, circumaural
Sennheiser HD 650 headphones, 3 sensorsfor the tracking system, and touch controllersfor switching the head-related transfer functions. Theloudspeaker

array was not in usein this experiment.

Description of the Test Environment

The VR listening test took about 60 minutes per subject. The
subjects initially were each given an informed consent form
and the list of attributes to familiarize themselves with the
technical terms (Table 1). Before the actual VR listening test,
a pilot study with 3 subjects was conducted to test if the
experimental design worked. Two tests were performed.

Individualized and General HRTFs

In the first test, the subject was given a rather easy task: the
evaluation of 2 HRTFs, that is, their own and the general
KEMAR. Both the subject and the experimenter did not know
which HRTF (A or B) was assigned (double-blind study). In
addition, the set of questions concerning the HRTF was
randomized in terms of the subject as well as the repetition.
However, each subject was aware that one was the
individualized HRTF and the other the general HRTF.

In the scene, a drone flew overhead along the sagittal planes,
landing in front and flying back. In polar coordinates, the
audiovisual stimulusflew between —-30° and 210° with adistance
of 1.2 m (same dimensions as HRTF measurement) back and
forth. One animation cycle lasted 24 seconds: 10 seconds for
each semicircle flight plus 2 seconds for each landing. A
continuous Gaussian white noise was used as the auditory
stimulus. The visual stimulus, the drone with 4 rotating rotor
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blades, served as a guide (visua aid) in which the position of
the sound source was supposed to be straight. In addition, haptic
touch was added. The avatar hands with the touch controllers
were used to switch the HRTFs with a simultaneous display on
a fence with a blackboard. Figure 3 shows a screenshot from
the subject’s point of view. At the start of the scene, the subject
was given about 2 minutesto familiarize herself with the scene
and the touch controllers. With the right touch controller, the
subject could switch between HRTF A and B viabuttons A and
B. Sitting on the swivel chair, the subject was allowed
explorative movements with her head and body and was not
instructed to move her head in any particular way [29,46]. The
subject was instructed to explore the VR world by switching
between the HRTFs and then rate the HRTFs in the respective
perceptual quality. The experimenter was in the same
semianechoic room as the subject. The subject was given the
tasks by the experimenter, for example, “rate the localizability
of HRTF A from 1to 5 and HRTF B from 1 to 5, with 1 being
more difficult to localize and 5 easier to localize” The subject
then explored the VR world and switched between the HRTFs.
Asinthe study by Hendrix and Barfield [47], no time limit was
set, but there was a condition to listen to at least one animation
cycle of the drone for each perceptual quality. Once the subject
was able to rate the HRTFs, the scene was paused, and the
HRTFs were scored. The subject’s response was documented
by the experimenter. Accordingly, the subject proceeded through
the query catalog (Table 1).
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Figure 3. Experimental environment in first-person view: winter landscape scene with drone, board for the display of head-related transfer function
(HRTF), and touch controllers for switching.
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Individualized and Nonindividualized HRTFs

In the second test, the subject rated 3 HRTFs: HRTF X, HRTF
Y, and HRTF Z. One of them was their own HRTF again and
the other 2 were HRTFs from other peoplein the database, one
of which wasvery similar to and the other with large deviations
from the individualized HRTF of the subject. The left touch
controller was used for switching between HRTF X, Y, and Z.
The same procedure was followed as in the first test, rating all
the attributes (Table 1). The subject left the glasses on during
the scoring; al HRTFs were evaluated simultaneously, and the
subject could not return to a different attribute. The duration of
each test was also documented. In total, 5 perceptual qualities
weretested on 5 HRTFsin 1 repetition, ie, 5x5x2 = 50 answers.

In order to find out whether order effects played any role and
to obtain avariance within the subject, we performed arepetition
with randomized HRTFs. Before the repetition, there was a
break of about 10 minutes in which the subject could take off
the glasses. The individualized HRTF was rated twice—once
inthefirst and thenin the second test. This served asareference
for checking the functionality of the test design. In addition,
after the test, subjects were able to comment on further
differences apart from rating the HRTFs.

Results

Overview

The evaluation of the attribute localization, externalization, and
realism for thefirst test (individual vs KEMAR) was done with
the Wilcoxon signed-rank test and for the second test (individual
vs minimal vs maximal) with analysis of variance (ANOVA)
and Tukey as ANOVA posthoc analysis. The evaluation of the
attributes front-back position was made via the chi-square test
with the Fisher test as posthoc and the tone color via the
interquartile range.

In order to determine whether different manipulations of stimuli
led to different physiological reactions within a group, we
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applied two-sided t tests. Subtests were calculated using t tests
toinvestigate possible differences between groupswith different
expertise and repetition. The groups of different expertise were
divided into “low expertise” and “high expertise”” Judgment
reliability within the first and the second tests was checked by
repetition. There were no significant differencesin all perceptua
qualities, which meant that with high probability, subjectswere
able to evauate all HRTFs reliably (without guessing) with
repeated query in spite of randomization. Judgment reliability
between the first and second test was assessed by rating the
individualized HRTF twice. Evaluation of the individualized
HRTF in the first versus the second test showed no significant
difference except in externalization, when the P value was .04.
We attempted to minimize the fatigue effects by the randomized
design and a break at halfway through the VR experiment.

Overdll, in both tests, statistical significance was found for all
perceptual qualities, except in the front-back position between
individual and minimal HRTFs. Plots were caculated and
created using the statistics program RStudio (RStudio Inc). In
the following section, we offer a detailed statistical analysis of
the first and the second tests in terms of the tests themselves
and the 5 perceptual qualities(scale of 1-5): localizability (more
difficult to easier), front-back position (confused to not
confused), externalization (more internalized to more
externalized), tone color (darker to brighter), and realism
(nonrealistic to realistic).

Individualized and General HRTFs

Localizability

In the assessment of localizability in thefirst test, theindividual
HRTF and KEMAR HRTF, which were evaluated with the
Wilcoxon signed-rank test, differed significantly (W=5569.5,
P<.001, Figure 4). The KEMAR HRTF was considered more
difficult and the individual HRTF more easily locatable. The
subgroup analysis showed great agreement on this result, both

between the first and second repetition and in low and high
expertise (significance values in Table 2).

JIMIR Serious Games 2020 | vol. 8 | iss. 3| e17576 | p.214
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

Jenny & Reuter

Figure 4. Result of the first test (individual vs KEMAR). A: Localizability overall box plot; B: Externalization overall box plot; C: Realism overall
box plot; D: Radar chart for localizability, externalization, and realism; E: Realism repetition response behavior; F: Realism expertise response behavior.
Ind: individual HRTF; KEMAR: Knowles Electronics Manikin for Acoustic Research; HRTF: head-related transfer function.

A Localizability
o - [
‘W
m
w q’ - T T
= ' i
5 & - 1 !
[&]
E
] o - T
E I
S :
=~ A
T |
Ind KEMAR
HRTF
C Realism
S P
]
™
2 ¥ :
8 i
w
g N ;
c |
o - !
£ T |
Ind KEMAR
HRTF
E Realism
Repetition: One Repetition: Two
(5] _
E 5
e i |
o 3 ——Ll_- R — ——Ll_.
45 1
Y .
= :
E 1_ ) [ R,
Ind KEMAR Ind KEMAR
HRTF

http://games.jmir.org/2020/3/e17576/

RenderX

More internalized to more externalized

Realism

Nonrealistic to realistic

Externalization

In

d

HRTF

Localizability

KEMAR

—nd

KEMAR

Realism

Externalization

Low

High

Ind KEMAR

JMIR Serious Games 2020 | vol. 8 | iss. 3 | 17576 | p.215
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

Jenny & Reuter

Table 2. Significance values of the subgroups for localizability, externalization, and realism in the first test.

Perceptual quality

Individual HRTF2 P value

KEMARP HRTF, P value

Localizability repetition .46
Localizability expertise .87
Externalization repetition .26
Externalization expertise .60
Realism repetition .84
Realism expertise .06

.76
.07
71
.87
22
.87

3HRTF: head-related transfer function.
PKEMAR: Knowles Electronics Manikin for Acoustic Research.

Front-Back Position

For the evaluation of the front-back position with its bipolar
response scale (“yes’ for confused/“no” for not confused), the
Pearson’s chi-squared test (afrequency test/independence test)
with Yates continuity correction was used. The 39 subjects gave
78 responses in 2 rounds. There was no front-back confusion
for the individual HRTF (0%). On the other hand, for the
KEMAR HRTF, there were 21 front-back confusions reported
for 78 responses (27%). The result of the front-back confusions
was significantly different (x%, 77=22.0, P<.001). The KEMAR
HRTF was confused by experienced listeners in 14 out of 78
responses (18%) and by inexperienced listenersin 7 out of 78
responses (9%). Due to the possibility of movement by means
of head-tracking, basically, no front-back confusion should have
occurred [6,37], but the head movements of the subjects were
not restricted and therefore could be static as well as dynamic.
In practice, movements occur naturally—sometimes more and
sometimes less in VR. Nevertheless, with the KEMAR HRTF
and a moving stimulus along the sagittal plane, it was still
possible that in the VR condition, the visual stimulus was
perceived at the front, but the auditory stimulus at the back or
vice versa. Wightman and Kistler [37] a so detected front-back
confusion with uncontrolled sound source movement in their
study.

Externalization

Theresultsfor the perceived externalization of the test items of
the KEMAR and individual HRTF with the Wilcoxon
signed-rank test were asfollows: theindividual HRTF was more
significantly externalized than the KEMAR HRTF (W=5741.5,
P<.001, Figure 4). The subgroups showed no significant
differences (Table 2). Although the visual stimulus flew over
the head, some subjects reported that the auditory stimulus
actualy flew through their heads and was thus perceived as
being more internalized. Thiswas especially the case when the
visual stimulus was just behind the head (not in the field of
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view). Moreover, when the distance from the auditory stimulus
to the visual stimuluswastoo far, it wasrated as 1.

Tone Color

A rating of 1 or 5 meant that the sound of the stimulus was
different from what the subject normally perceives (unnaturally
brighter or darker). Here, the subjects were supposed to give
appropriate answers to the internal reference. The rating of the
tone color was difficult for some subjects without a direct
reference. Nevertheless, on average, subjectsrated theindividual
HRTF in tone color with 3, which was defined as natural. The
individual HRTF was rated as natural in 62 out of 78 responses
(79%) and the KEMAR only once (1%). The KEMAR HRTF
was mostly rated with 5 in tone color; thus, it was perceived as
unnaturally brighter.

Realism

For the final assessment in the first test with the perceptual
quality realism, the overall results are shown in Figure 4. The
HRTFs were found to be significantly different, with medians

of 5forindividual and 2 for KEMAR (W=6030, P<.001). There
were no significant differences among the subgroups (Table 2).

Individualized and Nonindividualized HRTFs
Localizability

For the evaluation of the localizability in the second test, an
ANOVA with Tukey posthoc test was used to compare the 3
HRTFs. In al HRTF scores, we reached the significance levels
(F»7=19.131, P<.001, Figure5): individual-maximal (P<.001),
individual-minimal (P=.001), and maximal-minimal (P=.049)
were calculated using the linear mixed-effects model and the
Kenward-Roger method (95% confidence interval). The
individual HRTF showed a significantly better behavior than
the minimal and maximal HRTFs. In the subgroup, the minimal

HRTF was classified as dlightly more difficult to localize by
the high expertise group (Table 3).
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Figure 5. Result of the second test (individual vs minimal vs maximal). A: Localizability overall box plot; B: Externalization overall box plot; C:
Resalism overall box plot; D: Radar chart for localizability, externalization, and realism; E: Repetition response behavior; F: Expertise response behavior.
Ind: individual HRTF; Min: minimal; Max: maximal; HRTF: head-related transfer function.
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Table 3. Significance values of the subgroups for localizability, externalization, and realism in the second test.

Perceptual quality Individual HRTF?, P value

Minimal HRTF, P value Maximal HRTF, P value

Localizability repetition 58
Localizability expertise .06
Externalization repetition .99
Externalization expertise .09
Realism repetition 86
Realism expertise .04

.64 41
.03 .32
.76 .94
.32 .76
.64 .85
.78 .29

3HRTF: head-related transfer function.

Front-Back Position

The evaluation of the significance level of the yes/no results of
the front-back position was calculated with the chi-square test
and the Fisher test as chi-square posthoc test (x22]76:27.0,
P<.001). Therewas no significant difference between individual
and minima deviant nonindividualized HRTFs (P=.06).
However, there were significant differences between
individual-maximal (P<.001) and maximal-minimal (P=.005).
The application of the Bonferroni method yielded no changes
in the significance level: individual-maxima (P<.001),
individual-minimal (P=.18), and maximal-minimal (P=.005).
For theindividual HRTF again (asin thefirst test), no front-back
confusion occurred (0%). However, the minimal HRTF showed
front-back confusion in 5 out of 78 responses (6%) and the
maximal HRTF in atotal of 19 out of 78 responses (24%). The
maximal HRTF was therefore rated significantly worse in the
front-back positionthan the other 2 HRTFs. Listenerswith high
expertiserated the minimal HRTF in 5 out of 78 responses (6%)
as reversed in the front-back position and the maximal HRTF
in 14 out of 78 responses (18%). Thus, low-expertise listeners
could not find any front-back confusion with theminimal HRTF
and they found front-back confusion only occasionaly (5/78,
6%) with the maximal HRTF. This result of the subgroup was
in agreement with the study by Bronkhorst [30] with regard to
inexperienced listeners, for whom hardly any front-back
confusion errors occurred.

Externalization

For the evaluation of the externalization in the second test, an
ANOVA with Tukey posthoc test was used. In all HRTF scores,
we achieved significant differences (F,,c=22.278, P<.001,
Figure 5): individual-maximal (P<.001), individual-minimal
(P=.04), and maximal-minimal (P<.001) were calculated using
the linear mixed effects model and the Kenward-Roger method
(95% confidence interval). The maxima HRTF showed a
significantly worse behavior than the individual and minimal
HRTF. The subgroups showed no significant differences (Table
3).

Tone Color

In order to statistically analyze the evaluation of the tone
color—that is how naturally the respective HRTF was
perceived—we used descriptive statistics with the interquartile
range [48]. Subjects were unanimousin rating their own HRTF
according to thesmall IQR for their individual HRTF. The IQR
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wasthelargest at the maxima HRTF (IQR individual HRTF=0,
IQR minimal HRTF=1, and IQR maximal HRTF=2.75), which
simply indicated that nonindividualized HRTFs were often
perceived as unnaturally brighter or darker aswell asunpleasant
in timbre. Overdl, the individual HRTF was rated as natural in
51 out of 78 responses (65%), the minimal HRTF was rated as
natural in 23 out of 78 responses (29%), and the maximal HRTF
was rated as natural in 15 out of 78 responses (19%); thus, in
some cases, honindividualized HRTFs sometimes were
nevertheless rated as natural in tone color.

Realism

All examined HRTFs could be clearly differentiated by rating
the attribute realism, of which the overall results are shown in
Figure 5. However, the quality of the HRTFs was almost never
rated as poor or completely unrealistic. An ANOVA with a
Tukey posthoc test showed significant differencesin all HRTF
scores (F,7=31.88, P<.001): individual-maximal (P<.001),
individual-minimal (P<.001), and maximal-minimal (P<.001)
were calculated using the linear mixed effects model and the
Kenward-Roger method (95% confidence interval). The
subgroup analysis showed that the individual HRTF was rated
more often as being more realistic by the more experienced
listeners compared to the low expertise group (Table 3).

After the test, subjects were able to comment on further
differences apart from rating the HRTFs. With localizability,
subjects reported that they had classified HRTFs as more
difficult to localize if the auditory stimulus was not congruent
to the visua stimulus and was shifted to the right or left or was
diffused. Basically, the group of high expertise found it easier
to hear differences between the individual, minimal, and
maximal HRTFs than the low expertise group. The first test
was classified asbeing easier for some subjects than the second.
Many subjects found the VR scene very realistic, but for some,
the auditory stimulus was not a realistic sound to match the
drone. NH92 and NH785 had difficulty ignoring the artefacts
caused by the lack of interpolation and by the error proneness
in the HRTF measurement, but in the end, they rated their own
HRTF the highest. All HRTFs were equal because none were
interpolated. NH794 perceived individual HRTF as much more
realistic and its spectrum much closer to reality. None of the
subjects experienced motion sickness during the experiment.
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Discussion

Principal Findings
The most important findings of this study are summarized as
follows:

1. In VR, there seems to be a connection between auditory
spatialization and the descriptive attribute of realism. The
perceived realism increases with the approach to
listener-specific spatialization.

2. Significant differences in the evaluation of perceptual
gualities in VR seem to be mainly caused by
listener-specific  features. The presentation  with
individualized HRTFsin VR shows agreater popularity in
the subjective rating than with general or nonindividualized
HRTFs.

3. The localization model in sagittal planes based on the
stationary pure auditory localization error [35] seemsto be
transferable to the multimodal audiovisual VR. The
subjective evaluation reveals the relevance of localization
in the dimension of perceived realism. Even HRTFs with
alocalization error that only deviatesminimally inthe static
auditory are evaluated aslessredlisticin adirect comparison
with their own HRTFsin acomplex scenein amultimodal
representation.

Comparison With Hypotheses

Contrary to our expectations, the use of thetracking system and
visual stimuli did not significantly reduce the number of
front-back confusions for the KEMAR and maximal HRTF.
Furthermore, the results prove the following concerning our
hypotheses.

The first hypothesis of our study that general HRTFs lead to
limitations of 3D audio perception in VR was confirmed. The
first test (individual vs KEMAR HRTF) showed that subjects
with a general artificial head HRTF had more difficulties
locating moving sound sourcesin VR. They were confused in
the front-back position, found it to be more internalized, and
rated the tone color as unnatural and unrealistic. However, the
test was performed only with a general HRTF—the KEMAR
HRTF from the most widely used MIT KEMAR database
[36]—and isthus valid only for this HRTF. In order to make a
global statement, several general HRTFs, for instance, that of
Neumann KU100, should be included in the investigation.
Moreover, the comparison between individual and KEMAR
HRTF can becriticized, astheresol ution of theindividual HRTF
was better, with 1550 positions and 256 samples at 48 kHz,
compared to the KEMAR HRTF with 710 positions and 512
samples at 44.1 kHz, although the sampling rate had been
adjusted. The resolution could therefore be another factor, but
it is obvious that the KEMAR HRTF, which has been used
amost exclusively in games with spatialization, leads to
limitations in 3D audio perception. Although we considered a
downgrade of theindividual HRTF, no consensuswith the same
position measurement points could be found.

The second hypothesis on the transferability of the localization
model for stationary localization errors for nonindividualized
HRTFs in more complex environments such as VR was
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unequivocaly confirmed with the second test of this study.
Admittedly, the HRTF selection could have been even more
specific to determine the correlation between the localization
error and perceived realism in truly complex environments. In
the future, the deviations of the stationary localization errors
could be represented by means of the model in percentage: for
instance, individualized HRTFswould have alocalization error
deviation of 0% and nonindividualized HRTFswith increasing
inaccuracy at an increasing value of up to 100% (=error at
random localization). Thus, more than 2 nonindividualized
HRTFs could be selected at fixed percentages and a finer
resolution of the degree of realism compared to thelocalization
error would be possible. Moreover, other databases could have
been included, but we wanted to maintain the comparability of
the measurements. Finally, only 2 nonindividualized HRTFs
were selected for the second test because the number of HRTFs
in the database was too small to make general statements.

Comparison With Prior Work

Studies such as those of Begault et a, Hendrix and Barfield,
and Larsson et al [29,47,49] have aready tried to examine the
relationship between realism and improving spatialization with
HRTF rendering, but they found no significant differences. This
is probably due to the lack of understanding or the unclear
definition of what is meant by the assessment of realism. The
explanation by Hendrix and Barfield [47] for their findingswas
that the subjects might have interpreted the realism in terms of
the visual realism “scene realism” and not the overal quality
of the performance. Additionally, Begault et al [29] argued that
no differencesin realism were found, because subjects probably
had no common understanding of what the perceived realism
implied. Furthermore, Larsson et a [49] did not define the
gueried realism in advance and suggested that the subjects had
made the auditive realism more dependent on well-designed
source content (eg, abusreally soundslike abus) instead of on
one accurate 3D performance (that the bus is properly
externalized and located). In our study, the concept of realism
was defined in advance according to the study by Simon et a
[39]. Thus, acommon understanding of the queried realism was
guaranteed for all listeners.

By examining the differences in the perceptions between
individualized and general or nonindividualized HRTFsin VR,
reproduction systems are to be examined in order to generate
virtual and augmented realities as redisticaly as possible.
Unlikein the study by Berger et a [50], in thisstudy, limitations
in 3D audio perception with general HRTFsin VR arose. It is
guestionable whether this claim in the title of the study carried
out by Microsoft Research withthe MIT KEMAR HRTF dataset
aloneisjustified without comparison to individualized HRTFs.
Further, it should be noted that the Berger study did not evaluate
elevation but only azimuth.

Another point is the learnability or the adaptability of foreign
HRTFs. Studies[2] have shown that HRTFs can be learned and
adapted through training in a short amount of time, sometimes
even within minutes [51], but this has only been evaluated by
localization performance. Whether an adaptation in the
evauation of externalization, tone color, or reaism in VR is
possible remains a question. Presumably, learning new HRTFs
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comprehensively isalonger process and more akin to learning
aforeign language.

Current research especially for seriousgamesin VR and mental
health often mention that “ The literature suggeststhat immersion
is largely influenced by both visual and audio qualities’ [52],
but audio is rarely a topic in such studies. “VR excels in its
advantage of being able to draw on both audio and interactive
visual stimuli, making the fearful stimuli appear as real as
possible[53],” while by using personalized HRTFs, the stimuli
would be even more present, immersive, and realistic.

Limitations

In a redlistic virtua scene, the reverberation should not be
neglected. Thiscould be set in the reference setup viathe plugin
(Plugin Spatializer Reverb in the Audio Mixer, [40]) aswell as
via the Unity Engine (Audio Reverb Filter, Reverb Preset).
However, the reverberation leads to another variable with many
parameters. In our study, all effects were therefore examined
in free field. This may sound unrealistic but this corresponds
to ared situation in aroom that is acoustically dry. For further
experiments, the reverberation can beintegrated as an additional
variable building on this work.

Conclusions

Both hypotheses have been accepted: first, general HRTFslead
to limitations of 3D audio perception in VR and second, the

Jenny & Reuter

localization model for stationary localization errors is
transferable to nonindividualized HRTFs in more complex
environments such asVVR. Theresults of thefirst test (individual
vs KEMAR HRTF) and of the second test (individual vs
minimal vs maximal) show that soundsfiltered by individualized
HRTFs are considered easier to localize, easier to externalize,
more natural in timbre, and thus more realistic compared to
soundsfiltered by nonindividualized HRTFs. In conclusion, the
most realistic smulation of sound sources in virtua
environments can be achieved by using individualized HRTFs,
which leads to an improvement in terms of the following
perceptual qualities: localizability, front-back position,
externalization, tone color, and realism. Therefore, future VR
studies, especially in serious games, should take an auditory
spatialization with individual HRTFs in their experiments into
account.

To answer the question “Binaural Technique: Do We Need
Individual Recordings?’ by Mdller et al [1] inthefield of VR,
this study provides empirical evidence. The answer is in the
affirmative. Listener-specific filtering in headphone reproduction
helps achieve a truly realistic 3D audio perception in VR. In
order to seethetopic of the necessity of ahigher realism content
in VR by means of individual HRTFs, less from theoretical
basi c research and more from the side of practical realization,
thefollowing example provides anice vivid comparison: HRTFs
arelike asuit. It fits you perfectly when it is tailor-made.
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Abstract

Background: Virtua reality (VR) isincreasingly used as simulation technology in emergency medicine education and training,
in particular for training nontechnical skills. Experimental studies comparing teaching and learning in VR with traditional training
media often demonstrate the equivalence or even superiority regarding particular variables of learning or training effectiveness.

Objective: Inthe EPICSAVE (Enhanced Paramedic Vocational Training with Serious Games and Virtual Environments) project,
a highly immersive room-scaled multi-user 3-dimensional VR simulation environment was developed. In this feasibility study,
we wanted to gain initial insights into the training effectiveness and media use factors influencing learning and training in VR.

Methods: The virtual emergency scenario was anaphylaxis grade |11 with shock, swelling of the upper and lower respiratory
tract, aswell as skin symptomsin a5-year-old girl (virtual patient) visiting anindoor family amusement park with her grandfather
(virtual agent). A cross-sectional, one-group pretest and posttest design was used to eval uate the training effectiveness and quality
of the training execution. The sample included 18 active emergency physicians.

Results: The 18 participants rated the VR simulation training positive in terms of training effectiveness and quality of the
training execution. A strong, significant correlation (r=.53, P=.01) between experiencing presence and assessing training
effectiveness was observed. Perceived limitationsin usability and arelatively high extraneous cognitive load reduced this positive
effect.

Conclusions: The training within the virtual simulation environment was rated as an effective educational approach. Specific
media use factors appear to modulate training effectiveness (ie, improvement through “experience of presence” or reduction
through perceived limitationsin usability). These factors should be specific targetsin the further development of thisVR simulation
training.

(IMIR Serious Games 2020;8(3):€18822) doi:10.2196/18822

KEYWORDS

virtual reality; educational virtual realities; virtual patient simulation; virtual emergency scenario; simulation training; head-mounted
display; immersive media; training effectiveness; presence experience; anaphylaxis; emergency medicine

appropriate emergency measures under time pressure, often
under adverse external conditions and, at the same time, with
little or no fault tolerance [1]. In the continuing education and
training of emergency physicians, simulation therefore plays
an ever-greater role than in other contexts. Usually, complex
full-scale ssimulators with audio-video systems and extensive

Introduction

Simulation Training in Emergency Medicine

Working in emergency medicineis characterized by constraints
that constitute a high-risk constellation: need for situational
assessment and decision making as well as initiation of
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emergency equipment are required for thetraining of emergency
physicians [2]. Initial studies report very high appreciation by
the participants of the practical relevance, preparation for
real-life emergency missions, and learning effect of this kind
of training within the German Emergency Medical Services
System [3].

Virtual Reality Simulation

Virtual redlity (VR) is increasingly used as simulation
technology in emergency medicine, in particular for training
nontechnical skills [4]. Experimental studies conducted with
health care professionals, where training in VR is compared
with traditional training media, often demonstrate the
equivalence or even superiority of VR regarding learning or
training effectiveness [5]. Highly immersive VR (ie, VR
supported by VR glasses) enable spatial positioning of the users
inavirtual 3-dimensional (3D) simulation environment and the
feeling of being presentinthe VR. A highlevel of experiencing
presence correlates positively with variables for learning or
training effectiveness [6]. These immersive VR situations are
capable of presenting visual informationin amoreredlistic, 3D
manner, either by providing atruly immersive experience or by
presenting standardized and repeatable environments and
patients that are otherwise not accessible, safe, “tangible,” or
ethical. In the near future, immersive VR could be integrated
regularly into existing simulation training as a complementary
arrangement [7]. However, media use factors can aso reduce
perceived training effectiveness (eg, perceived usability) [8].
Objectives

Thegoal of thisfeasibility study wasto gaininitial insightsinto
the training effectiveness of a highly immersive multi-user VR
simulation environment. Our intention was not to advocate VR
simulation training as a replacement for traditional simulation

training, but rather as a complement for training nontechnical
skills (eg, clinical and procedural reasoning). The issues

Figure 1. Two training participants equipped with virtual reality glasses and input devices.

An integrated virtual patient (VP) represented a multitude of
vital parameters and symptom characteristics, which went

https://games.jmir.org/2020/3/e18822

RenderX

Lerner et al

investigated in this study were: (1) How do emergency
physicians assess the overall training effectiveness? and (2)
How do they assessfurther media-specific variablesinfluencing
training in VR, such as the experience of presence, usability,
cognitive load (CL), VR sickness, and intrinsic motivation?

Methods

Project Background

In the EPICSAVE (Enhanced Paramedic Vocational Training
with Serious Games and Virtual Environments) project, ahighly
immersive room-scaled, multi-user, 3-dimensional simulation
environment was devel oped for the team training of emergency
medical services personnel as a complement to traditional
simulation training. The higher-level learning goals were to
improve clinical reasoning, procedural reasoning, and
cooperation intheteam [9]. Within the VR training environment,
acquisition of practical skills (ie, insertion of intravenous
cannul@) is neither intended nor technically possible. Following
early evaluation studieswith future paramedics[10], the system
was used with emergency physiciansto validate the transfer to
higher levels of expertise.

EPICSAVE VR Simulation Environment

For team training with 2 participants, the hardware equipment
consisted of 2 sets of VR glasses with integrated headphones
(head-mounted displays; HTC Vive Pro), 4 input devices (HTC
Controller) for the selection of menu itemsor for activating and
moving objects, and 2 PCs for controlling the smulation. The
interactions between the training participants were transmitted
to the VR in real time by means of a motion-tracking system
and were executed by their virtual representatives (avatars).
This enabled collaborative activities in the VR (eg, handing
over virtual equipment). The trainer monitored the actions of
the participants in the VR via the PC monitors (Figure 1).

beyond what can currently be represented by commercially
available high-fidelity simulators (Textbox 1). Intravenous
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infusions or oxygen supplies emptied in real time according to
the selected settings. The control of vital parameters and
symptom characteristics could either be automated by the trainer
using so-called presets or exercised “manually” via an

Textbox 1. Symptom characteristics and measures of the virtual patient.

Lerner et al

easy-to-use editor. At the time the evaluation was performed,
the VP was not yet equipped with language recognition and
output, which is why answers from the VP were provided by
the trainer off-screen.

Controllable symptom characteristics of the virtual patient

«  Psychomotor condition

« Vital parameters (level of consciousness; respiratory rate, depth, and pattern; pulse rate and force; capillary refill time)

«  Pathological breathing sounds
«  Swelling of skin and mucous membranes

« Exanthema

« Urticaria
« Cyanosis
o  Perspiration

Diagnostic and therapeutic measures
«  Change of posture

e Undressing

«  Monitor-based measurements (el ectrocardiogram, noninvasive automatic blood pressure, pulse oximetry, temperature, blood glucose)

«  Clinica examination (inspection, pal pation, auscultation)
«  Administration of oxygen
« Application of infusions and medication (eg, inhalative, intravenous)

« Defibrillation

The VR system recorded the training sessions. Important
diagnostic steps or therapeutic interventions were automatically
recognized, displayed to the trainer in a window on their PC
monitor, and presented in chronological and systematic order
for the debriefing.

Sample and Study Design

Sample

The 18 participating emergency physicians (14 men, 4 women)
for the field study were recruited from the Clinic of
Anesthesiology of the Heidelberg University Hospital following
ahospital-internal written and verbal call for participation. The
mean age of the participantswas 36.6 years (SD 7.1 years). The
mean years of practical experiencewas 6.4 years (SD 7.1 years).
None of the participants had experience with ahighly immersive
VR simulation environment prior to training. They were

https://games.jmir.org/2020/3/e18822

informed about the specific emergency scenario within the
training session during the briefing phase. Exclusion and
discontinuation criteriafor participation in the one-group pretest
and posttest design study were VR sickness symptoms such as
discomfort, headache, or nausea.

Emergency Scenario

Thevirtual emergency scenario was anaphylaxisgrade 11 [11]
with shock, swelling of the upper and lower respiratory tract,
and skin symptomsin a5-year-old girl (VP) visiting an indoor
family amusement park (Figure 2). This clinical scenario was
chosen because studies have shown that the potentialy
life-saving epinephrine therapy prioritized in the guidelinesis
very often carried out too late or incorrectly in practice [12,13].
Furthermore, pediatric emergencies are associated with very
high levels of emotional stressfor emergency medical services
personnel [14].

JMIR Serious Games 2020 | vol. 8 | iss. 3 | €18822 | p.226
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

%

r *"Il\“\\ A

Training Session

The VR training was based on the basic principle of
simulation-based training [15]: briefing and VR familiarization
phase (approximately 20 minutes), training (approximately 20
minutes), and debriefing (approximately 15 minutes). Theteam
consisted of 2 physicians, while the concrete composition of
the team was random. The training session was led by a VR
system administrator and an experienced Advanced Life Support
and Crew Resource Management Training Instructor. The
central task during the training was to make a clinical decision
regarding working diagnosis and therapy using the widespread
Airway, Breathing, Circulation, Disability, Exposure (ABCDE)
method and SAMPLER (Signs/symptoms, Allergies,
Medication, Past medical history, Last meal, Events prior to
incident, Risk factors) scheme while obeying the principles of
effective teamwork and team communication. As part of the
debriefing phase, immediate feedback for each team was given
specifically on the working diagnosis, procedures for
communication and teamwork, and epinephrine dose
administered.

Data Collection

Measurement of Training Effectiveness

Perceived training effectiveness was measured with the Training
Evaluation Inventory (TEI), with the variable values ranging
from 1 to 5 [16]. In addition, pretest and posttest scores of
declarative and procedural knowledge were collected. The
knowledge test (see Multimedia Appendix 1) consisted of 20
multiple choice questions on declarative and procedura
knowledge regarding the current guidelines for prehospital
diagnosis and therapy of anaphylaxis[11], with a value range
of 0-20 according to the multiple-choice typology of Krebs[17].
The validity of the content was checked by 4 emergency
physicianswith clinical and teaching experience. A higher score
corresponds to a higher level of knowledge [17].

Measurement of Clinical Reasoning Skills

We integrated a checklist into the VR training system as an
internal embedded assessment system with the following
performance data: completeness, order, and time of the ABCDE
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method; time until the diagnostic decision was made; time until
the decision to administer adrenaline; and doses of adrenaline.
Not all performance parameters could be recorded automatically
due to technical problems with the VR tracking system.
Therefore, some data had to be entered manually during the
training. Unfortunately, we were unable to ensure that this
manually entered data was precise or recorded in a timely
manner. This poor reliability prevented us from using this
assessment data.

Measurement of Additional Variables Regarding Media
Use

The Igroup Presence Questionnaire (1PQ) was used to measure
the experience of presence, with the variable values ranging
from O to 6 [18]. The System Usahility Scale (SUS) was used
for measuring perceived usability, with the variable values
ranging from O to 100 [19]. Perceived CL was measured with
the scale by Klepsch and colleagues [20], with the variable
valuesranging from 0to 7. The scale measures different aspects
of cognitive load, namely intrinsic (ICL), extraneous (ECL),
and germane (GCL) cognitive load. The mean values for ICL
and GCL should normally be higher than those for ECL. The
ECL captures the extent to which trainees engage with
learning-irrelevant information during training [20]. VR sickness
was assessed with a single modified item from the Simulator
Sickness Questionnaire[21]. Theitem for assessing pretest and
posttest VR sickness consisted of the question: Do you feel
genera discomfort (eg, symptoms such as tiredness, headache,
nausea, dizziness, or difficulty with visual acuity)? The possible
values were: 0 (not at all), 1 (little), 2 (perceptible), and 3
(strong). Pretest and posttest intrinsic motivation was captured
with the Situational Motivation Scale (SIMS), with variable
values ranging from 4 to 28, where a higher score corresponds
to ahigher level of intrinsic motivation [22].

Once the participants had been briefed and their consent had
been obtained, the pretest was performed. Immediately after
the training, the posttest was performed. For the primary data
set of pretest data, see Multimedia Appendix 2; for the primary
data set of posttest data, see Multimedia Appendix 3.
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Data Analysis

The data were collected in pseudonymized form and analyzed
and stored in anonymized form. Bivariate and linear correlation
analyses were the primarily forms of analyses. Pretest and
posttest changes were assessed by means of the corresponding
significance tests in accordance with the methodological
literature. Regarding statistical and analysis software, SPSS
(version 19) and G*Power (version 3.1.9.2) were used. The
significance level for atypel error (o) was set at .05.

Ethics Approval and Consent to Participate

The study protocol was approved by the Ethics Commission of
the Medical Faculty of the University of Heidelberg, Germany
(no. S-646/2018).

Lerner et al

The participants were recruited from the Clinic of
Anesthesiology of the Heidelberg University Hospital following
a hospital-internal written call for participation. They were
informed in writing and orally, and their written consent was
obtained for the study and for publication of the study results.

Results

Training Effectiveness

Participant-assessed training effectiveness (TEI) resulted in a
mean score of 4.38 points (SD 0.41 points). The knowledge test
performed right after the conclusion of the training revealed a
small, nonsignificant increase in knowledge compared to the
baseline value (Table 1).

Table 1. Comparison of pretest and posttest knowledge test results (total score range, 0-20).

Sample Pretest, mean (SD) Posttest, mean (SD) Statistical comparison
t test P value? d beta
n=18 14.72 (1.74) 15.50 (1.77) t17=1.79 .09 0.42 .50
#Two-sided t test.

Variables of Media Use

Concerning the experience of presence (IPQ), the overall mean
score was 3.79 points (SD 0.56 points). In terms of the
relationship between the experience of presence (IPQ) and the
TEI subscales, a significant correlation was observed mainly
for the training effectiveness dimensions “Subjective
enjoyment,” “Perceived usefulness” and “Attitude towards
training” (Table 2).

The bivariate correlation analysis reveaed a large, significant
correlation between experience of presence (1PQ) and perceived
overal training effectiveness (TEI): r=.53, P=.01. In the linear
regression analysis, a comparably large effect could also be

seen: RP=.240, F, ,5=6.368, P=.02, f=.56.

Participant-assessed usability (SUS) resulted in a mean score
of 65.56 points (SD 14.54 paints). In terms of the relationship
between experience of presence (IPQ) and usability (SUS), a
significant correlation (r=.44, P=.03) was observed.

The assessment of CL yielded the following results for the
respective subdimensions: ICL (mean 3.75, SD 1.31), GCL
(mean 3.74, SD 1.36), and ECL (mean 4.39, SD 1.63).

The pretest (mean 0.44, SD 0.51) and posttest (mean 0.44, SD
0.86) scoresfor VR sickness (modified item from the Simul ator
Sickness Questionnaire) wereidentical. Only one person scored
his or her sickness as a 2 (perceptible), and one person scored
his or her sickness as a 3 (strong) after the training, but neither
of these participants had to stop the training because of VR
sickness.

Compared to the baseline value, intrinsic motivation (SIMS)
increased significantly after the training (Table 3).

The bivariate correlation analysis revealed a strong, significant
correlation between experience of presence (IPQ) and
situational, intrinsic motivation (SIMS) after the VR simulation
training: r=.62, P=.003. In the linear regression analysis, a
comparably high effect wasvisible: RP=.344, F, 1,=9.931, P=.01,
f=.72.

Table2. Correlations between the Igroup Presence Questionnaire (1PQ; total scorerange, 0-6) and Training Evaluation Inventory (TEI) subscales (total

score range, 1-5).

TEI subscales Mean SD r P value
a. Subjective enjoyment 4.67 0.40 43 .04
b. Perceived usefulness 4.25 0.69 .52 .01
c. Perceived difficulty 4,71 0.37 A1 .34
d. Subjective knowledge gain 3.76 0.75 .39 .06
e. Attitude towards training 4.43 0.47 54 .01
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Table 3. Pretest and posttest results of the Situational Motivation Scale (SIMS; total score range, 4-28).

Sample Pretest, mean (SD) Posttest, mean (SD) Statistical comparison
t test P value® d beta
n=18 20.18 (4.62) 22.39 (3.42) t17=2.60 .02 0.61 52
#Two-sided t test.
Discussion equation model to analyze the interrelationships between VR

Principal Findings

The highly immersive virtual simulation environment enables
dynamically changeable, redlistic, and 3D visualization of
different clinical environments and VPs from different
perspectives. To get initial insights into the potential for using
this VR system for simulation training, in thisfeasibility study,
we evauated the perceived training effectiveness and assessed
further media use variables. The results regarding TEl were
above average, meaning that the new VR training was not
perceived as inferior.

We observed a strong, significant correlation between
experience of presence and perceived training effectiveness.
The values measured by the 1PQ showed a rather high degree
of presence experience by the training participants. A high
experience of presence is highlighted in the literature as an
indicator of highly interactive media, an indicator of systematic
cognitive engagement with the contents of the virtual
environment, and an important predictor of experience-based
learning [6]. Thisimmersion potential allows decision making
and taking action without any of the disruptions or influences
that may affect traditional training situations[23]. Nevertheless,
the comparison between the pretest and posttest showed no
significant difference regarding the results of the knowledge
test, nor was there a significant correlation between the
experience of presence and the posttest resultsfor the knowledge
test.

In our study, we found a strong correlation between the
experience of presence and situational, intrinsic motivation. On
the one hand, this may be due to high covariance caused by the
novelty effect. On the other hand, a more recent study assumed
a strong influence of the experience of presence on
affective-emotional learning goals [8]. A comparison between
the pretest and posttest results showed that VR training led to
a significant increase in intrinsic motivation among the
participants.

The total mean score of the SUS was 65.56 points. According
to theinterpretation scheme of Bangor and colleagues[24], this
value corresponds to a sufficient to satisfactory rating. Some
users had problems particularly with real body movement,
caused by the VR headset cables. Wireless VR headsets, which
have become available in the meantime, will probably reduce
this problem in the future. In particular, the results for the
assessment of the CL dimensions showed a higher value for
ECL than for ICL or GCL. Thisis most likely due to usability
issues, which can lead to a kind of split attention effect when
trainees focus their attention on both the virtual and physical
worlds [25]. Makransky and Lilleholt [8] used a structural

https://games.jmir.org/2020/3/e18822

features, presence experience, usability, learning processes, and
learning results. In their analysis, they were able to show that
usability influences the presence experience as well as the
cognitive learning processes and therefore al so hasindirect and
direct influences on thelearning results. Thesefindingsindicate
which fields should be addressed in the future to achieve overall
improvement of the VR training system.

Limitations

Thisfeasibility study comprised asmall sample of experienced
emergency physicians who, by participating, expressed great
interest in innovative training methods. A cross-sectional,
one-group pretest-posttest design has many limitationsregarding
internal validity. Asthis VR simulation training was used only
in the context of afirst-time and one-timetest phase, the results
reported in this paper provide only a statement about this
specific training duration.

A comparison of our results with other, similar studies appears
problematic; due to the current variations in the configurations
of VR technol ogies and methods used in studies, no comparable
context of application could be referenced [26]. In addition, the
use of subjective assessments as the primary outcome variable
is associated with lower validity than the use of objective
variables [27,28]. Furthermore, in future studies, validated
assessment tools for nontechnical and clinical reasoning skills
should be used instead of knowledge tests, which only measure
declarative knowledge. These tools should take into
consideration the specificity of VR simulation (eg, as a VR
embedded assessment tool) [29].

Female participants were underrepresented in the sample, but
this correspondsto thelow percentage of women among German
emergency physicians[30,31]. Bangor and colleagues[32] were
able to show in an empirica study that there is no significant
connection between gender and SUS scale values. Saredakis
and colleagues [33] found no gender difference regarding VR
sickness when using head-mounted displays. Nevertheless, in
further studies, additional variables related to personality traits
of the media users should be included in the analysis. The
following variables should be considered: visual skills, cognitive
skills such as spatia intelligence, openness towards new
experiences, and immersive tendencies [34,35].

Conclusions

As in previous evaluation studies with paramedic trainees,
experienced emergency physicians assessed the virtual
simulation training similarly with regard to its perceived
effectiveness. In development projects where innovative
educational technologies are being designed and tested, it is
important to continuously measure the specific mediausefactors
in addition to the variables for determining training
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effectiveness. With respect to the further development of the negative influence on the experience of presence, CL, and
VR system, usability problemsor technical problemsshouldbe  performance [36-38]. In terms of research methodology,
resolved and analyzed in a more differentiated manner. follow-up studies with control groups and a longitudinal
Technological factors (eg, tracking, field of view, latency) that  crossover design should be initiated.

enable interactivity of the user in immersive VR have a strong

Acknowledgments

We thank our partners in the EPICSAVE project consortium and Priv. Doz. Dr. Jan Breckwoldt, Institute of Anesthesiology,
University Hospital Zurich, Switzerland, for the critical review of the manuscript. We also thank Sonnhild Namingha from
Fraunhofer |IESE for assistance in the tranglation of this paper. This work was carried out within the project EPICSAVE, which
was funded by the German Federal Ministry of Education and Research and by the European Union (European Social Fund, FKZ
01PD15004).

Authors Contributions

DL participated in study conception, data acquisition, data analysis, and writing of the manuscript. SM and MG participated in
study conception and dataacquisition. TL and JS participated in study conception, mediadesign, and the writing of the manuscript.
All authors read and approved the final manuscript.

Conflicts of Interest
DL, TL, and JSwereinvolved in the VR software devel opment process during the project EPICSAVE.

Multimedia Appendix 1
The knowledge test for pre- and posttest.
[DOCX File, 23 KB - games v8i3e18822 appl.docx ]

Multimedia Appendix 2
The primary data set of pretest data.
[XLSX File (Microsoft Excel File), 17 KB - games v8i3e18822 app2.xIsx ]

Multimedia Appendix 3
The primary data set of posttest data.
[XLSX File (Microsoft Excel File), 28 KB - games v8i3e18822 app3.xIsx ]

References

1.  Urban B, Lazarovici M, Sandmeyer B. Simulation in der Notfallmedizin- stationdre Simulation. In: St. Pierre M, Breuer
G, editors. Simulation in der Medizin: Grundlegende Konzepte - Klinische Anwendung. Heidelberg: Springer; 2018:309-335.

2. MarungH, Hohn M, Gréasner J, Adler J, Schlechtriemen T. NASIM 25 —an option to improve emergency physician training.
Notfall Rettungsmed 2016 Jul 14;19(7):548-553 German. [doi: 10.1007/s10049-016-0204-3]

3. Armbruster W, Kubulus D, Schlechtriemen T, Adler J, Hohn M, Schmidt D, et al. [Improvement of emergency physician
education through simulator training. Consideration on the basis of the model project "NASImSaar25"]. Anaesthesist 2014
Sep;63(8-9):691-696. [doi: 10.1007/s00101-014-2353-4] [Medline: 25056410]

4.  McGrath JL, Taekman JM, Dev B, Danforth DR, Mohan D, Kman N, et al. Using Virtual Reality Simulation Environments
to Assess Competence for Emergency Medicine Learners. Acad Emerg Med 2018 Feb;25(2):186-195 [FREE Full text]
[doi: 10.1111/acem.13308] [Medline: 28888070]

5. Kyaw BM, Saxena N, Posadzki P, Vseteckova J, Nikolaou CK, George PP, et al. Virtual Reality for Health Professions
Education: Systematic Review and Meta-Analysis by the Digital Health Education Collaboration. JMed Internet Res 2019
Jan 22;21(1):e12959 [FREE Full text] [doi: 10.2196/12959] [Medline: 30668519]

6. Mantovani F, Castelnuovo G. Sense of Presencein Virtual Training: Enhancing Skills Acquisition and Transfer of Knowledge
through Learning Experiencein Virtual Environments. In: RivaG, DavideF, ljsselsteijn W, editors. Being There - Concepts,
Effects And Measurements Of User Presence In Synthetic Environments. Amsterdam, Oxford: 10S; Jan 01, 2003:167-182.

7.  Radianti J, Mgjchrzak TA, Fromm J, Wohlgenannt I. A systematic review of immersive virtual reality applications for
higher education: Design elements, lessons |earned, and research agenda. Computers & Education 2020 Apr;147:103778.
[doi: 10.1016/j.compedu.2019.103778]

8.  Makransky G, Lilleholt L. A structural equation modeling investigation of the emotional value of immersive virtual reality
in education. Education Tech Research Dev 2018 Feb 22;66(5):1141-1164. [doi: 10.1007/s11423-018-9581-2]

https://games.jmir.org/2020/3/€18822 JMIR Serious Games 2020 | vol. 8 | iss. 3| e18822 | p.230
(page number not for citation purposes)


games_v8i3e18822_app1.docx
games_v8i3e18822_app1.docx
games_v8i3e18822_app2.xlsx
games_v8i3e18822_app2.xlsx
games_v8i3e18822_app3.xlsx
games_v8i3e18822_app3.xlsx
http://dx.doi.org/10.1007/s10049-016-0204-3
http://dx.doi.org/10.1007/s00101-014-2353-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25056410&dopt=Abstract
https://doi.org/10.1111/acem.13308
http://dx.doi.org/10.1111/acem.13308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28888070&dopt=Abstract
https://www.jmir.org/2019/1/e12959/
http://dx.doi.org/10.2196/12959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30668519&dopt=Abstract
http://dx.doi.org/10.1016/j.compedu.2019.103778
http://dx.doi.org/10.1007/s11423-018-9581-2
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Lerner et a

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Kononowicz AA, Zary N, Edelbring S, Corral J, Hege . Virtual patients--what are we talking about? A framework to
classify the meanings of the term in healthcare education. BMC Med Educ 2015 Feb 01;15:11 [FREE Full text] [doi:
10.1186/s12909-015-0296-3] [Medline: 25638167]

Lerner D, Pranghofer J, Franke A. The impact of presence experience on learning and training effectsin avirtua reality
simulation environment. Padagogik der Gesundheitsberufe 2020;7(1):23-31 German. [doi: 10.24406/fordatis/6]

Ring J, Beyer K, Biedermann T, Bircher A, Duda D, Fischer J, et al. Guideline for acute therapy and management of
anaphylaxis: S2 Guideline of the German Society for Allergology and Clinical Immunology (DGAKI), the Association of
German Allergologists (AeDA), the Society of Pediatric Allergy and Environmental Medicine (GPA), the German Academy
of Allergology and Environmental Medicine (DAAU), the German Professional Association of Pediatricians (BVKJ), the
Austrian Society for Allergology and Immunology (OGALI), the Swiss Society for Allergy and Immunology (SGAI), the
German Society of Anaesthesiology and Intensive Care Medicine (DGALI), the German Society of Pharmacology (DGP),
the German Society for Psychosomatic Medicine (DGPM), the German Working Group of Anaphylaxis Training and
Education (AGATE) and the patient organization German Allergy and Asthma Association (DAAB). Allergo J Int
2014;23(3):96-112 [FREE Full text] [doi: 10.1007/s40629-014-0009-1] [Medline: 26120521]

Sclar DA, Lieberman PL. Anaphylaxis: underdiagnosed, underreported, and undertreated. Am J Med 2014 Jan;127(1
Suppl): S1-S5. [doi: 10.1016/j.amjmed.2013.09.007] [Medline: 24384132]

Carrillo E, Hern HG, Barger J. Prehospital Administration of Epinephrine in Pediatric Anaphylaxis. Prehosp Emerg Care
2016;20(2):239-244. [doi: 10.3109/10903127.2015.1086843] [Medline: 26555274]

Bernhard M, Aul A, Helm M, Mutzbauer T, Kirsch J, Brenner T, et a. Invasive Notfalltechniken in der Notfallmedizin.
Notfall Rettungsmed 2008 Jul 11;11(5):304-309 German. [doi: 10.1007/s10049-008-1037-5]

Gaba DM. The future vision of simulation in health care. Qual Saf Health Care 2004 Oct;13 Suppl 1:i2-10 [FREE Full
text] [doi: 10.1136/ghc.13.suppl_1.i2] [Medline: 15465951]

Ritzmann S, Hagemann V, Kluge A. The Training Evaluation Inventory (TEI) - Evaluation of Training Design and
Measurement of Training Outcomes for Predicting Training Success. Vocations and Learning 2013 Sep 3;7(1):41-73. [doi:
10.1007/s12186-013-9106-4]

Krebs R. Instructions for the Development of Multiple-Choice Questions and Tests in Medical Education.
https://www.iml.unibe.ch/themen/uebersi chten/artikel /wie-mc-fragen-pruefungsreif-werden. Bern, Switzerland: Institute
for Medical Education, University of Bern, Switzerland; 2014. URL: https://www.iml.unibe.ch/attachment/7/downl oad/
mc_anleitung.pdf [accessed 2020-07-07]

Schubert T, Friedmann F, Regenbrecht H. The Experience of Presence: Factor Analytic Insights. Presence: Teleoperators
and Virtual Environments 2001 Jun;10(3):266-281. [doi: 10.1162/105474601300343603]

Brooke J. SUS. In: Jordan PW, Thomas B, McClelland IL, Weerdmeester B, editors. Usability evaluation in industry.
London: Taylor & Francis; 1996:189-194.

Klepsch M, Schmitz F, Seufert T. Development and Validation of Two Instruments Measuring Intrinsic, Extraneous, and
Germane Cognitive Load. Front Psychol 2017;8:1997 [FREE Full text] [doi: 10.3389/fpsyg.2017.01997] [Medline: 29201011]
Kennedy RS, Lane NE, Berbaum K, Lilienthal MG. Simulator Sickness Questionnaire: An Enhanced Method for Quantifying
Simulator Sickness. The International Journal of Aviation Psychology 1993 Jul;3(3):203-220. [doi:
10.1207/s15327108ijap0303_3]

Guay F, Valerand RJ, Blanchard C. On the Assessment of Situational Intrinsic and Extrinsic Motivation: The Situational
Motivation Scale (SIMS). Motivation and Emotion 2000 Sep;24(03):175-213 [FREE Full text] [doi:
10.1023/A:1005614228250]

Winn W, Jackson R. Fourteen Propositions about Educational uses of Virtual Reality. Educational Technology
1999;39(4):5-14.

Bangor A, Kortum P, Miller J. Determining what individual SUS scores mean: Adding an adjective rating scale. Journal
of Usability Studies 2009;4(3):114-123 [FREE Full text]

van der Land S, Schouten AP, Feldberg F, van den Hooff B, Huysman M. Lost in space? Cognitive fit and cognitive load
in 3D virtual environments. Computersin Human Behavior 2013 May;29(3):1054-1064. [doi: 10.1016/j.chb.2012.09.006]
Jensen L, Konradsen F. A review of the use of virtual reality head-mounted displays in education and training. Educ Inf
Technol 2017 Nov 25;23(4):1515-1529 [FREE Full text] [doi: 10.1007/s10639-017-9676-0]

von Wendt CEA, Niemi-Murola L. Simulation in Interprofessional Clinical Education: Exploring Validated Nontechnical
Skills Measurement Tools. Simul Healthc 2018 Apr;13(2):131-138. [doi: 10.1097/SIH.0000000000000261] [Medline:
29117089]

Chauvin A, Truchot J, Bafeta A, Pateron D, Plaisance P, Yordanov Y. Randomized controlled trials of simulation-based
interventions in Emergency Medicine: a methodological review. Intern Emerg Med 2018 Apr;13(3):433-444 [EREE Full
text] [doi: 10.1007/s11739-017-1770-1] [Medline: 29147942]

Bracq M, Michinov E, Jannin P. Virtual Reality Simulation in Nontechnical Skills Training for Healthcare Professionals:
A Systematic Review. Simul Healthc 2019 Jun;14(3):188-194 [FREE Full text] [doi: 10.1097/SIH.0000000000000347]
[Medline: 30601464]

https://games.jmir.org/2020/3/€18822 JMIR Serious Games 2020 | vol. 8 | iss. 3| e18822 | p.231

(page number not for citation purposes)


https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-015-0296-3
http://dx.doi.org/10.1186/s12909-015-0296-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25638167&dopt=Abstract
http://dx.doi.org/10.24406/fordatis/6
http://europepmc.org/abstract/MED/26120521
http://dx.doi.org/10.1007/s40629-014-0009-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26120521&dopt=Abstract
http://dx.doi.org/10.1016/j.amjmed.2013.09.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24384132&dopt=Abstract
http://dx.doi.org/10.3109/10903127.2015.1086843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26555274&dopt=Abstract
http://dx.doi.org/10.1007/s10049-008-1037-5
http://qhc.bmj.com/cgi/pmidlookup?view=long&pmid=15465951
http://qhc.bmj.com/cgi/pmidlookup?view=long&pmid=15465951
http://dx.doi.org/10.1136/qhc.13.suppl_1.i2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15465951&dopt=Abstract
http://dx.doi.org/10.1007/s12186-013-9106-4
https://www.iml.unibe.ch/attachment/7/download/mc_anleitung.pdf
https://www.iml.unibe.ch/attachment/7/download/mc_anleitung.pdf
http://dx.doi.org/10.1162/105474601300343603
https://doi.org/10.3389/fpsyg.2017.01997
http://dx.doi.org/10.3389/fpsyg.2017.01997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29201011&dopt=Abstract
http://dx.doi.org/10.1207/s15327108ijap0303_3
https://link.springer.com/content/pdf/10.1023/A:1005614228250.pdf
http://dx.doi.org/10.1023/A:1005614228250
https://uxpajournal.org/wp-content/uploads/sites/8/pdf/JUS_Bangor_May2009.pdf
http://dx.doi.org/10.1016/j.chb.2012.09.006
https://link.springer.com/article/10.1007%2Fs10639-017-9676-0
http://dx.doi.org/10.1007/s10639-017-9676-0
http://dx.doi.org/10.1097/SIH.0000000000000261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29117089&dopt=Abstract
https://link.springer.com/article/10.1007%2Fs11739-017-1770-1
https://link.springer.com/article/10.1007%2Fs11739-017-1770-1
http://dx.doi.org/10.1007/s11739-017-1770-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29147942&dopt=Abstract
https://hal-univ-rennes1.archives-ouvertes.fr/hal-01980000/document
http://dx.doi.org/10.1097/SIH.0000000000000347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30601464&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Lerner et a

30.

31.

32.

33.

35.

36.

37.

38.

Luiz T, Jung J, Flick S. [Quo vadis, preclinical emergency physician?: results of a survey of emergency medical services
in Rhineland-Palatinate (Germany)]. Anaesthesist 2014 Apr;63(4):294-302. [doi: 10.1007/s00101-014-2309-8] [Medline:
24595443]

Iper H, Kunz T, Walcher F, Zacharowski K, Byhahn C. [An online emergency physician survey - demography, education
and experience of German emergency physicians]. Dtsch Med Wochenschr 2013 Apr;138(17):880-885. [doi:
10.1055/s-0033-1343128] [Medline: 23592344]

Bangor A, Kortum PT, Miller JT. An Empirical Evaluation of the System Usability Scale. International Journal of
Human-Computer Interaction 2008 Jul 30;24(6):574-594. [doi: 10.1080/10447310802205776]

Saredakis D, Szpak A, Birckhead B, Keage HAD, Rizzo A, Loetscher T. Factors Associated With Virtual Reality Sickness
in Head-Mounted Displays: A Systematic Review and Meta-Analysis. Front Hum Neurosci 2020;14:96 [EREE Full text]
[doi: 10.3389/fnhum.2020.00096] [Medline: 32300295]

Wallach HS, Safir MP, Samana R. Personality variables and presence. Virtual Reality 2009 Jul 1;14(1):3-13 [FREE Full
text] [doi: 10.1007/s10055-009-0124-3]

Ling Y, NefsHT, Brinkman W, Qu C, Heynderickx I. The relationship between individual characteristics and experienced
presence. Computers in Human Behavior 2013 Jul;29(4):1519-1530 [FREE Full text] [doi: 10.1016/j.chb.2012.12.010]
Cummings JJ, Bailenson JN. How Immersive Is Enough? A Meta-Analysis of the Effect of Immersive Technology on User
Presence. Media Psychology 2016;19(2):272-309. [doi: 10.1080/15213269.2015.1015740]

Wilson ML, Beadle SC, KinsellaAJ, Mattfeld RS, Hoover AW, Muth ER. Task performance in a head-mounted display:
The impacts of varying latency. Displays 2020 Jan;61:101930 [FREE Full text] [doi: 10.1016/].displa.2019.101930]
Frederiksen JG, Sarensen SMD, Konge L, Svendsen MBS, Nobel-Jargensen M, Bjerrum F, et al. Cognitive load and
performance in immersive virtual reality versus conventional virtual reality simulation training of laparoscopic surgery: a
randomized trial. Surg Endosc 2020 Mar;34(3):1244-1252 [FREE Full text] [doi: 10.1007/500464-019-06887-8] [Medline:
31172325]

Abbreviations

3D: 3-dimensional.

ABCDE: Airway, Breathing, Circulation, Disability, Exposure.

CL: cognitive load.

ECL: extraneous cognitive load.

EPICSAVE: Enhanced Paramedic Vocational Training with Serious Games and Virtual Environments.
GCL: germane cognitive load.

ICL: intrinsic cognitive load.

IPQ: Igroup Presence Questionnaire.

SAMPLER: Signs/symptoms, Allergies, Medication, Past medical history, Last meal, Events prior to incident,
Risk factors.

SIMS: Situational Motivation Scale.

SUS: System Usahility Scale.

TEI: Training Evaluation Inventory.

VP: virtual patient.

VR: virtual redlity.

Edited by G Eysenbach; submitted 21.03.20; peer-reviewed by A Kononowicz, SJung; comments to author 20.04.20; revised version
received 28.05.20; accepted 11.06.20; published 31.07.20.

Please cite as:

Lerner D, Mohr S, Schild J, Goring M, Luiz T

An Immersive Multi-User Virtual Reality for Emergency Smulation Training: Usability Sudy
JMIR Serious Games 2020; 8(3):€18822

URL: https.//games.jmir.org/2020/3/€18822

doi:10.2196/18822

PMID: 32735548

©Dieter Lerner, Stefan Mohr, Jonas Schild, Martin Goring, Thomas Luiz. Originaly published in IMIR Serious Games
(http://games.jmir.org), 31.07.2020. Thisis an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in IMIR Serious Games, is properly cited. The complete bibliographic

https://games.jmir.org/2020/3/€18822 JMIR Serious Games 2020 | vol. 8 | iss. 3| e18822 | p.232

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1007/s00101-014-2309-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24595443&dopt=Abstract
http://dx.doi.org/10.1055/s-0033-1343128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23592344&dopt=Abstract
http://dx.doi.org/10.1080/10447310802205776
https://doi.org/10.3389/fnhum.2020.00096
http://dx.doi.org/10.3389/fnhum.2020.00096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32300295&dopt=Abstract
https://link.springer.com/article/10.1007/s10055-009-0124-3
https://link.springer.com/article/10.1007/s10055-009-0124-3
http://dx.doi.org/10.1007/s10055-009-0124-3
https://www.researchgate.net/publication/235963611_The_relationship_between_individual_characteristics_and_experienced_presence
http://dx.doi.org/10.1016/j.chb.2012.12.010
http://dx.doi.org/10.1080/15213269.2015.1015740
https://reader.elsevier.com/reader/sd/pii/S0141938219300630?token=EF365990BB75CF5D98624847E1860948B2205C3AEF8969895D6594B80FF9409956026DEA190E867293F3366E37629425
http://dx.doi.org/10.1016/j.displa.2019.101930
https://link.springer.com/article/10.1007/s00464-019-06887-8
http://dx.doi.org/10.1007/s00464-019-06887-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31172325&dopt=Abstract
https://games.jmir.org/2020/3/e18822
http://dx.doi.org/10.2196/18822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32735548&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Lerner et a

information, alink to the original publication on http://games.jmir.org, as well as this copyright and license information must be
included.

https://games.jmir.org/2020/3/€18822 JMIR Serious Games 2020 | vol. 8 | iss. 3| e18822 | p.233
(page number not for citation purposes)

RenderX


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

JMIR SERIOUS GAMES Vermeir et &

Original Paper

The Effects of Gamification on Computerized Cognitive Training:
Systematic Review and Meta-Analysis

Julie F Vermeir', BBehSc (Hons); Melanie J White', PhD; Daniel Johnson?, PhD; Geert Crombez®, PhD; Dimitri M
L Van Ryckeghem®*°, PhD

1school of Psychology and Counselling, Institute of Health and Biomedical Innovation, Queensland University of Technology, Brisbane, Australia
2Science and Engineering Faculty, Queensland University of Technology, Brisbane, Australia

3Department of Experimental Clinical and Health Psychology, Ghent University, Ghent, Belgium

4Department of Clinical Psychological Science, Maastricht University, Maastricht, Netherlands

5Department of Behavioural and Cognitive Sciences, University of Luxembourg, Esch-sur-Alzette, L uxembourg

Corresponding Author:

Julie F Vermeir, BBehSc (Hons)
School of Psychology and Counselling
Intitute of Health and Biomedical Innovation
Queensland University of Technology
170 Victoria Park Road

Brisbane, 4059

Australia

Phone: 61 731384714

Fax: 61 731380486

Email: julie.vermeir@hdr.qut.edu.au

Abstract

Background: There hasbeen agrowing interest in the application of gamification (ie, the use of game elements) to computerized
cognitive training. The introduction of targeted gamification features to such tasks may increase motivation and engagement as
well asimproveintervention effects. However, it is possible that game el ements can al so have adverse effects on cognitive training
(eg, be adistraction), which can outweigh their potential motivational benefits. So far, little is known about the effectiveness of
such applications.

Objective: Thisstudy aimsto conduct a systematic review and meta-analysisto investigate the effect of gamification on process
outcomes (eg, mativation) and on changes in the training domain (eg, cognition), as well as to explore the role of potential
moderators.

Methods: We searched PsycINFO, Cumulative Index to Nursing and Allied Health Literature, ProQuest Psychology, Web of
Science, Scopus, PubMed, Science Direct, Excerpta M edica dataBA SE, Institute of Electrical and Electronics Engineers Xplore,
Association for Computing Machinery, and a range of gray-area literature databases. The searches included papers published
between 2008 and 2018. Meta-analyses were performed using a random-effects model.

Results: The systematic review identified 49 studies, of which 9 randomized controlled trialswereincluded in the meta-analysis.
The results of the review indicated that research in this context is still developing and lacks well-controlled empirical studies.
Gamification in cognitive training is applied to alarge range of age groups and audiences and is mostly delivered at aresearch
sitethrough computers. Rewards and feedback continue to dominate the gamification landscape, whereas social -oriented features
(eg, competition) are underused. The meta-analyses showed that gamified training tasks were more motivating/engaging (Hedges
0=0.72) and more demanding/difficult (Hedges g=—0.52) than non- or less-gamified tasks, whereas no effects on the training
domain were found. Furthermore, no variables moderated the impact of gamified training tasks. However, meta-analytic findings
were limited due to a small number of studies.

Conclusions: Overall, this review provides an overview of the existing research in the domain and provides evidence for the
effectiveness of gamification inimproving motivation/engagement in the context of cognitive training. We discuss the shortcomings
in the current literature and provide recommendations for future research.

(JMIR Serious Games 2020;8(3):€18644) doi:10.2196/18644
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Introduction

Background

Computer-based cognitive training typically involves systematic
practice on computerized tasks designed to improve cognitive
abilities, such as memory, attention, or processing speed [1].
Although reviews and meta-analyses have demonstrated that
such training can be beneficial in enhancing various cognitive
functions, interventions are limited by their repetitive and
time-consuming character [2,3]. Indeed, most often participants
are required to repeat similar training trials continuously over
multiple sessions across several weeks. Tasks are perceived as
monotonous and boring, which can lead to disengagement and
low completion and response rates[4,5]. Thisis particularly an
issue for cognitive research where program adherence is a
pertinent problem, with dropout rates often higher than 25%
[6,7]. Assuch, new techniquesto hel p increase task engagement
are now being developed [8,9].

There is a growing interest in the application of gamification
to computerized cognitive training tasks [10]. Gamification is
the use of digital game elements in nonentertainment settings
to increase motivation and engagement [10,11]. According to
self-determination theory (SDT) [12,13], which is one of the
most established theoretical frameworks within gamification
research [14], motivation is multidimensional and falls on a
continuum from intrinsic motivation through extrinsic
motivation to amotivation. Intrinsic motivation (performing an
activity for its inherent satisfaction) is a major factor for
long-term engagement and long-term behavior change[12,15],
whereas extrinsic motivation (performing an activity solely for
its outcome) is more useful when short-term engagement and
short-term changes are required [13,15]. Gamification aimsto
combine both types of motivation [16] by using game elements,
such as points, badges, game levels, and avatars [10,17].

Asthe concept of gamification isrelatively new [11], empirical
evidence regarding the effectiveness of gamified cognitive
training tasks is still emerging. The introduction of targeted
gamification featuresto such tasks may increase motivation and
engagement as well as improve intervention effects [18,19].
However, thereisal so the possibility for game elementsto have
adverse effects on cognitive training (eg, be adistraction), which
can outweigh their potential motivational benefits [8]. So far,
itisnot quite clear how and whether modifying these traditional
interventions influences motivation, engagement, and training
success. Rigorous evaluation of gamified cognitive training
tasks is necessary to help guide the design of future tasks,
applications, and randomized controlled trials (RCTS).

To our knowledge, thereis no meta-analysis of the quantitative
body of literature that has specificaly examined the
effectiveness of gamification applied to cognitive training, nor
a review that has examined the quality of evidence for the
efficacy of such interventions. However, there has been a
systematic review exploring how gamification has been used
for cognitive assessment and training purposes, which identified

https://games.jmir.org/2020/3/e18644

33 studies [10]. Although the aforementioned review offers
valuable insights into how cognitive tasks have been gamified,
the quality of evidence provided by the studieswas not assessed.
Furthermore, the use of gamification in health interventions is
arapidly growing field, especially at a time when there is an
increased usage of smart mobile technology, which makes
gamified interventions potentially more accessible and appesling
[17]. It istherefore timely to conduct an in-depth review of the
literature and to provide a meta-analytic synthesis combining
all evidence on the effectiveness of gamified cognitive training
tasks. Findings from this review may have important
implications for technological development, clinical practice,
and future research.

Aims and Objectives

This review was divided into 2 parts. The first part was a
comprehensive state-of-the-art review on gamification of
cognitive training tasks with the following objectives. (1)
determine the types of audiences and age groupsthat have been
investigated; (2) determine the cognitive domains that have
been targeted; (3) describe the various forms in which
gamification has been applied (eg, type of game elements and
theories used); and (4) establish the methodological quality of
available studies. The second part is a meta-analysis of the
effectiveness of gamification (assessed through RCT studies)
applied to cognitive training with the following objectives: (1)
assess the impact of gamification on process outcomes (ie,
motivation, engagement, flow, immersion, demand, difficulty,
and feasibility); (2) assesstheimpact of gamification on changes
in the training domain (ie, cognitive process and clinical
outcomes); and (3) explore possible moderators.

Methods

Protocol and Registration

This systematic review and meta-analysis were conducted and
reported in accordance with the Preferred Reporting Items for
Systematic and Meta-Analyses guidelines [20]. Furthermore,
the protocol was preregistered in the International Prospective
Register of Systematic Reviews (PROSPERO registration
number CRD42018082309).

Definition and Operationalization of Key Constructs

Gamification was defined and operationalized as the use of
digital game elements (eg, points, avatars) in nonentertainment
settings to increase motivation and engagement [10,11]. This
definition allowsthe differentiation of gamification from serious
games[11,21]. Seriousgamesemploy full-fledged gameswithin
nongame contexts (eg, an interactive world in which players
complete challenges designed to improve physical activity),
whereas gamification uses elements or individual features of a
game embedded in real-world contexts (eg, a mobile health
application that uses points and badges to encourage physical
activity). In practice, however, the actual distinction between
the two can be blurry and highly subjective [21]. Asaresult, a
cautious approach was undertaken in which edge cases were
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discussed among the authors (JVv, DJ, and MW) and resolved
by consensus.

Cognitive training was defined and operationalized as training
of mental processesinvolving attention (eg, selective attention),
memory (eg, working memory), executive functioning (eg,
planning, inhibition, mental flexibility), decision making,
processing speed, and perception (including visual, auditory,
and tactile perception).

Search Strategy

Electronic searches were performed between February 14 and
18, 2018. The following €electronic databases were included in
this review, which were identified as relevant to psychology,
health, socia science, and information technology: (1)
PsycINFO (viaEBSCOhost); (2) Cumulative Index to Nursing
and Allied Health Literature (CINAHL; via EBSCOhost); (3)
ProQuest Psychology; (4) Web of Science; (5) Scopus; (6)
PubMed; (7) Science Direct; (8) Excerpta Medica dataBA SE
(EMBASE); (9) Institute of Electrical and Electronics Engineers
(IEEE) Xplore; (10) Association for Computing Machinery
(ACM); and (11) arange of gray-area literature databases. A
complementary manual search of the reference lists of eligible
records and relevant published reviews was also conducted to
locate studies not identified in the database searches.

The search terms that we used included terms for gamification
in conjunction with terms for cognitive training. Given that
gamification was defined and operationalized as the use of
digital game elements in nonentertainment settings to increase
motivation and engagement [10,11], it was decided to include
the term (and variants of the term) game elementsin the search.
This was necessary to capture research that identifies with the
literature of gamification but labelsit as serious game or games
with apurpose rather than gamification. For each database, fulll
and truncated search termsrel ating to gamification (eg, gamif*,
game element*), cognition (eg, cognit*, mental process*), and
training (eg, train*, intervention*) were used (see Multimedia
Appendix 1 for further details on the search strategy). No
limiters were applied at this stage.

Selection Criteria

For the systematic review, studies were selected if they met the
following inclusion criteria:

1 Origina empirical research that explicitly refers to
gamification, the gamification literature, or the use of game
elements. This does not include review papers such as
narrative reviews, systematic reviews, or meta-analyses.

2. Peer-reviewed documents (eg, published papers, doctoral
theses, study protocols, conference papers).

3. Thefull text isavailable in published or unpublished form.
This does not include extended abstracts, tutorials, posters,
editorials, and letters.

4. A task specifically designed to train or modify cognition
as defined earlier. This includes the full range of
intervention contexts (eg, health, education, rehabilitation).
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5. Cognitivetraining tasksfor which at |east one game element
(eg, points, avatars) has been added. This does not include
studies that reported on persuasive games, Sserious games,
or full-fledged games (eg, video games).

6. Cognitive training tasks are delivered via a digital device
(eg, persona computers, laptops, tablets, smartphones,
virtual reality headsets).

7. Studies report on at least one outcome related to process
(eg, motivation, engagement) or to changesin the training
domain (eg, cognition, affect), measured through self-report
(eg, questionnaire) and/or objective (eg, dropout rate)
measurement methods.

8. Thefull text is available in English (though research may
not necessarily be conducted in English).

For meta-analysis, some additional inclusion criteria were
formulated to ensure that studies have aminimal methodological
quality. The studies included in the meta-analysis are a subset
of the studies included in the systematic review. Additional
inclusion criteriafor the meta-analysis were as follows:

1. Studiesreport the effect of (at |east) two cognitive training
tasks that are similar to each other except for the
implementation of gamification features.

2. The study design consisted of an RCT in which 2 groups
performed a cognitive training task. Studies were excluded
if they only reported a single-group pre-post design.

Study Selection

Owing to the lack of consensus regarding the definition of
gamification, we erred on the side of caution and did not exclude
documents based on whether they used terms such as persuasive
games, serious games, video games, computer-based, and games
with a purpose. Records were selected if they were considered
relevant based on our inclusion criteriaand on whether at least
two authors reached consensus for inclusion.

Figure 1 shows the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses flowchart for the selection of
included records in the systematic review and meta-analysis.
After merging search results across databases (N=1488) using
Endnote X8 citation management software, thefirst author (JV)
removed duplicates and screened the remaining records
(n=1069) by both title and abstract according to the prespecified
eigibility criteria. If it was not possible to determine the
eigibility of arecord from the title and abstract, the full-text
record was obtained. Full-text records (n=170) were retrieved
and evaluated against the inclusion criteria (JV). To check the
reliability of the process, a second author (MW, DJ, or DV)
assessed 20% of the selected full-text records, which resulted
in no disagreement. A total of 47 records, reporting on 49
independent studies, were included in the systematic review
(Part 1). Of these, 9 records, reporting on 9 independent studies,
were suitable for a meta-analysis (Part 2). The list of eligible
records was sent to expertsin thefield of cognitive psychology
who were asked to identify further eligible studies, and no
relevant records were added. Review authors were not blinded
to the authorship, institution, journal, or results.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart of the study selection process.

—

Data Extraction Strategy

Data across all included studies were extracted into a prepared
Microsoft Access form, which was developed specifically for
this review. The data extraction form was piloted on a random
sample of studies before being finalized. Two authors (JV and
DV) independently extracted and coded the data from the
included studies. Any disagreement or ambiguity was resolved
by discussion and consensus, and when necessary, a third
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reviewer (MW, DJ, or GC) was consulted. For the meta-analysis,
the corresponding author of each publication was contacted via
email for further information when datawere missing or unclear.
In addition, the authors were invited to comment on the coding
and data extraction of their study. When the requested
information was not provided, or could not be provided, this
was coded as incompl ete data, and this study was not included
in the meta-analyses incorporating this variable. After coding,
outcome data for the meta-analysis were extracted and inputted
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into the Comprehensive Meta-Analysis(CMA) software, version
3.3.070 (Biostat Inc).

Coding System and Coding Decisions

Every study was coded in terms of study and sample
characteristics, intervention characteristics, outcome variables,
and methodological quality. For the meta-analysis, additional
datawere extracted, and several potentially relevant moderating
variables were coded.

Study and Sample Characteristics

For study characteristics, we provided each study and each
outcome within the study with an identification humber (eg,
study 1D1.1, outcome 1D1). We then coded the publication
channdl (published article, doctoral thesis, or conference paper),
year of publication, first author's country of publication,
experimental design (between-subject design, single-group
design, or case study design), and the number and description
of groups. Additional information, such as bibliographic
reference and email address of the corresponding author, was
also extracted.

Vermeir et al

For sample characteristics, we coded the overall sample size,
the mean age of the sample, proportion of females, and type of
participants (eg, trait-anxious adults). For each study included
in the meta-analysis, we additionally coded the sample size,
mean age of the participants, proportion of females, and sample
sizeused for analyses (ie, n for each outcome) in each condition.

I ntervention Characteristics

For intervention characteristics, we coded the domain of
cognitive training (eg, memory), name of the training task (eg,
n-back task), name of the gamified training task (eg, Shots
Game), study training length, follow-up(s) after training, number
of training sessions, session frequency, average session length
(minutes), number of trials per session, type of stimuli used,
task delivery location (eg, home), the modality of delivery (eg,
tablet), and theory used to apply gamification (eg, SDT). Game
elements were coded using a combination of the systems
provided by Johnson et a [17], Lumsden et al [10], and Sardi
et a [22] (Textbox 1).

Textbox 1. Game elements (adapted from Johnson et al [17], Lumsden et al [10], and Sardi et al [22]) and their descriptions.

Avatar
Visual representation of the user
Challenge

Competition

Difficulty adjustment

difficulty)
Feedback loops

Levels

Progress (task-related)

Rewards

Social interaction
Usersinteract with other users

Sound effects

Story/theme

Users are required to overcome a challenge by introducing some pressures (eg, time limit, lives) to keep them interested in the gamified system

Users compete against other users. This can be achieved by using, for example, leaderboards

Difficulty is adjusted to the users' ability either automatically (known as dynamic difficulty adjustment) or manually (eg, users can select the level of

Composed of 2 or more steps. Users perform an action, receive gamified/playful feedback about their performance, and with this information can
modify their behavior. Feedback |oops can be positive (ie, amplifies an action) or negative (ie, reduces an action), and feedback can be provided at
different timings (immediate or delayed) and through different delivery methods (eg, visual, auditory)

Visual indicators that inform users about their completed intermediate goals

Visual features that inform users about their progression throughout the gamified system (eg, progress bar, a graphical completion chart)

Indicators such as points (a numerical measure that quantifies users’ participation and performance), badges (visual token of achievements), and other
digital rewards (eg, coins, virtual money) are allocated to users for accomplishing certain tasks

Noises used to enhance the experience (eg, music background) or to reinforce a specific action (eg, buzz sound for incorrect response)

Graphics or text linked together within the gamified system to enhance the experience or to give meaning to tasks (also known as meaningful stories)
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Outcome Variables

For the systematic review, study outcome(s) and measurement
instruments used for assessing these outcomes were extracted
for each study. For the meta-analysis, some additional data
extraction and coding decisions were made. In particular, we
decided to take a more refined approach to the categorization
of outcomes stated in the study protocol (CRD42018082309).
Process-related outcomes  were  categorized as
motivation/engagement (including interest and enjoyment),
flow/immersion, demand/difficulty, and feasibility (including
ease of use and task clarity). Training domain—related outcomes
were categorized as a cognitive process (eg, alcohol attentional
bias, working memory) and clinical outcomes (eg, acohol use,
psychiatric symptoms). This final categorization was based on
consensus discussions among the authors of this paper, who
have research expertisein the field of gamification and cognitive
psychology. To calculate effect sizesfor each of these outcomes,
we opted to use only the posttraining data (ie, means, standard
deviations) rather than change scores (ie, the difference between
pre- and posttraining data). This approach reduces the risk of
selective reporting [23,24]. Next, categorical process variables
having morethan two categories [ 25] were recoded into dummy
variables, with 0 asthe | ess desirable outcome for gamification
and 1 as the more desirable outcome for gamification. Finally,
when astudy reported results of subgroupsinstead of the overall
resultsfor agroup of interest, we cal cul ated the combined effect
size using the available formulain the Cochrane Handbook [ 23]
and imputed the pooled mean and standard deviation in the
meta-analysis.

Quality Assessment of Included Studies

For the systematic review (Part 1), we assessed the
methodological quality of each study using aquality assessment
tool specifically designed for thisreview. Judgments of external
validity were based on the description of the setting and/or
location of the study and the description of the gamified task,
both coded either as adequate or not adequate. The first item
was coded as adequateif the study provided descriptions of the
following features: (1) setting where participantswere recruited
(eg, general population); (2) type of participants (eg,
undergraduates of university); and (3) location where the study
took place (eg, laboratory). The second item was coded as
adequate if the study provided at least a description of the
following features: (1) the number of trials or duration of the
task; (2) type of response required during the task (eg, indicate
whether the arrow is pointing to the left or the right); and (3)
game elements used (described using a picture or text). The
criteria for internal validity were related to the description of
blinding of participants (blinding of participants, no blinding
of participants, or unclear) and personnel (blinding of personnel,
no blinding of personnel, or unclear), and the inclusion of a
comparison control condition (yes or no). Judgmentswere made
by 2 authors (JV and DV) independently, and a consensus was
reached for existing discrepancies through discussion.

For the meta-andysis (Part 2), we used the Cochrane
Collaboration risk of bias tool as described in the Cochrane
Handbook for Systematic Reviews of Interventions [26]. The
tool covers5 biases: selection bias (random sequence generation
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and alocation concealment), performance bias (blinding of
participants and personnel), detection bias for each outcome
separately (blinding of outcome assessment), attrition bias
(incomplete outcome data), and selective outcome reporting
bias. Therisk of biasfor each domain was then judged as either
low risk, highrisk, or unclear risk. Judgments were made by 2
authors (JV and DV) independently, using the criteria for
assessing the potential risk of bias [26]. The consensus was
reached for al discrepancies through discussion.

Coding of Moderators (Meta-Analysis)

The present meta-analysis examined several samples,
intervention, and study characteristics as potential moderators
of the effects of gamification on outcomes related to process
and changes in the training domain. Specifically, because
research has shown that there may be age differences in
perceived benefits from the use of gamification [27], we
investigated age groups (children and adolescents: mean age
<18 years or adults: mean age =18 years) as a potential
moderator. In addition, we investigated cognitive domain
targeted and population targeted (low-risk group or high-risk
group) as potential moderators. Studies coded with participants
in the high-risk group include at-risk participants such as the
elderly, people with specific health issues (eg, patients with
gliomas), or people sel ected because of greater health risks (eg,
heavily drinking students), whereas studies coded with
participants in the low-risk group included participants who
were not presel ected due to health risks (eg, university students,
primary school children). With regard to study characteristics,
we examined the number of training sessions. The question can
be raised whether one session is enough to see changesin the
training domain targeted. Gamification can add complexity to
the training environment, and game elements may initialy
distract participants from the core task [8]. Thus, it is possible
that training effects occur only after multiple training sessions
in which participants become familiar with the gamified
environment. In contrast, motivation and excitement may be
high inthefirst few sessions but decline over time when novelty
decreases[22].

Finally, we explored gamification elements (ie, number and
type of game elements) as potential moderators. Similar to
Koivisto and Hamari [28], game elements were grouped based
on their type into the following: achievement and
progression-oriented (rewards, challenge, gamelevel, progress,
difficulty adjustment, feedback loops); social-oriented
(competition, social interaction); or immersion-oriented (avatar,
story/theme, sound effects). This decision was made due to
studies using different combinations of game el ements, making
the analysis of individual game elements unfeasible.

Meta-Analytic Procedures

To investigate the effectiveness of gamification applied to
cognitive training tasks, 2 separate sets of meta-analyses were
conducted. The first set assessed the impact of gamification on
process-related outcomes (ie, motivation, engagement, flow,
immersion, demand, difficulty, and feasibility) and variables
moderating this relationship. The second set of meta-analyses
explored the effects of gamification on changes in the training

JMIR Serious Games 2020 | vol. 8 | iss. 3 | €18644 | p.239
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

domain (ie, cognitive process and clinical outcomes) and
variables moderating this relationship.

A random-effects model was chosen to combine effect sizes
from different studies. We used Hedges g, which corrects for
small sample sizes, to calculate effect sizes for outcome data
based on posttraining means and standard deviations [29]. A
negative or positive Hedges g (significant at P<.05) indicated
that the gamified condition performed more poorly or better
than the control condition (ie, anon- or less- gamified version),
respectively. The degree of heterogeneity in effect sizes
(significant at P<.05) was assessed using the Cochran Q test
[30].

The sources of heterogeneity were explored by conducting
subgroup and meta-regression analyses. For moderator analyses
with categorical coded variables (eg, age group), we used a
mixed-effects model and opted to pool within-group estimates
of Tau-sguared due to the limited number of studies per
condition. Heterogeneity within each group (Q,) and
heterogeneity between groups (Q,) were also evaluated. A
significant Q,, (P<.05) indicates a significant difference in the
magnitude of the effect sizes between categories of the
moderator variable. If there were less than three studies within
asubgroup, moderator analyseswere not conducted. To maintain
theindependence of data, whenever necessary, effect sizeswere
averaged across different outcomes. For the coded continuous
variables (eg, number of training sessions), we performed
meta-regressions using the method-of-moments procedure with
the Knapp-Hartung correction, where the slope () and its P
value indicated the importance of this moderator in
understanding linear changesin effect sizes[31].

Publication bias was assessed by visual inspection of funnel
plots and the Egger regression test, with asymmetric funnel
plots and the significant Egger test (P<.05) indicating
publication bias[32]. When the funnel plot inspection or Egger
test suggested the presence of publication bias, the trim-and-fill
procedure by Duval and Tweedie [33] was applied. This
procedure provides an adjusted estimate of effect size after
accounting for publication bias. Publication bias analyseswere
conducted if at least three studies were available in the overall
meta-analyses. Finally, aleave-one-out sensitivity analysiswas
performed by iteratively removing one study at atimeto confirm
that our findings were not driven by any single study. All
analyses were performed using the CMA software. The
magnitude of the effect sizes was categorized as small (=0.20
to <0.50), moderate (=0.50 to <0.80), or large (=0.80) [34].

Results

Systematic Review of the Gamification of Cognitive
Training (Part 1)

Summary of Included Studies

The key characteristics of the 49 studies included in the
systematic review are summarized in Multimedia Appendix 2.
A total of 78% (n=38/49) of articleswere published in academic
journals, 18% (n=9/49) were conference papers, and 4%
(n=2/49) were doctoral theses. Studieswere published between
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2008 and 2017, with the majority (n=46/49, 94%) published
after 2010, indicating that research on gamified cognitive
training tasks is a young but rapidly growing field of research.
Most of the studies (n=32/49, 65%) were undertaken in
European countries, 25% (n=12/49) in the United States, 4%
(n=2/49) in Australia, 4% (n=2/49) in Asian countries, and 2%
(n=1/49) in Canada.

The included studies involved a total of 4003 participants.
Sample sizes ranged from 3 [35,36] to 794 [37] participants.
Notably, most studies (n=47/49, 96%) had fewer than 200
participantsin total (often split over different conditions). When
reported (n=44/49, 90%), the mean age of the participantsvaried
from 8.98 [38] to 82.70 years [39], showing that gamification
has been applied to a large range of age groups. The majority
of the studied samples (n=43/49, 88%) included both malesand
females, in which the proportion of females varied from 9%
[40] to 93% [39]. Two studies focused on male-only samples
[35,41], 1 study only included female participants [42], and 3
studies did not specify the gender ratio [43-45]. Over
three-fourth (n=38/49, 78%) of the studieswere conducted with
adults, whereasthe remaining one-fourth involved children and
adolescents. Of the 49 studies, 15 (31%) were delivered to
low-risk samples (eg, university students, schoolchildren), 33
(67%) to high-risk groups (eg, elderly drivers, children with
autism spectrum disorder), and 1 study involved both
populations [46].

A range of study designswere represented acrossthe 49 studies,
with the majority (n=40/49, 82%) using a between-group
(pre-post or post only) design with 2, 3, 4, 6, or 7 groups. Other
study designs consisted of single-group designs (n=7/49, 14%)
and case study designs (n=2/49, 4%). A totd of 31 (63%) studies
conducted single-domain cognitive training, with attention
(n=11/49, 22%) and working memory (n=9/49, 18%) being
most often targeted. The remaining studies trained multiple
domains of cognition simultaneously. With respect to the
reported outcomes, research on gamified cognitive training tasks
isdiverse. Some studies explored the effects of gamification on
process-related outcomes (eg, motivation, engagement,
feasibility), whereas others investigated changesin the training
domain (eg, cognition, anxiety, attention-deficit/hyperactivity
disorder [ADHD] symptoms); others reported a mixture of
outcomes. There was also abroad variety of outcome measures
used across the studies (eg, questionnaires, semistructured
interviews, video-recorded observations). The final coding
scheme for outcome measures is available from the authors
upon request.

Overdll, interventionsranged in length from one session (range
10-80 min) to multiple sessions (maximum 59 sessions; range
5-72 min), lasting up to 18 months [37]. All studies evaluated
outcomes at the end of the training, but only about one-third
(n=14/49, 29%) reported additional follow-up assessments,
which ranged from 1 week ([47], study 1) to 5 years[48]. When
the study location was provided (n=42/49, 86%), interventions
weredelivered at aresearch site (eg, laboratory, hospital, schooal;
n=19/49, 39%), at participants homes (n=10/49, 20%),
web-based (n=5/49, 10%), at alocation of choice (n=1/49, 2%),
or amixture thereof (eg, laboratory and/or home; n=7/49, 14%).
The chief modalitiesemployed for delivering gamified cognitive

JMIR Serious Games 2020 | vol. 8 | iss. 3 | €18644 | p.240
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

training were the following: (1) computers (ie, desktop, laptop,
and notebook; n=26/49, 53%); (2) tablets (n=13/49, 27%); (3)
smartphones (n=2/49, 4%); (4) and iPod touch (n=2/49, 4%).
Several studies (n=5/49, 10%) used a combination of devices
(eg, computer or tablet), and one study did not provide
information on the mode of delivery [49].

The 49 studies included in this systematic review employed a
range of game elements embedded in a variety of ways. All
studiesincorporated a combination of game elementsinto each
intervention (range 2-9) and the mode count of gamification
featureswas 5 (Multimedia Appendix 2). The most frequently

Table 1. Type of game elements used in the selected studies.

Vermeir et al

used game el ements were rewards (eg, points, badges), followed
by feedback loops, story/theme, and difficulty adjustment (Table
1). Most of these game elements can be categorized as
achievement and progression-oriented game features, which
form the most common category of game elements used in
cognitivetraining. Interestingly, only around one-third (n=17/49,
35%) of the studies draw upon existing theories and principles
for designing gamified interventions; specifically, SDT [12,13]
(n=3/49, 6%), flow theory [50] (n=2/49, 4%), the framework
by Kiili and Perttula [51] (n=2/49, 4%), operant conditioning
(n=1/49, 2%), principles by Gee [52] (n=1/49, 2%), or a
combination of several theories and principles (n=8/49, 16%).

Game elements Count, n
Achievement and progression-oriented
Rewards 40
Feedback loops 39
Difficulty adjustment (dynamic and/or manual) 34
Game level 26
Progress 25
Challenge 24
Social-oriented
Competition 3
Social interaction 2
Immersion-oriented
Story/theme 38
Sound effects 19
Avatar 16

Quality of Included Studies

The ratings of methodological quality for studies included in
the systematic review are provided in Multimedia Appendix 2.
Overdll, al studies (with the exception of that of Mohammed
et al [53]) had at | east one of the applicable criterianot fulfilled.
Regarding external validity, most studies adequately described
the setting and/or location of the study (n=40/49, 82%) and the
gamified task (n=43/49, 88%). However, for theinternal validity
criteria, most studies had lower quality assessment ratings due
toinadequate or unclear blinding of participants (n=38/49, 78%)
and personnel (n=39/49, 80%), and the absence of acontral (ie,
anon- or less- gamified version) comparison condition (n=40/49,
82%).

Meta-Analysis of the Effectiveness of Gamified
Cognitive Training (Part 2)

Effects of Gamification on Process-Related Outcomes

M otivation/Engagement

The metaanalysis on the effect of gamification on
motivation/engagement-related  outcomes contained 8

https://games.jmir.org/2020/3/e18644

independent studies, involving atotal of 514 participants, with
295 participants (M e¢=18.88; Motemaes=48) in the gamified
groups and 219 participants (M ¢=19.23. Myemaes=56) in the
comparison groups (ie, non- or less-gamified version).

The effect of gamification on motivation/engagement was
moderate, positive, and significant (Hedges g=0.72; 95% ClI
0.26t0 1.19; P=.002), indicating that gamified tasks were more
motivating/engaging than non- or less-gamified tasks (Figure
2). There was significant heterogeneity between studies
(Q;=39.73; P<.001), warranting the relevance of moderator
analyses (see section Subgroup and Meta-Regression Analyses).
A sensitivity analysis revealed that the results were not
significantly altered by the removal of any one study, indicating
thereliability of thefindings (Multimedia Appendix 3). A visual
inspection of the funnel plot (Multimedia Appendix 3) and
Egger test (t;=0.37; P=.72) showed that there was no evidence
of publication bias.
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Figure 2.
motivation/engagement for individual studiesin aphabetical order.

Vermeir et al

Forest plot of overall effect sizes comparing gamified condition and control condition (ie, non- or less-gamified version) on

Motivation/Engagement

Study name

Boendermaker et al 2015- Study 1
Boendermaker et al 2016
Boendermaker etal 2017

Choi and Medalia 2010
Dorrenbacher et al 2014

Katz etal 2014

Mohammed etal 2017

Prins etal 2011

-2.50

Favours control condition

Hedges g and 95% CI

0.00

Favours gamified condition

-1.25 1.25 2.50

Flow/Immersion

The meta-analysis on the effect of gamification on
flow/immersion-related outcomes contained 2 independent
studies, involving atotal of 79 participants, with 47 participants
(Mge=22.85; Myjtemaes=49) in the gamified groups and 32

participants (Mge=23.69; Myemaes=72%) in the comparison
groups (ie, non- or less-gamified version).

The effect of gamification on flow/immersion was not
significant (Hedges g=0.10; 95% CI 0.36 to 0.55; P=.68; Figure
3), with no evidence of significant heterogeneity (Q,=0.95;

P=.33). There have been too few studiesto allow the assessment
of publication bias and to perform a sensitivity analysis.

Figure 3. Forest plot of overall effect sizes comparing gamified condition and control condition (ie, non- or less-gamified version) on flow/immersion

for individua studiesin alphabetical order.

Flow/immersion

Study name

Boendermaker et al 2015- Study 1
Ninaus etal 2015

-2.00

Favours control condition

Hedges g and 95% CI

Rl
- |

0.00 1.00

-1.00 2.00

Favours gamified condition
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Demand/Difficulty

The metaanalysis on the effect of gamification on
demand/difficulty-related outcomes contained 3 independent
studies, involving atotal of 136 participants, with 86 participants
(Mge=15.24; Mojtemaes=39) in the gamified groups and 50
participants (M qge=13.60; Moenaes=26) in the comparison
groups (ie, non- or less-gamified version).

The effect of gamification on task demand/difficulty was
moderate, negative, and significant (Hedges g=0.52; 95% ClI

Vermeir et al

0.89t0 0.14; P=.007), indicating that gamified taskswere more
demanding/difficult than non- or less-gamified tasks (Figure
4). Therewas no evidence of significant heterogeneity between
studies (Q,=2.03; P=.36). A sensitivity anaysis showed
significant changes in the results, possibly because of the low
statistical power of the analysis of 2 studies only (Multimedia
Appendix 3). A visual inspection of thefunnel plot (Multimedia
Appendix 3) and Egger test (t,=0.91; P=.53) showed that there

was no evidence of publication bias.

Figure4. Forest plot of overall effect sizes comparing gamified condition and control condition (ie, non- or less-gamified version) on demand/difficulty

for individual studiesin alphabetical order.

Demand/Difficulty

Study name

Boendermaker etal 2015- Study 1
Katzetal 2014
Prins etal 2011

-2.00

Favours control condition

Hedges g and 95% ClI

—
LT
—
L
-1.00 0.00 1.00 2.00

Favours gamified condition

Feasibility-Related Outcomes

The effect of gamification on feasibility was only reported in
1 study ([47], study 1). The results of this study indicated that
gamified tasks (N=34; M 4=22.64; Mysemqes=44) Wereless easy
to use or less clear than the control task (n=15; M 4,=23.20;
Mosemaes—47); however, this difference was not significant

(Hedges g =—0.36; 95% CI -0.97 to 0.26; P=.25). There have
been too few studies to perform any further analyses.

Effects of Gamification on Training Domain—Related
Outcomes

Cognitive Process

The meta-analysis on the effect of gamification on cognitive
process outcomes contained 9 independent studies, involving

https://games.jmir.org/2020/3/e18644

atotal of 530 participants, with 301 participants (M ,4=19.10;
Mosemaes—49) in the gamified groups and 229 participants
(Mge=9.73; Myemaes=59) in the comparison groups (ie, non-
or less-gamified version).

The effect of gamification on cognitive process outcomes was
small and positive, but not significant (Hedges g=0.27; 95% Cl
0.08 to 0.62; P=.14; Figure 5). There was significant
heterogeneity between studies (Qg=29.91; P<.001), warranting
the relevance of moderator analyses (see section Subgroup and
Meta-Regression Analyses). A sensitivity analysisrevealed that
the results were not significantly atered by the removal of any
one study (Multimedia Appendix 3). Visua inspection of the
funnel plot (Multimedia Appendix 3) and Egger test (t,=0.15;
P=.88) showed that there was no evidence of publication bias.
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Figure 5. Forest plot of overall effect sizes comparing gamified condition and control condition (ie, non- or less-gamified version) on the cognitive

process for individual studies in alphabetical order.

Cognitive Process

Study name

Boendermaker etal 2015- Study 1
Boendermaker etal 2016
Boendermakeretal 2017

Choi and Medalia 2010
Dormrenbacher etal 2014
Katzetal 2014

Mohammed et al 2017

Ninaus et al 2015

Prins etal 2011

-2.50

Favours control condition

Hedges g and 95% CI

_D_

0.00 125 2.50

Favours gamified condition

-1.25

Clinical Outcomes

The meta-analysis on the effect of gamification on clinical
outcomes contained 4 independent studies, involving atotal of
276 paticipants, with 158 participants (M ,=21.88;
Mosemaes=2) in the gamified groups and 119 participants
(M ge=22.94; Myemaes=65) in the comparison groups (ie, non-
or less-gamified version).

The effect of gamification on clinica outcomes was not
significant (Hedges g=0.07; 95% CI 0.19t0 0.32; P=.61; Figure

https://games.jmir.org/2020/3/e18644

6), with no evidence of significant heterogeneity (Q;=3.32;
P=.35). A sensitivity analysisrevealed that the results were not
significantly altered by the removal of any 1 study (Multimedia
Appendix 3). A visual inspection of the funnel plot (Multimedia
Appendix 3) and Egger test (t,=5.59; P=.03) showed that there
was evidence of publication bias. The analyses undertaken using
the trim-and-fill approach by Duval and Tweedie [33] did not
changethe overall effect (Hedges g=0.08; 95% CI 0.36 to 0.20;
2 studies were trimmed). Follow-up effect sizes for clinical
outcomes were not calculated because only 1 study reported
follow-up [54].
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Figure6. Forest plot of overall effect sizes comparing gamified condition and control condition (ie, non- or less-gamified version) on clinical outcomes

for individual studiesin alphabetical order.

Clinical Outcomes

Study name

Boendermaker et al 2015- Study 1
Boendermaker et al 2016
Boendermaker etal 2017

Choi and Medalia 2010

-2.00

Hedges g and 95% CI

To—
_E_
>

-1.00 0.00 1.00 2.00

Favours control condition Favours gamified condition

Subgroup and Meta-Regression Analyses

To test possible explanations of observed heterogeneity for
motivation/engagement and cognitive process outcomes, several
subgroup analyses and meta-regressions were conducted.

https://games.jmir.org/2020/3/e18644

Age Group

Subgroup analyses were performed to examine whether effect
sizesvaried according to age category (children and adolescents
vs adults). There was no significant difference in effect sizes
between studies targeting children and adolescents and studies
targeting adultsfor motivati on/engagement outcomes (Q;=0.94;
P=.33) and cognitive process outcomes (Q,=0.16; P=.69; Tables
2 and 3).
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Table 2. Results of the subgroup analyses for motivation/engagement outcomes.

Moderator n? Kb of 95% CI P vaue de P value Qe P value
Cognitive domain _f —
Arithmetic ability 57 1 164 013t03.16 .03 — —
Attention 61 1 0.02 -1.45t01.49 .98 — —
Executive control 27 1 1.00 -0.59t0259 .22 — —
Inhibition 169 2 0.62 -043t01.65 .25 8.84 .003
Working memory 200 3 067 -020tol54 .13 12.74 .002
Agegroup 0.94 .33
Adults 282 4 0.51 -0.12t01.13 .11 18.86 <.001
Children and adolescents 232 4 0.96 0.30to1.61 .004 12.19 .007
Population type 0.14 71
Low risk 298 4 0.63 -0.08t01.34 .08 11.99 .007
High risk 216 4 0.82 0.10to1.54 .03 27.74 <.001
Game elementstype — —
Achievement, progression, and immersion 408 6 069 0.12t0126 .02 26.12 <.001
Achievement, progression, immersion, and social 106 2 084 -0.15t01.83 .10 13.14 <.001
8n: combined sample size.
B: number of studies.
Cg: Hedges g.
dQW: heterogeneity statistics within each group.
€Qp; heterogeneity statistics between groups.
fNot available due to insufficient observations.
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Table 3. Results of the subgroup analyses for cognitive process outcomes.
Moderator nd kP g°¢ 95% CI P vaue Q Wd P value Qp® P value
Cognitive domain _f —
Arithmetic ability 57 1 154 0.66t02.43 .001 — —
Attention 61 1 0.03 -0.80t00.86 .94 — —
Executive control 26 1 004 -104t0096 .93 — —
Inhibition 155 2 0.06 -0.52t00.64 .85 3.53 .06
Working memory 231 4 021  -0.23t00.64 .35 6.28 10
Agegroup 0.16 .69
Adults 310 5 0.34 -0.17t00.85 .20 24.46 <.001
Children and adolescents 220 4 018 -040t00.76 .54 5.44 14
Population type 0.89 .35
Low risk 314 5 0.11 -0.38t00.60 .66 4.60 .33
High risk 216 4 0.46 -0.08t01.00 .10 22.58 <.001
Game elementstype — —
Achievement, progression, and immersion 425 7 0.18 -0.22t00.58 .39 7.66 .26
Achievement, progression, immersion, and social 105 2 0.61 -0.16t01.37 .12 18.94 <.001

n: combined sample size.

Bk number of studies.

g: Hedges g.

dQW; heterogeneity statistics within each group.
€Qp,; heterogeneity statistics between groups.

Not available due to insufficient observations.

Population Type

Subgroup analyses were performed to examine whether effect
sizes varied according to the population type (low-risk vs
high-risk groups). There was no significant difference in effect
sizes between training tasks targeting low-risk samples (eg,
university students) and tasks targeting high-risk groups (eg,
elderly drivers) for motivation/engagement outcomes (Q,=0.14;
P=.71) and cognitive process outcomes (Q,=0.89; P=.35; Tables
2 and 3).

Cognitive Domain

Subgroup analyses according to the cognitive domain targeted
were not possi ble because there were fewer than 3 studieswithin
some subgroups for both motivation/engagement and cognitive
process outcomes (Tables 2 and 3).

Game Elements Type

Subgroup analyses according to the type of game elementsused
were not possi ble because there were fewer than 3 studieswithin
a subgroup for both motivation/engagement and cognitive
process outcomes (Tables 2 and 3). It is noteworthy that, based
upon categorization, we were unable to investigate the impact
of asingle category (eg, achievement and progression features)
because studies awaysincorporated acombination of categories
into their tasks. In particular, studies reported only outcomes
from the following combined categories. (1) achievement,
progression, and immersion-oriented game features and (2)

https://games.jmir.org/2020/3/e18644

achievement, progression, immersion, and socia -oriented game
features (Tables 2 and 3).

Number of Game Elements

Meta-regression analyses were performed to examine whether
the effects of gamification on outcomes of interest varied
according to the number of game features used (independent of
the game element type). There was no significant relationship
between the number of game elements used and effect sizes
(Hedge g) for motivation/engagement outcomes (point estimate
of dlope=0.26; 95% Cl 0.57 to 0.06; P=.09; Multimedia
Appendix 3) and cognitive process outcomes (point estimate
of slope=0.21; 95% Cl 0.46 to 0.04; P=.08; Multimedia
Appendix 3).

Number of Training Sessions

Meta-regression analyses were performed to examine whether
the effects of gamification on outcomes of interest varied
according to the number of training sessions performed. There
was ho significant relationship between the number of training
sessions and effect sizes for motivation/engagement outcomes
(point estimate of slope=0.0002; 95% CI 0.12 to 0.12; P=.99;
Multimedia Appendix 3) and cognitive process outcomes (point
estimate of dope=0.01; 95% CI 0.07 t0 0.09; P=.78; Multimedia
Appendix 3). Of note is the low variability in the number of
training sessions.
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Quality of Included Studies

The risk of bias judgments for each included study is
summarized in Table 4. Overall, the quality of the included
RCTs was not optimal. The most common risks of bias were
inadequate blinding of participants, personnel, and outcome

Table 4. Risk of bias assessment of the included studies.

Vermeir et al

assessors. The results did, however, reveal alow risk of bias
for random sequence generation and selective reporting. It is
noteworthy that for handling incomplete outcome data, all
studies (with the exception of that of Mohammed et al [53]) did
not provide the information necessary for ng whether the
criteriawere met.

Study? Random se- Allocation conceal-  Blinding of partici- Blinding of out- Incompl ete out- Sdlectivereport-
quencegenera=  ment (selectionbias) pantsand personnel  come assessment  comedata (attrition  ing (reporting
tion (selection (performance bias) (detection bias) bias) bias)
bias)

Boendermaker et & Low Low High High Unclear Low

[47] study 1

Boendermaker et & Low Low High High Unclear Low

[54]

Boendermaker et & Low Low High High Unclear Low

[55]

Choi and Medalia[56] Low High High High Unclear Low

Dorrenbacher et al High High High High Unclear Unclear

[57]

Katz et a [8] High High Unclear Unclear Unclear Unclear

Mohammed et a [53] Low High Low Low Low Low

Ninaus et a [18] Low Unclear High Low Unclear High

Prinset a [25] Unclear Unclear High Unclear Unclear Unclear

8Risk of bias assessment using the Cochrane risk of bias tool.

Discussion

Principal Findings

The aims of this study were to provide a state-of -the-art review
of the gamification of cognitive training tasks and to evaluate
its effectiveness. The systematic review identified 49
independent studies, with the majority published after 2010
(n=46/49, 94%) and conducted in European countries (n=32/49,
65%). The most comparable study is a systematic review by
Lumsden et a [10] of gamified cognitive assessment and
training tasks, which identified 33 studies published between
2007 and 2015. Thisindicatesthat the gamification of cognitive
training is arapidly evolving area of research. However, little
is known about the effectiveness of such interventions. Only 9
(18%) of the 49 studies allowed rigoroustesting of intervention
effectiveness and were included in the meta-analysis, showing
that the field is dtill developing and lacks well-controlled
empirical studies. Overall, results from the meta-analysis of
RCTs showed that gamified training tasks were more
motivating/engaging and more demanding/difficult than non-
or less-gamified tasks. No other significant effects were found,
and no moderator variables were identified. However, the
findings were limited by the small number of studies. The
following sections discuss the key results obtained from the
systematic review and meta-analysis and provide directionsfor
future research.

https://games.jmir.org/2020/3/e18644

Effectiveness of Gamification Applied to Cognitive
Training

Gamificationiscommonly framed asatechniquefor increasing
motivation and engagement in a given task [28]. The results
from the meta-analysis suggest significant and moderate positive
effects of gamification on motivation/engagement outcomes
(N=8 studies; Hedges g=0.72; P=.002). This provides the first
evidence that the application of gamification in cognitive
training can positively influence motivation/engagement and
confirms the findings of an earlier review by Lumsden et &
[10], which also found evidencefor the potential of gamification
to enhance motivation and engagement in cognitive tasks. Our
analysis, however, dso indicates that gamified tasks are
perceived as significantly more demanding/difficult. This is
relatively unsurprising given that implementing game features
adds a layer of complexity to atask [58]. However, the result
isbased on the synthesis of only 3 studies, and it remains unclear
whether this affects training domain outcomes. Therefore,
further research iswarranted in this area.

Interestingly, we found no significant effect of gamification on
cognitive outcomes (N=9 studies; Hedges g=0.27; P=.14). Thus,
overall, gamification does not seem to have enhancing or
deleterious effects on cognitive performance. Previous
systematic reviews in the health [17] and cognitive [10] fields
have reported that the evidence for the impact of gamification
on cognitive outcomes is mixed. Some critical views on
gamification interpret such findingsasan illustration that it does
not work [59], whereas others argue that these mixed results
are due to confounders such as poor design [60,61] or failure
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to apply gamification in an appropriately considered or
meaningful way [15]. Infact, theimplementation of gamification
has been cataloged within the group of complex interventions
[60]. Complex interventions are activities that comprise multiple
interacting components (eg, intensity, setting) that, when applied
to the target population, result in variable outcomes [62].
Therefore, it is recommended that researchers developing and
evaluating gamified health-related interventions consider using
aframework, such asthe Medical Research Council framework
for complex interventions [62,63], to ensure that the
implementation of game features has been well-thought through,
and therefore, be more likely to produce the desired outcomes.

For both motivation/engagement and cognitive process
outcomes, we found considerable heterogeneity in the results,
which we were unable to explain by a systematic consideration
of the age group, target population, number of game elements,
and number of training sessions. Owing to insufficient studies,
we were unable to examine the types of game elements or
cognitive domains as potential moderators of outcomes. The
results of these moderator analyses are further discussed in the
following sections.

Audiences and Age Groups | nvestigated

In the systematic review, studies generally had small sample
sizes, ranging widely from 3 [35,36] to 794 [37] participants,
with nearly half (n=22/49, 45%) of the studies having fewer
than 50 participants in total. In line with previous reviews
[10,17], wefound that gamification was applied to alargerange
of age groups, from children ([64], study 2) through adolescents
[55] to adults [65]. Adults were the main target audience
(n=38/49, 78%); however, we also found that more research
findings have started to attach importance to the use of
gamification for children and adolescents since 2011. With
regard to the type of population investigated, most (n=33/49,
67%) of the interventions were delivered to high-risk groups,
such as older adults [41] and individuals with specific health
issues such as ADHD [66] or moderate levels of trait anxiety
[67]. The remaining studies targeted low-risk samples such as
university students[18] and school children [38].

Inthe meta-analysis, thefindingsthat neither age nor population
type had any moderating effects on motivation/engagement and
cognitive process outcomes indicate that gamification may be
equally applicable to a broad range of individuals. However,
this does not imply that users should be treated as a monolithic
group nor that researchers should adopt aone-size-fits-all design
approach (ie, everyone interacts with the same gamification
elements). Users differ in both behavior and motivation;
therefore, gamified experiences should be tailored to their
characteristics and contexts to maximize gamification effects
[68-71]. For example, 2 training tasks may be gamified through
the incorporation of a theme; however, the theme should be
adapted to suit the target audience. Inthe study of Boendermaker
et a [55], it isclear that the lighthearted “ boy-meets-girl” love
story themeis suitablefor adolescents, but it may not necessarily
be appropriate for children and adults. To date, the study of
personalized gamification, while emerging, is ill largely
underexplored, and more research is needed to determine how
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best to satisfy individual and group differences in an effective
way [72-75].

Cognitive Domains Targeted

In the systematic review, al training tasks were designed to
improve various aspects of cognition. About two-thirds
(n=31/49, 63%) of the studies conducted single-domain
cognitivetraining, with the most targeted domain being attention
(n=11/49, 22%), closely followed by working memory (n=9/49,
18%). Thismay be dueto the fact that attentional processesand
working memory are critical aspects of our cognitive capacities
[76] that can be improved and modified with training [77,78].
The remaining assessed studies trained multiple cognitive
domains simultaneously, making it difficult to isol ate the impact
of gamification on a specific domain. Overall, these findings
arelargely consistent with the results of Lumsden et al [10] who
found gamified cognitive training interventions focused on one
or two domains exclusively, mostly working memory.

I ntervention Characteristics

In the systematic review, the type of technology used for
delivering training tasks varied across studies, with computers
(ie, desktop, laptop, and notebook) being the most widely used
device (n=26/49, 53%), followed by tablets (n=13/49, 27%).
Remarkably, only 2 studies employed smartphones [45,79],
showing that the application of this technology to gamified
cognitivetrainingisstill initsinfancy. Unsurprisingly, therefore,
training was mostly (n=19/49, 39%) delivered in a more
controlled environment like the laboratory, hospital, or school.
Of note, thereisalack of studiesdirectly comparing the effects
of the same intervention across different settings or delivery
methods. To better understand the specific conditions for
effective dissemination of gamified cognitive training
interventions, future studies should investigate whether
delivering training remotely and via mobile platforms (eg,
smartphones, tablets) is acceptable and feasible. For example,
it would be interesting to compare training outcomes (ie,
cognitive and clinical) and adherence rates of a remote
smartphone-based gamified intervention with an in-person
desktop-based intervention in arandomized trial.

Overall, the number of training sessions ranged from only one
session to a maximum of 59 sessions, for periods ranging from
5min ([47], study 1) [54] up to 80 min [35] per training session.
Previous research on cognitive training has shown a
dose-response relationship between the number of training
sessions and cognitive gains [80]. However, in the current
meta-analysis, the number of sessions did not predict cognitive
effects. It is possible that, in the context of gamification, more
training sessions are needed, as there might be an adaptation
time required to become used to the gamified environment.
Meta-regression analyses also revealed no significant effect of
the number of training sessions on effect sizes for
motivation/engagement outcomes. The nonsignificant result of
thismoderator for cognitive process and motivation/engagement
outcomes could be explained by the limited variability in the
number of training sessions (Multimedia Appendix 3), making
it difficult to detect a dose-response relationship.
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I mplementation of Gamification

In the systematic review, a broad range of game features have
been integrated into training tasks, with the most frequent
provision of elements involving achievement and
progression-oriented features (see Table 1 for the full list).
Specifically, a notable 82% (n=40/49) of all included studies
incorporated rewards, such as points, badges, and stars, among
others. This finding is consistent with previous systematic
reviews [10,17], indicating that these features continue to
dominate the landscape of gamification. Perhapsthisisbecause
rewards can easily be added as an additional layer to an existing
paradigm without changing the original structure[81]. However,
their use is not without critique, with researchers arguing that
reward-based systems are motivating extrinsically, yet not
intrinsically [13,15] with associated concerns regarding the
longevity of any effects. Feedback |oops were also frequently
(n=39/49, 80%) employed as a means to amplify or reduce an
action, and were delivered through various modalities, such as
auditory (eg, high-pitched “Huh?’ [82]), visua (eg, growing
neuron animation [18]), and tactile (eg, vibration on the
smartphone [79]). This observation is unsurprising because
feedback is a key technique for behavior change [83] and can
facilitate intrinsic motivation [84].

The second most frequently implemented category of game
elements involves immersion-oriented features, such as
story/theme, sound effects, and avatars (Table 1). In particular,
the use of a story/theme was found to be high, with more than
three-fourth of studies (n=38/49) using thistechniqueto enhance
the appeal of cognitive tasks. In some studies, it was evident
that the theme was carefully selected to fit the target audience.
For example, Dassen et a [85] presented their working memory
tasks in a restaurant setting to help overweight adults improve
self-regulation and increase weight loss. The high frequency of
immersion-related features is encouraging because, from an
SDT perspective[12,13], such elements can potentially satisfy
the need for autonomy and drive intrinsic motivation [86]. On
the other hand, socid-oriented featureswere underutilized, with
only afew studiesfavoring competition (n=3/49, 6%) and social
interaction (n=2/49, 4%). Similar findings have been reported
in a recent review investigating game-based interventions for
neuropsychological assessment, training, and rehabilitation [87].
This may be due to implementation complexity or the relative
recency of the field.

It is clear from our review that studies are driven by the
presumption that gamification in cognitive training consists of
embedding a combination of game elementswithin thetraining
tasks. Indeed, no study has reported on the effect of a single
element alone and the mode count of game elements was 5
(range 2-9). This figure is much higher than from a previous
review of web-based mental health interventions (mode 1; range
1-3) [88], but isin line with a recent review of mental health
and well-being apps (mode 5; range 1-11) [89], highlighting
that the nature of gamification in the context of health is
changing, becoming increasingly complex and diverse.

In the meta-analysis, we attempted to include the type of game
elements used as a moderator; however, there were not enough
studies in the subgroups for a conclusive evaluation (Tables 2
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and 3). Meta-regression analyses revealed no significant effect
of the number of game elements on effect sizes for
motivation/engagement and cognitive process outcomes. This
observation raises the question of whether thereis aminimum
number of gamification features that need to be implemented
to achieve the threshold for motivation/engagement (without
significantly impacting cognitive processes). A related question
is when a gamified task should be considered to have become
a game—the boundaries between gamification and serious
games remain blurry and highly subjective [10,17,89].

With regard to theories of motivation, only around one-third of
studies (n=17/49, 35%) in our systematic review mentioned
using theoretical foundations to guide the development of their
interventions. SDT [12,13], flow theory [50], and the framework
by Kiili and Perttula [51] were among the most prominent
choices of frameworks (n=7/49, 14%) used in gamified cognitive
training. Of note, severa studies (n=8/49, 16%) drew upon
multiple theories and principles to design their training tasks.
This lack of theoretica underpinning has been reported
previously [14,17], calling for more theory-driven research on
gamification in the field of health.

Limitations

There are limitations to this study. First, the results of the
systematic review and meta-analysisare limited by therelatively
low methodological quality of retrieved studies, mostly due to
inadequate or unclear blinding of participants and personnel.
Previousreviews[17] have provided similar findings, reflecting
the relative infancy of the gamification field in the health
context. Therewas also alarge degree of heterogeneity between
studies including study design, target population, and outcome
measures, which created challengesin synthesizing theliterature
and may have contributed to the heterogeneity detected in the
meta-analyses. Of particular concern was the widespread use
of self-developed, unvalidated tools to assess motivation and
engagement outcomes. Thus, to facilitate interpretation of results
and to advance gamification research, thereisaneed for experts
and researchersto develop valid, reliable, and sensitive measures
of motivation and engagement that are grounded in motivational
theory and are applicable to the particular research and clinical
context. Another limitation of the review was the modest number
of studies (n=9/49, 18%) that we could include in the
meta-analyses. In addition, sample sizes were rather small,
especialy for several process-related outcomes and subgroup
analyses, limiting the generalizability of our results. Owing to
thelimited number of RCTs, we were also unableto test for the
cognitive domain and type of game elements as potential
moderators of gamification effects. The size and direction of
the effects of gamification on cognitive outcomes may differ
by domain; the examination of which requires more RCTs to
be conducted in the domains of attention and inhibition. It is
possible that the absence of evidence of any effect of
gamification on cognitive outcomes overall might reflect the
relatively small number of heterogeneous studies and not that
gamification cannot be applied in a manner that will improve
cognitive outcomes in particular domains. With the addition of
further studies and associated variability, future meta-analyses
may want to assess the influence of such moderators and
potential sources of bias (eg, funding source) on review results
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and conclusions. Available study findings also did not address
thelong-term or sustained effects of gamified interventionsdue
to limited follow-up assessments of outcomes (n=1/9, 11%)
[54]. Finally, as mentioned previously, game elements were not
always well-described in studies and investigated only in
combination, making it impossible to establish whether
individual elements had measurable effects.

Recommendations for Future Research

Exploration of Game Elements

Our review revealed that awide array of game elementsisbeing
used; however, certain features (eg, rewards) continueto receive
more attention than others (eg, socia interactions). The further
development of gamified tasks may benefit from drawing from
the entirerepertoire of game elements and tailoring gamification
according to the users’ individual characteristics and contexts.
Furthermore, consistent with previous reviews [17], thereisa
lack of research isolating the impact of single game elements.
However, given that in rea-world settings, gamification
elementsare not typically deployed inisolation, it may be most
beneficial for future research to explore both the impact of
individual elements as well as groups of elements.

Reporting of Gamification

Much progress can be made in improving the reporting of
gamification elements, with only a few studies in our review
explicitly describing how each element is operationalized in the
interventions. As such, we propose the creation of reporting
guidelines that outline a full description of the game elements
used (via text and picture) in research, how they are being
implemented, and what they aim to target. To facilitate
understanding of which game elements are used and how they
are operationalized, researchers should enable the scientific
community to consult a (sample) version of the gamified task.
This will improve the quality of gamified health-related
publications and facilitate moreinformative systematic reviews.

Reviewing the Quality of Gamification

Relatedly, not only the reporting but also the evaluation of the
quality of the operationalization of gamification is important.
Therefore, we cal for gamification developers to create
guidelines for evaluating the quality of the intervention. Given
that it isunlikely that such an evaluation can be made based on
the information provided in the paper, gamified tasks should

Vermeir et al

be morereadily accessibleto other researchers. Future research
could serve the field well by archiving gamified interventions
and by implementing effective data management strategiesthat
use the Findable, Accessible, Interoperable, and Reusable
principles[90].

Per ceptions Toward Gamification

Surprisingly, amost no studies have investigated perceptions
of different populations regarding the use of gamification.
Indeed, while severa studies have indicated that participants
experience traditional cognitive training tasks as monotonous
and boring [4,5], more research is needed to evauate
participants’ perceptions and readiness for gamification before
determining whether it should be implemented. One way of
achieving this is by using a combination of quantitative and
qualitative methods to determine the target population’s
perceptions and experiences of gamification as well as its
receptivenessto using gamification in such tasks. Thisapproach
could also improve tailoring gamification to specific target
groups. For example, adolescents (generation Z) and young
adults (millennials) may be more responsive to gamification
experience given their familiarity with a broad range of digital
technologies.

Theory-Driven Research

Most reviewed studies lack a theoretical underpinning for the
choice and design of their interventions. Thisissue is not new
and has been reported previously [14,17], calling for more
theory-driven research on gamification in thefield of cognition
and health more generally. Future research should develop and
establish more formal working models of gamification that help
understand why and how particular game elementswork (or not
work), when they work best, and the kind of effects they expect
to have on psychological or behavioral outcomes.

Study Design and Reporting

Despite growing interest in applying gamification to cognitive
training, there is ill a lack of long-term follow-up and
well-controlled studies in this field. More rigorously designed
RCTs comparing gamified and nongamified versions of the
same intervention, with adequately powered sample sizes and
longer-term follow-up are needed. We also urge researchersto
preregister research protocols and conform to the
recommendations of the Consolidated Standards of Reporting
Trials guidelines [91].
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