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Foreword

Human-Computer Interaction (HCI) is acquiring an ever-increasing scientific and
industrial importance, and having more impact on people’s everyday life, as an
ever-growing number of human activities are progressively moving from the physical
to the digital world. This process, which has been ongoing for some time now, has been
dramatically accelerated by the COVID-19 pandemic. The HCI International (HCII)
conference series, held yearly, aims to respond to the compelling need to advance the
exchange of knowledge and research and development efforts on the human aspects of
design and use of computing systems.

The 23rd International Conference on Human-Computer Interaction, HCI Interna-
tional 2021 (HCII 2021), was planned to be held at the Washington Hilton Hotel,
Washington DC, USA, during July 24–29, 2021. Due to the COVID-19 pandemic and
with everyone’s health and safety in mind, HCII 2021 was organized and run as a
virtual conference. It incorporated the 21 thematic areas and affiliated conferences
listed on the following page.

A total of 5222 individuals from academia, research institutes, industry, and gov-
ernmental agencies from 81 countries submitted contributions, and 1276 papers and
241 posters were included in the proceedings to appear just before the start of the
conference. The contributions thoroughly cover the entire field of HCI, addressing
major advances in knowledge and effective use of computers in a variety of application
areas. These papers provide academics, researchers, engineers, scientists, practitioners,
and students with state-of-the-art information on the most recent advances in HCI. The
volumes constituting the set of proceedings to appear before the start of the conference
are listed in the following pages.

The HCI International (HCII) conference also offers the option of ‘Late Breaking
Work’ which applies both for papers and posters, and the corresponding volume(s)
of the proceedings will appear after the conference. Full papers will be included in the
‘HCII 2021 - Late Breaking Papers’ volumes of the proceedings to be published in the
Springer LNCS series, while ‘Poster Extended Abstracts’ will be included as short
research papers in the ‘HCII 2021 - Late Breaking Posters’ volumes to be published in
the Springer CCIS series.

The present volume contains papers submitted and presented in the context of the
3rd International Conference on HCI in Games (HCI-Games 2021) affiliated confer-
ence to HCII 2021. I would like to thank the Chair, Xiaowen Fang, for his invaluable
contribution in its organization and the preparation of the Proceedings, as well as the
members of the program board for their contributions and support. This year, the
HCI-Games affiliated conference has focused on topics related to experience design in
games, user engagement and game impact, game mechanics, serious games, gamifi-
cation for learning and Mixed and Virtual Reality games.



I would also like to thank the Program Board Chairs and the members of the
Program Boards of all thematic areas and affiliated conferences for their contribution
towards the highest scientific quality and overall success of the HCI International 2021
conference.

This conference would not have been possible without the continuous and
unwavering support and advice of Gavriel Salvendy, founder, General Chair Emeritus,
and Scientific Advisor. For his outstanding efforts, I would like to express my
appreciation to Abbas Moallem, Communications Chair and Editor of HCI Interna-
tional News.

July 2021 Constantine Stephanidis

vi Foreword
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• HCI: Human-Computer Interaction
• HIMI: Human Interface and the Management of Information
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• EPCE: 18th International Conference on Engineering Psychology and Cognitive
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• UAHCI: 15th International Conference on Universal Access in Human-Computer
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• CCD: 13th International Conference on Cross-Cultural Design
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Abstract. Headspace is a gamified app designed to teach mindfulness, and
Walden is an experimental game that moves beyond traditional game mechanics
in order to encourage mindful play. Through semi-structured interviews and con-
textual inquiry think-aloud sessions, this phenomenological case study compares
user experiences with these two pieces of software. Findings include descriptions
of how participants experienced mindfulness as contemplative self-reflection, as
a long-term process, as a byproduct of play, and as a tension between exploration
and completing objectives. These findings are analyzed in relation to extant the-
ories of game design and mindfulness, especially Brian Upton’s theory of ludic
semiotics [1]. The resulting insights have informed the first and third authors’
development of two new pieces of software: a mindfulness practice module that is
a component of a new version ofWalden designed for use in schools, and a study
aid called Lofi Hip Hop Worlds to Study In. This outcome highlights the relevance
of qualitative user experience research for the iterative, playcentric design [2] of
educational technologies.

Keywords: Mindfulness · Games · Learning

1 Introduction and Related Literature

Mindfulness has been defined as the “regulation of attention” [3], the ability to con-
sciously reflect upon one’s experiences [4], and being emotionally and cognitively [5]
present in the moment [6] with non-judgmental acceptance of one’s experiences [7].
There is a growing interest in teaching and learning mindfulness practices, fueled by
research on their benefits for improving self-regulation [3]. Proponents (e.g. [8]) and
critics (e.g. [9]) of this trend both focus on mindfulness’s role in maintaining atten-
tion in an era of ubiquitous digital media. Headspace (https://www.headspace.com/)
andWalden (www.waldengame.com) both attempt to promote mindfulness using digital
media itself, but in very different ways.
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1.1 Headspace and the Gamification of Mindfulness

Headspace is a mobile app that provides reminders and verbal assistance with self-
regulating the practice of meditation [10]. Studies have found that using Headspace
has multiple benefits, such as reducing stress (e.g. [11]) and the severity of depression
symptoms [10].

The design of mindfulness apps like Headspace is part of a larger trend among
Human-Computer Interaction (HCI) researchers to design technologies aimed at chang-
ing users’ behaviors [12]. Building on the Octalysis framework of gamification [13],
Headspace uses game-like elements to promote mindfulness; Yu-kai Chou [13], the
creator of the Octalysis framework, defines gamification as “the craft of deriving fun
and engaging elements found typically in games and thoughtfully applying them to real-
world or productive activities”. For example,Headspace provides rewards formeditation
streaks and allows users to share their meditation progress with their peers [10].

1.2 Walden and Traditions of Mindful Play

Synonymous with contemplation [3], mindfulness practices are rooted in multiple Asian
cultural, spiritual, and philosophical traditions, especially Buddhism [5]. Contemporary
practitioners have modified and merged these with various Christian and secular con-
templative practices. One prominent example is the 19th century American philosopher
Henry David Thoreau’s attempt to “live deliberately” [14].

Tracy Fullerton, the third author of this paper, has created games that explore the
ways these contemplative traditions are themselves already full of game-like elements
[15]. Her game The Night Journey poses the question, “What is the game mechanic of
enlightenment?” Her more recentWalden, a Game (see Fig. 1), asks, “What is the game
mechanic of Thoreau’s experiment at Walden Pond?”.

Fig. 1. Screenshot fromWalden, a Game

Walden is an open-world walking simulator game where players take on Thoreau’s
perspective, exploring the woods around Walden Pond, attending to basic needs; engag-
ing in correspondence with friends and family; interacting with plants and animals;
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and participating in abolitionist activities. As an experimental game, Walden eschews
traditional game mechanics like points or a win state, instead opting for feedback that
prompts the player to reflect on how she wants to spend her time and energy as she
explores the world. For example, if the player does not complete tasks in the game to
meet Thoreau’s basic needs, she becomes fatigued and moves slowly. On the other hand,
if the player works too hard at these tasks, the graphics and music become duller, and
their vibrancy can be restored through meditation, reading, and listening to birdsongs.
This mechanic and others prompt the player to act like Thoreau himself did, playfully
deciding how to direct his attention in the world around him. In this sense, Walden is
part of a mindful gaming practice that is older and broader than the gamification of
mindfulness; it is a digital re-creation of a historical influence on how mindfulness itself
has been understood, especially in the United States.

1.3 Qualitative Studies on User Experiences and Why They Matter for Studying
Mindfulness

In their critical review of HCI literature, Rapp, Tirassa, and Tirabeni [16] argue that
HCI researchers designing technologies supporting personal change generally assume
change happens at the behavioral level, and that it is “externalistic,monistic,mechanistic,
fragmented, and episodic”; the findings of their phenomenological interviews on how
people experience change suggest that change also happens inways that are “internalistic,
multiple, intentional, holistic, and continuous”. To study and design for such change,
quantitative HCI research can be supplemented with qualitative studies of how players
make sense of their experienceswith changes such as learningor becomingmoremindful.
Consistent with the Third Wave of HCI, this approach might help us design software
that can prompt people to reflect upon their own efforts to change and grow [16].

Such an approach is particularly relevant for studying mindfulness software, since
mindfulness is not simply a set of practices and behaviors that can be tracked through
external measures the way a Fitbit might track someone exercising. It also involves
how behaviors such as meditation or gaming are conducted, e.g. with an attitude of
non-judgmental acceptance of experiences [7]. For this reason, research participants’
self-reported experiences of mindfulness have been included in quantitative scales that
psychologists use to measure mindfulness (e.g. [7, 17]); for example, the Philadelphia
Mindfulness scale measures participants’ self-reported attention and acceptance [7].
Qualitative methods such as contextual inquiry think-alouds [18] can prompt users to
reflect on how they make sense of the construct of mindfulness as a process over a period
of time as they interact with software that is designed to facilitate mindfulness, allowing
researchers to analyze how users describe this process in their own words.

Park and colleagues’ 2013 systematic review of the quantitative measures of mind-
fulness used by psychologists found that “There is a great need to establish the content
validity of the extant measures of mindfulness using qualitative methods, such as semi-
structured interviews and focus groups” [17]. While the current study does not aim
to improve the content validity of a particular quantitative scale, it does aim to better
describe the construct of mindfulness by asking how participants experience it in a game
and a gamified app; this could inform future mixed methods studies that could measure



6 M. Hamilton et al.

mindfulness in gaming contexts while supplementing the measures with interviews and
contextual inquiries regarding players’ experiences.

Rapp and colleagues’ call to center users’ lived experiences in the design of software
[16] echoes substantial and growing conversations among educators, game designers,
and game studies researchers about the agency of players to shape how they play and
what they learn through play. For example, discourses of playcentric game design [2],
critical play [19], metagaming [20], and connected gaming [21] all focus on player
experience. So far, however, these perspectives have not been applied empirically to
study player experiences with mindfulness software that involves playing games or
engaging in game-like activity.

1.4 Research Questions and Scope of This Study

To fill these gaps, this study took an inductive, comparative case study approach [22]
to generate theory and design ideas to be tested in further design practice and research.
It extended Rapp and colleagues’ [16] phenomenological approach to human-computer
interaction to pose the following research questions: How, if at all, do players experi-
ence mindfulness while learning to use software designed to facilitate mindfulness? In
particular, how, if at all, do they experience it while playingWalden? And how, if at all,
do they experience it while using Headspace?

Mindful gaming is a potentially vast subject, and a wide range of games could be
played more or less mindfully. This inquiry was bounded and scoped as a comparative
case study of experiences with these two games in particular because they each rep-
resent a unique entry point into opposite ends of the conversation about gamification,
and a comparison between them can help move that conversation forward. Headspace
intentionally gamifies mindfulness, applying popular video gamemechanics like streaks
and rewards to motivate users to practice meditation. In contrast, Walden’s non-leveled
and non-competitive mechanics diverge from game elements usually included in gami-
fication designs. Instead, Walden digitizes the subtler game-like elements of Thoreau’s
historic experiment in living mindfully, encouraging users to interact mindfully with
the world of the game and the world around them. By asking how players experience
this experimental game that jettisons traditional game mechanics in order to facilitate
mindfulness, in comparison to a non-game app that adopts these same mechanics for the
same purpose, this study generated theoretical analyses of player experiences that have
been informing our designs of new mindfulness software.

2 Theoretical Framework

This research adapts and extends game designer Brian Upton’s theory of ludic semiotics
[1]; this theory of meaning-making in games examines how “meaning is not transmitted
but constructed, and constructed in such a way that it takes into account both player
agency and motivation”. Knowledge is a not a collection of facts, it is a collection of
ways to interact with situations and worlds, what Upton calls constraints and what game
literacy researcher James Paul Gee calls surmising possibilities [23]. As Upton puts
it, knowing about something means having internal constraints that orient one toward
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particular courses of action and away from others. Upton calls the process of developing
such knowledge the “epistemological cycle”: players explore their constraints to predict
the future, check to see if their predictions come true, and then adjust their constraints
in response to the outcome [1]. This framework is consistent with phenomenology,
which emphasizes that every act involves consciousness of something [4]. It allows
us to conceptualize players’ awareness of their own internal constraints as a possible
component of mindful play.

3 Method: Phenomenological Case Study

Data was collected using both contextual inquiry think-alouds [18] and semi-structured
interviewmethodswith 15 participants. Researchers were well-trained graduate students
currently enrolled in a graduate level course in qualitative methods for both masters and
PhD students in human computer interaction (HCI) and related majors at a large public
U.S. institution. For masters students, this was their second course in HCI methods
and many had industry experience with qualitative data collection previously. Ph.D.
students typically had previous experience in conducting interviews and took this course
to improve their qualitative research skills. These interviewswere conducted as part of the
final project, after students had practiced interviews and think-aloud protocols multiple
times in class and for previous assignments.

Researchers recruited participants from word of mouth and social networks using
a snowball approach to recruitment. They only recruited participants who were flu-
ent in English. Students worked in teams of 3–4, with two students present for
each contextual inquiry/interview to ensure all questions were asked. Research was
approved by researchers’ Institutional Review Board and all participants signed consent
forms. Because the third author of this paper has intellectual property in Walden, she
was not involved in data collection or analysis and did not have access to the data.

The interviews began with a think-aloud protocol while participants usedHeadspace
andWalden for a short time (~15 min). The order the interfaces were presented was ran-
dom. Participants were asked to talk aloud about what they were doing while using
the software and why they were making their choices with the software. Researchers
prompted the participants when they did not vocalize their actions. Researchers then
conducted semi-structured interviews with the participants asking to reflect on the soft-
ware they just used as well as their experiences withmindfulness, relaxation, meditation,
behavioral changes, motivation, and other digital and analog technologies and games
they use to support these practices. This portion of the interview took about 30 min.

There were 15 participants total. Ten self-identified as “male” and five self-identified
as “female”. Ten were born in the U.S, three in India, one in Hong Kong, and one
in Indonesia. Thirteen were students, one self-employed, and one a part-time worker.
Twelve were 18–25 years old and three were 26–30. Race, ethnicity, and class demo-
graphics were not collected. All participant names were replaced with numerical codes
to protect their anonymity.

The first author analyzed the data using an inductive approach informed by phe-
nomenological methods in social and educational psychology [24]. The goal of phe-
nomenological analysis is to attempt to understand a phenomenon (in this case mindful-
ness) from the perspective of the research participants themselves, rather than assessing
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the participants’ behaviors or the software they are using based on an a priori set of
criteria [24]. To do this, the first author set aside assumptions about mindfulness and
games as much as possible. They conducted open readings of interview and think-aloud
transcripts with a curious and non-judgmental attitude, noting aspects of the phenom-
ena that participants demonstrated as they used the software and reflected on as they
answered the interview questions. They recorded these in memos, including holistic
profiles of participants. Then, they began differentiating the transcripts into meaning
units [24], generating inductive codes to name patterns that began to emerge across the
data set. Saturation was reached when inductive readings of additional transcripts no
longer generated codes, and existing codes were consolidated into a table with examples
and criteria for how they should be applied across the data set. These codes were used
to code the rest of the data.

The first author then analyzed similarities and tensions across the coded excerpts,
askingwhat each excerptmight demonstrate regarding users’ experiences ofmindfulness
while engaging with the software. They compared and contrasted users’ experiences to
each other and engaged in eidetic analysis [24], imagining different possible variations
on these experiences of mindfulness and gaming, noting emergent theoretical insights.
Throughwritingmemos about this, they generated axial codes linking the inductive codes
to the study’s research questions, and compared and contrasted these coded excerpts
with conceptualizations of mindfulness and gaming from extant literature. This process
consolidated the axial codes into the four main thematic findings reported here. To
maintain the scope of this study as a comparative case study analysis, the findings
reported reflect only the axial codes for experiences of mindfulness that participants
articulated in their interviews and also demonstrated in interactions withWalden and/or
Headspace in the contextual inquiries.

4 Findings

Participants reported experiencing mindfulness in the following four ways as they
engaged with Walden and Headspace: mindfulness as contemplative self-reflection, as
a long-term process, as a byproduct of play, and as a tension between exploration and
completing objectives. Because the final theme most directly informed the first and third
authors’ ongoing iterative design processes, it is emphasized here in greater detail than
the first two.

4.1 Mindfulness as Contemplative Self-reflection

Participant T11P4 stated that “being mindful is, I think it’s more spiritual in the sense
that you’re just becoming more mindful of your own emotions, of your own thoughts,
stuff like that”. Similarly, T7P2 stated that “the point of meditation is to go inwards, like,
look at yourself.” These concepts reflect literature that defines mindfulness as reflective
self-consciousness [4] and contemplation [3].

This concept of mindfulness was present in T11P4’s description of his experience
playingWalden; he noted that “it was so philosophical and stuff, which is pretty good. I
don’t think many games make you think about life… I found it really interesting, pretty
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novel”. It was also present in T7P2’s reaction to the profile page in the Headspace app;
after looking at it, he said “I hate the networking aspect of most of these apps…What
am I going to do with that? Like, your friend spent 3 min like, breathing today, like ok
cool”. Reflecting his understanding that mindfulness should be an inward process, he
argued that “It’s not genuine if it’s not only about yourself, cause then it’s like, you’re
being influenced by other people’s opinions and you can’t really saywhether or not that’s
like, what you wanted to do…Or it’s like you might like try and curate something like
show people like oh you know ‘let me do um physical health meditation to show people
how healthy I am’”. This participant preferred Walden’s single-player design over the
gamified social networking aspects ofHeadspace because it corresponded more with his
concept of mindfulness as inward-facing and autonomous. This concept of mindfulness
may be popular in individualistic cultures such as the dominant culture of the United
States, and is reflected in Thoreau’s own writings. Alternatively, it could be an attempt
to avoid a different but related kind of individualism, namely the pressure to curate an
individual online identity that projects an image of mindfulness as defined by wellness
industries.

4.2 Mindfulness as a Long-Term Process

T5P2 described mindfulness as a process of “becoming mindful”, saying “I wouldn’t
put any single activity in there. I would put like maybe years of growth in there”. This
distinction between mindfulness and particular activities associated with it came up
among several participants, but T5P2 demarcated it most clearly, making a distinction
between mindfulness as a long term process vs. meditation as an episodic practice.
Speaking of meditation, she stated “that’s what Headspace is designed for… it’s entirely
meant to be a whole thing in of itself”. This and the rest of her transcript suggest she
experiencedHeadspace as effective, but effective in an episodic andmodular way, rather
than as holistic and continuous. This reflects Rapp and colleagues’ analyses of HCI
behavioral change interventions more broadly [16]. While T5P2 felt that self-contained
meditation sessions might help build mindfulness, she also suggested that more than an
app might be necessary to sustain the behavioral changes involved in mindfulness: “it’s
a process of change. Potentially taking on meditation, potentially learning more about
how you think, that feels like a lot more like a job for a psychologist plus an app.” She did
suggest thatHeadspace’s Journey function might help with this long-term commitment,
saying that if the app were to report that she had engaged in a streak of meditation she
would feel like “I’m doing this good thing habitually every day.” This reflects a tension
in the design of Headspace, where its modular design allows for a low barrier of entry,
encouraging people to use it casually for short periods of time, but at the same time the
app also attempts to support people in sustained long-term practice.

4.3 Mindfulness as a Byproduct of Play, and a Third-Order Design Problem

Several participants described mindfulness as a byproduct of play, not something that
can be directly pursued. T11P4 said that “something that I can play would motivate me
to use it more. If it’s just a regular meditation app, then I won’t use it that often. Cause
like it’s an app which is basically lecturing you to do this, do that. The game is allowing
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you to play and interact and engage more with it, which is fun”. T7P2 describedWalden
as “actually relaxing for me as opposed to this [Headspace]. Cause that [Walden] just
comes naturally, right?” These participants are contrastingWalden’s open world design
withHeadspace’s gamified, leveled instructional design, seeing the later as too didactic.

T7P2’s preference for Walden might also stem from the fact that it is recognizable
as a video game. T7P2 closely associates mindfulness with relaxation, and describes
relaxation as a “byproduct” of playing games, saying that “playing games is like, you
know you just wanna have fun, you wanna chill out. So that’s already there, whereas
this [Headspace]…it’s almost like you’re going out of your way to do it”. In contrast,
“That [Walden] is just an existing outlet to I guess spend time”. This might reflect a
limit to gamification, that some of the motivations people experience while playing
games may not automatically transfer over to other pieces of software just because they
incorporate select game mechanics. Conversely, T6P3 associates video games with a
“waste of time” so he felt that Walden could not make a “deep” impact on his life even
though he liked its philosophical narrative. As someone who meditates regularly, he felt
that using Headspace to meditate could be as effective as “actually going to some far
off place in the woods like Walden Pond”.

WhileT7P2’s preference for recognizable games stems fromassociatingmindfulness
with relaxation, it also reflects literature that associates mindfulness with an attitude of
non-striving [25], drawing from its roots in Buddhist philosophy about striving leading
to suffering. T7P2 describes using Headspace as “almost like forcing it, like I’m gonna
chill out, I’m gonna relax or something” whereas with Walden there is no “anterior
[sic] motive”. This suggest a paradoxical implication for designing mindfulness games:
they need to encourage players to exert effort to become more mindful, without striving
toward this goal in a way that leads to anxiety and suffering [25]. Game designers
Katie Salen Tekinbaş and Erik Zimmerman describe play as a second-order design
problem, an emergent experience that arises indirectly from the rules the designers
create [26]. Perhaps mindfulness is a third-order design problem, a phenomenon that
emerges indirectly from playful experiences of non-striving that emerge indirectly from
certain types of games.

4.4 Mindfulness as a Tension Between Exploring vs. Completing Objectives

Several participants described their experiences with the software as open, mindful
exploration. For example, T7P2 said that gameplay “serves as an extension of your
thought process or your growth as a person…You look at that and see how far you’ve
come and say like, ‘Oh, this is how I’m living…And that makes you more mindful or in
tune with yourself’”. While engaging with the crafting mechanics inWalden, he argued
that they might motivate people to “just like get in there and start messing around”,
similar to his experiences with Minecraft where “you’re putting your fingerprints onto
that landscape”. He argued this experience is possible because of the game’s open-
world design: “if you go into it knowing that there’s no like ultimate goal then there’s
almost no pressure to get to start working towards that. So, it leaves it open for you to
just explore” instead of worrying about preparing for “a boss battle at the end”. This
experience suggests that open-world game design might support mindfulness as being-
in-the-moment [5, 6]. Similarly, while playing Walden, T11P4 zoomed in on an object
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in the world and said “as soon as I zoom in, I learn about this thing. That motivated me
to try and zoom in on every object and just learn more about it. I was curious”. This
experience offers insight into the specific ways the game’s mechanics encourage the
kind of open exploration T7P2 talked about.

However, Walden does have objectives and quests that constrain and shape this
process of exploration, and players responded to these in different ways. T1P3 said, “All
of the game is supposed to be me meditating and calming and stuff and the food running
out is making me anxious to look for food and stuff instead of just exploring”. While
she shared T7P2 and T11P4’s association between open exploration and mindfulness,
the internal constraints thatWalden’s objectives generated ended up limiting, rather than
encouraging, her exploration, and hence her experience of mindful play. T8P1 also said
he experienced stress from these game mechanics, but he associated this experience
with survival games he likes to play, calling it a “good stress” that motivates him by
challenging him to get better at the game. He felt Walden did not have enough of this
kind of stress at the beginning of the game, but anticipated that it might later on as winter
sets in.After reading aquote fromThoreau embedded in the game, he drew the conclusion
that “it’d be very easy to survive, like just eat with the animals, eat and you’ll be fine”.
He thought this was an intentional choice on the part of the designers, that the game “is
meant to be like relaxing and not stressful”, with the survival mechanics “pushing you to
explore things” rather than threatening the main character with death if the player does
not complete certain tasks. For T8P1,Walden creates dramatic tension by presenting the
challenge of acquiring essential needs in the woods, but it intentionally modulates this
tension in order to prompt the player to reflect on what really is essential after all. This
mirrors feedback the third author has received from teachers and students who have used
Walden during the COVID19 pandemic to prompt reflection on the question: “what is
essential?”.

Multiple participants named a related tension in their broader experiences: that objec-
tives can encourage and limit open exploration, so game designs that overemphasize or
underemphasize them can fail to encourage mindful behavior. For example, T11P4 ana-
lyzed onemindfulness app he had used that was too open-ended, contrasting it to another
that had too many objectives. The first was a doodling/ art therapy app that he could
imagine working for someone who “doesn’t care and just wants to enjoy the experience
of drawing patterns” but it didn’t work for him because it brought out his “inner per-
fectionist” as he stressed himself out trying to improve his drawings. T3P4 described
something similar happening when she tries meditate; she thinks “I’m relaxing and
there’s stuff I could be doing” and her mind starts to wander. To solve this problem, she
plays games with puzzles to focus her attention, and she enjoyed the small daily tasks in
Walden because they reminded her of these puzzles. The anxiety that these participants
express could be a kind of terror of the blank page; as Upton [1] put it, playfulness is
only possible with constraints, when the player can choose among a series of interest-
ing moves. If there are too many possible moves that could be made, the player might
become confused or anxious about deciding where to focus. In contrast, when every
move is easily mapped out, the player becomes bored or feels patronized. For example,
T11P4 described a behavioral change app that he felt “was trying to control your day”:
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“every one hour it’ll send you a small pop up saying, Hey, have a glass of water”. This
also did not work for him.

Extending his analysis of this tension to the apps in this study, T11P4 said that
he liked using Walden to de-stress by “exploring a new world and how serenely and
slowly the game goes on maintaining a story”. T9P1 echoed this, noting that Walden’s
character motion controls seem intentionally slow so that when the player walks to a
place to complete one task there is more of a chance that they might notice other things
on the way; tasks like meeting basic needs become a prompt to open up exploration.

However, in contrast to T1P3’s experience, T11P4 wished the game’s basic needs
systemwere more like a traditional game health meter, suggesting the game “tell me that
I need to collect four jars by tonight, otherwise I’ll die of hunger or something”. While
T3P4 felt “bothered” by the time pressure to accumulate resources, she shared this desire
for a clearer metric of basic needs, expressing frustration that “there’s no indication on
your own food jar…how much is full?” Similarly, T11P4 said he wished Headspace
would state more directly that “if you do this meditation exercise on a regular basis
this is going to benefit you like this”. While some participants agreed that Headspace
did not offer clear enough objectives, others felt it was too prescriptive or didactic.
These findings show that designing game-based mindfulness apps requires fine-tuning
the balance between objectives and open exploration, recognizing that different players
experience this balance in different ways.

Other players’ experiences emphasize the difficulty in fine-tuning such a balance in
an era of ubiquitous media. When T5P1 encountered the possibility of seeking hidden
badges in Headspace as an incentive for meditating, he said “I would first of all Google
every single badge…to see if I could get them instead… I tend to be more of a com-
pletionist in games and that’s how I’d probably approach something like this as well”.
In an era of metagaming [20] where users frequently share information online, game
designers cannot rely on hiding information from players in order to create an experience
of mindfully exploring a mysterious or unknown world. Other mechanics are needed
to encourage players to stay in the moment rather than leaving the game to search the
internet for clues.

However, T5P1’s desire for the satisfaction of completion also cannot be met by
casual-game-like mechanics in mindfulness apps such as quick feedback from the user
interface or non-player characters. Critiquing an animation in Headspace, he said “I
feel like it’s the same problem with, like a smartphone being like “Good job! You’ve
completed your task” or whatever. I don’t really feel any derived reward from that. I feel
like somebody just wrote a line of code, and it showed up because I did something. I’d
rather just be satisfied that I did the task in of itself”. This sentiment was echoed by other
participants; more passages in the data were coded for intrinsic than extrinsic motivation
and more were coded for mastery than performance-oriented motivation (these codes
used definitions for these constructs drawn from Plass and colleagues’ 2015 review
of game-based learning research [27]). This shows the importance of intrinsic motiva-
tion in the experience of mindfulness practice, challenging reward-oriented aspects of
gamification.

This tension that participants named between open exploration and objectives is
similar to a tension that Upton [1] names between coherence/closure gameplay and
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expansion gameplay. Coherence is the player’s sense they are “getting it right”, that
the game is going the way it should, and the moves they make to sustain that fantasy.
Closure, like T11P4’s “completionism”, means making moves to close off ambiguities
and tie up loose ends. Expansion means making moves to open up the play space, to
increase the number of future moves available, to risk the chance of failure in order
to avoid habitually repeated situations that have been played out. Upton says that to
achieve expansion, a game must help a player know they are moving into the unknown.
“We generally don’t seek out situations that increase our uncertainty and that pose more
questions than they answer. However, since play itself is pleasurable, we’re willing to
avoid closure in order to sustain it”. Mindfulness might involve making moves that
challenge some of the internal constraints we have inherited from our lived experiences,
embracing the unknown, critically questioning, and opening up a wider range of moves
we can make in our lives. Practicing how to do that requires games that encourage us to
explore while also making us feel safe and supported enough to do.

Participants’ Suggestions for How to Resolve This Tension in Future Designs
In the interview protocols, participants were invited to imagine ways to improve mind-
fulness software, and they generated a range of promising design ideas that could address
the tension they named between exploring and completing objectives. For example, T1P3
suggests modifying Walden: “I would have different tracks kind of thing. Like one is
probably goal-oriented, you’re collecting food or arrows or whatever, and one… there’s
no time limit. You’re just exploring. So those two tracks can help different people”. This
idea offers players the chance to choose their own balance between open mindful explo-
ration and the pursuit of objectives set by the game. T9P1 regularly plays console games
“casually” by just exploring their worlds in order to get away from his work computer;
to enhance that kind of activity, he imagined a virtual reality version ofWalden with “an
infinite treadmill that you could just walk anywhere and explore the woods that would
be way more relaxing because you’re physically involved in it and just physical motion
and using your body is going to be more stress relief than sitting idly”.

Expanding these ideas, T11P4 imagined a mindfulness app that’s similar toWalden,
but customizable like Headspace: “Walden gave me this thing that I’m in a forest and
stuff. What if I wanted to explore, like a mountain and stuff? So that’s what Headspace
does. One of the relaxation techniques asks you to explore, to like choose your most
favorite place and then explore the details of that place… So if Walden could allow me
to like customize aspects of it and then explore, I think that would be more engaging”.
He recognized that this level of customization would transform world exploration into
“building your own world”. Drawing from Headspace’s timed meditations, T1P3 sug-
gests that such an app could be part of a Pomodoro-style productivity aid, with a 10-min
timer to “explore…with no purpose” as a break from her schoolwork without getting
lost and distracted. This suggestion is consistent with the ways that several participants
described using games to relax during breaks in schoolwork. It builds on the affordances
of desktop and laptop computers by integrating mindful play into the same equipment
and setting where work happens, analogous to howHeadspace builds on the affordances
of mobile devices that can play audio while they are set to the side during meditation or
preparation for sleep.
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T1P3 also recommends creating a feature where players can write and reflect in the
journal that pops up in Walden, which echoes Rapp and colleagues’ [16] suggestion
that “behavior change technologies could help people reflect on the quality of their
motivations to change”. This would allow players to act like Thoreau by engaging in
mindful journaling, essentially creating their own version ofWalden the book by setting
their own reflective, playful goals.

5 Practical Applications of this Research for Iterative, Playcentric
Design of Mindfulness Software

Based on these findings, the third and first authors are currently developing two new
mindfulness apps based on expansion gameplay. The impact of this study on the design
of these projects illustrates the relevance of qualitative player experience research for
the playcentric development [2] of mindfulness and educational software. A playcentric
design process involves setting user experience goals and iterating towards them through
successive rounds of playtesting. It can be extended after a game is published through
research on user experiences with the game that can inform new versions of the game
or related works that build on its design. In this sense, this study connects playcentric
design with a longer process of design-based research [28].

The third and first author (Tracy Fullerton and Matthew Hamilton), their team at
the Game Innovation Lab, and education researcher Matthew Farber are working on
a mindfulness learning module that is part of a new web-based educational version of
Walden. The overall project consists of a series of web-based modules optimized to
run on Chromebooks in high school classrooms, or incorporated into online learning
environments, with accompanying lessons and activities. This will help support the
growing interest in using Walden for remote learning during the COVID19 pandemic.
Following T1P3’s suggestion, some of these modules focus on meeting goals that are
more clearly defined than in the original game, whereas in themindfulnessmodule called
What I Lived For, players can explore the pond at their own pace, without the pressure
of a basic needs meter.

The tension between objectives and exploration that study participants experienced
with Walden might partially be a result of the short play sessions during the study. The
original version ofWalden attempts to address this tension through the inspiration meter
that grays the graphics if players work too hard, but most players in this study did not
play long enough to notice it and adjust their play style in response to it. This finding is
useful because the length of the contextual inquiries (~15 min) is similar to the length
of time students will likely play with the app if it is used in schools for various learning
purposes, including social emotional learning aroundmindfulness (surveyswith teachers
interested in Walden suggest 15–30 min as an optimal time frame). For that reason, the
authors broke the game up into shorter modules. Some have objectives more defined
than the original game, while the mindfulness module has no objectives.

This new module, called What I Lived For (see Fig. 2), explores Thoreau’s own
attempts to live in the moment through connection with nature. It will model a contem-
plative walk around the pond with special spots marked with stone cairns that prompt
the user to stop and reflect. The inspiration meter is de-emphasized and replaced with
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Fig. 2. Screenshot from What I Lived For, the new Walden mindfulness module, with a cairn in
the foreground

mechanics that aim to prompt mindfulness more quickly. For example, the game models
a breathing exercise at each of the locations; in a current draft, an interface alert pops
up saying: “Take some time to breathe along with Thoreau at each of the cairns and
enjoy the moment. Thoreau will begin to hum when it’s time to move along”. The most
important instruction is the way the game models how to do this meditation through
timed sound effects of Thoreau breathing in and out, which hopefully will invite the
player to breath in sync. While the game will record how long the player stops at each
cairn and will reflect this back to the player, this variable is not tied to an objective or
win state. Consistent with the findings of this study about non-striving and expansion
play, the game does not insist that players participate in the meditation, and gives them
the option to just explore if they wish.

The second piece of software is calledLoFiHipHopWorlds to Study In, developed by
the first author (MatthewHamilton) and their colleague Israel Jones (see Fig. 3). Recently
released on Itch.io (https://lofiworlds.itch.io/study), it is a collection of 3D worlds full
of study spots with instrumental music and ambient sounds. Users can explore these
worlds to relax while they take breaks from studying, as participant T1P3 suggested,
and they can set a timer so they do not explore for too long.When they are ready to study
again, they can set another timer and put the software in the background, using it as part
of a Pomodoro method to sustain a rhythm of focused work punctuated by breaks. To
help users focus, the software continues to provide relaxing sounds and beats with no
ads during study sessions.

LoFi Hip Hop Worlds To Study In is a walking simulator based on the design of open
world video games likeWalden. Unlike the original version ofWalden, it does not have
quests or game objectives beyond the study goals players set for themselves; this design
choice was based on the findings of this study regarding expansion play and non-striving.
LikeHeadspace, it allows players to customize their experience, choosing which worlds

https://lofiworlds.itch.io/study
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Fig. 3. Screenshot from LoFi Hip Hop Worlds To Study In

they want to explore, as participant T11P4 suggested. It also allows users to customize
their study soundscape by moving closer or farther away from radios that emit music as
well as other diegetic sound sources such as waves, fireplaces, and non-player characters
doing breathing meditations. The intention is to give users more control over their sonic
environment, to help meet the needs of students who are engaged in remote learning
during the pandemic in environments where they may not otherwise have much choice
in what they hear (a recent survey of Los Angeles Unified School District students
found that just one in three families report that their children always have a spot free of
distraction where they can engage in remote learning [29]).

Further research is needed to see how, if at all, players experience mindfulness while
using these new pieces of software. Education researchers and teachers might also be
interested in whether use of the software contributes to motivation, self-regulation, and
learning outcomes.

6 Limitations and Suggestions for Future Research

This current study is limited by its small and non-representative sample, and future
research is needed to see if the findings reported here also apply among players with
different backgrounds, genders, cultures, and social contexts. Aspects of the qualitative
methodology used here could be coupled with quantitative measures of mindfulness
used in studies of larger, randomized, representative samples to see how participants
themselves experience the constructs being measured, increasing the content validity of
the quantitative measures [17].

On the other hand, purposeful sampling could be conducted to see if specific groups
of potential users might be particularly responsive to the various design features of apps
like Walden and Headspace. For example, Walden’s status as an experimental game
might attract specific kinds of gamers, and results might be different among people who
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intentionally seek out this kind of game; similarly, they may differ among clients of ther-
apists or students of teachers who refer people to it. Because analyses of player types
were not conducted in this study, we cannot report whether patterns in players’ experi-
ences relate to differences on measures such as the Hexad scale [30]. Future research
that includes such analyses could support future design efforts, especially around tuning
the balance between objectives and exploration to meet the needs of different users.

Interview responses and think-aloud transcripts did not suggest that the order the
software was presented affected findings for this phenomenological study. However, in
a larger sample study involving mixed methods and statistical analyses, the order of
presentation should be tracked as a variable to see if it might explain variation in the
outcomes.

Finally, it is possible that the think-aloud protocol primed participants to be more
self-aware and attentive because they were engaging in metacognition about their play
experiences. For some, this it might have resulted in a greater degree of mindfulness
than they may have experienced using the software in everyday life settings. Research
on how the apps are used in such settings could supplement these findings. For example,
observations and interviews could be conducted on how Walden and Headspace are
used in social-emotional learning activities in schools or online classes. Conversely,
metacognitive reflection about playing a game might itself be a desired outcome of a
design process aimed at producing educational software [23], and aspects of a think-
aloud protocol could be incorporated into the design of games and their accompanying
curricular materials, especially if the learning objectives include both mindfulness and
game literacy. The new Walden educational modules begin to do this through prompts
for class discussions before and after gameplay sessions; they also provide students with
an editable journal feature that prompts them to reflect on their play as participant T1P3
suggested.

More broadly, the purpose of the current study was not to evaluate these two pieces
of software to assess their effectiveness in producing mindfulness or related outcomes.
Evaluation studies of Walden are needed, especially as it is used more frequently in
schools.

7 Conclusions and Suggestions for How to Develop Mindfulness
Software

This study asked participants how they experience mindfulness while interacting with
Walden and Headspace. Many of them reported experiencing a tension between mind-
fulness as open exploration, and mindfulness as a scaffolded set of objectives to meet,
reflecting and extending Upton’s [1] concepts of expansion and coherence/closure. Par-
ticipants’ design suggestions focused on ways to resolve this tension by customizing and
differentiating the experience in mindfulness apps, combining aspects of Headspace’s
gamification with aspects ofWalden’s open-world design. Mindfulness might be a game
that people create for themselves, like Thoreau did by giving himself the challenge of
living within the constraints of Walden Pond. Software, including video games, might
be the equipment that designers provide to help build such a game [20].
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To support the design of such equipment, software developers should engage in a
play-centric [2] design process, carefully noting how users experience their software,
attempting to facilitate experiences closer to their goals in the next iteration of the soft-
ware. In this process, qualitative research methods can be helpful in generating descrip-
tions of player experiences, especially considering this study’s finding that mindfulness
may be a third order design challenge, a byproduct of play which is itself a byprod-
uct of design. Such a meta-gaming [20] experience requires research tools that prompt
metacognition.

Echoing Upton [1], and Rapp and colleagues [16], developers of mindfulness apps
should not just design ways to encourage specific behaviors like meditation, they should
design situations where players can actively reflect on these behaviors. As the think-
aloud contextual inquiries in this study show, players are making what Upton calls
interpretativemoves, reflecting on their experiences, evenwhen they are not immediately
making an external move such as manipulating a game’s controls or doing a particular
meditation technique. The spaces between techniques and game-like achievements are
just as important for mindfulness as the techniques and achievements themselves. For
this reason, designers should draw from the full range of game design theory and practice,
includingUpton’s situational game design,which provide frameworks to design for these
contemplative moments. This might help the design of mindfulness apps move beyond
what has been achieved so far under the framework of gamification, cultivating a more
holistic practice of mindful gaming.
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Abstract. Local government organizations are actively adopting and utilizing
ERP technology in their operations but often face challenges in facilitating effec-
tive use of the system. The application of gamification in employee training and
education has grown in popularity in recent years and displayed its effectiveness.
The case study focuses on the possibilities of improving ERP training by adapting
the educational gamification concepts in the training process. Two case studies
of the ERP training approaches were conducted with two local governments in
Florida. Common issues such as lack of formal training and the absence of incen-
tives or motivation for continued education with the ERP system. This case study
outlines the model that can be used to design the ERP training with gamification
elements. The proposedmodel incorporates the following gamification mechanics
and dynamics elements: immediate feedback, points and leaderboards, narratives,
missions, quests, competition, and compensation. The gamification elements can
be included without significant investments in technology and within the local
legislation’s boundaries concerning the governmental employees’ incentivization.

Keywords: Gamification · ERP · Training

1 Introduction

Local government plays a vital role in the development of the region or municipality. As
an active and important participant in the area’s economic growth, local governments
naturally cannot be immune to the need to manage large quantities of data and the
effects of technological advancement. There is also the question of the effectiveness and
efficiency of such an organization. Any governmental organization is inherently viewed
as bureaucratic, not very efficient and often lags in adopting or entirely using technology.
In most cases, the local governmental entity does not measure its performance through
profits and revenue, making it more challenging to measure the benefits of the adaptation
and effective utilization of technology like ERP (Enterprise Resource Planning).

ERP software is a large software package designed to provide a single comprehensive
database for business activities and integrate business processes across business functions
into a single computer system. Through data standardization and process integration,
ERP systems have the potential to facilitate communications and coordination, enable the
centralization of administrative activities, reduce IS maintenance costs, and increase the
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ability to deploy new IS functionality [1].When they arewell implemented, ERP systems
are able to bring operational, managerial, strategic, IT infrastructure, and operational
benefits to their customers [2]. However, in order to reap the benefits of an ERP system,
ERP users are critical. They have to understand how to use the ERP systems skillfully.
Hundreds of previous studies mentioned system education and training as one of the
key success factors in Information Systems implementations and operations. Alcivar
and Abadclaim demonstrate that issues with ERP systems are due to poor user training
and underestimating the importance of training [3]. ERP systems have a long history of
training issues that led to failure. Companies are usually surprised by the knowledge gap
between the training provided by the ERP system’s vendor and the knowledge required
by staff for them to work effectively with a new ERP system. This can be due to training
being provided too early, insufficiently or even incorrectly [4]. Users must have a firm
understanding of how to use a system, or theywillmake critical errorswhen attempting to
perform basic business functions, which results in money andman-hours spent fixing the
issue when they should have been spent on training. Getting users trained and up to speed
as the implementation is performed will help achieve the benefits of the ERP system [5].
However, in most cases, governmental employees do not have an incentive for actively
seeking training, improvement, and technology adaptation. “The use of technology in
doing tasks is involuntary” [6].

Gamification is the application of game design elements in non-game contexts [7].
The application of gamification in employee training and education has grown in pop-
ularity in recent years, and positive results have been observed. For example, a 2020
study detailed a gamification approach to statistics education and its impacts on student
learning outcomes. The study found those game design elements such as points, levels,
challenges, and leaderboards improved student performance by 34.75% compared to
traditional teaching methods [8]. Positive results like this have increased the prevalence
of gamification in the education field. The education field can offer tested gamification
models, but how does this approach impact intrinsic motivation for learning in the pro-
fessional environment? How do local governments adopt this new training technology
to improve their employees’ productivity?

2 Literature Review

2.1 Gamification Features

Gamification features include badges, quests, points and levels, avatars. Alsawaier [9]
describes the connection between behavioral science, psychology, and gamification. The
author also provides an overview of the existing studies and findings. One of the cru-
cial insights is that many studies suggest a significant increase in students’ engagement
levels following game elements’ introduction [9]. The author also points out that many
studies focused on gamification in the educational kids’ and young adults’ environ-
ment; however, many of the conclusions were based on quantitative data and insufficient
observations and qualitative data.

A common criticismof gamification is that it inspires participants to learn the topic on
a very superficial level. Current literature addresses the concerns with extrinsic, intrinsic
motivation, and retention of the information in education.
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2.2 Extrinsic Motivation

Generally speaking, the incorporation of game design elements in training programs and
education positively impacts extrinsic motivation for users. This may appear obvious
because gamification makes the process of completing training programs and education
more enjoyable. In fact, a common criticism is that gamification encourages extrin-
sic motivation and, as a result, diminishes the role of intrinsic motivation. Markopou-
los et al. [10] evaluated gamification literature and concluded that gamification could
make difficult subjects like engineering more manageable, easier to understand, increase
collaboration, interest, and reduce or manage workload.

2.3 Intrinsic Motivation

Gamification tools have a clear, positive impact on users’ extrinsic motivation. However,
do these tools have the same impact on intrinsicmotivation? In 2014,Michael Armstrong
and Richard Landers used an online leaderboard to improve college student engagement
with course material and student learning. They found that points and leaderboards
increased students’ perception of a future training program [11]. Their findings were
consistent with an online experiment detailed in Mekler et al.’s experiment [12] that
examined gamification elements and other factors through an image-tagging task.Mekler
et al. [12] found that gamification elements positively impacted extrinsic motivation, but
intrinsic motivation was not affected. A systematic review of 46 empirical research
papers published in the Web of Science database between 2016 and 2019 conducted
in 2020 revealed that game-based elements promote students’ extrinsic motivation and
increase their intrinsic value for learning [13]. Additionally, a study from Pereira et al.
[14] concluded that gamification has the potential to promote employee involvement
within the organization, provides managers with better tools to make practical sense to
employees and that employees are led to a search for learning.

2.4 Retention of Information

It is important to consider how gamification impacts the retention of information. The
positive effects on extrinsic and intrinsic motivation are rendered useless if users cannot
retain the information. Fouche and Mangle [15] proposed a solution to address barriers
to entry in the cybersecurity field. Their solution involved leveraging Code Hunt, an
existing training platform to address expensive training, exclusionary culture, and the
need for costly infrastructure. They specifically suggest using incremental exercises to
improve the retention of information. A longitudinal gamification study [16] found that
an augmented-reality game resulted in students’ highest knowledge retention. This study
utilized Logistify, an augmented-reality game that incorporates time constraints, avatars,
points, clear goals, immediate feedback, and storytelling.

2.5 The Effectiveness of Traditional ERP Training

Sreehari et al. [17] assessed the effectiveness of the traditional ERP university course
by conducting questionnaires with 120 students. The study was focused on evaluating
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the effectiveness of the training, the effectiveness of the resource people, and the use-
fulness of such courses in a professional environment. However, the desired transfer
of knowledge from the classroom to the workplace is not evident. On the other hand,
Zadeh et al. [18] demonstrate that focusing on the technical aspects of the ERP can be
a more effective way of teaching the subject than only concentrating on the functional
aspects of the ERP. The study used a modified version of the existing ERP course to
learn more technical aspects of the Microsoft Dynamics ERP in a major Midwestern
University as a learning experiment. Using surveys and analysis of the students learning
outcomes, authors found evidence that involving students in the technical aspects of
ERP and going beyond the ERP’s data analytic functionality allowed students to unlock
awealth of additional information. The students had a better understanding of how things
are all intertwined in a complex system like an ERP. These findings emphasize the idea
that hands-on engagement and deeper learning has more potential in improving training
outcomes.

2.6 Experience of Local Governments in Training for New Technology

Batara et al. [6] examine the adaptation of the e-government technology, using quantita-
tive methods, by the employees of Indonesia and the Philippines. The study concluded
that attitude was a pivotal predictor, and performance expectancy, social influence, and
facilitating conditions were critical positive factors in the ability to influence accep-
tance and organizational change in the adaptation process. The study also admits the
importance of the length of employment as a moderating variable. The limitation of this
study’s applicability to this research is its potential cultural differences and the fact the
authors used purposive sampling in the model. E-government has more exposure outside
of the organization. However, the findings still can be useful to the understanding of the
problems with adaptation and training of ERP technology. This study clearly shows that
emotional and social components are valid factors, so the potential of gamification as a
tool is evident.

2.7 Gamification Application in the Enterprise Environment

Deliberate design choices are crucial to the successful gamification concept application
[19]. Gamification must be approached structurally and cannot be oversimplified to the
existing info systems’ fun video game layer. Ruhi [19] presents the MDA (Mechanics,
Dynamics, Aesthetics) framework that aims to facilitate interactive gameplay within
the business process and drive positive behavioral and business outcomes. The author
describes the elements of the framework as the following: mechanics includes com-
ponents and controls; dynamics consists of all user interaction elements, and aesthet-
ics includes all emotional response elements. The model is generic and logical and is
intended to be applied in for-profit enterprise and within the governmental entity.

Leaderboards and social groups are team-based gamification elements that are essen-
tial for human information processing in a gaming team environment. Performance is
important to facilitate team cohesion [20]. This leads to the conclusion that team engage-
ment in the gamification process must be an essential element in designing ERP training
for governmental employees.
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Additionally, Kocadere et al. [21] bring the importance of considering different
player types during gamification design. The study identifies four player types: killer,
achiever, explorer, and socializer, and what game mechanics such as reward positively
or negatively affect the player. It concludes that design features in the gamified learning
environment can affect players’ characteristics, and different player types get a different
effect from the same mechanics.

There is a significant body of information on the potential of gamification as a tool of
technology adaptation and effective technology utilization.Observation of a gamification
tool in the education field or in a training sessionmay lead one to believe that gamification
directly impacts users’ extrinsic motivation. However, gamification can make difficult
subjects like engineering moremanageable, easier to understand, increase collaboration,
interest, and reduce or manage workload [10].

2.8 Gamification Models in Education

Analysis of Gamification Models in Education Using MDA Framework Using MDA
Framework
Kusuma et al. [22] developed the Mechanics, Dynamics, and Aesthetics (MDA) frame-
work to analyze various gamification models in the education field. The MDA frame-
work analyzes three components of game design: mechanics, dynamics, and aesthetics.
Mechanics are the core components of the game, and dynamics are theway themechanics
affect gameplay and interact with input from the player. Aesthetics refer to the emotional
response from the player.

Game mechanics identified in various previous studies include points, leaderboard,
levels, mission, role-playing, feedback, background story, items, etc. Kusuma et al.
[22] state that the easiest mechanics to implement are points and are generally used to
reward a player based on their actions. They further identify eight types of aesthetics in
their paper: sensation, challenge, discovery, fellowship, expression, fantasy, submission,
and narrative. Game mechanics should be chosen to create dynamics that will result in
different aesthetics.

Gamification in engineering education and professional training
Markopoulos et al. [10] discuss the benefits and criticism of gamification, gamemechan-
ics, and gamification in education. The authors identified several game mechanics they
found to have positive impacts on students. These mechanics include achievements, lev-
els, progression, quests/challenges, status, community collaboration, loss aversion, and
leaderboards. Implementing these mechanics to gamify learning for students can have
positive effects. Markopoulos et al. stated these benefits might result in students taking
responsibility for and controlling their learning. Students may becomemore comfortable
trying new things and making mistakes. Students are more likely to enjoy learning.

However, critics of gamification state that students donot developor increase intrinsic
motivation for learning, gamification is perceived as easy and should only be used with
young students, and teachers have difficulty implementing gamification in the classroom.
Markopoulos et al. examinedifferent gamification elements andplatforms and emphasize
the importance of immediate feedback. Immediate feedback gives the player the ability to
understand the effects of their actions. The authors ultimately conclude that gamification
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has a positive effect on learning by making content easier to understand, increasing
intrinsic motivation, and reducing students’ workload.

Gamification of employee training and development
Both Kusuma et al. [22] and Armstrong and Landers [11] found the implementation of
points to be effective and simple. The trainees or players aremotivated to dowell in order
to receive points. This motivation can also be increased by implementing a badge system
or displaying players’ scores on a leaderboard.Armstrong andLanders [11] point out that
while these game elements are easy to implement, critics state that these elements only
increase extrinsic motivation within the player. These elements manipulate the player
into completing the lesson or training.

How a company’s gamification strategy influences corporate learning: A study based
on gamified MSLP (Mobile social learning platform)

Kim [23] analyzed the effects of various gamification strategies in the context of a
mobile social learning platform. A competition strategy aims to increase a person’s
participation by having users compete against each other. Research has shown that a
competition strategy has a positive effect on both intrinsic motivation and performance.
Game mechanics such as points, leaderboards, and levels can be implemented when
using a competition strategy. A challenge strategy determines a person’s skills by the
completion of certain tasks and has been shown to help keep users interested. Kim states
this strategy is often associated with the compensation strategy. For example, a user
is compensated or rewarded for the completion of a task with a badge, trophy, etc. A
relationship strategy is an approach to gamification that encourages users to interact
with each other. Applying the relationship strategy can motivate users to continue the
training or lesson. The last strategy discussed in Kim’s paper is the usability strategy.
This strategy provides support for using the system. If there is perceived ease of use
amongst users, then continuous usage is more likely.

Kim’s study [23] tested the relationships between these strategies and Flow and
Continuous usage intention. In the gamification context, flow is a desirable state where
users are absorbed and wholly involved in their actions. Continuous usage refers to
whether the person will use the system again. The results found that the competition
strategy did not affect Flow and Continuous usage intention, but this strategy should
not be discounted because it has positive learning effects. Kim’s study found that the
challenge strategy had a positive effect on flow but no effect on Continuous usage
intention. The compensation strategy did not affect FlowandContinuous usage intention,
but like the challenge strategy, it should not be discounted because it can have a positive
effect on motivation. The relationship strategy had a positive impact on Flow but did not
affect Continuous usage intention. Finally, the usability strategy had a positive effect on
both Flow and Continuous usage intention.

However, there is limited data on applying the gamification concept and improving
motivation overall in not-for-profit, governmental organizations. The literature findings
suggest that existing gamification has the potential to enhance ERP training and overall
better adaptationof the technology in agovernmental organization.Howcangamification
be applied in the environment of the local government for ERP training?
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3 Case Study

This research adopted a case study method to study our research questions. Two case
studies of the ERP training approach were conducted using information for the interview
with the local government employees of two counties in Florida. The interview reveals
some common issues with the current ERP training and utilization overall. Government
Entity #1 was founded in 1887. It is the legislative and governing body of the local
territory. The entity has over 2500 employees, not including special districts, and is the
fourth largest employer in the county. The county-wide information systems are used
by most of the special districts and departments within the organization. The innovation
and technology department supports county operations and multiple special districts and
departments. Government Entity #1 uses the well established JD Edward cloud-based
ERP. The system is mature and was implemented in 2000. The system does not satisfy
all organizational needs. Local governments usually manage a variety of functionally
different units. The needs of the port authority will be different from the needs of the
utility unit or library. Only one division uses the Account Receivable module from ERP.
The remaining units of the county use third-party software.

In most cases, the third-party software is not integrated into the ERP and requires
employees to duplicate accounting entries from one system to another. This forces
employees to invest significant time in the multiple systems reconciliations. The entity
uses the Fixed Assets module, Accounts Payable, and Procurement. According to the
interview, Accounts Payables functionality is not fully used. The vendor self-services
module is purchased but not utilized due to the lack of training and user understanding.

Government Entity #1 attempted to utilize it, but the outcome was not satisfying.
There is no centralized training program, and when a new ERP feature is deployed, users
must find that information by themselves. Every department of Government Entity #1
provides individual training to the newly onboarded employees through the shadow-
ing process. Currently, there are no established training requirements to access ERP.
Departments can make subjective decisions on the level of access for each employee.
The organization does not encourage or gives open access to the Oracle provided train-
ing to employees to upgrades of the system first performed on the “Test” environment,
which is supposed to give users the appropriate time to adjust and test. However, there is
no incentive or any controls in place to ensure that testing is happening. During system
upgrades, some departments assemble a testing team that follows testing scripts and
communicates with the manager on the potential issues and challenges prior to switch-
ing to production. However, this practice is not mandatory and not utilized by every
department or special district. The innovation and Technology Department provides the
support of the ERP but is not involved in the facilitation of any training activities.

Government Entity #2 employs about 1,800 people in total, and the Information
Technology Services (ITS) department employs around 75 people. The ITS department
is responsible for satisfying IT requirements for each of the various departments within
the county. Government Entity #2 utilizes CentralSquare’s Finance Enterprise as its
ERP. Overall, the ITS department is satisfied with the system’s performance, and orga-
nizational needs are met. However, automatic depreciation calculations for assets are
sometimes incorrect and require manual intervention. Another recurring issue is that
certain reconciliation jobs get stuck in the system and also require manual intervention.
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The ITS department hopes these issues will be resolved after upgrading to the newest
version of Finance Enterprise. ERP training occurs every few years after an upgrade.
Government Entity #2 is in the process of implementing an upgrade; however, they are
experiencing delays. The ITS department plans to use a “train the trainer” approach
to train subject matter experts and employees of the Board of County Commissioners.
New employees that are hired after training is no longer offered will likely be trained
by a subject matter expert in their department. Initial training for subject matter experts
will consist of virtual, two-hour courses. The organization has used the ERP system for
decades, but training knowledge is not formalized in an ERP training manual.

In both cases, there were similarities in the lack of a formal training process in
place for new employees and no incentives to motivate the existing employees to better
understand and use the system. As a result, there is a lost opportunity to utilize the system
to its full ability.

4 Proposed Research Model

According to the case studies, we propose an approach that local governments can use
to gamify ERP training based on current research and gamification models. First, local
governments should create a project team that will gamify ERP training (or ERP vendors
should come up with a more attractive gamified training package). This project teamwill
utilize Armstrong and Landers’ [11] recommendation to assess areas of improvement.
After the areas of improvement have been identified, appropriate gamificationmechanics
should be selected based on resource and time constraints. However, these gamification
mechanics should aim to create game dynamics [22]. The five strategies discussed in
Kim’s study [23] can be used in conjunction with or as an alternative to creating game
dynamics that result in the desired aesthetics. Finally, Armstrong and Landers’ [11] rec-
ommendation to analyze data related to the effectiveness of the gamified training should
be utilized. Analyzing the data will give the project team an understanding of whether
the gamified training is effective and what areas, if anything, needs to be improved.

Therefore, we propose the following Application of the Gamification training
guideline:

• The first step of implementing the gamification approach to the organization will be
the assessment of the existing training attitude among the personnel. As a branch
of the local government that uses the system for many years, there can be multiple
reasons why the training is an opportunity for an organization. What kind of needs
must be addressed behavioral, attitudinal, or motivation?

• Points are a very effective element [10, 11, 22]. The local government can create a
system of assigning points for completing the ERP training activity. The number of
points can be proportionate to the difficulty of training.

• The next step is to apply a competition strategy. This can include the incorporation of
the ERP leaderboard and assigning levels to the learners who achieved a specific num-
ber of points—making the board visible using Sharepoint or another organizational
intranet technology. Including the top 10 learners in the electronic organizational
publication can also be a solution.
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• The next step is to create realistic narratives that give background and the example
of “why” behind a particular training module. For example, the narrative for com-
pleting posting revenue journal entries: “Fixed Assets that no longer have any use
for the organization are getting sold on the GoveDeals.com. Revenue from the sales
is recorded to the revenue account string #11111 and cash account string #2222. On
10/01/2020, payment was received fromGoveDeals.com in the form of an ACH. Your
supervisor has asked you to prepare the entry and post it to ERP”.

• Creating quests. Narratives created for the individual task can be united into one story
quest for the complete training for the particular module.

• The existing testing system usually does not have built-in immediate feedback for
training purposes. However, this game element can be incorporated on some level
by providing a visual of the expected outcome on the screen and requiring trainees
to compare them to their outcome. After completing the critical portion of the train-
ing module, the trainee can be required to seek feedback from the trainer or direct
supervisor as well.

• Addressing compensation. It is more challenging to incorporate compensation into the
gamification process for the local governments. Local municipalities and counties are
subject to strict state and local statutes and ordinaries. However, the organization can
use time-off or parking privileges or other available perks as a form of compensation
(Table 1).

Table 1. Game mechanics and dynamics incorporated into our model

The game mechanic and dynamics Description

Immediate Feedback Game mechanic where a user receives an immediate
response after making

Points, leaderboards, etc. Game mechanic that assigns points to users based on their
actions. The leaderboard displays the number of points
each user has

Narrative Game mechanic that adds a background story, context, or
overarching story to gamify the content of training

Missions, quests, etc. Game mechanic that requires users to complete tasks in
order to progress through training

Competition Game dynamic that pits trainees against each other. This
strategy motivates users to successfully complete training

Compensation Game dynamic that rewards users for making correct
choices/actions
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Wedesigned an example of the adaptation of the gamification approach to the training
assignments in one the local government (see Appendix).

5 Conclusion

Gamification can influence employee engagement, retention, and organizational com-
mitments, and there are possible positive effects on the employee’s mental health, stress
reduction, and healthier life from the game elements in thework environment [24]. In this
paper, we conducted a literature review to determine how gamification impacts intrinsic
motivation and information retention in the professional environment, the effects of cur-
rent ERP training models, and how local governments adopt new technology. Research
indicates that gamification has a positive effect on both intrinsic motivation and retention
of information. Current ERP training models conclude that design features impact the
individual experiences of each user and utilizing team engagement has positive results.
Emotional and social factors are valid factors in government employees adopting new
technology, so it is possible gamification can have positive effects. The important factor
is that including gamification mechanisms will not require significant investments in the
training programs but rather formalizing the training process.

We reviewed current gamification models in education and used these models to
create a gamification model that can be applied to ERP training in local government. We
recommend that the local government creates a system to assign points for completing
the ERP training activity. A competition strategy should then be applied to the ERP
training program through the points, achievements levels, and leader dashboard. It is
also important to incorporate creating narratives or background stories for each training
module and combining the stories from individualmodels into one quest from the trainee.
Immediate feedback is extremely beneficial to users and can be incorporated in different
ways. Finally, compensation should be incorporated into the ERP training program.

Local governments have definite limitations in using compensation for the training;
however, there are other instruments that can be used for that purpose. In this paper,
we show the potential of the education gamification models by providing an example
of applying the proposed gamification approach to an ERP training program in a local
government. However, we understand that gamification application to the ERP training
is theoretical only, and implementation and results analysis necessary to be confident
that it is a valid and valuable approach.

Appendix: Proposed Sample of the Gamification Training in One
Local Government

Centralsquare is utilized by the Governmental Entity #2. Governmental organizations
commonly use this software. The Enterprise Asset Management module can be used as
a part of the Public Administration Suite of the Centralsquare and used as a stand along
with the solution. The EAMmodule can offer work and asset management functionality
with GIS integration. The proposed approach incorporates such game elements as nar-
rative, immediate feedback, and compensation to engage better users into knowing and
understanding the technology. Currently, Government Entity #2 does not utilize Fleet
management at the moment.
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• Review ERP training leadership board. Log in to the Centralsquare EAM

Instruction: Use Log in the information provided by your supervisor.

Adding Game Element - Competition Strategy and Leader Dashboard, Compen-
sation: Log in to the Organization’s Intranet and identify the top three employees with
most of the points on the ERP training leadership board. Document in the email to your
supervisor what are the levels of achievement that can be achieved through that training?
What are the perks and benefits top learners enjoy from the organization?

• Asset information Lookup using multiple search criteria:

a. Asset tag number
b. Year/Make/Model of the Vehicle
c. VIN Number

Adding Game Element - Narrative: Maintenance department reached out to you with
the questions about three vehicles. Department has no use for the referred vehicles and
planning to sell them using GovDeals. Department was able to provide the following
information:

• Vehicle #1 - VIN Number # FG12h234k,
• Vehicle #2 Model/Maker - Ford focus/2005
• Vehicle #3 - general description information.

Research the assets and document the following information:
Fleet record for Vehicle #1
Summary for #Vehicle #2
Fleet Inspection due date for Vehicle #3

Adding Game Element - Points: Completing each step of the assignment worth 1
point.

Instructions:

• Home->Fleet/Wherehouse->Fleet Information -> Fleet Record lookup.
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Adding Game Element - Immediate Feedback. Select Fleet Record. Compare
Screenshot below with the Fleet Record information for Vehicle #1:

After the employee completes the assignment, his/her dashboard standing needs to
be updated in a timely matter. The next step will be providing the employee with the
perks and compensation in accordance with the achieved training level.
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Abstract. Pitch matching is one of the most basic musical skills, but is hard to
stick to because of its monotony. To solve this problem, Orpheus, a serious game
based on Greek mythology for training pitch matching is proposed. The player
needs to act as Orpheus, the main character of the story who is known as “the
father of songs”, to use his great power of music to experience the famous love
story with Eurydice. The player needs to control Orpheus by singing specific
pitches to change his position and action so that Orpheus can complete the tasks
and drive the plots. A game prototype was developed with Unity, and a pilot
case study was conducted to measure the game experience and assess the game
effectiveness. Results showed that players considered Orpheus as challenging but
engaging, and they thought Orpheus was better in training pitch matching than
the traditional method. In conclusion, Orpheus provides a new training method
for pitch matching that is both engaging and effective.

Keywords: Pitch matching · Serious games · Orpheus · Greek mythology ·
Voice control ·Music education

1 Introduction

Good intonation is a basic but challenging skill for singers and instrumentalists. One
of the most widely used training techniques for improving intonation is pitch match-
ing, in which the student is required to vocally reproduce the pitches played on an
instrument and the teacher will analyze the accuracy and help fix the out-of-tune notes.
Although this traditional master-apprentice model works well in music education, it still
has disadvantages and some are obvious:

First, it is monotonous, just like any other kind of learning that needs repetition.
Second, the feedback is ambiguous because teachers often use imagery to instruct

the students such as “sing as if through the top of your head” [9].
To date, a lot of electronic tools that can synthesize musical notes and assess into-

nation performance with real-time visualization of users’ pitches have been developed
such as SINGAD [10] and SING & SEE [2]. These apps can provide more precise and
explicit feedback for users but have not improved much in enhancing the fun of pitch
matching. On the other hand, serious games are growing rapidly both in the gaming
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industry and in the academic research field. The addictive nature of game play can facil-
itate the learning process [7], so creating a serious game for pitch matching seems to be
a possible solution to help overcome boredom and motivate the learners to stick to it.

Therefore, we decided to design and develop a serious game that can help players
train pitch matching. An ideal learning-assisted game should integrate the advantages
of traditional learning and traditional gaming:

First, the game should make the player feel engaged.
Second, the game should drive the player to learn effectively.
To create a game that met the criteria, we conducted a competitive analysis first to

prepare for the game design, and after the game development, a pilot case study was
carried out to check whether the game met the expectations.

2 Related Works

Since the music terms related to pitch matching are literally similar, it is necessary to
clarify their definitions and relationships at the very beginning. After that, a competitive
analysis on serious games designed for pitch matching is presented.

2.1 Basic Concepts in Pitch Matching

Pitch Matching: Pitch matching is the ability to reproduce exactly a given pitch or a
given sequence of pitches [15].

Pitch Discrimination: Pitch discrimination is the ability to distinguish between two
successive pitches or two dissimilar examples of a single pitch [15].

Pitch Production: Pitch production is the ability to produce an intended pitch or an
intended sequence of pitches.

Pitch Recognition: Pitch recognition is the ability to accurately state the tone or tones
being performed [14].

Pitchmatching canbebrokendown intofiner steps. First, the learner needs to perceive
the pitch accurately. Second, the learner needs to store the pitch in his memory. Third,
the learner needs to vocally reproduce the pitch. Finally, the learner needs to compare
his pitch with the one played on the instrument or the one stored in his memory and keep
them similar. It is obvious that pitch matching is closely related to pitch discrimination
and pitch production, while pitch recognition is less used in pitch matching.

2.2 Serious Games for Pitch Matching

Only a small number of researchers have tried to design serious games for pitchmatching.
SingingCoach can score the accuracy of the user’s singing of a song. It displays the
contour of the song and the contour of the singing at the same time to give the user intuitive
visual feedback [1]. SingingCoach is very similar to the electronic toolsmentioned above
both in appearance and functionality, thus leading to its shortage in playfulness as a game.
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Chung [4], Yang and Cheng [18] did better in applying gamification strategies. Chung
constructed an impressive scene for pitch matching in his game, where a rainbow ladder
with seven steps visually stands out. The player needs to touch the corresponding steps
after listening to the tone samples and will be told whether his matching is correct. Yang
and Cheng combined the elements of shooting game in VR environment with the pitch
recognition training game. The player needs to use the VR controller as a gun to select
the targeted note as a bullet and shoot the monster that produces the pitch. Though this
game is not designed for pitch matching, the authors’ pratice of naturally combining
different elements to enrich the gameplay can be learned from.

We can find that these games didn’t pay much attention to narrative, the tenichque
appreciated and advocated by many researchers. Narrative, namely storytelling, is con-
sidered to be central to serious games because it can add layers of meaning to games [16]
and foster greater immersion, engagement, motivation and learning [12]. Therefore, it
should be adopted to further optimize the game experience.

3 Design and Implementation

3.1 Game Design

Game Objective: Orpheus aims to enhance the fun of intonation training by combining
the content of pitch matching with the form of serious games. Orpheus is designed for
users of all ages who want to improve their pitch matching abilities in an engaging and
effective way.

Story Selection: An ancient Greek story about Orpheus is selected to construct the
virtual world in the game, because it is rich in plot and closely related to music. Orpheus
is a talented musician who can charm animals and make trees dance by playing Lyre. He
won the heart of Eurydice andmarried her under the blessings of the gods. Unfortunately,
Eurydice soon died from a snakebite and was trapped in the Underworld ruled by Hades.
To save Eurydice, Orpheus went to the Underworld and softened Hades’ heart with the
great power of music. He was allowed to bring Eurydice back to the ground at the only
expense of not looking back before reaching the surface. However, Orpheus finally failed
because he broke his promise with Hades [13].

Chapter Design: The game is designed based on a modified version of the mythology
mentioned above and contains four chapters where the player needs to control Orpheus
to complete specific tasks and drive the plots using their voices. If the player fails to
complete the task, the current chapter will be restarted and the next chapter cannot be
unlocked.

In the first chapter, Orpheus is set to be wandering in the forest and be blocked
by various animals that require him to sing the pitches they demonstrate. If the player
reproduces the pitches correctly, the animals will be charmed and give way to Orpheus
proactively. At the end of the road, Eurydice is waiting for her beautiful encounter with
Orpheus.

Orpheus and Eurydice will get married in chapter two, where the player must act as
the groom and follow the priest to sing givenmelodies to promote thewedding ceremony.
Eurydice will get bitten by a snake at the end of the wedding.
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Orpheus needs to traverse an underground cave to get to Hades’ kingdom in chapter
three. The player must sing reasonable pitches, the frequency of which corresponds to
Orpheus’ flying altitude, to avoid obstacles in the cave.

In the last chapter, Orpheus and Eurydice intend to escape fromHades and the player
needs to frequently change their position as in chapter three. Eurydice will be grabbed
back to the Underworld if they hit the monsters ambushing on their way back to the
ground. The original bad ending can be rewritten if the player finally develops good
intonation and successfully dodges all the monsters.

Challenge Design: Task difficulty increases as the plot thickens. The first two chapters
are designed to train the player’s ability to perceive the pitches correctly and imitate the
pitches accurately by letting the animals or the priest to demonstrate the target pitches
first. The last two chapters, however, require more skills. The target pitches will no
longer be presented directly, but a background pitch at a constant frequency will be
provided instead. The player has to take the background pitch as a baseline, estimate
their intended pitches and adjust the pitches according to the feedback. The variability
of pitch stimuli for learning also differs among the chapters. The game trains on single
pitches in odd-numbered chapters, and sequences of pitches in even-numbered chapters.

Visualization Design: Visual feedback is proved to be effective in developing conscious
pitch control [17]. Orpheus also adopts this strategy to give players a more intuitive
understanding of the intervals between their pitches and the target ones. For example,
in chapter three, the player can quickly find out whether he hums the pitch in tune by
comparing the position of Orpheus with that of the cave wall, and he can also learn the
pitch name by checking the ‘note scale’ on the left side of the interface (see Fig. 1 and
Fig. 2).

Personalized Design: Everyone has his own vocal range, and everyone can expand his
vocal range by training. Therefore, it is necessory to customize the training content for
each player and each use. Every time a player launches Orpheus, he will be asked to
sing the lowest pitch and the highest pitch first as best as he can, and then the program
will select the training notes from the interval for him (see Fig. 3).

3.2 Prototype Implementation

The prototype was developed with Unity Game Engine in 2D and built for Windows
x86-64 platform. The game required the use of the device microphone to sample human
vocals and adopted the Robust Algorithm for Pitch Tracking (RAPT) to analyze the
corresponding notes [5]. Art assets were made with Adobe Illustrator and Adobe After
Effects.
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Fig. 1. The player sings C#4 and passes through the cave when C#4 is required.

Fig. 2. The player sings C#4 and hits the cave wall when A#3 is required.

4 Pilot Case Study

A pilot case study was conducted in order to measure the game experience of Orpheus
and assess the game effectiveness in pitch matching training.

Participants: We recruited 12 non-music college students (6 males and 6 females) to
participate in the study. Two male participants were not included in the final sample:
One found his microphone not working properly, and one spent far less time playing
the prototype than the study stipulated. The average age of the remaining samples was
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Fig. 3. Interfaces that test vocal range and select training notes

25.1 years old (SD= 2.98). Three of them had tried pitch matching before but had never
received professional training. The participants reported no auditory disability or vocal
cord injury, and they were familiar with the Windows x86-64 platform.

Procedure: The entire procedure took approximately 40 min. The participants were
first asked to fill in a demographic questionnaire. They then read a brief introduction
to Orpheus, watched a tutorial video illustrating the basic game rules, and played the
prototype for at least 15 min. After that, participants were required to complete a Game
Experience Questionnaire (GEQ) [11], a widely acclaimed 5-point Likert scale (0 stands
for “not at all” and 4 stands for “extremely”) assessing player experience. The scale
consisted of seven components: Competence, Sensory and Imaginative Immersion, Flow,
Tenson/Annoyance, Challenge, Negative Affect and Positive Affect, which were related
to learning [3, 7, 8]. Finally, we collected game data from the participants, and asked
them about their attitude toward Orpheus and their suggestions on Orpheus.

Results: GEQ results (Fig. 4) showed that participants had a moderate positive affect
(M = 2.06, SD = 1.08) and a slight negative affect (M = 0.88, SD = 1.08). They felt
slightly to moderately successful and competent (M = 1.6, SD = 1.44), moderately
challenged (M = 1.98, SD = 1.42) and slightly tensed or annoyed (M = 0.73, SD =
0.89) when playing the game. They thought the game was fairly immersive (M = 2.72,
SD= 1.02) and they were moderately to fairly concentrated in the game (M = 2.40, SD
= 1.06). To sum up, the participants considered Orpheus as challenging but engaging.
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Fig. 4. Results of the GEQ

Each participant was required to play the prototype several times and record their
game performance. The data showed that the average passing rate of a chapter was
22.3%, which was consistent with the participants’ subjective evaluations that the game
was challenging. We invited some participants that achieved fairly high scores (50%
passing rate) and fairly low scores (0% passing rate) to participate in a more in-depth
interview. Results showed that those who performed well in the game had learned music
theory more or less before while those who played poorly had not. Those who performed
well could easily read the “note scale”, quickly adapted to the game and even developed
their own game strategies, while those who played poorly could not understand the dif-
ference between C4 andC#4 and lost their control of the character frequently. Thosewho
performed well got a sense of confidence at the beginning of the game and successfully
built a positive cycle of “succeed-motivated-succeed”, while those who played poorly
lost their confidence initially and were trapped in a negative cycle of “fail-anxious-fail”.
All these mean that Orpheus may be more suitable for the players with musical knowl-
edge, and it may be necessary to add some tutorial chapters that dedicate to popularizing
the most basic musical concepts before the pitch matching training.

In terms of game effect and game appeal, Orpheus did quite well. Although the
participants played the game only for 15 min, five of them reported feeling an improve-
ment in pitch discrimination and production: five strengthened their ability to determine
whether one pitch is higher or lower than another pitch, and three developed an ability to
estimate the intended pitches based on the background pitch. Nine participants thought
Orpheus was better than the existing method of pitch matching, and the remaining one
thought the effects were the same. Eight participants believed that their intonation would
be improved if they used Orpheus for a longer time and they all showed the willingness
to train their intonation with Orpheus in their daily life.

Suggestions were also collected from the participants and summed up into two main
points. First, many participants reported that there was an obvious time delay between
the player’s producing pitches with the character’s taking corresponding action. The
delay exists because the system has to take a period of time to sample enough audio
signals, so that it can accurately analyze which pitch the player is singing. If the sample
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time is reduced, the accuracy will decrease while the game experience will be optimized.
Therefore, we need to make more trade-offs to decide whether to shorten the sample
time and how much the amount should be. Second, some participants suggested us add
randomness to the game to make it more challenging and interesting. For example,
someone proposed to set the monsters in the last chapter to walk randomly instead of
waiting at a fixed position to be hit by the player. However, other participants complained
that the game was too difficult and suggested us reduce obstacles and slow down the
characters’ speeds.As is analyzed above, the contradictionmay stem from the differences
in pitchmatching capabilities andmusical knowledge structures of players, so narrowing
the definition of target users and making adjustments accordingly, or designing tutorial
chapters to teach simple music theory, may be the focus of the next working phase.

5 Conclusion

The goal of our work is to design, develop and evaluate a voice-controlled serious game
that can help the players train their pitch matching abilities in an engaging and effective
way. We adopted the technique of narrative to add layers of meaning to the game and
selected the Greek mythology about Orpheus to construct the virtual world in the game.
Orpheus’ attributes such as position and action can be modified by singing specific
pitches, so that the player can vocally control Orpheus to complete the tasks and drive
the plots.

A prototype of Orpheus was developed with Unity and was later tested in the pilot
case study. GEQ was used to measure the players’ game experience and results showed
that Orpheus was evaluated as challenging but engaging. Players also indicated that
Orpheus was more effective in intonation training than the traditional method of pitch
matching, and they had a positive willingness to play Orpheus for a longer time. So far,
the study has provided evidence to prove that Orpheus is both engaging and effective,
which is in line with the design standards proposed at the beginning.

In conclusion, Orpheus provides a new training method for pitch matching and it is
expected that the players can get an impressive game experience and make continuous
progress in pitch matching after using Orpheus.
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Abstract. Young children always have picky eating behavior or easily distracted
duringmealtime. Different game-based approaches have increasingly been used in
dietary interventions for children. Characters are often used in gamification appli-
cations that aim to motivate proper eating behavior. This study aims to examine
whether playing a video game with characters affects fruit intake among young
children. An electronic game was developed to encourage children to eat daily
necessary fruit positively. The child will receive a medal of victory. Children used
an iPad Pro to play the game with a display screen of 9.7 in. Two-and six-year-old
children (N= 10) were recruited. Within sex, children were randomly assigned to
two conditions: a character in the app, or a non-character control group. Children
were told that they could eat fruits freely during playing the game and stop any-
time. After app-play, the researchers measured intake and counted the total time
the children spent eating and the time they focused on eating fruits. Furthermore,
the researchers examined the children’s attitude to the eating-game with Smiley-
ometer. The results show that the treatment group of childrenwho played the video
gamewith the character has consumedmore fruits than the control group, but there
were no significant differences (p= 802). As for the the eating time spent on fruit,
there was also no difference between the two groups (p = 0.933). Additionally,
the mean ratings for the game’s fun were 2.06 for the character group and 3.13 for
the non-character group.

Keywords: Children · Eating behavior · Gamification

1 Introduction

Healthy eating habits are essential for the normal growth and development of pre-school
children. However, the incidence of dietary behavior problems of Chinese young chil-
dren has been increasing in recent years. The most common eating behaviors include
picky eating behavior and easily distracted during mealtime, about 40% of children usu-
ally eat more than 25 min. A survey by Jin found that the incidence of picky eating
problems increased rapidly from 1–3 years old, from 12.2% to 46.1%, and still showed
an increasing trend at 3–6 years old, from 46.1% to 49.2% [1]. Faced with children’s
unhealthy eating behaviors, parents of young children feel anxious about their children’s
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improper eating behaviors and are worried and fearful of insufficient growth and devel-
opment [2]. Most parents are not experts in improving their children’s bad eating habits.
They choose to use inducement measures to improve the situation, such as telling stories
during meals, watching TV, playing with toys, which will even aggravate children’s bad
behaviors.

2 Background

2.1 Related Work

In the field of design, in order to improve children’s unhealthy eating behaviors, colorful
plates, and cute spoons have become early solutions to achieve this goal. With the
development of mobile devices such as mobile phones and tablets, over recent decades,
various game-based interventions have been developed to promote health or education-
related results. Gamification and serious games have been increasing for children’s diet
intervention [3].

Behavior Improvement Using Gamification. More video games based on tablets and
mobile phones are used. Baranowski et al. experimented with a video game named
‘Squire’s Quest!’ [4]. Children need to eat more fruits and vegetables in the game to save
the kingdom. As a result, children who played Squire’s Quest! significantly increased
their FV and juice consumption by 1.0 serving compared to the control condition. Bell
et al. examined the effect of the interactive mobile gardening game ‘Virtual Sprouts’
on children’s food intake and psychological determinants of eating behavior [5]. In this
game, players must choose a recipe that meets Dotty’s nutritional needs and preferences,
and grow certain ingredients required for that recipe. Researchers found that children
in the intervention group had significantly improved self-efficacy to eat and cook FV
compared with the control group. No differences in food intake were found between the
two groups.

Augmented Daily Items Using Technology. There have been other projects that use
embedded sensors and mobile devices during mealtime. Kadomura et al. developed a
sensing fork-type device that provided simple audio feedback when a user was con-
suming food [6]. It was found that users could eat their disliked foods more easily than
usual while enjoying a playful environment. The team subsequently added an applica-
tion “Hungry Panda” to address children’s eating issues, including picky and distracted
eating, using different game elements such as roles, challenges, feedback, and persua-
sive technology [7]. The conclusion proves that it is more easily accepted by children
when sensor technology is embedded in daily use. Joi et al. present an interactive and
connected tableware system that comprises a food tray, a spoon, and a smartphone cra-
dle [8]. It aims to promote children to eat more vegetables. The conclusion showed that
children changed their attitudes to the disliked vegetables and they also showed good
knowledge on the benefits of the vegetable.
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2.2 Literature Review

Different game-based approaches have increasingly been used in dietary interventions
for children. Game elements such as characters, narrative, challenge, and progress have
been proved to be effective in encouraging and promoting children to build healthy eating
behavior [3]. However, some learners become annoyed with gamification elements and
others are distracted by them [9]. Especially for young children whose attention is easy
to be distracted, so we need to explore the proper gamification elements for them.

Among them, characters are often used in gamification applications that aim to
motivate proper eating behavior. Children’s repeated exposure increase their liking of
the character and consumemore healthy or unhealthy food, comparedwith non-character
games [10].

However, the positive effect of most game-based approaches using characters to pro-
mote children’s intake and preference of food are post-intervention. We aim to attract
children’s attention to the food they need to eat or increase healthy food intake with a
video game during mealtime, which replied immediately and meaningfully to children’s
actions. It is unknown whether the use of video games and adding characters during
eating will distract children from the food they eat.

In psychology, attention can be divided into four dimensions[11, 12]: 1) the breadth
of attention. It refers to the number of objects that an individual can perceive at the same
time; 2) the stability of attention. It refers to keeping attention in a certain activity for
a long time; 3) Attention distribution. It refers to the ability of an individual to direct
attention to different objects when engaged in two ormore activities; 4) Attention shift. It
refers to Individuals take the initiative to turn their attention from one activity to another
according to a certain purpose.

In terms of children’s attention to food, we emphasize the stability of children’s
attention to food, that is, the ability to keep their attention on eating food for a certain
period of time.

3 Design Concepts

In this section, we describe the design concepts employed to achieve the goals of
improving young children’s eating behaviors.

3.1 Theoretical Basis

Game-based interventions have been proven to be potential for increasing fruit and
vegetable intake and educating children about healthy eating, but it also has short-
comings.One type is video games that are separated fromeating behaviors teach nutrition
knowledge through playing games, and then improve children’s unhealthy eating habits
such as picky from the inherent motivation. They have the disadvantages of excessive
entertainment and long-term intervention and are more suitable for older children who
are able to play complex games. The other type is a product that uses a combination of
hardware and software to intervene during the meal, but its overly rich stories and vivid
characters can easily distract children and make them unable to focus on the food they
eat.
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We have proposed a video game that meets the needs of children aged 2–5 and the
needs of parents and encourages children to actively consume daily essential fruits.

3.2 Feedback Design

In order to encourage children to eat gamification for persuasion, we decided to generate
feedback when children use forks. The feedback that the Pad can provide now includes
visual (such as pictures/animation), hearing (such as sound/music), and tactile (such as
vibration). Among them, vibration feedback is suitable for use in a handheld state, but
not suitable for the scene of intervention in eating. Visual feedback is very expressive,
but it is worth noting that overly complex and concrete pictures may reduce the child’s
attention to food and make them think of other things and become more distracted.
So we chose to design a kind of abstract and dynamic image feed-back that is out of
the narrative to encourage children to eat continuously. At the same time, the sound
is played when the click is felt. In this way, it is encouraged to continue the cycle of
forking food-eating food-forking food, to achieve the purpose of encouraging children
to eat continuously.

In this process, the rhythmof the dynamic changes of the image is also very important.
Rhythm plays an important role in various forms of human expression. It communicates
with us, attracts our attention, and has an impact on our emotions.

Rhythm perception is a unique cognitive phenomenon for humans. A study showed
that when the amplitude of visual cues with motor attributes increases, the amplitude
of finger tapping in the synchronous task will also increase, which indicates that visual
motion information can enhance the synchronicity of rhythm and body movement [13].
When this conclusion is applied to dietary intervention, it can increase the rate at which
children click on food by accelerating the speed of image changes around food.

When the child eats, the iPad will display a colorful beating energy ring, which
surrounds the food plate. The frequency of the energy ring beating changes with the
child’s action of clicking on the food. After each click, the energy ring disappears and
releases energy particles. Then it reappears, and the frequency of beating gradually
increases, waiting for the next click (see Fig. 3).

3.3 Character Design

The goal of this game is to help Panda Panpan (we use pandas as cartoon characters
because most children in Asian countries are familiar with pandas) to accumulate energy
to get his favoritemedal. Every time the child forks a fruit, the energy ball will be released
and passed to Panpan. And if he gets the energy, he will show a happy smile and move
towards the terminal. When the child has eaten all the food, Panpan will get the medal
as a reward.

4 Materials and Methods

We recruited 10 pairs of parents and children as subjects. The children’s age ranged
from 2 to 6 years old. Every mother had her own complaints about the children’s eating
habits. Both parents and children verbally agreed to participate in this study.
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4.1 Materials

The picture shows the fruit-eating intervention product we designed. The fruit is placed
on the top of the iPad, and the child uses a fork to interact with the application in the
iPad below. The application is developed with Unity, and two modes are de-signed with
a role (see Fig. 1) and no role (see Fig. 2).

Fig. 1. Game with a role.

Fig. 2. Game with no role.
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Fig. 3. Pattern changes in the game during fruit eating.

4.2 Pre-survey

We asked these mothers the following questions:

(1) In the past 7 days, how many days did your child eat fresh fruits (such as apples,
bananas, oranges, strawberries, etc.)?

(2) What is your child’s least favorite fruit?
(3) How do you evaluate your child’s fruit intake

Table 1 lists the mothers’ answers to questions (1) and (2).

Table 1. Each child’s fruit eating frequency and preference.

Child Days to eat
food

Dislike fruit

1 5/7 Banana

2 2/7 Orange

3 2/7 Pear

4 7/7 Pear

5 6/7 Banana

6 6/7 Grapes

7 6/7 Banana

8 5/7 Pear

9 3/7 Apple

10 7/7 Banana

All children have their disliked fruit and half mothers stated, “my child sometimes
refuse to eat certain fruits, I am a little worried”. The other said, “I am not worried about
my child eating fruit.

4.3 Procedure

Within sex, children were randomly assigned to two conditions: a character in the app, or
a non-character control group. Children were told that they could eat fruits freely during
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playing the game and stop anytime. Each child played the app during a videotaped
session in a quiet room. After app-play, to measure intake, we calculated the weight
difference before and after in grams as the intake. We use behavioral observation, a
measure of attention, to evaluate children’s dietary attention. We looked back at the
video and counted the total time the children spent eating and the time they focused on
eating fruits. In addition, after the game, we used Smileyometer to check the children’s
scores on the fun of eating games [14]. Smileyometer (see Fig. 4). is an adaptation based
on the 5-level Likert scale. It is presented in the form of a smiley face, supplemented by
words and descriptions below, and requires children to tick their faces.

Children used an iPad Pro to play the game with a display screen of 9.7 in.

Fig. 4. The Smileyometer.

5 Results

Wecompared fruit intake and the eating time spent on fruit forGroupA (“Character”) and
Group B (“non-character”). As for the number of fruit intake, there were no significant
differences (p = 0.802) between “Character” and “non-character” (see Fig. 5). As for
the eating time spent on fruit, there was also no difference between the two groups (p=
0.933) (Fig. 6).

Fig. 5. Comparison of the fruit intake. (Gramme) - Mean: 10.67, 10.00 - SD: 1.53, 2.65

Each of the 10 children in two groups completed the Smileyometer after they had
played the game, and the results are summarized in Fig. 7. The mean ratings for the
game’s fun were 4.67 for the character group and 4.33 for the non-character group.
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Fig. 6. Comparison of the eating time spent on fruit. (%) - Mean: 0.942, 0.932 - SD: 0.10, 0.12

To determine whether there was a difference in the fun between the two groups, a
t-test was performed on the results from the Smileyometer after gameplay (see Fig. 7);
this showed no significant difference between the two (p = 0.667).

Fig. 7. Results of Smileyometer. - Mean: 4.67, 4.33 - SD: 0.58 0.58

6 Conclusion and Discussion

This video game is about food and how we eat it. Its goal is to address children’s
eating issues, including distracted eating and picky through simple media technology,
by turning food into amedium for children’s sensory explorations. It creates a synesthetic
and original experience during mealtime and automatically influenced children’s eating
behavior.

It can be found that the presence or absence of a character in the game has no obvious
effect on the amount of food the child eats, and the character does not make the child
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more distracted when eating. But games with a cartoon character will make children find
it more interesting, although not obvious.

Our study has several limitations. First, the number of child participants in this study
is limited to a few. Next, the game should be more closely integrated with the food need
to eat, and teach the children about food nutrition knowledge during the eating process.
Finally, given that children are easy to be bored with the same visual feed-back, various
ways of playing are needed to develop.

Our future direction is to conduct a long-term real-life user study that involves
mother-child subjects to demonstrate that our video gamewith more different interactive
ways at the dining table to improve children’s eating behavior.
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Abstract. In this paper we want to introduce an open world Serious
Game for learning the Latin language. We are using mechanics that are
well known from games like Assassin’s Creed or Witcher 3 and combining
them with a tense story and the learning content based on chapters of
a textbook that is used in conventional school lessons. In specific, this
learning content will be an important part of the game and is webbed
into the story and game mechanics fluidly. Therefore, the students will
play as a young Marcomanne, that is enslaved by the Romans and has
only one chance to free himself by becoming the best gladiator in the
town.

Keywords: Serious games · Latin · Open world · Photorealistic
graphics · Historical

1 Introduction

The Latin language is commonly called a “dead language” [5], which is techni-
cally correct because there are no native speakers anymore. But it is also known
for to be the “mother of all languages” [1]. Latin is still used in medicine or law
terms and all Romance languages are related to Latin, for example Italian has
only a difference rate of twelve percent [6]. By studying ancient Roman authors
such as Cicero, Livy, or Tacitus, the reader gains insight into Roman history, pol-
itics, philosophy, and much more. Furthermore scientists believe learning Latin
trains the logical thinking [23]. Consequently, Latin continues to be taught in
schools. But the language is not easy to learn because of its complexity. Never-
theless, it is definitely worth the effort or as the Romans would have said: “per
aspera ad astra” (through hardships to the stars).

With our Serious Game “Ludus Magnus” we would like to interweave the
game world with the learning content and thus support pupils and students in
learning the Latin language. Wong et al. describes how learning and games can
be combined:
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“The optimal state of this relationship requires a sweet spot, in which the
entertainment elements function sufficiently enough to serve as a motiva-
tor for information processing without distracting people from valuable
knowledge content” [28]

Playing a game with reasonable flow can lead to an intrinsic motivation which is
a good precondition for learning purposes. In contrast to school-based learning,
which is mainly extrinsically motivated [4] and hence does not last long. To
create this flow in Serious Games, it is necessary to find again the sweet spot
between overwhelming and boring the player. The solution is to confront the
player with solvable challenges in the playing and also in the learning part [8].

Therefore both parts should match and not disturb each other, for example
a vocabulary trainer should not interrupt the gameplay flow by being placed
completely offside the current story or context. Taking this into account, we
generated an open world map based on the area around the Roman city of
Carnuntum and combined the story of the career of a barbarian gladiator with
the learning of game controls such as fighting techniques but also with Latin
vocabulary and grammar exercises based on chapters and exercises of a classical
textbook.

2 Related Work

It is not an easy task to create a Serious Game that fulfills the requirements of
a game in terms of entertainment, graphics or story and additionally conveys
knowledge to the player. In terms of graphics, Serious Games usually cannot
compete with the AAA titles of the gaming industry, because they are devel-
oped with a low budget. But even when developers overcome this barrier, they
still often fail due to reluctant or disconnected mechanics besides the modern
graphics.

A good example for gameplay that makes boring bureaucratic work fun and
let’s the player think about the consequences of his or her decisions, is Papers,
Please. Even if the graphics of the game are not photo-realistic and detailed as
in games with a greater budget, the developers were able to create a reasonable
atmosphere where the player has to make difficult decisions about whether a
human is able to cross the border or not. With the serious context in the back-
ground, the game still provides a fun experience, because all the serious actions
of the game the player has to make, are interwoven with the gameplay very well.

However, history is more than ancient buildings and names because cultural
heritage is very diverse. Beside the “physical” world, there is also the natu-
ral environment side, which includes flora and fauna, landscape and geological
elements [14]. According to Mortara et al. [14] there a three ways of presenting
cultural heritage in a Serious Game: cultural awareness, historical reconstruction
and heritage awareness which can be split into artistic/archaeological heritage
and architectural/natural heritage.
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One famous video game that deals with different historic contexts is Assassins
Creed. The latest title takes place in ancient Greece and the player takes part
either on the Greek’s or the Spartan’s side during the Peloponnesian War [24].
However, even if they mainly try to keep the heritage awareness, especially the
archaeological heritage, with a detailed reconstruction of the ancient buildings,
the story of the game cannot be used for teaching Greek history. The addition
of the so-called Discovery Tour of an Assassins Creed title takes the player on
a virtual tour of famous ancient Greek sites. This is informative and can be
used as a learning tool as it offers reconstructions of ancient buildings combined
with explanations and additional information. However, in this mode all game
mechanics are disabled. Therefore, the goal should be to provide learning content
and playful entertainment at the same time.

An example of a Serious Game for intangible and tangible cultural heritage
is Oppidum [16]. It is a Serious AR Game that uses Augmented Reality (AR)
to transfer knowledge about the Celtic life and history to the player. All build-
ings shown in the game were modelled historically accurate in 3D and can be
inspected virtually. AR is also part of DragonTale [15], which is a story driven
Serious Game for learning Japanese Kanji. Another example of a Serious Game
for learning languages and corresponding characters is HieroQuest [17], which is
a puzzle/escape room game for learning Egyptian hieroglyphs. These games are
examples for Serious Games that combine the gaming and the learning content.
In the “Tactical Language Training System (TLTS)” [13,20] which is a Seri-
ous Game for learning foreign language and culture, the player explores also a
world by speaking with citizens and solving quests and has also a collection of
minigames to choose from to improve language skills. Minigames are often the
main ingredient of so called educational games which is a subgroup of Serious
Games.

3 Concept of Ludus Magnus

As we already mentioned in the introduction, our game is an open world game,
that is combined with learning content and quests supported by game mechanics
inspired from usual open world games to improve the gameplay flow and pro-
vide a fun experience. It is necessary to naturally web the learning content into
reasonable actions of the player to not disturb the flow. Therefore, we carefully
exposed the background story of the main character.

4 Story of Ludus Magnus

The story of our game takes place right after the Marcomannic wars. Our protag-
onist, a young Marcomanne, fought for his ruler Ballomar against the legions of
Emperor Mark Aurel. In one of the battles near Carnuntum, he got enslaved by
the Romans and started to attend a school for Gladiators (lat. ludus magnus)
as he fought well in the battles before. The “lanista” (manager of gladiators)
promised him that, if he becomes the best gladiator of the city he can become a
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free man again and get a wooden sword (lat. rudis) as a sign for his freedom [11].
But he also needs to learn the Latin language as a requirement, since he only
speaks anglo-frisian as his tribe does. Encouraged by this unique possibility the
protagonist tries to take the chance to become the best gladiator of the town,
as well as learning the Latin language.

Fig. 1. Interactive learning objects in the game world

5 Important Gameplay Mechanics

In the following we want to discuss the most important gameplay mechanics of
Ludus Magnus and how they are contributing to the story.

5.1 Game Engine

Before we talk about the gameplay mechanics in specific and talk about the
foundation of every game, its Game Engine. Over the past couple of years, more
and more engines were released - each with its own pros and cons. The most
famous engines for independent developers (INDIE developers) are probably
the Unreal Engine 4, Unity 5, and Cry-Engine 3 [18]. We went for the Unreal
Engine. In recent development steps EPIC has added major improvements for
implementing realistic open worlds with its own world composition tool[3] as
well as with free 3d models to achieve a photo-realistic environment such as the
Quixel megascans library [2].

5.2 Quest System

A quest system is a key factor in every open world game. Every quest can have
multiple goals which need to be accomplished. For solving a quest, the player
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gains experience and other rewards. Especially in open world games quests can
be used to guide the player through the story. In our game the player has several
options to follow quests. Firstly, at the top a compass displays the directions
as well as way-points for landmarks, unknown places or enemies. Secondly, the
player can open a map with the same way-points as well as a marker of the player
itself to indicate his current position. Thirdly, by clicking the “Q” key the player
can open the quest menu, that displays all the currently accepted quests with
all goals and rewards. By talking to NPC’s and discovering the world the player
can accept new quests. Also the lanista gives the player weekly and daily quests
that are basic tasks to improve the overall players skills which should make him
over time the best gladiator in the town.

5.3 Interactive Objects

In such a game, it is important to make the game world interesting so that
the player wants to explore it. We have integrated the learning content into
this world through various objects. The player can search or “scan” certain
locations to discover them. When an object is found, it is highlighted and either
the Latin name or the corresponding translation is displayed (see Fig. 1). The
player can collect these objects in an inventory (see Fig. 2). The corresponding
vocabulary will be later part of a memory game where the player can test his
learned knowledge and improve it.

Fig. 2. The inventory with collected objects and translations
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5.4 Equipment System

The player is able to equip himself with different weapons, armors and helmets
to play different gladiator types (see Fig. 3). Each gladiator type, from Trax to
Murmillo [12], has his own attributes and benefits. Each item is assigned to one
gladiator type and for each item the specific gladiator type gets a bonus. Being
equipped with only items of one gladiator type the player gets extra bonuses,
which should enforce him to commit to one historically correct gladiator armory.
With earned rewards from quests the player can buy new items in a shop and
customize his gladiator to his own favor and learn more about gladiators and
their different fighting skills.

Fig. 3. The equipment system, with armor and weapons already equipped and Trax
bonus set to 60.

5.5 Combat System

To become the best gladiator in town and more importantly to become a free
man, the protagonist has to train gladiator skills. To make this part of the game
fun and challenging, we implemented a combat system that is not only deter-
mined by the equipment, which can be improved mainly by quests about the
learning content, but also by the player’s playing and tactical skills. In many
towns gladiator fights were celebrated, one of them was Carnuntum [7], an
ancient Roman town in today’s Austria, that is our historic basis of the game.
The player is able to fight in an arena against other gladiators and improve his
fighting skills. The system provides a strong learning curve and the player will
immediately feel the impact of better equipment and improved skills. We plan
to add more attack variants in the future and provide for each gladiator type
specific skills (Fig. 4).
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Fig. 4. A screenshot from a combat between the player and another gladiator.

5.6 Vocabulary Trainer

One possibility to add suitable weakly/daily quests to the game is our vocabulary
trainer that is focusing on words of the latest chapter of the learning material.
The player has to choose the right translation out of four options for the Latin
vocabulary. For every correct choice the multiplier increments and the score rises.
When the wrong answer is chosen, the multiplier resets. This should motivate
the students to carefully think about the right answer. Reaching a certain score
the player earns a reward which can be spend for new character customizations.

5.7 Grammar Exercises

Apart from the vocabulary trainer, the player has to solve some quests with
grammar exercises. The lanista reminds the player after each gladiator training
that he has also to master the Latin language. For example, after the gladiator
training the player gets a text about roman history from the lanista which he
has to translate until the next training session, otherwise he is not allowed to
take part in the training. In another quest, the player must deliver a message.
Unfortunately, during the process it starts to rain and some words are made
illegible. The player must then use his knowledge of Latin vocabulary and gram-
mar to restore the message. Each exercise will be part of a quest and has a
credible reason to be solved by the player according to the story. The grammar
exercises (see Fig. 5) could also be part of the weekly quests and are taken out
of the textbook [26].
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Fig. 5. A grammar exercise which the player has to solve by adding the correct form
of idem (engl. the same) in the gaps.

5.8 Level Design

A good level design can improve the player’s flow. Our world is as already men-
tioned based on the Roman town Carnuntum. It is a gladiator city in today’s
Austria founded 100 AD and was a very important town for protecting the
Limes. We used material provided by the archaeological team in Carnuntum as
a model. Figure 6 gives a first impression of how the ancient city is brought to
new life in the game and thus serves as the historical background of the game.

6 Future Work

In this section we would like to present the future improvements and extensions
of the project as well as the planned evaluation in a school.

6.1 Future Game Content

First of all, we will add more quests based on the chapters of the textbook.
Each chapter should have its own sequence of quests the player can follow. Each
sequence of quests will include grammatical and vocabulary exercises, explo-
rations of the map and training of fighting techniques. Also, we plan to increase
the scale of the city over time. One main goal is also to fill the streets with NPC’s
the player can talk to. Each NPC should have an own life cycle and role inside
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(a) (b)

Fig. 6. Screenshots of the game: streets and buildings (a) and the marketplace (b) of
Carnuntum.

the story. A main future plan is to include a multiplayer option in the game.
This could help social player types to interact with other players and provide
them with a more fun and also competitive experience [19].

6.2 Future Evaluation

Due to the Covid-19 pandemic, we had to postpone the evaluation. But our
plans are to have two groups of students playing the game. One group with the
interactive objects activated and one without them. This way we can compare
afterwards the impact on the knowledge transfer. One major problem we face
is the feasibility of testing a game with a photorealistic graphic style at school.
The PC’s in schools are mostly out-dated and by far not powerful enough to run
the game. Therefore we are looking forward to the new technology of streaming
games via the internet. The most famous platform for this is Google Stadia [10],
which streams a variety of games over the internet and might be the perfect
solution to play a high quality game at school.

7 Conclusion

To conclude, our game is still work in progress. However, we think that the game
has good potential. Ludus Magnus supports students to learn Latin vocabulary
or grammar and offers an interesting story of a man who tries to free him-
self. The learning content is meaningfully and comprehensibly integrated into
the graphically appealing game world. This offers the players a serious learning
environment and a motivating gaming experience at the same time.
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Abstract. In this paper, the study of the design and implementation of a game-
based application for learning new basic concepts and/or re-learning these con-
ceptswithin a cognitive rehabilitation perspective, is presented. Specifically, in this
first version, the topics considered were: colours, animals, objects, and vehicles.

The solution was developed to be usable and accessible to two user groups,
children with special education needs and seniors in need of cognitive training
and/or rehabilitation.

The two main goals are: (1) to develop a game-based interface for the two
specific user groups – children with special educational needs and seniors; (2) and,
assess user engagement and acceptance. To achieve the first goal a universal design
methodology was followed. For the later, we performed a preliminary usability
assessment. Specifically, a Cognitive Walkthrough reinforced with a post- test
semi-structured interviews was conducted.

Overall results showed a good user engagement and acceptance. The game-
based solution seemed to facilitated children’ apprenticeship of basic contents and
the helped in the cognitive rehabilitation by the seniors. The preliminary results
indicated the solution could be used as an assistive tool, in a special education or
in rehabilitation contexts, with tutors, teachers or clinicians; but also, in a more
without obstruction and autonomous interaction, at home.

Keywords: Serious games · Inclusive design · Children with special educational
needs · Seniors · Technologies for education · Cognitive stimuli ·Mobile app ·
Accessibility · Usability

1 Introduction

Learning environments can be boosted through technology [1–4]. Particularly, game-
based interfaces for learning (serious games) can be powerful tools to develop and train
the acquisition of new or “old” knowledge [5, 6].

In this context, studies on interface design and implementation are mandatory as
provides information to analyze user engagement and acceptation of the technology per
specific publics.
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In this research we intend to analyze two game-based interfaces, in an educational
and rehabilitation context, for two specific user groups, children with special needs
and seniors. We wanted to test how the solution provided can be developed as a truly
accessible solution for these two groups.

The idea was based in an accessibility perspective where universal design is manda-
tory for establishing cognitive boost, in training or therapy, that we think is needed for
these specify users - one with special education and the other with rehabilitation needs.

Therefore, the research problemwas on the development of an accessible game-based
interface for different users’ profile, focusing on two interaction contexts: education and
rehabilitation, to ultimately achieve a universal design.

Our motivation was to develop a solution that could assist children in achieving new
knowledge and to stimulate seniors on the re-training of old concepts, within a cognitive
rehabilitation perspective. In due course, enhancing their learning skills or cognitive
rehabilitation through technology.

For that, two specific goals were defined: (1) to design, implement and assess a
game-based interface for two specific user groups – children with special educational
needs and seniors; (2) and, to point out user engagement and acceptance.

Furthermore, the research question is: can a serious games-based solution support
cognitive training or rehabilitation for different user groups?

Regardingmethodology, a universal design was followed. Furthermore, for a prelim-
inary usability assessment a Cognitive Walkthrough was conducted. This task-specific
approach to assess usability was reinforced with post- test semi-structured interviews.

This paper is structured as follows: in the background, a brief presentation of the
thematic is made; then, it is described the research methodology followed; and, the solu-
tion development process - the interaction design description, implementation, and the
preliminary usability assessment. In the latter, a description of the participants involved,
the experimental design, procedures and apparatus. Also, results and discussion are
presented. Finally, we present our conclusions and future work.

2 Background

With an exponential growth, digital and mobile devices, are used in many everyday
activity, particularly by children [1]. Their daily habits are undoubtedly influenced by
different and varied technologies and the applications used can influence socialization,
apprenticeship [2] but also support in a rehabilitation context [38–40].

In literature it is long-established, technologies can create entirely new learning
environments by significantly increasing effectiveness, efficiency and sophistication of
apprenticeship, giving the opportunity to experience new knowledge [3, 4]. Particularly,
games are one of the most successful applications on the market [3].

Serious games can be powerful tools to develop and train acquisition of new knowl-
edge. That is why it can be found several games apps to enhance learning designed for
specific public [5, 6].

Teachers are aware of the enormous potential of using games in the classrooms [7–
10, 30, 31] confirming students were more motivated, many times, without realizing
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that were essentially learning. Indeed, serious games have a positive effect, in terms of
increasing study motivation, proving to be a valuable tool to support teaching [11, 32].

In literature, many studies presenting the importance of serious games, mobile
learning apps, and supporting a game developing approach for education [30–34, 36,
37].

Moreover, play contexts can be resourceful frameworks to help children in cognitive
and social developments [12–14]. When interacting with games, children can develop
basic skills and competences [15] as they interact with the interface, for example: lan-
guage skills, when giving instructions, discussing, sharing opinions and answering ques-
tions; mathematics, when have to interacting with scores; reading, when appears a game
dialogue; and, socially, if children can play in groups and/or or talk about the game. In
addition to resources for educational context, games are also used to address problems,
of communication [16], spatial skills [17], problem solving exercises [18] and specific
mathematical problems [19].

Regarding users with (dis) abilities, a large number of users are still unable to play
[23–25]. A game should be accessible to as many people as possible, regardless of their
abilities and/or skills. Despite the interest on developing accessible games, interfaces
were not accessible when compared to other technologies [20–22]. While in serious
games, accessibility is a condition, in entertainment games it seems there is still no
concern, in accessible development for most game designers [27]. The accessibility
concern, on the game development process, is central. However, is seen as a problem
because it can be necessary to integrate or develop new technologies (e.g.: text-to-
speech or speech-to-text, speech processing models) or even to produce hardware, or
to adapt devices and/or controllers [26]. These factors are considered demotivating to
game developers.

It is believed, when developing a game, it is necessary to present an accessible and
aesthetically appealing design for various user profiles. Thus, we have to consider both
game rules and graphic elements that captivate various player profiles aiming at greater
adherence [28].

3 Research Methodology

Regarding methodology, a universal design philosophy was followed towards creating
an interface that allowed training and acquiring of new knowledge for different user
groups. The universal design philosophy for different user groups was to be achieved by
customization of the game topics and levels of difficulty.

Furthermore, the direct observation of the user interactionwas important for a prelim-
inary interface assessment hence user testingwas conducted using cognitivewalkthrough
method. This task-specific approach to assess usability was reinforced with post- test
semi-structured interviews [29].

In this context, we invited two groups of participants: children with special edu-
cational needs and seniors in cognitive rehabilitation aiming to encounter interaction
problems, and assess user engagement and acceptance of the interface.

In the user tests, we registered effectiveness, efficiency and satisfaction criteria. In
detail, for effectiveness, we registered how many participants performed the tasks with
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success and without giving up. In efficiency, we registered resources spent to achieve
effectiveness, such as: time to perform the task and difficulties observed. In satisfaction,
we observed if the participants showed comfort when performing tasks and if they want
to repeat the tasks.

The topics for assessment was chosen with conformance with the special needs
education teachers and approved by seniors’ speech therapists and psychologist. they
were: colors, animals, objects, vehicles.

End-users were observed in two interaction phases: one, structured with specific
tasks to interact, and consequently assessed; and other, free and autonomous interaction,
where they could choose any game thematic.

4 Solution Design Proposal

4.1 Interfaces and Interaction Design

The first version of the solution was designed with a simple interactive interface, aiming
to assist new learning (or to reinforce previous learning) of basic concepts, for example:
colours, animals, objects, and vehicles.

Thoughwe tested the interface for basic (re)learning concepts, the solution presented
is adaptable to different learning profiles. Users (teachers, tutors or parents, …) have
options to change the learning contents, i.e., it is possible to add, eliminate or change
learning themes (by adding text, images and audio contents) and add or remove levels
of difficulty (number of questions).

The solution presented a clear-cut design and usable layout. The simplicity of its
design, language used and addition of both visual and audio cues were key features for
the user interface design.

Specifically, for interaction, users needed to: (1) register or login (after that the
interface displayed specific content for a specific user). Then, (2) they can access the
‘Main’ menu and (3) play one of the four thematic games available by clicking in the
respective ‘New Game’ button.

At the ‘New Game’ menu users can choose audio options - on or mute -, by clicking
on the sound icon located in the upper right corner of the interface. Additionally, users
must choose one of three difficulty levels: level 1, the interface presents two answer
choices (one right-one wrong); level 2, three choices (one right-two wrong); and, level
3, four (one right-four wrong). After that, can ‘start’ the game by clicking in the specific
button.

At the end of the game, users can advance to the next level through the ‘Next’ button
and access a ‘Score’ Menu, with the results obtained on each game/level played.

In the ‘Main’ menu, users (teachers/tutors or physicians) can select an ‘Add Levels’
option. This option allows to adapt exercises, including adding new images, sounds and
thematic to exercises options, for a specific user profile. Explicitly, to access this menu,
they have to click in the option and will be redirected to a new level data entry screen
and fill in all fields: thematic or learning topic, correct answers (text content), wrong
answer(s) (text content), pictures (images or videos) and sound files. Then, have to click
the ‘Save’ button, this will save the new input within the database.
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An audio and a text manual is also available for explaining the game rules and
features, and information about user interaction.

4.2 Design Implementation

The application was developed on the Visual Studio platform, using the C# language
and Windows Forms. GitLab (Team Explorer) tools were also used. There were defined
and developed five key components: Main Menu; Game Menu; Score Menu; Review
Menu and Add New Level Menu.

4.3 Preliminary Assessment

Participants
Thirty-eight persons participate in this preliminary assessment. Specifically, twenty chil-
dren with special educational needs (eleven boys and nine girls - age from 6 to 13 years
old); ten elderly people attending a rehabilitation center (three men and seven women -
age from 76 to 80 years old); two teachers; and, six parents (age range 29 to 33).

The children participants were nominated by a special education teacher and a psy-
chologist, according to the average rate of literacy and primary education: ten participants
in the 2th grade; eight, in the 3th grade; and, two, in the 4th grade.

The seniors were selected by a speech therapists and psychologist working in the
rehabilitation center.

All participants were volunteers and had permission of their parents or tutors to
participate in the assessment stage.

Furthermore, teachers and parents were invited to observe but also to give their input
to improve the application.

Experimental Design
All participants used the application in two assessment phases: one, a task-specific
approach to assess usability, (recording effectiveness, efficiency and satisfaction criteria;
and a second where users could play freely and autonomously without specific tasks to
test. This latter aimed at observing user engagement and interface acceptance.

We observed and registered: quantitate data, such as: the number of successfully
conclude tasks, time to conclude tasks; but also qualitative data, comments regarding
difficulties and interaction.

Audio recording and writing notes were used.
Participants were divided in four groups: two, with seniors; and, two children special

educational needs.
The specific tasks defined were:

– (T1) choose and play the Colors thematic game (level 1);
– (T2) choose and play Animals thematic game (level 2);
– (T3) choose and play Objects thematic game (level 3);
– (T4) choose and play Vehicles thematic game (level 3);
– (T5) choose Score Menu in order to see the final score.
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The first four game topic tasks were performed randomly. The level of difficulty
remained in the same sequence, usersmust always to start in level 1 (two-answer choices)
to level 3 (four-answer choices).

After this first phase of assessment, with mandatory tasks, we invite the participants
to play at will. They could choose the game topics and levels of difficulties.

Note: efficiency criteria is defined as task conclusion with success. The total score
obtained in each game was registered but not used to assess efficiency.

Procedures
Participantswere seated correctly in front of the screen in a controlled environment.After
we explained user interaction and game features they started the assessment activities.
Experiments were made one participant at a time with at less two observers.

Apparatus
The resources used to perform the user tests were: an Asus Intel Core i7-4500U 64-bit
Operating SystemLaptop,Windows 8.1 and anAsus Intel Core i7-3610 64-bit Operating
System laptop computer,Windows 10. The touch screen of the described laptopwas used
during the assessment phase to facilitate the user interaction.

4.4 Results and Discussion

Overall, in the preliminary assessment, it was observed a good user interaction. Specifi-
cally, the solution seemed to facilitated children apprenticeship of basic topics.Regarding
seniors, it seemed to allowed a cognitive stimulus.

Furthermore, within the two groups, it was observed, throughout the experiment,
an increase of motivation when interacting with the solution. This was noticed with
the results obtain in the effectiveness criteria. Specifically, all participants, seniors and
children with special educational needs concluded all tasks with success and no one
dropped out. Also, in the autonomous testing phase, all repeated interaction and played
with the interface, freely.

Regarding efficiency, specifically time to conclude the tasks:

– children took approximately 3 min to conclude Task 1 and Task 2, and about 6 min
to complete the Task 3 and 4;

– seniors, took about 3 min in Task 1 and Task 2, and, 7 min in Task 3 and 4. Notice
that the time increased in higher difficulty levels.

No participant comments one difficulties in the score consultation option (Task 5).
No errors or major difficulties were described by the participants or observed in user

interaction. Though, in content assessment, i.e., game scores, users obtained different
scores, showing more difficulties in a high difficulty level 3 (four-answer choices).

In the autonomous assessment, users tried different difficulty levels, in different game
topics. They seemed engaged and positively accepted to use the interface, repeating
several times (up to 10 times) the interaction.

Other observation and notes were register: for instance, the visual and audio cues
were indicated as important for assistance in word writing. Furthermore, adding of
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an animated figure with voice was considered to be helpful to assist user interaction.
This animation explained the games topics/ aims and reproduced the audio help (if
needed). Additionally, the audio and visual wrong and right feedback screens were
much appreciating by seniors’ participants. These features help them to understand the
next step (if they could “continue” or “try again”).

Another appreciated feature was the background choice option, must appreciated
by the children. They were observed to try several options for the background, in the
autonomous assessment. When questioned, they said they liked to customized the back-
ground and requested for the possibility of uploading an image of their choice. This
option was not considered in the version presented but will be implemented in future
work.

The exit option was ignored. No one uses this button. When asked why, several
participants said they did not see it.

Overall, in concern of the design features (buttons, illustrations, audio option)
participants confirmed were easy to find and use.

Regarding satisfaction, participants seemed to be enrolled in the game activities and
several said they would use the application in other contexts. Specifically, children said
they liked using it, with their parents, at home; and, the seniors affirmed they could use
it in rehabilitation context as an assistive tool.

Moreover, teacher and parents gave their feedback regarding the observations made.
Specifically, teachers stated the solution facilitated the children’s apprenticeship of basic
didactic contents; and, parents would like to try the topic customization option (‘Add’
level option) at home.

5 Conclusion and Future Work

Overall conclusion, the solution provided a simple and user-friendly interface to
effectively assist users with special education needs or seniors in need of cognitive
rehabilitation.

The two participant groups of the preliminary assessment and teachers and parents
involved seemed very satisfied and expressed positive feedback regarding the solution
presented.

All participants – children with special educational needs and seniors - performed
the two assessment moments and no one give up.

Several children asked to repeat the experiment, preferring the autonomous inter-
action, without structured tasks to perform. On the other hand, seniors enjoyed the
controlled experience with direct assistance, sustaining the will of having “someone to
indicates which task to performed”.

Therefore, it seems that effectiveness, satisfaction and user engagement results were
promising.

Teachers’ feedback was the app facilitated children apprenticeship of basic topics
and could use it in different class learning contexts.

Parents affirmed that they could use the solution at home also to assist training.
Children were happy and satisfied after tests and said they did not mind to use it in
school or at home.
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Despite the results were very prominent, we registered some improvements to imple-
ment as future work, for example: add more game topics (with visual and audio cues);
add background images, allowing users to upload an image of their choice.

Additionally, we intend to follow this research field by further studying universal
design of different types of content (audio, image, animation, text) to enhance cognitive
stimuli (e.g. audio, visual, and tactile), in education and rehabilitation contexts. We
believe it is needed further and deep analysis to provide accessibility in game design
interface.

Also, it is intended to enhance the number of participants to performed a second
usability assessment.
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Abstract. The current shift from a traditional classroom laboratory to a partial
remote virtual lab is mainly due to COVID-19 pandemic. This pedagogical change
is forcing academic institutions to rethink and redesign their lab courses. VR is
promising technology to support this change. This study reviews current liter-
ature of the VR systems applied in higher education, clarifies some technical
terms related to VR technology, and identifies the strengths and weaknesses of
this technology. After a semi-interview with faculty members and students in the
Chemistry department at a US university, we propose a new hybrid lab design
with VR technology based on the literature review and interview results.

Keywords: Virtual reality · Chemistry lab · Education

1 Introduction

Effective and efficient chemistry education offers reliable knowledge transformation
to next generation improving students’ problem solving and critical thinking skills in
Chemistry. One of the most important components in chemistry education is the labora-
tory experience. Chemistry labs are design to help students enhance acquired theoretical
knowledge and support practical training through various learning resources [1]. Ade-
quate chemistry lab training is critical to ensure desired learning outcomes through
the chemistry education. However, there are always some challenges faced by most of
the chemistry departments in the higher education as follows: (1) insufficient laboratory
space to arrange enough chemistry lab courses [3]; (2) special restrictions on attendance,
such as students with disabilities [2]; (3) insufficient faculty members to teach chemistry
lab courses [3]; (4) expensive lab equipment and materials (some of them may not be
accessible by small schools) [4]; (5) fatal experiments with certain chemical materi-
als [3]; (6) dangerous results due to students’ operating mistakes [3]. With increasing
demands in chemistry lab courses but the lack of budget, real classroom space, and expe-
rienced faculty, changing trend of teaching with technologies becomes a need to enhance
higher education learning outcomes. Additionally, the COVID-19 pandemic promoted
more virtual education and forced less physical chemistry labs in classrooms. This tran-
sition expanded the above challenges to current chemistry lab courses. In this context,
more and more computer-based simulation tools are developed to engage the chemistry
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education and assist to improve students’ learning performance. The simulation tools
with virtual reality (VR) is the most promoted one adopted by many universities.

Pedagogical use of VR simulations has been adopted in various education areas such
as healthcare [5–7], construction [8], military [9], and other higher education majors
[10–12] to improve training effectiveness and avoid potential training risks. The success
of VR applications in education depends on the users’ feeling of “sense of presence”,
which gives the users a “real world” sensation and deceives the users’ feeling on human
behavioral parameterswith the effects of 3D immersive environment [13]. In recent years,
VR technology shows overwhelming advantages in training programs and education,
such as schedule flexibility by self-learning, not limited to certain training locations,
repeatedly and individually experiment practices, etc. [14–16]. It becomes an innovative
method to provide a unique educational supplement to the in-class lectures and strengthen
the students’ inquired-based learning experiences, especially in laboratory education
[17].

For decades, the chemistry lab course was offered in a physical laboratory. With the
growth of computer and internet technologies, the use of simulation training has become
an integral part of chemistry education. In respect to the experiments in a chemistry
lab, it is widely admitted that VR has shown a great potential in enhancing students’
theoretical knowledge and practically experimental skills [18–20]. However, although
VRapplications in chemistry labs has increasingly received educators’ attention, inmany
academic studies during past decade, definitions of VR and VR related terms such as
augmented reality (AR) simulation, immersed simulation/VR, 2D/3D VR are not clear,
which caused some misunderstanding and misleading results about VR applications.
Additionally, to deal with the future disaster situations such as the COVID-19 pandemic,
there is a need to seek a better pedagogical solution for chemistry lab courses under
multiple realistic limitations.

The purpose of this study is to briefly compare several common terms used in VR
and shed the light on these terms and definitions of VR and other terms related to
VR. Additionally, this study is trying to propose a hybrid teaching method with VR
technology in chemistry lab education.

2 Literature Review of VR Applications

2.1 Virtual Reality

Computer based simulation technology, such as VR, plays an important role in cur-
rent higher education. VR has been described as the learning and education supportive
technology of the new century [21]. VR uses graphic systems combined with various
interface devices to give the effect immersion in an interactive virtual environment [22].
Presence in a virtual environment gives users a feeling of being in a virtually mediated
location similar to the real location. Users’ feeling or sense of this presence is a critical
factor linking their perceptions, intentions and actions in the virtual environment. The
level of this presence determines the engagement of the users in the VR. VR technology
has a variety of unique properties along with different terms that users are utilizing.
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From dimensional perspective, it could be 2D, 3D VR technology. From immersive per-
spective, it could be non-immersive or immersive technology. From image or animation
perspective, it could be AR, VR, and Mixed Reality (MR).

The initial VR simulation tools adopt conventional 2D technology which does not
give depth to the objects, such as flight simulations games developed two decades ago.
The advantages of 2D VR simulation include low-cost, mature technology, convenience
to the users, and compatible to most of the current computers and mobile devices. 3D
technology creates spatial depth off the 2D screen with 3D pop-up visualizations which
makes some objects appeared closer and touchable to the users.

Immersion is a new term inVRdescribing the level of users’ involvement experiences
in the virtual environment [21]. Immersive VR (IVR) technology tends to “disconnect”
users from the real world and replace the real world with the virtual world created in
the virtual environment. From a user’s perspective, immersive VR excludes the physical
real world and provides an isolated perception of his/her sense from the reality by
changing surrounding environment [23]. The typical immersive VR is mediated through
head mounted displays (HMD), such as HTC glasses or Oculus Rift, allowing users to
experience the desired degree of immersion. Combining with dimensions of VR, the
effectiveness of 2D immersive VR can only show images and 2D videos to the users
which is lack of depth perception. Therefore, current trend of VR technology is to adopt
3D technology with immersion giving users more realistic and immersive feelings in the
virtual world.

Along with VR, there are two other similar technologies named AR andMR. In both
AR and MR, real world is not isolated but mixed with the virtual world. In AR, users
mainly interact with the real world and the virtual objects are the adds-on to the real
world. A typical example of AR is the game Pokemon Go. Players of this game can see
the real world plus the Pokemon as the virtual object. MR is more advanced technology
combining both real world and virtual environment allowing users to interact with both
worlds [24].

2.2 Laboratory Education Methods

According to the experiential learning theory, experience is one of the critical factors in
the learning process [25, 26]. Practice under simulation scenarios allows users to enroll
to the activities, reflect on the experience, observe the differences, identify crucial skills,
and actively experiment gaining the knowledge to shape future practice [27]. Therefore,
chemistry lab courses are important to support students with their operational skills and
understand thoroughly with theoretical knowledge they learned in lectures.

There are typically four pedagogical methods to teach chemistry lab courses. The
face-to-face method is the traditional classroom teaching that students sit the classroom
for the lectures and practice their operational skills in a physical laboratory.With demand
of teaching and learning efficiency, instructional videos were added to the traditional
teaching method as a supplementing teaching method. Instructors can spend more time
preparing the videos with more systematic and logical teaching philosophy, and students
have more flexibility to watch the videos repeatedly at anytime and anywhere. This
method reduces students’ in-class pressure and encourages their learning preferences
[28]. Research of recent years indicates the success of this method in higher education
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as useful pedagogical tools in engaging students in learning [29]. Both of these methods
are teacher-centered and require passive learning by the students. To improve students’
engagement with the knowledge and provide student-centered learning activities, 2D &
3D simulation tools were invented for lab courses. Lab simulations include multimedia
instructions and visual guidelines, which allow students to independently analyze the lab
information, construct their knowledge framework, and practice repeatedly on their lab
skills [30]. Lately, immersive VR is actively being incorporated as an efficient teaching
and learning tool in the lab education [31]. Students complete most of the lab activities
in the VR world with instant feedbacks from the system. More and more educators are
considering to embed VR into a regular laboratory education, especially for remote lab
education [2].

2.3 VR in Higher Education

There are numerous academic studies exploring the potential benefits of VR application
in higher education [2, 3, 8]. To some special subjects, such as medical, geographical,
chemistry, biology, etc., VR technology allows students to visit some environments either
hard or impossible to approach or unobservable phenomena due to various limitations
[32–34]. Yu andMann [35] indicates the usefulness of VR technology in nursing training
program, especially for some emergency scenarios, such as neonatal resuscitation. Field
trip is another example to adopt VR technology in class to visit different locations at
the same time [14]. Additionally, VR technology provides flexibility in virtual training
and education system modifications, which allows student to easily and quickly exper-
iment with various systems that typically cannot be changed in laboratory or industrial
conditions [36].

From learners’ perspective, students are reported to feel more confident, open, par-
ticipatory, creative, and understanding toward the knowledge they learned through VR
technology [37–40]. VR systems enable students to complete training experiments inde-
pendently and repeatedly at any time. This gives students more time to practice and
understand the knowledge and skills. Moreover, VR systems guarantee the safety of stu-
dents in the experiments involving some exceptionally dangerous chemical or unusual
working conditions [41]. Lastly, all students have equal chance to practice in a VR edu-
cational system. Since it is virtual, a VR system gives all students equal and flexible
access without limitations, especially for those disabled students, students with tempo-
rary restrictions on class attendance, such as pregnant or injured, or students who want
makeup the labs at different time.

From learning and teaching perspectives, VR education systems attract students’
attention [16], bring more learning engagement and enjoyment [42], enhance students’
understanding of scientific concepts [15], and support inquiry-based learning [17]. Espe-
cially in chemistry lab education, Davenport et al. [43] demonstrate that VR chemistry
lab improves students’ problem solving skills. This result is in line with the work of
Winkelmann et al. [20] which indicates that VR can be effective for teaching chemistry
experiments.

Despite the clear advantages of VR technology in education, there are a number
of challenges identified by Alalwan et al. [44] from a semi-structured interview of 29
science teachers. Technically, VR technology is still in its preliminary stage. Therefore,
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fromboth software design andhardware functionality perspectives,VR is limited to show
its full capabilities in education, such as lack of competency of the VR systems, limited
instructional design, not enough parental control support to K-12 students, requiring
more time and practice to master the VR devices, and limited resources to support
the fulfillment of VR functions. Besides the technical concerns, the potential negative
health and mental impact of using VR for long periods, such as dizzying, uncomfortable
feeling, higher cognitive load, eyestrain, pedophobia and cyber addiction, is revealed
by some research [45–48]. Budget is another challenge to adopt VR technology in
education covering the initial cost of the VR software and hardware, such as VR glasses
and special training programs, and on-going cost including device maintenance, staff
hiring, and training [46]. In addition, from a learning perspective, a few studies found
negative effect on students’ learning outcomes throughVR learning environment, despite
students’ higher interest, motivation and engagement in the learning process [49, 50].
The authors argue that this can be reasoned by the complex design in the VR system
which distracted students’ attention. This results is in line with the discussion of Alalwan
et al. [44] with recommendations of simplified VR software design.

This study focuses on the current chemistry lab teaching dilemma on a University
in south USA. Our purpose is to develop an efficient and effective teaching and learning
method to provide better lab education to our students in chemistry classes.

3 Chemistry Lab and Proposed Design with VR Technology

3.1 Current Solution

The Department of Chemistry offers 14 labs in General Chemistry I laboratory course
(CHM1045L) and 13 labs in General Chemistry II laboratory course (CHM1046L) each
semester. Due to the classroom space limitation, all the labswere performed in laboratory
with a duration of 100 min, each session capped with 24 students.

Due to the large enrollment of General Chemistry I and II, the only two laboratory
classrooms are reserved throughout the week, with more than 20 CHM1045L sessions
and 14 CHM1046L sessions.

During the outbreak of COVID-19 in 2020 the department had to switch to online
instruction and all lab sessions were taught virtually in the spring semester of 2020.
Instructors gave an online lecture on the background and procedure of labs, then provided
lab data for students to finish their lab reports. Students had no opportunity to obtain
hands-on laboratorial training experiences.

Starting 2020 Fall semester, the department made some changes in order for students
to get some laboratory experiences while still maintain the social distancing. In General
Chemistry I laboratory course (CHM1045L), half of the students performed the wet
lab in the laboratory, while the other half students conducted “Dry Experiments” using
Labster simulations on computers. The nextweek, these two groups of students switched.
Similarly, in General Chemistry II laboratory course (CHM1046L) students are split into
two groups, they take turn to attend in-person lab, while the other group stayed virtual
and use Zoom or FaceTime to watch their lab partners perform labs.
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3.2 Concerns of Current Solutions

There are great concerns in the abovementioned solutions.

– Due to 100 minutes laboratory time limitation, some labs had to be modified, and
reduced lab procedures are provided to students. For instance, Experiment #3 in Gen-
eral Chemistry II laboratory course “What is the Activation Energy of the Formation
of a Chromium (III) EDTA complex?”, requires students to collect a series exper-
imental data at 8 different temperature settings. However, during the 100 minutes
laboratory meeting time each group students could only get experimental data at most
3 different temperature settings. Therefore, the department modified the procedure
and assigned all groups to obtain experimental data cooperatively. This helped to get
“a complete set” of experimental data for students to calculate the activation energy
of the reaction under study. However, the results had been often ruined by all sorts of
errors and mistakes from different groups which hindered the students to obtain an
accurate value of the reaction activation energy. On some occasions, instructors had
to provide data for students to complete the post lab reports.

– We thought to open the laboratories 24/7 so that students can go anytime without time
limit to perform their labs. This also raise two major concerns: (1) For safety reason
it is impossible to open the laboratories to students without the supervision of lab
managers or instructors; (2) This would dramatically increase the lab managers and
instructors’ working loads.

– The current lab teaching schedule can only allow students conduct half of the wet labs
originally scheduled. Therefore, students only received half training opportunity.

– For those students who are online, the current alternating lab schedule makes it hard
for them to understand the labs. Students did not have first-hand experience to know
the details of the labs, they had to rely on their lab partners on screen to get an
understanding of the lab.

– Instructors also received complaints from students about their lab partners, either their
lab partners did not contact them, or not communicate in a timely manner, and had to
rush to complete their lab reports in the last minutes. Good students don’t want their
grades negatively impacted by their weak lab partners, or their lab partners did not do
correctly.

– Current lab simulations don’t provide students hands-on experience, such as getting
definitive results, accurate measuring, and any real time troubleshooting. The simu-
lated labs aren’t a full replacement for the entire class, though simulations are just
fine if not every student can attend in-person lab sessions.

Below are some feedbacks from students on the current simulation used.
Advantage of Simulation:

– “It’s great because you get the ability to restart just one portion of the lab when you
make a mistake rather than redoing the entire lab”.

– “I learned a lot from the process, and it was similar to the in person lab”.
– “The simulation lab is definitely helpful because it helpsme understand how the actual
lab would have gone and it is easier because it automatically does the correct amount
of solutions and things like that”.
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– “I love the simulation lab and I feel like I learn more than in lab. This is because I am
able to answer questions as I do it, and all resources and help I could need are easily
available to me, where as there is only one professor to several students that can help
in lab”.

– “One thing that I would like more of is the pre labs being a simulation instead of
report. I feel the simulation better prepares you for the lab since you can see it not
just read it”.

Disadvantage of Simulation:

– “My only issue is that it can be a little laggy and take a minute to comprehend what
you are doing”.

– “My only complaint is sometimes, it can be glitchy and difficult to navigate”.
– “I feel fine towards the simulation lab. Although I can definitely feel a difference when
it comes to learning and understanding what the lab is trying to teach when it is in
person, compared to when it is a simulation”.

3.3 Expectations of Future Systems

Our future system should meet the following expectations:

1. The lab simulations should synchronizewith our lab sequence and simulationswould
be as close as possible to the actual labs. This would allow online students to receive
the lab training similar to the actual labs.

2. There would be embedded quiz questions throughout the simulations that are open
note within the simulation.

3. Use simulation to provide a platform for students to learn the detail procedure of labs
before they come to the lab. Students are evaluated by the embedded quiz questions.
This would allow students get acquainted with the lab procedure and perform actual
labs more efficiently in laboratory even with the 100 minutes limitation.

4. Students can rework the simulation for a higher score and could repeat the simulation
as many times as they want.

5. Simulation would be mobile friendly so that students could work on simulations on
their laptop, desktop or mobile devices.

6. Simulations have a module on how to use of equipment such as LabQuest Spec-
trophotometer before the lab even begins so that students could get a good idea how
to use it.

3.4 Possible Solutions

Educators are looking for possible solutions for the current dilemma in chemistry lab
education. Kelley [3] compares three chemistry lab teaching formats from conducting
labs at school to completing experiments remotely at home with either school-provided
or home-purchased lab supplies and concludes that in-person labs at school results in
the best lab performance and learning outcomes. This results can be explained by better
face-to-face instruction with instant feedback at school, higher class engagement with
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cooperative communications at school, and trusted lab safety supervision by the teachers
at school.

Technically, to support remote experiment education at home, Zhou et al. [51] pro-
pose a method combining both AR and VR in a biological lab design. This design
partially simplifies the simulation design by promoting students’ theoretical knowledge
learning through an AR system and improving students’ experimental skills with a VR
system.

3.5 Proposed Study

According to the literature review and interview information collected from our faculty
members and students in the Chemistry department, we believe chemistry labs adopting
VR technology is promising, especially for the remote lab course. Therefore, propose a
new hybrid design for our current chemistry lab courses:

1. At the beginning of the semester, the first lab will be hold in the school laboratory.

a. In a VR system, although students can see the 3D structure of all the lab equip-
ment, they do not have a physical feeling/touch of the equipment. Therefore, we
want students to cognitively feel and recognize all the experimental equations in
the lab before they use the VR system;

b. Safety instruction will be explained during this first class;
c. Both hardware and software of the VR system for the lab will be introduced to

the students.

2. Students complete required lab experiments through the VR system at home until
the middle of the semester.

3. At the middle of the semester, students come back to the school laboratory. Previous
studies suggest that engagement and learning are encouraged by personal, authentic,
inquiry-based experiences [52–54]. Therefore, both physical and virtual lab experi-
ments should offer in the lab course to complement each other efficiently supporting
students’ practical learning [20].

a. Review all the labs they completed before;
b. Complete an experiment in the school lab, which will help students comparing

the differences between a real physical lab and a virtual lab;
c. Reinforce the safety instruction;
d. Q&A of the VR system.

4. Students complete required lab experiments through the VR system at home until
the end of the semester.

5. At the end of the semester, students come back to the school laboratory for the last
class.

a. Review all the labs they completed before;
b. Complete an experiment in the school lab, which will help students comparing

the differences between a real physical lab and a virtual lab;
c. Reinforce the safety instruction;
d. Q&A of everything they learned during the semester.
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4 Conclusions

Traditional classroom laboratory course design is insufficient for the current remote
experimental education needs.VR technologyhas incredible potential to improve the stu-
dents’ learning outcomes in higher education [21]. Chemistry lab courses in school labs
trains the students with highly practical and experiential skill-based learning. However,
COVID-19 pandemic forced most universities shift from in-classroom labs to hybrid
labs, which reduces students’ practicing time in the lab. This study reviews current VR
technology applications in higher education and proposes a new hybrid lab course design
based on both the literature review and results from a semi-structured interview with
faculty members and students in the Chemistry department at a US university. Our next
step is to purchase and set up the VR hardware and software for a few chemistry labs
and test the efficiency and effectiveness of this new hybrid lab design.
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Abstract. With the acceleration of globalization, global competence has become
an important competence for children to adapt to the future. In order to enable
factorary and middle school students to master certain knowledge and skills,
develop and improve their global competence during the learning process, a serious
game app called “Global Adventure” is designed to promote children’s knowl-
edge, skills, attitudes and values of global competence in the game. The game
has the best effect on the improvement of the skills which achieving three-level
skills development of “perception”-“conformation”-“production”. The develop-
ment of the knowledge is followed by realizing four-level knowledge develop-
ment of “conceptualization”-“comprehension”-“application”-“evaluation”. The
frequency of developing young people’s attitudes and values is relatively less,
but achieving five-level emotional development of “receiving”-“responding”-
“valuing”-“believing”-“behaving”. The four games all involve 8–9 domains of
the four global competence factors, but the educational value they play is differ-
ent. The game environment under the cooperativemode improves children’s global
competence better than the game environment under the single player mode. The
audio-visual gamemode can further promote the improvement of children’s global
competence. Global environmental issues play the most significant educational
value.

Keywords: Global competence · Serious games · Primary and middle school
students

1 Introduction

Since the 21st century, global competence has become an important dimension of the
talent competence framework proposed by major international organizations and many
countries and regions.The Organization for Economic Co-operation and Development
(OECD) has planed to include global competence in the PISA test in 2018 to measure
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the knowledge, skills, attitudes and values of young people on global issues in nearly
80 countries around the world, so as to enable them to prepare for a digitally-connected
communities [1]. Global competence is based on the perspective of globalization, and
comprehensively considers the cognitive concepts of world members with diverse cul-
tural backgrounds. it aims to cultivate the capacity to analyse global and intercultural
issues critically and from multiple perspectives, to understand how cultural differences
affect perceptions, judgements, and ideas of self and others, and to engage in open,
appropriate and effective interactions with others from different backgrounds on the
basis of a shared respect for human dignity [2]. How to help children master certain
knowledge and skills before school, develop and improve their global competence in
the learning process has become a hot issue in the academic circle. Among them, it is a
feasible way to improve students’ global competence through serious games increasing
children’s immersive experience.

Serious games are electronic games which fully integrate educational and entertain-
ing features by taking education as the main purpose and entertainment as a means.
Compared with traditional educational methods, serious games are more acceptable and
popular, with a broader target audiences. In 2003, the Woodrow Wilson International
Scholars Center inWashington launched the “SeriousGames Project” supporting serious
games to form an organized industry and using cutting-edge entertainment technology
to solve problems in multiple fields. Since then, there is a significant integration of
serious games and education, and serious game products emerge in endlessly. It can be
seen that the use of serious games to improve children’s global competence has aca-
demic value and practical guidance. This article takes pre-school and low-level primary
school students as the research objects, designs serious game APP to promote children’s
knowledge, skills, attitudes and values of global competence, and monitors the changes
of children’s global competence levels based on multi-modal data of activity perfor-
mance in games, so as to explore the influence mechanism of serious games on global
competence. Optimize the function of digital game APP in promoting the development
of children’s global competence and offer evidence-based suggestions for the teaching
and management decision-making on global competence.

1.1 Literature Review

In 1993, Schechter [3] put forward the connotation of global competence for the first
time. He believes that global competence aims to enable students to acquire global
knowledge and skills for employment in a global environment, and develop the ability
to appreciate cultural differences and intercultural sensitivity. Olson et al. [4] provides
an operative definition of global competence. He believes that students must master
enough substantive knowledge of language, culture and world issues, possess percep-
tual understanding such as open-mindedness, complexity of thinking and perspective
consciousness, as well as intercultural communication skills of adaptation, empathy,
and intercultural awareness in order to effectively interact in an interdependent world,
which gives global competence higher practical guidance value. Hunter et al. [5] further
expanded the working definition for the term of global competence which is having
an open mind while actively seeking to understand cultural norms and expectations of
others, leveraging the gained knowledge to interact, communicate and work effectively
outside one’s environment. In 2016, the OECD released the “Global Competency For
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an Inclusive World” report, proposing to conduct a global competence assessment in
the 2018 International Student Assessment Project (PISA). This is the first time that
global competence has been included in a large international assessment project. The
framework integrates the research results of many scholars, gives a deeper and broader
meaning to global competence, and forms a global competence assessment framework
that includes four factors: knowledge, skills, attitudes, and values (as shown in Fig. 1
below). The framework consists of two layers. The first layer is the four main dimen-
sions of global competence assessment: examining local, global and intercultural issues;
understanding and appreciating the perspectives and world views of others; engaging in
open, appropriate and effective interactions across cultures; taking actions for collective
well-being and sustainable development. The second layer is specific knowledge, skills,
attitudes and values that the each dimension builds on. In view of the fact that the global
competence framework has measured the status of young people’s knowledge, skills,
attitudes and values on global issues in nearly 80 countries around the world, and has
high authority and global applicability, this article uses this framework as the assessment
system. Global competence is defined as the knowledge, skills, attitudes, and values that
citizens in the context of globalization have to master when meeting with the opportu-
nities and challenges brought about by globalization, and the practical actions putting
these knowledge, skills, attitudes and values into reality (Table 1).

Fig. 1. Global competence framework
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Table 1. Factors and domains of global competence

Factor Domain Content

Knowledge Culture and intercultural relations Awareness of one’s own cultural identity;
Understand the similarities and
differences between different cultures;
Protection of cultural differences and
diversity;
Identify a variety of complex identities

Socio-economic development and
interdependence

Studying development patterns in
different regions of the world;
Social and economic interdependence
and linkages;
Analysis of various forms of
globalization issues

Environmental sustainability Promoting and supporting
environmentally sustainable
development;
Complex systems and policies
surrounding the demand and use of
natural resources

Global institutions, conflict and
human rights

The establishment of global institutions
such as the United Nations;
Global governance in a world of highly
unbalanced power relations;
Causes and solutions of conflicts
between States, ethnic or social groups;
The positive role, responsibility and
power of youth in society

Skills Information retrieval and reasoning
ability

Obtaining and inferring information from
multiple sources;
Determine information needs
independently and select information
sources;
Check for information connections and
discrepancies;
Evaluate the value, validity, and
reliability of information

(continued)
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Table 1. (continued)

Factor Domain Content

Intercultural communication skills Express your ideas clearly and
confidently;
Respecting different expectations, views
and needs, and respecting differences;
Master multiple languages, check the
meaning of words and phrases;
Be an active listener;
Be an effective speaker, make a point,
persuade others, etc.

Ability to analyze problems from
multiple perspectives

Put yourself in the shoes of others and
recognize and accept often conflicting
points of view;
Understanding the interconnection of
different viewpoints;
Understand the differences between
groups, etc

Conflict resolution ability Analyze key issues, needs and benefits;
To identify the causes of the conflict and
the perspectives of the parties to the
conflict; Identify areas of agreement and
disagreement;
Reconstruct conflicts;
Manage the emotions of oneself and
others;
Consider needs and goals, identify
possible compromise conditions, etc.

Ability to adapt Adapt to the new cultural environment
and deal with culture shock;
Building long-term relationships with
people from other cultures in a constantly
changing environment

Attitude Open Be sensitive, curious, and willing to
communicate and understand other
people and other views of the world;
Accept and actively seek opportunities
for intercultural communication; Other
cultural points of view, language,
behavior habits; Equal contact,
cooperation and interaction

(continued)
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Table 1. (continued)

Factor Domain Content

Respect cultural differences The dignity of all people and their right
to choose their own affiliations, beliefs,
opinions or practices is inalienable;
Do not ignore cultural differences, do not
need to adopt other people’s beliefs;
Respect does not violate principles;
Distinguish between respect and
tolerance, etc

The global consciousness Caring for others, moral responsibility;
Care for future generations, protect the
environment;
Critical awareness of other people’s
viewpoints;
Face up to differences and strive to create
space for different lifestyles

Values The dignity of the person Refusing inhuman treatment, humiliation
or indignity;
Ensure self-selection, self-satisfaction,
and self-actualization;
To protect the identity of the group, to
protect the culture;
To meet the basic needs of everyone to
create conditions, etc.

Cultural diversity A positive attitude towards cultural
diversity;
Regard cultural diversity as a social asset
and ideal goal for the future;
Take practical actions to protect the
diversity of cultural heritage, etc.

Extant studies have explored influencing factors including the subject category, gen-
der, learning motivation, foreign language level, contact style and personality character-
istics of the individual [6]. It also includes family parenting styles, maternal depression
[7], the type of school, national curriculum and international education [8]. In addition,
social factors such as geography, intercultural exchanges, teacher professional standards,
immigration, and mass media also have a certain impact on global competence [9].

It has been recognized by the academic community that intercultural communication
can promote the global competence of students [6, 10, 11]. OECD [1] further pointed out
that intercultural communication can promote global attitudes and skills, and intercul-
tural exchange experience can enhance students’ self-confidence when facing intercul-
tural issues and strengthen the willingness to contact and learn foreign cultures. Meng
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et al. [6] found that students from Beijing reported higher global competence than stu-
dents from Nanjing and Changchun, and the important reasons are the differences in the
opportunities for intercultural exchange activities provided by universities in different
regions. The study by Kang et al. [11] found that early exposure to global mass media
will have a negative impact on college students’ intercultural communication skills and
knowledge. A large-scale immigration environment is conducive to the improvement of
intercultural communication skills, but has a negative impact on global attitude. Early
exposure to the global mass media will cause students to realize the differences between
themselves and foreign cultures in advance, and reduce their comfort in communicating
with foreigners, which will have a negative impact on the global competence of college
students [5].

Serious games originated in theUnited States. In 2002, theU.S. Army’s “U.S. Army”
became the world’s first well-designed and successfully operated serious game, which
attractedwidespread public attention andmade the academic community began to realize
the huge potential of video games, thus serious games ushering in a good development
prospect. Throughout the entire development process, serious games mainly focus on
the design or application from psychology, pedagogy, or purely technical perspectives.
Granic et al. [12] proposed the influence of games on the internal psychological mech-
anism of individuals from the perspective of psychology, which proved the benefits of
games. The effects of games on psychology are mainly focused on four main domains:
cognitive (such as attention) and motivational (such as re-adaptation when facing fail-
ure), emotional (e.g. emotionalmanagement) and social (e.g. pro-social behavior), which
provide a theoretical basis for studying the influence mechanism of serious games on
people’s psychology. Arnab et al. [13] abstracted from literature on game studies and
learning theories and proposed the Learning Mechanics-Game Mechanics (LM-GM)
model which includes a set of pre-defined game mechanics and pedagogical factors.
This model became the important theoretical basis of the later serious game design and
evaluation tools, which makes up for the lack of integration of “pedagogy” and “game-
play” principles in game design. The Self-explanation and digital games: Adaptively
increasing abstraction published by Clark et al. [14] focused on the analysis of the self-
explanation functionality, which can be interpreted as the content-related expression of
students in learning activities and effectively support learning in the game environment,
providing technical and theoretical support for using games for ability development and
assessment. It can be seen that using serious games to promote students’ abilities and
literacy has become a mature technology, and the “pedagogical” and “entertainment”
features of serious games have reached a dynamic balance. However, although serious
games are proven to serve as educational tools, there is a lack of reliable, automated and
repeatable methodologies that measure their effectiveness: What do players know after
playing serious games? Do they learn from them? [15] Existing research shows that the
vast majority of serious games are assessed by using questionnaires. This summative
methodology of accessing is one-sided and cannot well measure learning outcomes. It
can be seen that the assessment of the learning outcomes in serious games should not
ignore the formative evaluation. Because the game itself is carried out through network
equipment, a large number of users’ input and game feedback behaviors occur in this
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process which generated a wealth of interaction data. Through the analysis of interac-
tion data during the game, we can explore how users play the game and understand how
they learn in games. Serious game evaluation should focus on multiple results, such as
usability, participation, and motivation. In order to solve this problem, this article has
developed a game product titled “Global Adventure”, in which embeds various types
of games such as action, role-playing, adventure, and simulation. This game can not
only achieve the educational functions such as “understanding global and intercultural
issues, engaging in open, appropriate and effective interactions with others from dif-
ferent backgrounds on the basis of a shared respect for human dignity, understanding
and appreciating different cultures and values of the own country and foreign countries,
thinking about issues with a global mindset, and respecting human dignity and cultural
differences”. Moreover, it can provide immediate feedback and real-time monitoring
during the game process, using the multi-modal data collected during the experiment to
monitor the changes of global knowledge, skills, emotions, and values. Text analysis of
interview and audiomaterials, learning analysis of multi-modal data, model construction
and other methods are used to explore the impact mechanism of serious games on global
competence.

2 Method

2.1 Design Concept

On the basis of criticizing and inheriting Bloom’s taxonomy of educational objectives,
American scholar Hauenstein [16] put forward Hauenstein’s taxonomy of educational
objectives based on constructivism. It presents the integrity of human behavior, reflects
the fact that individuals are learning as a whole individual, and highlights the process. It
divides all educational objectives into four domains: cognitive, affective, psychomotor
and behavioral. Each domain reduces 5 levels of educational objectives, and each level
of educational objectives is divided into 2 to 4 subcategories, as shown in Table 2. The
cognitive domain is on the development process of knowledge and mental abilities and
skills; the affective domain is about the influence of emotions, values and beliefs on
individual behavior; the psychomotor domain is about to develop movements, abilities
and skills of the body; the behavioral domain is a composite domain that integrates
cognitive, affective and psychomotor domains as a unified composite one. Hauenstein’s
taxonomy of educational objectives provides a guidance framework for serious games
design to improve global competence, and provides theoretical support to use diversified
evaluation methods to access the development of children’s global competence during
the game.

The viewpoint of embodied cognition holds that cognitive processes are deeply
rooted in the body’s interactions with the world: (1) cognition is situated; (2) cognition is
time-pressured; (3)weoff-load cognitiveworkonto the environment; (4) the environment
is part of the cognitive system; (5) cognition is for action; (6) offline cognition is body
based [17]. Therefore, in the learning of global competence, it is necessary to provide
clear task goals, context, real-time interaction between the body and environment, etc.

The American psychotherapist Knud Illeris developed the concept of “meaningful
learning”, which includes “a change in the self as a learning context” and “the whole
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Table 2. The theoretical framework of Hauenstein’s taxonomy of educational objectives

domain
level cognitive domain affective domain psychomotor domain behavioral domain

1.0

Conceptualization
identification/defini-

tion/
generalization

Receiving aware-
ness/willingness/

attentiveness

Perception
sensation/recognition/
observation/predisposi-

tion

Acquisition
receiving/perception/
conceptualization

2.0

Comprehension
translation/explana-

tion/
extrapolation

Responding
acquiescing/comply-

ing/
assessing

Simulation
activation/imitation/
coordination

Assimilation
responding/comprehen-

sion/simulation

3.0 Application
clarification/solution

Valuing
accept/preferring/con-

firm

Conformation
integration/standardiza-

tion

Adaptation
valuing/application/
conformation

4.0
Evaluation
analysis/qualifica-

tion

Believing
trusting/committing

Production
maintenance/accommo-

dation

Performance
believing/evaluation/
production

5.0
Synthesis
hypothesis/resolu-

tion

Behaving
Demonstrating/modi-

fying

Mastery
origination/perfection

Aspiration
behaving/synthesis/
mastery

individual, including his emotions and cognition, is involved in the learning”. Only when
a person faces a situation or challenge beyond what he can handle and cannot avoid it,
but still have to overcome it to move forward, will he invest in meaningful learning
[18]. Therefore, in the cultivation of global competence, understanding the similarities
and differences between different cultures, recognizing and understanding the differ-
ences between different viewpoints and groups require constantly creating multicultural
contexts to trigger and realize the “meaningful learning” of global competence.

Under the guidance of the theoretical framework ofHauenstein’s taxonomyof educa-
tional objectives, embodied cognitive theory and meaningful learning theory, the serious
game “Global Adventure” is designed based on real, global, and intercultural issues, uses
dialogues, videos, etc. as material presentation methods, and includes four parts: “Snake
Battle”, “You Say One, I Say Two”, “First Meet” and “Animals Go Home”. Children
from a first-person perspective, participate in the game according to the audio-visual
prompts on the game interface and in accordance with the rules of the game, feel and
experience global or intercultural issues in real situations, and improve children’s ability
to analyse global and intercultural issues critically and from multiple perspectives, to
understand how cultural differences affect perceptions, judgements, and ideas of self and
others, and to engage in open, appropriate and effective interactions with others from
different backgrounds on the basis of a shared respect for human dignity.

2.2 The Snake Battle

Taking the dimension of “analyzing local, global and cultural issues” as the core con-
cept of game design, the serious role-playing intelligence test game-“Snake Battle” was
designed. The corona-virus pandemic is sweeping the world. The anti-virus measures
adopted by countries and the effects are global and intercultural issues that have attracted
much attention. Taking the corona-virus pandemic as the starting point, the game demon-
strated in the form of “snakes eating apples” to test basic knowledge of corona-virus,
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precautions for epidemic prevention, the characteristics of prevention policies of differ-
ent countries, and the nature of the country, political systems, governance models, and
ideologies reflected.

A series of question scenarios are set up in the game and each scenario contains a
question. The correct answer corresponds to a nutritious apple, and the wrong answer
corresponds to a poisoned apple, as shown in Fig. 2. In the game, the child becomes a
little greedy snake. By eating the nutritious apples scattered in the scene, the body of
snake grows longer and longer. If it accidentally eats poisoned apples, the game ends.
The length of the little snake’s body will be used to judge the children’s ability to analyze
local, global, and intercultural issues.

Through the process of playing the game, in terms of the knowledge, children under-
stand the causes of the various impacts that corona-virus pandemic made on different
countries, objectively examine the anti-COVID policies of different countries, infer the
cultural characteristics of each country, analyze the impact of economic development on
anti-COVID measures, evaluate the macro-control role of the WHO and other national
institutions in the pandemic, and realize the advanced learning from “comprehension” to
“evaluation”. In terms of skills, children read the information presented in the problem
scene, identify key information, analyze and integrate relevant information of different
countries, judge the differences in political systems, governance models, and ideologies
between countries, and realize advanced learning from “perception” to “conformation”.
In terms of attitude, based on the understanding of basic information such as cultural
characteristics, ideologies and political systems of different countries, children tolerantly
treat and evaluate the anti-COVID measures of different countries and the choices made
by individuals based on ethnic beliefs and dignity. In terms of values, on the basis of
understanding the origins of different COVID-19 situations appeared in different coun-
tries, children can objectively evaluate the impact of policies that different countries
made on human dignity, and achieve advanced emotional learning from “receiving” to
“responding”.

Fig. 2. “Snake Battle” game interface



94 J. Wang et al.

2.3 You Say One, I Say Two

Taking the dimension of “understanding and appreciating viewpoints and worldviews
of others” as the core concept of game design, the role-playing parent-child serious
games-“You Say One, I Say Two” was designed. In order to better realize the effective
communication and collision between different viewpoints, the game is developed in the
form of parent-child interaction. Parents are the participants and instructors of children
in the game. On the one hand, it can enhance the fun of the game through the interaction
between parents and children; on the other hand, it can reduce the psychological burden
and pressure so that children can devote themselves to games; at the same time, the game
can also help parents to take more targeted measures to carry out family education and
realize the expansion and extension of the educational value of serious games.

According to the characteristics of children’s cognitive development levels at dif-
ferent stages of education, scenarios with gradients of difficulty are designed. Parents
choose the corresponding section according to their children’s grade, education level
and other aspects. After selecting the corresponding section, the system will randomly
select the corresponding situation from the question bank of the section. The situation
type involves the content in life, technology, history, frontier and other fields. After the
system randomly distributes scenarios according to the selected section, the participants
play the game according to the game rules and tasks displayed on the interface. In the
process of the four links, parents give immediate feedback on the children’s comments,
and decidewhether to enter the next link according to the quality of children’s comments,
and complete the four links in turn (Fig. 3).

Fig. 3. “You Say One, I Say Two” game interface

Through the four game links of “learning to listen”, “learning to understand”, “learn-
ing to communicate” and “learning to think about problems frommultiple perspectives”,
children’s global competence is improved. In terms of knowledge, based on the objective
understanding of different viewpoints, children could fully understand the connotation
of “environmental sustainability” and “social interdependence” of the global knowl-
edge, actively play their active role in society, and make their own contribution to the
solution of globalization issues, so that realize the advanced learning from “comprehen-
sion” to “application”. In terms of skills, children start from their own experience and
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cognition, through effectively communicating with others and making scientific reviews
based on different perspectives, continuously strengthen the global awareness and at the
same time cultivate them to form a higher level of intercultural communication ability
to provide solutions to global problems, achieving the advanced learning from “confor-
mation” to “production”. In terms of attitude, based on the contextual materials involved
in globalization issues on the viewing and listening interface, children make a compre-
hensive collection of the characters and opinions involved in the contextual materials,
empathize with others in an attitude of openness and respect for different cultural dif-
ferences, thereby comment on the views of others from a more objective perspective,
and at the same time put forward their own views, achieving the advanced emotional
learning from “responding” to “valuing”. Finally, in terms of value, through the three
processes of listening to others’ opinions, understanding the rationality of others’ opin-
ions, and developing effective communication with others, children can fully consider
the influence of different opinions on human dignity when communicating with others
or encountering similar situations, as well as constantly question and deepen their own
views, so as to make more comprehensive and mature comments.

2.4 First Meet

Taking the dimension of “engaging in open, appropriate and effective interaction with
people from different cultural backgrounds” as the core concept of game design, the seri-
ous game “First Meet” was designed. In the game, people from different cultural back-
grounds conduct contextual conversations and choose the correct behaviors. Although
there are cultural differences, it can not stop achieving mutual communication, and also
can not stop choosing cultural behaviors which respect each other more.

The first step of the game is to choose characters from different countries, such as
Japan, Arabia, Germany and South Korea.The second step is to enter the situation.
For example, the situation in the following picture is the first time a Japanese and
an Arab meet, game players are allowed to choose their own way of greeting each
other, which may lead to embarrassing scenes of the first meeting and causing cognitive
conflicts in intercultural communication. The bubble box in the game will prompt the
more appropriate communication way for the people when meeting for the first time
(Fig. 4).

In terms of knowledge, the game involves people fromdifferent cultural backgrounds
tomake contextual exchanges, which is intended to let players understand the similarities
and differences between different cultures, choose behaviors corresponding to cultural
backgrounds, and achieve the advanced learning from “conceptualization” to “evalua-
tion”. In terms of skills, players treat and analyze different behaviors under different
cultural backgrounds from multiple perspectives, so that they could understand and
accept cultural differences and quickly adapt to the collisions between different cultures
in the new environment, realizing the advanced learning from “conformation” to “pro-
duction”. In terms of attitude, players could choose to actively communicate with people
from different cultural backgrounds and respect cultural differences. In terms of values,
those who accept cultural diversity will enhance the tolerance of culture and realize the
advanced emotional learning from “receiving” to “believing”.
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Fig. 4. “First Meet” game interface

2.5 Animals Go Home

Taking the “action for collective well-being and sustainable development” dimension as
the core concept of game design, the serious game “Animals Go Home” was designed.
The global ecological environment is closely related to human well-being. The environ-
mental problems of different countries and regions are universal and common in nature.
It has become a consensus to explore and strengthen global environmental protection.
This game uses common environmental problems as the carrier, designs multiple animal
images, and creates different scenarios related to ecological and environmental issues.
Using the form of small animals finding new homes in the game tests the comprehen-
sion level of middle school students on major environmental issues the world is facing,
including the causes, hazards and preventive measures.

In the game, the first step is to select animals such as polar bears, salmons, swallows,
and then the system presents different ecological and environmental problems according
to the choices. Students need to answer all the questions correctly before the animals
can successfully reach their new homes. Figure 5 shows the game that polar bear finds
iceberg. Global warming makes the Arctic sea ice gradually recede. Polar bears need to
face a serious survival crisis. In order to reach distant glaciers, they need to choose safe
floating ice according to 5 issues related to global warming. If they choose the wrong
one, the floating ice will melt and the game is over.

This game uses ecological and environmental issues as a carrier, and mainly exam-
ines the ability of students to take actions for collective well-being and sustainable
development. In terms of knowledge, students learn about global institutions related to
environmental protection, analyze the main environmental problems the world is facing,
answer the causes and protection measures of environmental problems, and realize the
advanced learning from “conceptualization” to “evaluation”. In terms of skills, because
each type of game situation presents the dilemma faced by animals, students can identify
the ecological and environmental problems behind them from the animal’s perspective
and choose universal environmental protection policy based on the economic, political,
and cultural characteristics of each country and according to the actual needs, realizing
the advanced learning from “perception” to “production”. In terms of attitude, students
develop global awareness in the process of playing the game, believe that their own
behavior plays an important role in environmental protection, and can objectively view
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Fig. 5. “Polar Bear Finds Iceberg” game interface

the impact of different cultures on the environment. In terms of values, students have a
deep understanding of the obstacles in various ecological and environmental issues to the
protection and inheritance of culture, and can actively take actions to maintain the diver-
sity of cultural heritage, achieving the advanced emotional learning from “receiving” to
“behaving”.

3 Results

The following four serious games are designed according to the four dimensions of global
competence: analyzing local, global and intercultural issues-SnakeBattle; understanding
and appreciating viewpoints and worldviews of others-You Say One, I Say Two; engag-
ing in open, appropriate and effective interaction with people from different cultural
backgrounds-First Meet; action for collective well-being and sustainable development-
Animals Go Home. The theoretical framework of global competence mainly includes
four factors—knowledge, skills, attitudes and values, and 14 domain indicators. The four
factors are divided into five advanced levels with reference to Hauenstein’s taxonomy of
educational objectives. In order to understand the level of each factor and domain under
this framework, the content of the four designed serious games was encoded as follows.

According to Table 3 and Fig. 6, the serious game “Global Adventure” has a signifi-
cant effect on improving the global competence of young people, especially best on the
improvement of the skillswhich achieving three-level skill development of “perception”-
“conformation”-“production”. The second is the development of the knowledge, achiev-
ing the four-level development of “conceptualization”-“comprehension”-“application”-
“evaluation”. The frequency of cultivating young people’s attitudes and values is
relatively less, but achieving the five-level emotional development of “receiving”-
“responding”-“valuing”-“believing”-“behaving”. It is worth noting that the development
level of information retrieval and reasoning abilities in the four serious games is rela-
tively low, mainly at the “perception” level. The frequency of adaptability is designed
less, with only one design at “conformation” level, which needs to be further improved.

According to Table 3 and Fig. 7, the four games all involve 8–9 domains of the four
factors of global competence, but the educational value they play is different: the game
“Snake Battle” highlights the knowledge of global competence; The game “You Say



98 J. Wang et al.

Table 3. Coding table of global competence domains and levels contained in the “Global
Adventure”

Factor Domain The Snake
Battle

You Say One, I
Say Two

First Meet Animals Go
Home

Knowledge Culture and
intercultural
relations

Comprehension − Evaluation −

Socioeconomic
development
and
interdependence

Evaluation Comprehension − Evaluation

Environmental
sustainability

− Comprehension − Application

Global
institutions,
conflict and
human rights

Evaluation Application − Conceptualization

Skills Information
retrieval and
reasoning
ability

Perception − − Perception

Intercultural
communication

− Production Conformation −

Ability to
analyze
problems from
multiple
perspectives

Conformation Production Production −

Conflict
resolution
ability

− Conformation − Production

Ability to adapt − − Conformation −
Attitudes Open Receiving − Valuing −

Respect cultural
differences

Responding Responding Responding Receiving

The global
consciousness

− Valuing − Believing

Values The dignity of
the person

Responding Responding Receiving −

Cultural
diversity

− − Believing Behaving
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Fig. 6. The level statistics chart of the “Global Adventure” in enhancing 14 domains of global
competence

Fig. 7. The level statistical chart of the “Global Adventure” in enhancing the four factors of global
competence

One, I Say Two” is more prominent in the improvement of young people’s global skills,
and also better in the attitude and knowledge; the “First Meet” game has a better role
in young people’s global skills and values; the game “Animals Go Home” plays a more
balanced role in enhancing the knowledge, skills, attitudes and values of young people’s
global competence.
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4 Discussion

With the guidance of experts, using the global competence theory analysis framework and
Hauenstein’s taxonomy of educational objectives as the theoretical guidance for game
design, the serious game “Global Adventure” for primary and middle school students
was designed. Through the pre-analysis of the serious game APP, the following points
are summarized:

In general, the design of serious games theoretically has the function of promot-
ing the development of children’s global competence, and the effect is better. The four
games have the best effect on the improvement of children’s global skills and maintain
at a high level, especially excel in the “analyzing issues from multiple perspectives”
dimension; secondly, the development of children’s global knowledge is also main-
tained at a high level, among which the promotion of “socioeconomic development and
interdependence” is the best; finally, children’s attitude and value of global competence
are developed at a moderate degree, so that children are fully aware of differences and
diversity between cultures.

Specifically, as for the educational value of the four serious games, children are
differently affected by the four games in different dimensions of global competence.The
development of children’s global knowledge affected by the game “Snake Battle” is at
a relatively high level and higher than the other three game. The other three games have
a medium-level impact on global competence; the game “You Say One, I Say Two”
improves children’s global skills best, followed by the “First Meet” game, but the other
two games do not have significant improvement in this factor; the effects of the four
games on children’s global attitude and values are at a medium or low level, among
which, in terms of children’s global attitude, the game “You Say One, I Say Two” and
“Animals Go Home” are at a medium level, while the game “First Meet” and “Animals
Go Home” are at an intermediate level in terms of children’s global values. In addition,
it needs special attention that the design of the four serious games seldom exerts the
educational effect of “adaptation” in children’s global attitude.

With regard to the educational effectiveness embodied in the game, the game envi-
ronment in the cooperative mode improves children’s global competence better than that
in the single player mode. The game “You Say One, I Say Two” uses a parent-child inter-
action mode, according to the predicted result of the implementation effect, the score
of which is higher than the other three games. It shows that the game environment and
atmosphere in the cooperative mode can plays a positive effect on promoting children’s
global competence.

As for the accomplishment of various dimensions of global competence correspond-
ing to the context presentation, the game mode that combines audio and video can
promote children’s global competence significantly. In the game of “You Say One, I Say
Two”, the video and audio settings increase the players’ immersion in the game, which
is conducive to improving the quality of interaction between game players and the game,
so that the game itself can give full play to its educational effects. The predictive anal-
ysis results can further explain that improving the players’ gaming experience by using
diversified methods can promote the improvement of children’s global competence.

As regards the educational value exerted by the characteristics of the context itself,
the educational value exerted by global environmental issues is the most significant. In
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the context settings of the four games, the contexts set in “You Say One, I Say Two” and
the “Animals GoHome” are based on current environmental issues, aiming to strengthen
children’s related abilities of global competence through improving children’s perception
and awareness of intercultural and global issues.

5 Limitation

Although the serious gameAPPhas been rigorously designed by experts and researchers,
there are still some shortcomings in the specific operation and promotion of applications.
First, the influence of factors such as children’s culture and ethnicity on the results was
not considered. The research only designed games for students of Han nationality in the
Chinese background, and did not consider how children from Chinese ethnic minorities
or other countries would perform in games. It will be a challenging but meaningful work
for future research to take the culture of each country all round into consideration to
improve and perfect the game. Secondly, it has not designed and developed different
game interfaces and contents suitable for children of different genders. From the global
competence report, it can be seen that girls all outperformed boys in the comprehension
of global issues, receiving foreign cultures, interest in foreign cultures, awareness of
intercultural communication, the level of foreign language skills and the number of
foreign languages they master. While boys are more capable of taking actions than girls.
In the future, the serious game APP can be designed for children of different genders
to achieve personalized education; in addition, except for the serious game “You Say
One, I Say Two” which is designed in the form of parent-child interaction, the other
three games are for single-player participation. The state of participation in the game
and the performance that children participate in the form of peer participation or teacher-
student participation need to analyze further. Finally, whether the conclusions reached
through qualitative analysis are scientific and whether they have promotion value need
to be verified by more empirical data. When conducting empirical research, it is also
necessary to consider the impact of the participants’ prior knowledge and experience,
the length of time they participate in the game, the presented form and other factors on
the experimental results.

Funding. National Natural Science Foundation of China (72074031) and the Key Project of
Hubei Education Science Planning (2020GA011).
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Abstract. Games have played an impactful life in our current generation brim-
ming with technological advancement. Not only has it become the main source
of entertainment for people to enjoy, but it has also transitioned to becoming a
learning experience for others. With our current repetitive standards and methods
of teaching and learning in schools, the mind of many students has dulled their
creativities as well as developing the extrinsic motivation to study at all. However,
the implementation of game learning can be developed into modern-day teaching
and be used as a tool for students to grasp their potentials and bemotivated to learn
level more using games. From the mix mode research conducted, many tertiary
students would rather replace their conventional studying methods with a game
learning experience. The player will be able to understand, develop listening skills
and verbal communication skills towards other people to understand when it is
necessary to be assertive in an environment. Moreover, this game will tackle the
understanding of real-life decision-making skills that mimic real-life situations for
players to adapt to. With that said, JomGear Grind Games aims to help students
learn various skills such as creative thinking and interpersonal skills.

Keywords: Creative problem-solving · Gamification · Game learning ·
Videogames · Games · Strategic problem solving · Interpersonal skill

1 The Behavioural Effects of Games on Students

The technological world has advanced so far beyond what people have comprehended.
This has created a surge of innovations within the minds of many in this technological
time [1]. These advancements have improved social media platforms that allow for
messaging services for worldwide use to get information from various places in the
world. For example, Instagram or Twitter would be a famous social media platform [2].
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Adolescents and children who are still in school use this as a place of talking to new
people and sharing their stories and info online. However, they have to overuse these
social media platforms and have created a concern towards the media and parents for
this addiction. This has become a problem to the world as these people are usually using
this as a type of procrastination over their duties when the duties have been given and
the responsibilities are ignored [3].

Having a creative mind that can also think strategically within a university student
mind nowadays is no easy feat [4]. Skills such as having a mind to think outside the
box and also have a strategic mind are sought out in workplaces and has become well-
needed skills to have [5]. Within refinement of the skills, research and development will
be able to have a greater impact on society and bring forth new modes of innovations
from many young minds [6]. Moreover, talking with others is an essential skill to have
when working with a group or with other people, with interpersonal skills coming into
the mind [7]. Working together with greater efficiency is the first step in the success of a
project or goal as it creates a bond and trustful relationship amongst the team [8]. Many
university students come off as shy and socially awkward which deters to social and
communication skills. Traumatic events or lack of human interaction and love during
their early life could be amajor factor in this [9].Almost all student levels fromprimary to
tertiary education have played games and can be hooked into getting their sole attention
in understanding the concept of sand outcomes of the games [10]. It is also a fact that
not only boys play video games, but girls equally do it as well which shows that there is
a gender variety of video game players [11].

Self-efficacy can also be better leant and developed from video games in our current
modern era as well as researched from studies [12]. It is also said that video games how
developed more violent tendencies from the player due to negative habits and outcomes
found within the game that tampers with the real-life behaviours of the young people
that have tread a problem in the society of gaming [13, 14]. Be that as it may, positivity
can be given from video games as well that helps benefit and give motivations to the
player in developing interests within the game’s theme and world [15].

2 Legacy and Related Works of Game Learning and Gamification

There are elements within a game which can provide a sense of learning experience and
enjoyment towards gamer and it is known as gamification [16]. Conventional studying
methods towards students nowadays are not going to work as they do feel enjoyment in
using a textbook method to learn the outcomes of a subject and their respective skills
as it may feel boring especially when technology can play a big role [17]. Because of
this, university students only learn and study for a test for the sake of getting over with it
and progressing in their course, this is where gamification helps in providing an intrinsic
motivation to study and learn a certain course [18]. This brings forth many avenues for
video games to become a platform for learning where the elements of gamification play
a vital role in greater developing the motivation for the university student to learn skills
[19]. User engagement can also be obtained in the form of prizes and game achievements
which boosts the players desired outcome towards the goal [20]. From a study, heuristics
design within the game’s levels has brought forward greater refine towards the algorithm
of gamification to this day [21] as shown in Table 1.
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Table 1. Similar gaming application comparisons table

Gaming characteristics and
features

Gear grind games Logic master Logical test Skills

Creativity / / / –

Design / / / /

Strategic skill / / / /

Interactive quests / – – –

Achievements / – – –

Games / – / /

scoreboards / – / –

Level Building / / / /

tasks system / – – –

Communication and dialogue / – – –

Problem Statement, Question and Objective
The certain characteristics and features of the game will emphasize the development of
interpersonal, creative and strategic problem-solving skills in a game learning setting and
using gamification elements to enhance the experience to the students. From the study,
heuristics design within the game’s levels has brought forward greater refine towards the
algorithm of gamification to this day [21–24] as shown in Table 1.

Table 2. Research questions

RQ1: Can university students grasp the understanding of creative and strategic problem
solving from video games?
RQ2: Can interpersonal skills be greatly developed with the help of game learning and
gamification?
RQ3: Can game learning and gamification replace the traditional studying methods in
universities and provide students with intrinsic motivation to learn from games?

The questions from Table 2 will be defined and determined from the scope of the
research. The Scope of the project will mainly be university students of any field related
using interpersonal, creative, and strategic problem-solving skills. The age range should
be around 17–24 for typical university student ages and will take place in selected
universities like Monash University, Sunway University, UCSI University, University
Malaya, Asia pacific University and Tunku Abdul Rahman University College. The
research questions will be answered by the research objectives below in Table 3.

Figure 1 shows the highlighted key points of the research which are displayed within
the research model to further explain the game design aspect of the game, the software
required for the game will be done by the Godot Game Engine with the usage of the
Microsoft visual studio for the C# language incorporation and coding design. The main
game art will be mainly done with the inspiration of pixel art games such as Games like
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Table 3. Research objectives

RO1: To create a video game that emphasized the values of creative and strategic
problem-solving skills.
RO2: To help university students to develop better interpersonal skills to make friends and
increase teamwork via gamification.
RO3: Using game learning and gamification to intrinsically make students motivated to study
traditional studying methods

Fig. 1. Hypothesis research model

Fire Emblem and Undertale for the retro feel of the game overall. Figma will be greatly
used to test the prototyping for the game where the outline will be copied and enhance
when the game undergoes user interface and world design. The game will allow the
development of key skills within the research which are interpersonal skills, creative and
strategic problem-solving skills within the game application to further enhance students
ability to communicate and to adapt to new situations creatively while also providing an
intrinsic motivation for them to learn said skills.

3 Methodology

This research will be applying the usage of mixed-mode research of surveys and inter-
views to gain both qualitative and quantitative data. From Fig. 2 below, a mixed-mode
method of surveys and interviews will be handed off to university students that like
games and are interest in gamification to obtain both qualitative and quantitative data
collections. A trial will be done with 5 survey respondents and 3 interview respondents.
This is to check the efficiency of questions and check for amendments if questions are
not understandable or appropriate. Random students will be selected for the research to
ensure the data is not faked and the data set is qualitative.

4 Results and Findings

From the results that have been recorded from the research, the improvement of games
on the creative and strategic problem solving of university students has been widely
agreed on in both the preliminary and technical data collection.
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Fig. 2. Sequential design [25–37]

0.80% 1.70% 6.70%

42.90% 47.90%

0.00%

50.00%

100.00%

Strongly DisagreeDisagree Neutral Agree Strongly Agree

Fun and interes ng puzzles improve crea ve and 
strategic thinking

Fig. 3. Post-test results of fun puzzles improve creative & strategic thinking.

From Fig. 3, a lot of the responses showed an agreement that games can help uni-
versity students improve upon their creative and strategic problem-solving skills and
more than 90% of the respondents widely accept that puzzles can help in the improve-
ment of creative and strategic thinking. This suggests that the game application should
include more interesting puzzles that can help stimulate the thinking process of univer-
sity students. Meanwhile, Fig. 4 summarized the effect of game interaction dialogue on
university students.

6.70%
10.10%

21%

43.70%

18.50%

Game interac on dialogue improvement of interpersonal skills

Strongly Disagree Disagree Neutral Agree Strongly Agree

Fig. 4. Post-test results of game interaction dialogue improvement of interpersonal skills
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From the data given in the figure, 43.7% of respondents agreed that the dialogue
shown within games and the character interaction have helped in increasing the interper-
sonal skills of university students due to the realism and relatability of the conversation
in games. This means that the application should include non-player characters (NPC)
to include interactional dialogue to the player as a sense of communication. From the
interview respondents, it has shown that most respondents agree that it is known as a
source of indirect communication.

 

0.80%
0.80%

21.00%
40.30%

37.00%

0.00% 10.00% 20.00% 30.00% 40.00% 50.00%

Strongly Disagree
Disagree

Neutral
Agree

Strongly Agree

Games are a more mo va ng way to study than the 
standard way of studying 

Fig. 5. Games post-test result a more motivating of studying than the standard way

Figure 5 can summarize that using games to studywhich leans towards game learning
is better for university students as it creates more motivation for them to study compared
to the usual textbook and lecture slide method. This could also motivate the lecturers at
the university to use a hand on game learning method to teach students in a class so they
can grasp the feel of games as an instrument of learning and also help them get more
motivated to teach students as well. According to the interview results, most respondents
responded with it being more fun and engaging way for students to learn while others
state that games are new and not expected to the community of university students which
suggests that people want more new inventive ways of studying instead of repetition.

Based on the interview and survey results of the research, most respondents agree
upon the fact that most university students show a lack of creativity in out-of-the-box
thinking.A total of 66%of respondents show thatmore people tend to follow a traditional
way of studyingwhich includes the textbookmethod instead of thinking of their solutions
to things. This shows that the conventional way of thinking has blocked the creativity
of students who only follow instructional procedures to most questions and problems.
Moreover, the interview respondents showed more positive feedback towards the cost-
effectiveness of game learning in universities. About 46% of respondents have agreed
that having games will cut down the paper costs of printing papers in schools and
promote online learning because it can save travelling as well. This would help the
implementation of game learning technology in the university classroom and online
platforms like Kahoot. The game app could be sold in large for universities for a low
price in high quantities. The interviewers also left positive responses and feedback for
remembering things that happen in games than study notes which could show that the
interactivity and enjoyment of a game. Moreover, 63% of respondents agree that it helps
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due to the interesting features and plots of the game and it helps the brain function more
due to less stress. The rest of the responses indicate that it is more visually aesthetic
while books are more static in terms of memorability. This could suggest that the game
application to include more interesting plot points where the learning applications are
the key factors of the game at that point. Based on the responses and feedback from the
data collection, the game’s main menu features of the game application on a mobile and
desktop mode. It includes a play option, settings option, quit option, and achievement
option. Figure 6 below further illustrates the game application’s main menu screen.

Fig. 6. Achievement screen of the game application

The achievement screen shows the allocated information of the student playing the
game such as their full name, student ID, and their current lecturer in charge of the class.
These points will be allocated from communication points that relate to the interpersonal
skills gained in the game, creativity points that relate to the out-of-the-box thinking done
in-game, and lastly the strategy points which show the tactful methods used in the game.
Furthermore, the bottom part of the screen includes reward tiers that can be obtained
soon which will increase the motivation factor of the students to accumulate more points
to reach the hidden threshold to obtain the rewards which is a gamification factor of the
game learning process.

Fig. 7. Story selection of the game application
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As shown above, Fig. 7 displays the game story selection which features multiple
game story modes that can be chosen by the student to play based on the focus that they
want to learn. The main focuses are shown at the bottom of each story selection so that
the student will be shown a rounded-up emphasis on what they are going to get into
once they select game mode. Each game mode can be played without order to give the
freedom of choice to the player and the game modes can be revisited to relearn left out
items and points of the story. Each story also contains its unique dialogue and to-do lists
for the student to be involved in and complete. The guided storyline aims to provide a
motivating environment to entice learning [38].

5 Conclusion, Limitation, and Future Work

In conclusion, JomGear Grind Games can help improve the learning habits and drive
of University Students to further enhance their communication skills and out-of-the-
box thinking using gamification elements that can be grasped from the game. Also, the
scoreboard and rewards system help seek the encouragement of students and motivate
them to try harder and more competitively as well as the storyline that lets them envelop
into the game world. The limitations during the research that were found were the lack
of time on how to research and the limited resources available for it. The game may be
something to motivate the students to study but it is their capabilities and work that will
benefit them. In the future, we seek to understand the extra benefits of the addition of
AR and VR into the game for people to experience. This may benefit them even more
as new technologies tend to sway the minds of people and their learning potential.
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Abstract. In this paper, we present work on bringing multimodal interaction to
Minecraft. The platform, Multicraft, incorporates speech-based input, eye track-
ing, and natural language understanding to facilitate more equitable gameplay
in Minecraft. We tested the platform with elementary, middle school students
and college students through a collection of studies. Students found each of the
provided modalities to be a compelling way to play Minecraft. Additionally, we
discuss the ways that these different types of multimodal data can be used to iden-
tify the meaningful spatial reasoning practices that students demonstrate while
playing Minecraft. Collectively, this paper emphasizes the opportunity to bridge a
multimodal interface with a means for collecting rich data that can better support
diverse learners in non-traditional learning environments.

Keywords: Games · Constructionism · Spatial reasoning · Data mining

1 Introduction

Interest and participation in video games continues to grow. Recent reports note that
three out of four Americans play video games and an estimated 2.7 billion gamers
around the globe [1]. While part of this growth in video games is fueled by the COVID-
19 pandemic [2, 3], researchers have long discussed the important role that games can
play for learning and socialization [4–7]. This opportunity for learning and socializa-
tion can have particular positive benefits for students who are disabled by inaccessible,
physically collocated, game-based learning experiences.However, to be effective, virtual
gaming environments must also be intentional about considering questions of accessibil-
ity. Technological developments like the XboxAdaptive Controller provide an important
step towards accessible gaming experiences. Nonetheless, the goals of accessible gaming
experiences should also consider equitable play and identify ways that students’ game-
based practices demonstrate student knowledge development and expertise. Regarding
equitable play, it is not sufficient to simply replace the input modality. Additional steps
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should be taken to develop comparable gaming experiences for all participants. Fur-
thermore, beyond including novel interfaces for supporting participation, there is an
important opportunity to utilize different modalities to chronicle student learning.

In this paper we describe our efforts to combine these ideas in a platform called
Multicraft. Multicraft is a collection of multimodal interfaces that allow students to
use speech, gaze, text, or any combination of these modalities to play Minecraft. The
platform also includes built-in features that can accelerate game play and a method for
storing multimodal data that researchers can use to study student in-game computational
thinking and spatial reasoning practices.

The next section highlights prior research that informs our work and situates Multi-
craft relative to this prior work.We then present a quick summary of the design principles
and technical architecture for Multicraft. We also highlight some of the core features
of the platform. This is followed by a short presentation of user feedback on different
elements of the platform. After describing the platform and user feedback, we transition
into a high-level presentation of some of the research that we have conducted using
multimodal data. We particularly focus on ways that eye-tracking and video data have
allowed us to study various complex spatial reasoning practices that students exhibit
while playing Minecraft. We conclude with a discussion of future work and suggestions
for overarching objectives for this type of work.

2 Prior Literature

2.1 Autcraft

Autcraft is a user community and user-generated modification of Minecraft that was
specifically developed for learners with Autism and their families [6, 8, 9]. Across this
work Ringland emphasizes how a Minecraft community, when appropriately designed,
can be an important space for autistic youth and their families. Ringland [10] specifically
describes how families configure and navigate the physical, liminal, and virtual spaces
needed to successfully participate in Minecraft. Many of the core features of Autcraft
are achieved through the rich community of people, and the customMinecraft mods that
govern how students are permitted to interact within the game. The design of Multicraft
takes a similar approach of configuring an open-source server that users can customize
and deploy as needed. Additionally, the inclusion of multiple possible input modalities
speaks to a recognition of the varying liminal spaces that families configure. Moreover,
Multicraft also includes features that try to adapt to the user, as opposed to requiring the
user to conform to standardized methods of input. Our adoption of this strategy is an
attempt to utilize ability-based design (ABD) [11], which we describe in the following
section.

2.2 Ability Based Design

ABD is a set of tenets for guiding computer scientist as they create accessible interfaces.
A central tenet of ABD is to embed adaptation into the design of the interface, as opposed
to requiring the user to carry the burden of using their own adaptive technologies and
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tools. Moreover, interfaces should be designed to be utilized with a variety of input
modalities. While Multicraft still has several limitations in terms of the abilities that are
supported, our goal is to integrate features that reflect the diverse set of abilities that
human possess.

2.3 Multimodal Learning Analytics

The use of multimodal data also provides a means to leverage techniques from Multi-
modal Learning Analytics (MMLA) [12]. MMLA is a collection of strategies that can
support real-time and post-hoc analysis of learners in non-traditional learning environ-
ments. HistoricallyMMLAhas involved a broad set of modalities that frequently include
video, audio, gesture tracking, eye tracking, affect detection, and electro-dermal acti-
vation [13, 14]. Multicraft utilizes multimodal fusion of text, speech, and gaze data to
provide an accurate and naturalistic input modality. Beyond that, however, the multi-
modal data provides an opportunity to carefully chronicle student learning and knowl-
edge development within the Minecraft game. In looking at student game play using
multimodal data, we will mostly explore work on student spatial reasoning skills, which
we quickly summarize in the next section.

2.4 Spatial Reasoning Skills

Spatial reasoning refers to a variety of skills that generally pertain to one’s ability to
perceive, utilize, and store different types of spatial information [15]. This might include
the ability to perform navigation tasks using a map, mentally folding a piece of paper, or
rotate an object in one’s mind. A variety of spatial reasoning tests have been developed
to measure these skills in laboratory contexts, but a growing body of research advocates
for researchers to examine spatial reasoning in less restricted contexts [16, 17]. Video
games have also been a context where researchers have studied spatial reasoning skills
[18–20]. Hence, one of the contributions that we explore alongside the development of a
multimodal interface is the opportunity to analyze student data, particularly eye-tracking
and video data, to better understand and acknowledge the ways that students practice
spatial reasoning in Minecraft. This approach follows in a traditional of psychological
research that studies mental rotation using eye tracking data during standardized spatial
reasoning tests [21–23].

2.5 Summary

There is a broad collection of prior and relevant work that relates to this project. An
important distinction that we emphasize with Multicraft is the goal of supporting equi-
table play and using multimodal data to discern student learning practices. Bringing
together these different ideas is novel relative to the prior work in these domains.

3 Multicraft

Multicraft is a platform designed to support multimodal interaction in Minecraft. The
current platform integrates speech-based input, eye tracking and natural language under-
standing and reflects a set of design principles that is informed by hundreds of hours
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observing elementary and middle school students play Minecraft. These observations
includeworkingwith students with a variety of physical, visual, and neurological impair-
ments. For example, our team has watched students with cerebral palsy effectively dis-
connect from the Minecraft experience because of an inaccessible interface. We have
seen students on the autism spectrum experience significant anxiety and frustrationwhen
they incorrectly execute a command and are unable to easily undo that action. And we
have generally seen how novice Minecraft players have struggled to be accepted into
a classroom Minecraft community because they have not yet learned the syntax of the
platform. These types of observations and others contribute to the design principles that
we have incorporated into the Multicraft platform.

3.1 Design Principles

Our design principles center on equitable play, taking a pluralistic approach, allowing
for natural language input, facilitating collaboration, and easy version control.

Equitable play is a goal that we believe is sorely missed within prior work. Many
of the existing accessible interface look to simply replace the keyboard and mouse with
other input modalities but do nothing to ensure that the overall experience is equitable.
We enact this principle by seamlessly embedding some computer programming into the
platform. For example, students can request to build a house with certain dimensions,
instead of having to manually place every block for said house. Students can also easily
clone existing objects, create large ravines, and quickly create entire cities.

Pluralistic approach refers to allowing users to complete the same action using a
variety of modalities and commands [24, 25]. Given the Constructionist orientation of
Minecraft it seems appropriate to also ensure that our platform supportsmultiple forms of
engagement and execution. Concretely, we achieve this by permitting users to complete
the same action using a variety of modalities. This goal is also an acknowledgement
of the diversity and intersectionality present within disability communities. Users bring
many different abilities and preferences, hence, Multicraft aims to support as many of
those abilities and preferences as possible.

Allowing natural language input speaks to our desire for Multicraft to adapt to
the language and syntax of our users, as opposed to requiring users to learn a specific
syntax. The inclusion of a Natural Language Understanding (NLU) Engine advances
this principle.

Facilitating collaboration is a central component of the Minecraft platform in that
players can collaboratively build, mine, and battle within shared virtual worlds. Players
can also share materials with one another. However, Minecraft does not allow players
to easily share entire built structures with one another. Multicraft adds this functionality
by allowing players to name their built structures which subsequently lets other players
to easily re-use them.

Version control refers to the player’s ability to easily undo and redo executed com-
mands. Minecraft natively allows students to add and destroy blocks, however, many
students have trouble undoing previous actions (e.g., using a command to create a 10× 10
× 15 house). Not being able to undo or redo command-based build actions inadvertently
discourages students from using different commands.
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3.2 System Technical Architecture

In the current version, users may speak simple commands to the game, such as “build
a ten by twenty-two wall of stone” or “move forward fifteen blocks”. The user can also
use eye tracking commands like “track my eyes and build a ten by ten by ten building of
quartz”. This command will start the eye tracker and build the desired structure where
the user looks. These commands are executed instantaneously, speeding up the process
of building compared to placing blocks individually or using themore complicated built-
in Minecraft commands. We achieve these types of interactions by integrating several
technical components (Fig. 1). The overall technical architecture can be split into three
layers: User Devices, the Multicraft Client and the Multicraft Server.

Fig. 1. Technical architecture of Multicraft

User Devices. Users have the option of using any number of input modalities. We
emphasize an eye tracker and microphone, because these are the two multimodal inputs
that we have explicitly integrated and tested with participants. However, many of the
capabilities also work for participants who may be playing Minecraft with a keyboard,
mouse, or touch screen.

Multicraft Client. The Multicraft Client interface includes capabilities for communi-
cating between the User Devices and the Multicraft Server. This includes handling text,
speech, and eye tracking data, and sending instructions to the Multicraft server.

Audio Processing. For users that elect to use speech-based input, we have included
Speech-to-Text capabilities for converting the audio information into transcriptions. This
component consists of a Python program that uses web sockets to communicate with a
speech recognition engine.While this piece is customizable, our current implementation
uses the IBM Watson Speech-to-Text service. Because of the atypical vocabulary used
within Minecraft, and because we wanted to optionally include “Multicraft” as a custom
trigger word, we utilize a custom language model and augment the standard dictionary
with Minecraft specific words like “redstone” and “ender pearl”.



118 M. Worsley et al.

Eye Tracking Module. Gaze interaction is implemented through a C# program that uti-
lizes a Tobii Eye Tracker 4C and the Tobii Interaction Library Beta API. This program
collects 2D gaze point data in real time and subsequently uses that data to adjust the
player’s in-game camera. This eye tracker-basedmovement results in the current fixation
location moving to the center of the computer screen. This capability can be optionally
toggled on or off through a voice command (e.g., “start tracking my eyes”) or using text.
There are three ways of interacting with the eye tracker. The first is for building and
allows the user to determine where to build a structure that they request via voice com-
mand. The second is for navigation and allows the user to focus and move their character
forward. By dwelling at the center of the screen (±50 pixels) for three seconds, their
avatar begins to walk forward, and continues to walk until they change their gaze. The
third is for moving the camera with the user’s eye movement. As the player looks to
the right or to the left, the screen moves with them, and re-centers on their current gaze
location. Voice or text commands can be used to toggle with eye gaze mode the user
wishes to utilize.

Text Input. The system also supports typed natural language commands, such as “build
a ten by ten by ten gold structure”. The commands are sent to the Natural Language
Understanding (NLU) Engine and processed accordingly. More rigidly structured com-
mands can also be entered through the in-game chat feature. An example of this would be
“/mmbuild 10 10 10 41”, where “/mmbuild” corresponds to the custom build command,
“10 10 10” to the dimensions of the structure (x, y, and z), and “41” to the Minecraft
material ID - in this case 41 indicates a gold block. Versions of the platform have also
supported shorthand text-based input. For example, the instruction “build a 10 by 10
by 10 gold structure”, could be written in shorthand as “b 10 10 10 41”. One reason
for including a shorthand notation is because entering “hacks” is already part of the
Minecraft culture. Additionally, it eliminates the need for the additional hardware or
client-side software used with speech recognition.

Multicraft Server. The main server side component is a Minecraft Bukkit server with
a SpigotMC plugin. Bukkit is a free, open-source software for running and extending
Minecraft servers. SpigotMC is a high-performance Minecraft server API. The Spig-
otMCplugin handles executingMulticraft-specific commands and passing those instruc-
tions to Minecraft. Multicraft depends on a NLU Engine that we briefly described in the
next section.

NLU Engine. The understanding engine produces a semantic representation of the
audio transcripts (or text-based commands) using SpaCy [26]. It subsequently oper-
ationalizes those requests into actions within the Minecraft game. Beyond this, the NLU
engine incorporates some unique features.

Synonym Detection and Keyword Extraction: We use WordNet [27] to ensure that
synonyms are mapped to supported game-based actions. This allows us to support a
larger set of commands than simply “build”, “move” and “track,” for example. Currently,
the system can execute commands for building structures, placing blocks, and moving
the player along cardinal directions. It also supports activating eye tracking to be used
for building or navigating, adjusting the camera, adding items to the user’s inventory,



Multicraft: A Multimodal Interface for Supporting and Studying Learning 119

and saving, naming, and cloning previously built structures. Finally, as we describe in
more detail later, it also supports undo and redo capabilities. In addition to identifying
synonyms for actions, the platform can also identify synonyms for cardinal directions
and different in-game materials. After identifying the appropriate synonyms, the engine
performs keyword extraction. It identifies numbers, material types, cardinal directions,
and certain parts of speech. Together, synonym and keyword detection allow players
more freedom in how they issue commands.

Error Detection and User Feedback: Error detection and feedback provide a player
with information on why an error has occurred if a command is not executed. For
example, if a build command is issued without dimensions, a message is displayed on
the screen that informs the player that the command requires dimensions.

Saving and Naming of Structures: Building in Minecraft can involve a lot of repeti-
tion. Multicraft provides a simple way of accomplishing repeated building by allowing
players to name their structures after they have built them. Once a player builds a struc-
ture, they can name it (e.g., “home”), move to a new position and issue the command,
“/mclone home” and a replica will be built. The system also supports sharing objects
with others. The structures that the user names are available for all other users on that
Minecraft server to utilize.

Undoing and Redoing: The server implementation also includes the ability to undo
and redo items within a user’s build history. For example, if a student issues a command
to “build a fifteen by eight by nine brick house” and subsequently decides that they no
longer want that structure, they can simply say “undo” and the structure will be removed.
Similarly, they can say “redo” or type “/mredo” to recreate the structure.

Simplification of Existing Minecraft Commands: The server-side implementation
also includes simplifications of built-in Minecraft commands. For example, Minecraft
has existing commands for filling a space with blocks or cloning an existing structure.
To use these capabilities, students need to remember the Cartesian coordinates for the
bottom front, and upper rear portions of the space to be filled or cloned. Multicraft
includes text or speech commands that can be used to store these values for the user and
subsequently allow them to issue a command to fill or clone the space.

4 Part 1: User Experiences with Multicraft

Throughout the platform development process, we have conducted user studies with
different groups of participants. Within this section, we will discuss three groups of
user studies. The first were middle school students participating in one-week long sum-
mer Minecraft camps. The second group of participants were middle school student
participating through Minecraft clubs. The third group were K-2nd graders.

4.1 Overview

Each group of participants experienced a slightly modified set of tasks. These differ-
ences were due to our ongoing development of the Multicraft platform. They were also
influenced by the COVID-19 pandemic, which interrupted significant portions of our
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data collection. The summer camp students tested Multicraft’s capabilities, but with-
out eye tracking. Instead, we focused on examining how students would make use of
the speech-based natural language input. The middle school Minecraft club participants
tested the combined speech and eye-tracking interface. The elementary school students
primarily tested the text-based input interface, with a select few also testing speech-based
capabilities in Minecraft.

4.2 Participants

The summer camp participants included ten students that identified as boys, and 1 that
identified as a girl. None of them identified as frequent Minecraft users, and all were
between 12 and 14 years old. The middle school Minecraft club participants included
three students that identified as girls and 7 students that identify as boys. All students
ranged in age from 12–14 years old. All the students identified as having prior experience
with Minecraft. The elementary school participants included four students that identify
as girls and five that identify as boys. All students were between kindergarten and 2nd
grade. Only two of the students had prior experience with Minecraft. One student in
each of the programs was on the autism spectrum, however, our observations will not
be based solely on those students.

4.3 User Testing Tasks

As previously noted, each group completed a different set of tasks. However, consistent
across each group was a researcher-led demonstration of the basic capabilities of the
platform. The summer camp participants were asked to use the platform while engaging
in free play and also given pictures of buildings to recreate. The Minecraft club partici-
pants completed three specific tasks. First, they were asked to use the eye tracker tomove
around the world. This involved adjusting their gaze to the desired location and dwelling
in the middle of the screen to move forward. Next, they tested text input commands.
Here they could follow the example to construct a building of one-hundred cubic blocks
or create something of their own choosing. They then tried a slightly modified way to
build the same structure. Finally, they tested out building with the eye tracker activated.

Elementary school students were given two tasks to complete. The first task involved
trying two different approaches for building a 100 cubic feet structure in Minecraft.
The second tasks asked them to build that same structure but also create copies of that
structure. They completed these two tasks using nativeMinecraft features andMulticraft
features. We also had some of the students test our speech-based input alongside using
text-based input.

4.4 Data Collection

Our data collection with the summer camp participants was the most extensive. During
the program, the research team collected audio and video data of each student usingOpen
Broadcaster Software (OBS) on the respective participant laptops. OBS also enabled us
to capture a video of the screen. In addition to the individual videos, we also collected
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whole roomvideo, and conducted some informal interviews and surveyswith the students
about Multicraft. Informal interviews asked students their views on the utility of the
platform. We did not explicitly ask them if they did or did not like the platform because
the authors had previously interacted with some of the students, and we thought their
stated perceptions might be biased. Hence, a large portion of the analysis is based on
what we observed students do, and less about what students explicitly said.

For themiddle schoolMinecraft club participants, our data collection included obser-
vations and informal interviews. Individual students tested the platform, one-at-a-time.
After they finished their tasks, a research team member asked a few questions about the
accessibility of the areas of improvement for future iterations, overall enjoyment with
Multicraft, and ease of use.

Finally, for the elementary school students, we conducted informal interviews and
observed as students used the platform. Specifically,we asked students (and their parents)
about the relative ease of use between Minecraft commands, and our custom Multicraft
commands.

4.5 Data Analysis

Members of the research team, namely the authors, individually and collectivelywatched
videos of student game play. The research team took note of different observations and
discussed these notes with other teammembers to get their assessment and interpretation
of the different episodes. We also consulted our field notes and debrief notes from the
different sessions. The surveys from students were also looked at qualitatively to get
a general picture of student perceptions. The pieces of data that we selected for this
analysis serve as exemplars for some of the design elements that we wish to highlight
with this platform. In thisway, the analysis is not intended to suggest absolute causality, or
universality. Instead, they are indications of potential interpretations of student behaviors
and utterances.

4.6 Observations and Findings

Through the observations, surveys, and interviews we were able to identify some impor-
tant information about Multicraft and its potential to enhance the Minecraft gameplay
experience. We also uncovered some challenges with the platform and potential future
developments. We will organize the results based on modalities. Specifically, we will
begin with observations and student comments associated with text-based input, then
speech-based input, and, finally, gaze-based input. We then touch on some key ideas
from student interviews.

Text-Based Input. Text-based input proved to be quite difficult for several of the stu-
dents that we tested with. This was true across the novice middle school students and
elementary school students. None of the students knew how to type, with most students
trying to type with two or three fingers. This meant that their attempts to enter different
commands were hampered by being slow and inaccurate. This resulted in them having
to re-enter the same commands a second, and, at times, a third, or fourth time. The
shorthand text input, on the other hand, provided a seamless interaction for both middle
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school and elementary school students. One of the current realities is that many children
who are growing up in the age of touch screen and audio assistants, do not have much
experience typing. However, only having to type a single letter and a handful of numbers
seem to be appropriate for the different users that we observed. The biggest challenge
in the case of shorthand text input was the need for students to know the numeric code
for the block types that they wanted to use. The numeric codes offered both advantages
and disadvantages. Using a number was easier than knowing how to spell words like
“acacia”, but it also meant that students needed a way to look up the correct material
codes. To address this, students found a webpage that includes a full list of block types
and their codes, and kept that webpage open so that they could toggle to it as needed. In
later versions of this platform, we introduced the ability to use the numbers and mate-
rial names interchangeably. Apart from this, students seemed to find that the shorthand
text input approach worked as expected. Moreover, the young students were particu-
larly appreciative of the ability to name structures and quickly clone them. They also
expressed a preference for Multicraft’s commands over the Minecraft text commands
because the Multicraft required fewer words.

For the middle school students with prior Minecraft experience, using text-based
input appeared to be the most natural form of interaction. They already had experience
using different Minecraft commands through coding activities in their Minecraft clubs.
The students reported that the Multicraft commands made constructing large structures
much easier, and many users stated they preferred using the commands over placing the
individual blocks. The one deviation from this was that students do not always know
exactly what they want to build. In those instances, they did not find much utility in
the Multicraft text-based input modality which requires users to state the dimensions of
their desired structure.

Speech-Based Input. For many of the students, the prospect of using speech-based
input offered a welcome alternative to having to type. They also liked the idea of natural
language input because remembering a specific syntax for the various functions that
Minecraft makes available was challenging for many of the students. However, in prac-
tice, some students found the speech recognition accuracy to be unreliable. Because of
this, some students had to repeat their requests several times before getting it to success-
fully build. We believe that this is due to poor quality acoustic models for adolescents
and because many of our participants spoke other languages at home. Once the requests
were properly processed, students expressed amazement that the structure was created
so quickly. Their amazement and excitement generated social interactions among their
peers, as they eagerly shared their creations with other students. Students also appeared
to be comfortable talking to the computer and did so using their normal speech cadence
and tone. Another challenge was that students expressed uncertainty about what kinds
of instructions they could issue, a common challenge within multimodal interfaces [28].
We have since developed a cheat sheet that users can utilize as they interface using
Multicraft. We have also improved the speech recognition by executing some additional
code-based customizations.

Despite these challenges, the elementary school students that we observed preferred
speech-based input to typing. In fact, some of the students even tried to use speech-based
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input within the Minecraft inventory because they were not sure how to spell the name
for several of the materials. At times they would start typing a word incorrectly and
subsequently become unable to find the block-type of interest. When facilitators were
present, they would ask for spelling assistance, but in the absence of adult involvement, it
is unclear how they would be able to build their structures as envisioned. This challenge,
on the part of students, exemplifies a primary challenge we want to overcome. Students
may have complex and intricate ideas in their minds, but lack the computer knowledge,
or Minecraft experience to enact that idea.

Eye Tracking Input. Of the three modalities, eye tracking was the one that students
found to be most intriguing. Many students had interfaced with systems that used speech
recognition, or seen people use them on smartphones. Eye trackers, on the other hand,
were a novelty. For the experienced Minecraft users that tested the eye tracking system,
there was a noticeable learning curve to navigating the game with their eyes. It gen-
erally took students between five and ten minutes to get to the point where they were
comfortable using their eyes to navigate and build in Minecraft. Additionally, one of
the most frequent comments about the eye tracking feature was that moving the camera
with eye movement at first felt unnatural. We also observed that it took time for them
to learn the mapping of gaze position to camera movement speed. However, with some
practice, students became quite proficient integrating this additional modality into their
game play.

Interviews. In addition to observations, we also conducted informal interviews with
students about the Multicraft interface. Some of the questions raised were based on
observations that we made. Other questions were focused around how socially accept-
able it would be to use this platform when playing with friends, and what additional
functionality the students would like to see added to the platform. Here, we focus on
questions of social acceptability because that is of primary consideration for our goal of
equitable play.

The question around student perceptions of using Multicraft during general multi-
player games was met with mixed reviews. Many students saw no problem with using
Multicraft in creative mode (the game mode where students freely build and create). To
them, Multicraft fit into their existing schema of Minecraft hacks. In fact, many students
came to refer to the shorthand text-based input “Tim [Mwiti]’s Hack” because he had
introduced it to them and showed them how it worked. However, students were less keen
about using Multicraft in survival mode (a mode where players have limited resources
and need to mine and hunt to survive), as they likened it to cheating. When further
probed about why it was cheating, a student described that the current implementation
does not use any of your inventory items, meaning that when using Multicraft you have
an unlimited supply of resources. This would be unfair in survival mode. Other students
agreed with this assessment and suggested that while in survival mode, the user should
only be able to use items in their inventory. Students were also concerned with the social
stigma associated with using Multicraft in multiplayer survival. Because some of the
text commands are entered through the chat terminal, some players’ Multicraft actions
may be visible to others. In our ongoing development, we are working to address these
concerns with social stigma and acceptability.
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5 Part 2: Multimodal Analyses of Minecraft Gameplay

Alongside the utility that Multicraft provides for users, we are also interested in ways
that the multimodal data used in theMulticraft platform can be help us better understand
and chronicle students’ growing competencies. In this section we present data from a
laboratory-based study and two Minecraft summer camp-based studies.

5.1 Overview

The summer camp-based studies included students completing build challenges as well
as open-builds. Within these camps we were interested in the spatial reasoning practices
that students exhibit across different building contexts. The summer camps lasted for
approximately 15 h.

The laboratory-based study included undergraduate and graduate students who com-
pleted a mental rotation test and three specific build challenges. This study was under-
taken to look at the ways that mental rotation practices that students employ on standard-
ized spatial reasoning tasks might mirror onto the practices students use in Minecraft. It
was also an opportunity to explore development of automated techniques for studying
spatial reasoning inMinecraft.As students completed the one-hour longbuild challenges,
eye tracking and screen recordings were captured.

5.2 Participants

The summer camp-based studies include the same one that was discussed in Sect. 4. In
addition to those students, the data in this section also includes an additional summer
campwith 12middle school students. This group included four females, and eight males.
All but one of the students had prior experience with Minecraft.

As previously noted, the laboratory-based study included 19 undergraduate and grad-
uate students. Fifteen students identified as males, while the remaining four identified
females. Sixteen of the students were undergraduates, while the remaining three were
pursuing graduate degrees. One of the students is on the autism spectrum.

5.3 User Testing Tasks

Within the summer camp studies, students completed various build challenges. One of
the structures that students created can be seen in Fig. 2.

Within the laboratory-based study, students were asked to complete amental rotation
test [29] and then to use in-game reference images (e.g., Fig. 3) to recreate the three
structures pictured in Fig. 4, 5 and 6.

5.4 Data Collection

Across the different studies, we collected eye-tracking and screen recordings of student
gameplay. The eye-gaze data was captured using the Tobii 4C eye tracker, which was
collecting data at 90 Hz. The screen recordings were created using the Social Signal
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Fig. 2. Sample structure that students
recreated in Minecraft

Fig. 3. Picture of in-game reference images with eye
tracking data overlay (green dots). (Color figure online)

Fig. 4. Structure A Fig. 5. Structure B Fig. 6. Structure C

Interpretation (SSI) framework [30] or OBS. We also collected whole room audio, indi-
vidual audio, and server logs of student game-based actions using the LogBlock plugin.
The eye-tracking data and screen recordings are the focal portion of these analyses,
though the game-based log data did inform portions of the analyses.

5.5 Data Analysis

The summer camp-based analysis heavily relied on human annotation of the video data.
Because the total collection of videos included more than 100 h of data, we elected to
use some simple data mining to help with the video selection process. Computational
analysis was used on the log data to look for sessions that showed noticeable differences
in the number of blocks that students placed and based on differential performance on the
mental rotation test. Based on this information, we were able to select a small collection
of videos to human code. The research team collectively watched and coded the videos
for different spatial reasoning practices. A subset of these observations is presented in
this paper.

The data analysis process for the laboratory-based study used computer vision- based
contour detection and synchronous eye tracking data to identify salient features and gaze
patterns on the different mental rotation test questions. Contour detection is an approach
that allows a computer program to label contiguous shapes within a given image. The
contours can be hierarchical, such that a given contour can contain several other contours.
Figure 7 contains three contours from a mental rotation test question.

For the eye gaze data, we computed fixations and saccades following research con-
ventions. A fixation was recorded when any set of successive data points was no more
than 25 pixels apart from one another, and when the collection of gaze points represented
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Fig. 7. Picture of hierarchical contours outlined in yellow, green, and blue. (Color figure online)

at least 50 ms. The resultant features were used for human observation of common gaze
patterns and are also supplied to different machine learning algorithms to highlight
correlations between different features and student performance on the mental rotation
test.

5.6 Observations and Findings

Summer Minecraft Clubs: The summer camp-based analysis helped surface several
ways that student exhibit spatial reasoning practices while playing Minecraft. Broadly
speaking, several of the ideas connect to work on using visual anchors to help students
make sense of a given design [22, 31]. Some of these practices include choosing a starting
point, frequently a corner of a structure, or the middle, and subsequently counting along
a single dimension. In some videos students can be heard verbally counting, or moving
their mouths as they pass over the different blocks. Viewers can also see the eye gaze
trace jump from block to block within the screen recordings.

Another common approach was students looking at a structure from a specific per-
spective. This perspective was often chosen to match the angle of the reference picture
and simplifies their ability to draw a correspondence between the reference image and
the structure that they are building.

One specific instance of perspective taking is taking a bird’s-eye view of a structure.
Frequently, students would fly above their current build so they could see the entire
structure. When looking from above, students would scan over the relative dimensions
and look for symmetries or other obvious discontinuities.

Perhaps the most intriguing use of the bird’s-eye view was in conjunction to students
creating their own attentional anchors. We see in example of them when students try to
recreate a mushroom tower (Fig. 8). While they are working on the bottom part of the
mushroom top, they need to create an oval that will go around the center column that they
have created. When the students take a bird’s-eye view, they see that the surrounding
oval is not quite right (Fig. 9). To fix this, they voluntarily create a rectangular scaffold
(Fig. 10), which is used tomore easily construct the oval. This represents a fairly complex
spatial practice that the student spontaneously uses to fix this build.

Collectively, we see students using several different strategies to spatially reason
about structures in Minecraft. The summer camp-based studies helped us surface some
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Fig. 8. Mushroom tower
image

Fig. 9. Failed design for
mushroom rim (the dark
portion)

Fig. 10. Scaffold created by
students to anchor mushroom
rim

of these practices as inferred from computer-informed video selection, and subsequent
human analysis. The laboratory study that we conducted was an attempt to explore some
of these patterns using more automated techniques and regarding a validated mental
rotation test [29].

Laboratory Study: The laboratory-based analysis is still a work in progress. Thus far
we have been able to successfully combine computer vision derived features, automated
detection of fixation points, and machine learning to discern differential gaze patterns
among students that exhibit different mental rotation ability. As a sample output from
the mental rotation test portion of the video, see Fig. 11.

Fig. 11. Aggregated frequent fixation points for laboratory-based study

In Fig. 11we can see themost common gaze points across all participants, as overlaid
on a static image of the mental rotation test image (note: detecting this static image in
the different frames of the video required using ORB feature detection as students could
scroll up and down on the screen, a process that we do not describe here in the interest
of brevity). When we aggregate across the fixation points within the reference images
that students looked at to inform their builds, we can see what students are and are not
paying attention to. We think that this type of analysis can translate to the Minecraft
gameplay data by specifically examining which parts of a reference Minecraft building
students are and are not paying attention to when trying to replicate a structure.

Our analysis of correlations between different features and student performance on
mental rotation tasks has also demonstrated some promise [32]. For example, previ-
ous analysis found that a decision tree trained on a broad selection of contour-based,
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fixation, and saccade features can be used to accurately model student mental rotation
performance. Our interest in doing this type of analysis was to explore a good research
methodology for studying student spatial reasoning using computer vision and eye track-
ing data. We see this computational approach being something that we can translate into
our analyses of Minecraft video game play and presumably detect some of the complex
spatial reasoning practices that we observed in the summer camp-based Minecraft anal-
ysis.Wemight also use these features as a way to look at how individual students’ spatial
reasoning practices change over time relative to themselves.

6 Discussion

The overarching objective of the featured studies and analyseswas to describe our current
efforts to couple a multimodal interface that promotes equitable play with opportuni-
ties to use MMLA to delve into the complex spatial reasoning practices that students
demonstrate while playing Minecraft. The user feedback from elementary and middle
school students suggests that there are several aspects of theMulticraft platform that they
find to be compelling and useful for different groups of users. Several students found
the speech and gaze-based input modalities to be a welcomed change from the standard
approach to building inMinecraft. These different modalities were adopted based on our
observations fromworkingwith hundreds of elementary andmiddle school students play
Minecraft, and particularly informed by observed experiences of students with disabili-
ties. The results that we have gathered so far suggest that many of the objectives around
usingmultimodal input were achieved. However, as we noted earlier in this paper, simply
providing alternate modalities for input is insufficient. Instead, we want to afford a more
equitable gaming experience where students feel equipped to participate alongside their
peers regardless of abilities. In one respect, the student feedback that using Multicraft
during multiplayer survival seemed unfair is an acknowledgement that Multicraft can
offer noticeable benefits in executing different commands and actions faster. At the same
time, however, this feedback also points to potentially larger challenges about the social
stigma of accessible interfaces that aim for equitable experiences. The students’ pri-
mary concerns were about players having access to resources outside of their inventory,
which is something that we can easily correct in future iterations of the platform, but
some social stigma may persist.

Our ongoing analyses using multimodal data also hint at some promising opportu-
nities to chronicle the knowledge and reasoning strategies that students evidence while
playing Minecraft. Our human analysis of video data keyed in on several common
spatial reasoning practices, while also noting the ways that students might be intention-
ally creating visual anchors to help them better recognize symmetries and other visual
elements. Additionally, the computational analysis that we briefly described that com-
bines computer vision, fixation detection, and machine learning during mental rotation
tests is a first step in automatically mining student game play data for different spatial
reasoning-relevant practices. We suggest, however, that this is just one example of what
we can accomplish using techniques from MMLA in game-based learning contexts.
Though we did not describe it in detail, our work also involves looking at student com-
putational thinking in Minecraft using student game-play videos and eye tracking data.
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To date, we have successfully used computer vision to detect how much time students
spend using the coding interface in Minecraft Education Edition. Detecting these video
clips has helped us focus our human video analysis process by automatically selecting
clips where students are actively programming. It also can help elucidate the design
prompts and activity structures that successfully lead to students doing more program-
ming in Minecraft. Moving forward, we intend to build out more of the techniques from
laboratory studies to utilize on data derived from more ecological settings.

7 Limitations

A major limitation of this work is that it was conducted with small groups of students
who self-selected into the programs. Additionally, these studies were completed with
multiple groups of participants who had interacted with one of the authors on previous
occasions. This may have made the students less likely to share their true opinions.
Another potential limitation is that we tested different elements of the platform with
different populations. While we had planned for a more systematic study during the
first quarter of 2020, the COVID-19 pandemic made this infeasible. Finally, while some
students with disabilities were present in our different groups of users, neither the data
collection nor the analysis identified them. On the one hand, that these students were
able to participate alongside other students seems to be a positive observation. However,
we recognize that this work should be tested with more students with disabilities, espe-
cially in recognition of the diversity and intersectionality that exists across the different
disability communities. Nonetheless, we believe that the insights gathered thus far are
still beneficial for considering the design of multimodal interfaces for equitable play.
We intend to address these limitations within our on-going studies and as we continue
to develop the platform. As we think more about the future development of this work,
we also want to speak to an important consideration in thinking about using MMLA.
Prior research in MMLA has involved the use of various multimodal sensors that can
proxy for everything from arousal, to cognitive load, to mind wandering, to fine motor
gesticulations. We must be careful not to use the analytics in ways that are normative
and overlook the diversity that exists among and within different populations. One app-
roach for addressing this is to look at ways that students’ data deviates from their typical
behaviors. Hence, even in thinking about ways that we look at student eye tracking data
and examining the visual spatial anchors that they may be references, simply looking at
aggregate behaviors across groups should be conducted with caution.

8 Conclusion

This project began because of our motivation to makeMinecraft more accessible for stu-
dents with disabilities. However, more important than simply making Minecraft more
accessible, we wanted to promote a game play and social experience that would be
equitable. Through our user studies, we found that the platform helps fulfill some of
those goals by providing capabilities that can spur on amazement and excitement among
traditional Minecraft users and novices. We also find that many of the multimodal com-
ponents, while not immediately intuitive for users, proved to be preferred modes of
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game play. In this sense, we feel that this tool is moving in the right direction in terms
of the system capabilities that it provides. Our analyses also point to the meaningful
ways that multimodal data can be used to study student learning in these game-based
environments, and free students from standardized testing and learning experiences. As
we iterate on this platform, we look forward to creating a more robust solution that we
will test among students with disabilities, and among mixed ability groups, since our
goal is to support inclusive learning experiences for all students.
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Abstract. Dyslexia is a universal reading difficulty where each individ-
ual with dyslexia can have a different combination of underlying reading
difficulties. For instance, errors in letter identification or omissions or
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dren with dyslexia. A mixed-methods approach was used. In the first
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adaptation based on dyslexia type. The second experiment provides a
quantitative analysis of the effects of adaptation based upon the reading
skill level of learners with dyslexia. Findings revealed that the majority
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type. Analysis of the results indicated that adapting based on reading
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experiments are discussed.
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1 Introduction

Reading is one of the most important basic linguistic skills [29]. The majority of
readers are able to understand written text automatically and easily. However,
many readers face difficulties and have to apply conscious effort when reading.
This can, in turn, lead to social and educational exclusion [29]. These readers
are known as people with dyslexia.

Dyslexia has been defined by the main international classification, ICD-10
[44] as “a specific and significant impairment in the development of reading
skills, which is not solely accounted for by mental age, visual acuity problems, or
inadequate schooling”. Typical symptoms include inaccurate and/or slow word
recognition, comprehension, misspelling and poor decoding abilities [44].

E-learning can support the development of learners’ knowledge and skills
without the constraints of time and place [16]. However, traditional e-learning
systems have several drawbacks compared to real-life teaching [19]: they provide
the same learning experience to all learners. This decreases the effectiveness of
the learning and can lead learners to become dissatisfied and demotivated [37].

Adaptive e-learning systems and gamification aim to improve learners’ expe-
rience by making the learning process more effective, and increasing their satis-
faction and engagement [31,34]. These systems can adapt the learning content
and presentation based upon different characteristics of learners [15]. For learn-
ers with dyslexia, dyslexia type and reading skill level are significant factors
in their education [20,22]. The dual-route model for single word reading pre-
dicts different types of dyslexia, each resulting from different underlying causes
[21]. The reading skill level of a learner is also a significant characteristic that
should be considered [27]. There is, therefore, a strong argument that such an e-
learning environment should apply different teaching approaches based on these
two characteristics, rather than treating all learners the same.

This research aims to investigate the impact of adapting learning material
based on dyslexia type and reading skill level in a computer-based training sys-
tem for Arabic. There is very limited research that explores teaching learners
with dyslexia to read Arabic [7], despite it being a widely spoken language [30]
with a high rate of dyslexia [11]. A mixed-methods approach, using qualitative
and quantitative methods, is used to collect and analyze data. An evaluation, in
terms of learning performance and learners satisfaction, is presented.

The remainder of this paper is organized as follows. Section two presents
some important background upon which the studies are built. Sections three &
four present the experimental procedures in detail, followed by the discussion
in Section five. Finally, Section six draws some conclusions and points to future
work.
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2 Background

This section covers the theoretical foundation behind this research: features of
Arabic orthography relevant to dyslexia, dyslexia types in Arabic based on the
dual-route model for single word reading, adaptation in e-learning and further
related work.

2.1 Dyslexia in Arabic

Dyslexia is sensitive to language. The differences in language orthography and
structure have a large impact on the difficulties that the readers face. Unfor-
tunately, there are few studies that explore dyslexia in Arabic. This research
targets training young, native Arabic speaking learners with dyslexia.

Arabic is the fifth most spoken language. Over 200 million individuals speak
Arabic as their first language. It is also used as a second language by millions of
Muslims [30]. The Arabic orthography is different from that of English. There-
fore, the manifestation of dyslexia [6] is also different [18]. For instance:

– The cursive nature of the Arabic language (where the letters are joined to
form a word or sub-word).

– The use of dots to distinguish between different letters.
– Different letter forms depending on the position within a word.
– The use of non-vowelized text (a non-transparent orthography) [18].

Types of Dyslexia in Arabic. Helmer Myklebust, was the first person to
suggest classifying developmental dyslexia into different types [21]. There have
been several proposals for classifying dyslexia in order to develop a better under-
standing and thus to provide better support [8,21]. Dyslexia has been classified
based on ‘symptoms’ (Ingram’s classification) [8] and also by using the dual-
route model for single word reading [21]. Here, Friedmann and Coltheart [21]
suggested using that model in order to predict the different ‘symptoms’ of dif-
ferent types of dyslexia. The dual-route model has proved effective and is widely
used [9]. Consequently, this is the approach adopted in this research.

In order to understand the types of dyslexia based on the dual-route model
for single word reading, understanding the process is essential (see Fig. 1).

The reading process can be summarized in the following stages:

– The orthographic-visual analysis system analyzes the target word to
identify its letters, encode each letter’s position within the word and bind
these letters to that word.

– The result from the previous stage is stored in the orthographic input
buffer that decomposes the word to its stem. For instance, decomposing the
word “birds” into “bird”.

– The lexical-phonological route is used for reading familiar words (known
written words stored in the reader’s lexicon) quickly and accurately. This
is achieved by passing the word to the orthographic input lexicon:
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Fig. 1. Dual-route model for a single word reading [21].

• The phonological output lexicon will write to the phonemic output
buffer.

• The corresponding entry in the conceptual-semantic system is acti-
vated to access the word’s meaning.

– The sub-lexical-phonological route is used for reading unfamiliar words. This
is accomplished by passing the written word to the grapheme-to-phoneme
conversion component. It analyzes the letters into either letters or groups
of letters (graphemes) that form a single phoneme. Finally, this information
is passed to the phonemic output buffer.

As seen in the previous stages, each component of the dual-route model is
essential and performs an important task in the reading process. A deficit in any
component will cause a reading impairment and thus a type of dyslexia.

Dyslexia in Arabic is classified into seven types based on the deficit in the
dual-route model [22]. This research focuses on only two frequent types; Letter
Position Dyslexia (LPD) and Vowel letter Dyslexia (VD) [22].

LPD arises from an inability to encode the order of the letters within the word
due to a reading deficit in the orthographic-visual analyser stage, specifically the
function that is responsible for encoding the relative position of letters within
the word [21,22]. They migrate letters within words especially the middle ones
[21,22].

On the other hand, VD suffers from omitting, transposing, substituting and
adding vowel letters (such as reading the word “bit” as “but” or even “boat”) due
to a specific deficit in the sub-lexical route which impairs the way the vowels are
processed [21,22]. Such errors appear only with the vowel letters during reading
and not with vowel phonemes during speech production [21].
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In the Arabic orthography, three aspects should be considered [22]:

– Each vowel letter identifies a single long vowel.
– There is a difference between long and short vowels. Long vowels are encoded

orthographically, while short ones are usually eliminated from written words.
– A vowel letter has different forms depending on its position.

Friedmann and Haddad-Hanna [22] found that VD occurs more frequently,
with typical errors including: vowel additions, migrations, omissions, and sub-
stitutions. Vowel addition is indicated by the elongation of a short vowel, while
vowel omission is indicated by shortening a long vowel.

2.2 Adaptation in the E-Learning Domain

The emergence of e-learning has enabled the wider learner community to have
access to educational content. However, such wider access has raised concerns
with respect to the delivery of appropriate learning experience to different learn-
ers, since most e-learning systems do not adapt material to meet the needs of the
individual learner [19]. Research aims to find ways in which the specific needs of
a learner can be identified, and material adapted to suit those needs [19].

Another challenging task in e-learning is motivating learners to use such
systems in order to enhance their learning gain. Gamification has proved to
increase learners motivation, engagement, and to support them through their
interaction with material [34].

In the context of e-learning systems, adaptation is defined as a procedure for
tailoring the educational environment to these differences [14] with the aim of
improving learning outcome [31]. Different learner characteristics can be consid-
ered such as knowledge level [32] and learning styles [35]. Learners with dyslexia,
like everyone, are different in their needs, preferences, and their skill level. These
parameters must also be considered in adaptive e-learning systems. Therefore,
this research focuses on types of dyslexia and their reading skill level.

Skill Level. According to Self [38], “a student model is what enables a system
to care about a student”. Different learners’ data and characteristics can be rep-
resented in a learner model as sources for providing adaptation [19]. These char-
acteristics can be classified into affective (motivation and emotions), cognitive
(knowledge level, skill level), and conative (learning style and goals) [39]. Data
can be collected implicitly, explicitly or a combination of both. Implicit tech-
niques involve feedback generated from the system that monitors user activity
like page scrolling, time spent on a page and page visits [23]. Explicit techniques
involve feedback generated from the user like tests and questionnaires [23].

One of the most common learner modelling techniques in adaptive e-learning
systems is the overlay model [40]. The overlay model is often used to represent
the learner’s knowledge [16]. The key idea of the overlay model is that the learner
model is a subset of an idealised domain model based on the assumption that
a learner may have correct but incomplete knowledge of the domain [16]. The
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domain is decomposed into a set of elements and the overlay model is a set of
masteries over those elements. The overlay model, in its simplest form, assigns
a Boolean value (yes or no) to each element in the domain, indicating whether a
learner knows or does not know that element. It can also use qualitative values
(poor, average, good) or a quantitative measure (the probability that the learner
knows the concept) [15]. Although the overlay model is used extensively due
to its representation of learner knowledge for each concept independently, one
drawback is that it does not represent incorrect knowledge or misconceptions. In
addition, it cannot represent other characteristics such as learners’ behaviour,
personality and preferences [16]. For this reason, many adaptive e-learning sys-
tems use a combination of other learner modelling approaches with the overlay
model.

Among learner characteristics, learners’ knowledge level is recognized as a
fundamental factor [20], when presenting learning materials to the learner [19].
It describes the extent to which a learner understands, applies and recalls specific
information related to a particular topic [35]. Learners’ knowledge level is one of
the most commonly used adaptive parameters. For example, SQL-Tutor [33] and
ELM-ART [43] both consider learners’ knowledge level in order to adapt learning
content. Also, ActiveMath adapts mathematical content to learners’ knowledge
level, goals and media preferences [32].

In this research, we refer to skill level rather than knowledge level. Knowledge
is learning principles of a subject, while skill is the ability to apply that knowledge
in a context. According to Sun and Peterson [41], individuals learn generic and
declarative knowledge first and then, through practice, turn such knowledge into
specific, usable procedural skill. This research targets training young learners
in reading skills. The learners already have the basic, formal knowledge and by
practising they develop it into specific skills which can be applied subconsciously
rather than through conscious reasoning.

2.3 Related Work

Some e-learning systems have been developed to teach Arabic learners with
dyslexia. Some of these systems adapt based on learner characteristics while
others do not.

In terms of adaptivity, Alghabban et al. [3] investigated how personalizing
learning material based on dyslexia type affects children’s satisfaction. An adap-
tive e-learning system was implemented to help children in elementary schools to
practice their reading skill. The system was evaluated by a controlled experimen-
tal study. The results showed that children with dyslexia were more engaged with
their learning experience when matching the learning content to their dyslexia
type. However, the learning performance and effectiveness were not considered.

Other research has considered the learning style of learners with dyslexia as
one characteristic in adaptive e-learning systems. For example, Benmarrakchi
et al. [12] developed a framework for an adaptive m-learning system to support
children with dyslexia. The proposed system aimed to enhance the students’
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fundamental skills such as reading, comprehension, writing, concentration, short-
term memory and Arabic orthography. However, the evaluation methodology was
not presented, leading to difficulty in understanding its effectiveness. Similar
work has been done by Alghabban et al. [2] by developing a cloud-based m-
learning tool for learners with dyslexia in primary schools. The proposed tool
enabled manual adaptation of the interface and different modalities of input and
output based on learning styles of learners with dyslexia. The tool was evaluated
using pre- and post-tests and demonstrated an increase in reading skills after
three months use. However, again, the design methodology was not presented,
which makes it difficult to evaluate the effectiveness.

Overall, there is very little research which draws upon the theoretical under-
standing of dyslexia and which uses this to derive adaptive learning. Where this
has been investigated, the evaluation of its effectiveness is very limited. There-
fore, in this research we seek to build upon existing research into the causes and
effects of dyslexia and understand whether and how this can be used to derive
adaptation of learning to improve the learners’ experience.

3 Experiment 1: Dyslexia Type Adaptivity

This experiment aims to understand the impact of adapting learning material
based on dyslexia type, on the behaviour of learners with dyslexia. A between-
subject experiment was conducted. A mixed-methods approach was used to col-
lect and analyze the data. The quantitative data, in term of learning gain and
learner satisfaction scores, is reported in [1].

3.1 Data Collection

Data was gathered by using: a dyslexia type diagnostic test, a pre-reading test
and taking notes when observing learners. The dyslexia type diagnostic test was
used to determine learner’s dyslexia type. It is based on the standardized tests
approved by the Ministry of Education in Saudi Arabia. The test was validated
by a number of special education experts and refined to produce the final version.
The pre-reading test was used to determine the learner’s reading skill level.

3.2 DysTypeTrain System

The Dyslexia Type Training system (DysTypeTrain) was designed and imple-
mented to support this experiment. It is a dynamic web-based e-learning sys-
tem. It trains learners with dyslexia via eight different reading activities, each
one containing ten training exercises, giving a total of 80 exercises. The diffi-
culty of these activities gradually increases. In each training exercise, a word
is pronounced and an image is displayed along with three choices. Each choice
displays a different word.

Figure 2 shows an example of a training exercise. The learner listens to the
target word and chooses the correct answer from the three choices. If the learner
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chooses the correct word then verbal, encouraging, motivational feedback is given
[11], and they gain a point. Otherwise, remedial feedback is given. The total
point score is presented at the top left corner of the screen. Feedback on training
progress is provided as a training exercise number (between 1 and 10) in the
top of the screen. The learner can re-play the target word, as many times as
they want, by clicking on the audio icon presented in the middle right of the
screen and use the image displayed underneath as a hint. Once the activity is
completed, a motivational message is displayed. The experience of success was
a natural reward which was controlled computationally [28]. The learner should
achieve 80% through each activity [28] to unlock the next level. Otherwise, they
will repeat it [5]. The incorrect words were chosen to target VD difficulties.

Fig. 2. A screenshot of one of the DysTypeTrain system training exercises.

The training material was chosen from the primary school curriculum to tar-
get VD. It combines short vowels (fat-ha (/a/), kasra (/i/) and dammah (/u/)),
and long ones (alef (a), yaa (i), waw (u)), progressing from simple words (i.e.
three-letters words with only fat-ha short vowel & alef long vowel) to advanced
ones (i.e. five or six-letters words with a mix of all short and long vowels).

3.3 Method

Originally, this experiment targeted VD and LPD due to their frequency [22].
In practice, LPD was not found in the target population and another common
reading difficulty was used. This is the difficulty in distinguishing between Short
Vowels. It is named by the researcher as Short Vowel Dyslexia (SVD). Therefore,
this experiment targeted SVD and VD rather than of LPD and VD.

The experiment took place in Riyadh, Saudi Arabia. Consent was obtained
from both schools and learners’ parents/guardians. The learners were welcomed
and introduced to the objectives of the experiment. Then, their demographic
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information was collected, and their dyslexia type was determined. The pre-
reading test was conducted to assess their initial reading skill level. Learners
were divided randomly into two groups, balanced by age, grade, and their prior
reading performance. Both the matched (VD) group and mismatched (SVD)
group used the same version of the DysTypeTrain. The learning material of the
website matched the matched group while mismatched the other one.

The experiment took place in person with guidance from the experimenter,
in a quiet room, within the learner’s school. Nobody was in the room except the
learner and the experimenter. The learner sat in front of a desk with a laptop
while the experimenter sat next to them observing and solving any technical
problems. Learners worked individually. There were eight experimental sessions:
two sessions per learner per week. Each session had a duration of approximately
35 min and the total duration of the study was one month. At the beginning of
the first session, the experimenter explained the DysTypeTrain layout. During
each session, the experimenter observed the learners and took notes about their
interaction with the system and facial expressions. Neither the learner nor the
experimenter was aware of the experimental condition to which the learner had
been allocated.

3.4 Participants

Originally, 20 female, native Arabic speaking learners, already diagnosed with
dyslexia, were recruited from different elementary schools. Due to the Coron-
avirus pandemic (COVID-19), this number dropped down to 16 who completed
the experiment. The learners were aged from 9–14 years (Grades 4 to 6). All had
previous experience with electronic devices. The learners were assigned either
to the mismatched group (n = 8) or the matched group (n = 8). Learners had
approximately the same prior reading skill level, with no statistically significant
difference between the groups. Thirteen of 16 learners completed the experiment
in school. The remaining three completed it remotely via Zoom meetings due to
the closure of schools (COVID-19).

3.5 Findings

Participant Observations. Based on the schools’ policy, the sessions were not
video recorded. Learner observations were collected using structured notes taken
by the experimenter. These data were analyzed using Thematic Content Analysis
[13]. In this method, codes (and sub-codes if necessary) are generated from all
data collected. Then the codes are synthesized into themes (and sometimes sub-
themes) and theoretical concepts. These codes should be related to each other
within a theme and the themes should also relate to each other and to the entire
data set.

When observing the learners during their interaction with the system, sev-
eral findings were noted in terms of study mode, learners, choices and training
activities. In term of study mode, 13 learners were able to complete the study
in person while the remaining three completed the study remotely using Zoom
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meetings. In both groups the online mode affected both the clarity of the sys-
tem’s audio and the ability to observe the learner’s facial expressions. In the
online mode, learners were not always able to hear the system’s audio clearly
(“The sound is not clear”, or they physically brought their ears close to the
device) and the experimenter had to re-pronounce the target word to enable
them to proceed.

In term of learners, a majority of learners in both groups were engaged
and motivated. They reported that the system was “better than the textbook”
and cited reasons such as “because it has audio”, “because it has audio and
I can choose”, “I liked it because there is a challenge to win and better than
the textbook because it has audio”, “because it let me know my mistakes”.
Therefore, the audio feature was the dominant reason for their engagement and
motivation towards the system. However, later sessions were affected negatively.
For instance, one learner was tired and demotivated because the session was con-
ducted almost at the end of the school day. Another learner was also demotivated
because the session took place during the school’s play-time.

In addition, two findings were noted in term of choices:

– All learners in both groups (except one in the mismatched group) tried to
figure out the correct choices by both concentrating on the spoken target
word and spelling it out. Removing the short vowel from the last letter of the
target word was a surprising way which one of the learners followed to help
her figure out the correct choice. Using their finger to spell out the target
word on the table was another method used. Two learners (one learner from
each group) benefited from the displayed image.

– Five learners in each group insisted that their wrong choices were correct or
they lost focus on the task.

– Three learners in the mismatched group and one in the matched group
realised their errors before completion. They completed the remaining exer-
cises quickly and randomly in order to start afresh.

– One learner in the mismatched group focused on points and became happy
each time she gained one.

– One learner in the matched group faced difficulty in choosing the correct
choice and complained “The choices are too similar”.

Finally, in term of training activities, none of the learners in either group
was able to complete all of the eight activities on the first attempt. They repeated
some of these activities many times until they succeeded. This repetition had
both positive and negative effects:

– Positive Effects: Three learners in each group increased their focus in later
attempts in order to succeed. In addition, one learner in the matched group
was able to recall their mistakes and thus avoid repeating them. Three learners
in the mismatched group and five in the matched one were able to memorize
their correct choices and thus re-choose them quickly and without re-listening
to the target word. However, one of the learners from the mismatched group
fell into the trap of memorizing the position of the correct choice instead of



Matching E-Learning Material to Dyslexia Type and Reading Skill Level 145

the choice itself without noticing that the position of the choices changes each
time.

– Negative Effects : Four learners in the mismatched group and five in the
matched one became bored during some of their sessions. Three learners
in the mismatched group and two in the matched one lost their focus and
switched to choosing their answers randomly – perhaps to either waste time
or to win by chance. Some of them required more than one experimental ses-
sion to complete a single training activity. As a result, five learners in each
group were not able to complete all eight training activities during the eight
experimental sessions. One learner (in the matched group) completed half of
the activities while the others completed between six to eight activities.

One learner (in the mismatched group) reported that “it is hard and I prefer
to use paper”. This learner also took breaks in the sessions and was agitated.

4 Experiment 2: Reading Skill Level Adaptivity

This experiment aims to understand the impact on reading performance of
adapting learning material based on the reading skill level of learners with
dyslexia. The effect on satisfaction of learners with dyslexia is also presented.

4.1 Experiment’s Questions and Hypotheses

This experiment addresses the following questions:

Q1: Does adapting learning material based on reading skill level
of learners with dyslexia improve reading performance compared
to non-adapted material?

Q2: Does adapting learning material based on reading skill level
of learners with dyslexia achieve a higher level of learner satis-
faction compared to non-adapted material?

Two hypotheses were formulated for this experiment:

– H1: Adapting learning material to the reading skill level of learners with
dyslexia achieves significantly better learning gain compared to non-adapted
material.

– H2: Adapting learning material to the reading skill level of learners with
dyslexia achieves significantly better learner satisfaction compared to non-
adapted material.
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4.2 Measurements and Data Collection

Two measurements were used in this experiment. Reading performance was
assessed directly after finishing the experiment to derive the learning gain.
Learner satisfaction was also measured.

Data was gathered using several tools: reading skill level diagnostic tests,
reading tests (pre- and post-tests) and a satisfaction questionnaire. The reading
skill level tests were used to determine the reading skill level of the learner.

Three basic tests were used to determine the reading skill level of learners:
reading letters with the different short vowels (S1), reading words with Sakin
letter(s) (S2) and reading words with short vowels and Sakin letter(s) (S3).

Pre- and post-tests are commonly used to derive learning gain. Here, these
included different vowelized words from the curriculum and were validated by
special education experts. Each learner was asked to read these words aloud to
measure their performance. The pre-test was applied at the start of the study to
balance the experimental conditions. At the end, the same test was used to re-
assess the learner’s performance (post-test). The learning gain is the difference
between the pre-test score and the post-test score.

Learner satisfaction was measured using a reliable and validated tool, the E-
Learner Satisfaction (ELS) questionnaire [42]. ELS measures overall satisfaction
of learners with e-learning systems [42]. The test uses ten questions adapted
to a 5-point scale using the Smileyometer [3], a widely-used instrument which
matches children’s cognitive abilities with these scales (awful, not very good,
good, really good and brilliant) [36].

4.3 DysSkillTrain System

The Dyslexia Skill Level Training system (DysSkillTrain) was designed to sup-
port the aim of this experiment. It is a dynamic, web-based e-learning system.
There are two versions to support the two experimental conditions. The adaptive
version of the system matches training material to reading skill level, and the
non-adaptive version provides a combination of training material at all reading
skill levels. Both versions of the system were identical; the only difference is the
curriculum.

The system provides six different reading sessions each with 20 training activ-
ities (a total of 120). The difficulty gradually increases in both versions. The
content of the training material was drawn from the school curriculum to target
the three skills (S1, S2, S3). For S1, the reading material includes reading letters
with the different short vowels progressing from the simple short vowel (fat-ha
(/a/)), (kasra (/i/)) to the advanced short vowel (dammah (/u/)). For S2, the
reading material includes reading words with Sakin letter(s) progressing from
simple words (with one Sakin letter at the end of two-letter words) to advanced
ones (i.e. two Sakin letters in the middle or at the end of three- and four-letters
words). A Sakin letter is a letter with a sukun on top of it (indicated by a small
circle) which is a letter with no vowel. For S3, the reading material includes
reading words with short vowels progressing from simple words (i.e. words of
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three letters with only the fat-ha short vowel) to advanced ones (i.e. words of
three- and four-letters with a mix of all three short vowels and Sakin letters).

Figure 3 shows an example of a training session for S1. It follows the same
procedure as DysTypeTrain in presenting the question, target word and its audio
icon, three choices (one correct) and the training progress bar. Motivational
feedback is presented, if they choose the correct answer, and remedial feedback
in the case of choosing a wrong answer. Additionally, motivational messages and
the total point score are presented after completing the activities. The training
sessions’ layout for S2 and S3 is consistent with those for S1; that is keeping the
question, target word and its audio icon and the choices in the same place. The
only difference is the training material for each skill.

Fig. 3. A screenshot of one of the DysSkillTrain system training sessions.

4.4 Method

The experiment took place in Jeddah, Saudi Arabia. Before conducting the
experiment, learners were welcomed and introduced to the objectives of the
experiment. Their demographic information was collected, their reading skill
level was determined and their initial reading performance was assessed by the
pre-test. The learners were divided into two groups, balanced by age, grade, and
pre-test score. The control group used the non-adaptive version of the system,
while the adaptive group used the adaptive version.

The experiment took place in person, in a quiet room, within the learner’s
school. Neither the learner nor the experimenter was aware of the experimental
condition to which the learner had been allocated. The learner sat in front of
a desk with a laptop with the experimenter next to them. The experimenter
explained the DysSkillTrain layout. Learners worked individually. There were
six sessions: two sessions per learner per week. Each session had a duration of
approximately 30 min. After finishing the experiment, the post-test and ELS tool
were administered.
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4.5 Participants

Originally, 44 female, native Arabic speakers, already diagnosed with dyslexia,
were recruited. Due to the closure of schools (COVID-19), this number dropped
down to 41, who completed the experiment. Learners were aged from 7–10 years
(Grade 2 to 4). They had previous experience with electronic devices. The learn-
ers were assigned to the control group (n = 21) or the adaptive group (n = 20)
balanced by age and grade. All learners had approximately the same prior read-
ing skill level with no statistical difference between groups (mean score of pre-
test for the adaptive group = 3.9, SD = 1.74, mean for the control group = 4.19,
SD = 1.99).

4.6 Results

Both adaptive and control groups were homogeneous in terms of gender, lan-
guage, age and pre-test. The data were analyzed using the IBM SPSS statistical
software.

Learning Gain. Hypothesis 1 about learning gain was tested. As shown in
Fig. 4, the post-test and learning gain of the adaptive group were higher than the
control group. The findings indicate that there was generally a positive effect in
adapting learning material to the reading skill level of learners with dyslexia. The
significance of the learning gain was tested. The data deviated from a normal
distribution, as assessed by Shapiro-Wilk’s test (p< 0.05), so an independent
sample Mann-Whitney U test was used to determine if there were differences
between the groups. The results indicate that the learning gain for the adap-
tive group (mean ranks = 29.18) were statistically significantly higher than the
control group (mean ranks = 13.21), U = 373.5, p = 0.000017≈ 0.00, Z = 4.307.
Therefore, the first hypothesis is confirmed, and it can be concluded that adapt-
ing learning material to the reading skill level of learners with dyslexia yields
significantly better learning gain than in the non-adaptive condition.

Fig. 4. Results of pre-test, post-test
and learning gain of the control and
adaptive groups.

Fig. 5. Results of unseen words pre-
test, post-test and learning gain of the
control and adaptive groups.
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Additional Findings. The previous subsection demonstrated the benefit of
training learners with dyslexia when reading known words. Whether this can
be generalised to unseen words is investigated in this subsection. Figure 5 shows
that the mean scores for unseen words in the post-test is higher in the adaptive
group. As the data deviated from the normal distribution, as assessed by Shapiro-
Wilk’s test (p< 0.05), an independent sample Mann-Whitney U test was used
to determine if there were differences between the groups. The results indicate
that the scores for the adaptive group (mean rank = 29.75) were statistically
significantly higher than for the control group (mean rank = 12.67), U = 385,
p = 0.000002 ≈ 0.00, Z = 4.714.

Learner Satisfaction. Based on the analysis of the learners’ satisfaction,
shown in Table 1, the adaptive group (Mean = 4.77, SD = 0.13) had a larger mean
satisfaction score than the control group (Mean = 4.22, SD = 0.44), indicating
that there was a positive effect on learner satisfaction when learning material
was adapted to their reading skill level.

Table 1. Satisfaction scores of learners with dyslexia.

ELS components Satisfaction of control group Satisfaction of adaptive group

Mean SD Mean SD

Learning content 4.20 0.91 4.63 0.59

System personalization 4.68 1.23 5 0

System interface 4.24 0.88 4.76 0.47

General satisfaction 4.22 0.44 4.77 0.13

As the learner satisfaction score distributions of both adaptive and control
groups were normally distributed (Shapiro-Wilk’s test p> 0.05), an independent-
sample t-test was used to investigate if there were statistically significant
differences in satisfaction score between the two groups. Results indicated
that the learner satisfaction score for the adaptive group, t(23.37) = 5.38,
p = 0.000017 ≈ 0.00< 0.05, was statistically significantly higher than the control
group. Therefore, the second hypothesis is confirmed and it can be concluded
that adapting learning material to the reading skill level of learners with dyslexia
yields significantly better learner satisfaction than in the non-adaptive condition.

5 Discussion

This research was affected by COVID-19. It decreased the number of learners
and negatively affected the process of observing the learners.

The observation showed that learners were engaged and motivated to learn.
This is consistent with the high learners’ satisfaction scores with the DysType-
Train system [1]. There is a strong relationship between learners’ motivation
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and satisfaction [26]. Almost all learners followed the same method in figuring
out the correct choice by concentrating on the spoken target word and decoding
it.

The repetition feature embedded within the system enhanced the short-term
memory of the learner through their memorizing the correct choices. This is in
line with previous studies where repetition is shown to be useful for learners
with dyslexia [5] and increases learning effectiveness and can be used along with
prior knowledge and time spent as strong predictors for good results [25].

In addition, this research confirms that adapting to learner’s reading skill
level is one factor that can enhance learning. This is in line with previous studies,
which have argued that learners’ knowledge and skill level should be considered
[19,27,43]. This study differs from existing work targeting dyslexia, which either
lacks formal evaluation [4,10,11] or where the size of the sample is small [11].

Finally, the results follow the argumentation of Kangas et al. [26] that there is
a strong relationship between learners’ motivation and satisfaction, where satis-
faction is influenced by the learning content. This experiment showed that learn-
ers with dyslexia were more satisfied when adapting learning material according
to their reading skill level. This is in line with a previous study [3]. The system
interface was identical between the two conditions, but the interface component
in the ELS was rated more highly in the adaptive condition, as well as the learn-
ing and system personalization components. It is a useful way to assess how
well the learning matches the learners’ needs. While they may not be able to
explicitly assess this match, they are, at least subconsciously, aware of it and
this will be reflected in their assessment of aspects of the system that do not
change between conditions.

6 Conclusion and Future Work

This research investigated the impact of adaptation based on learners’ dyslexia
type and reading skill level. Adaptation of learning material according to these
two important characteristics of learners with dyslexia [21,27] is still a significant
gap in existing research, especially in Arabic [2,12]. Arabic dyslexia was targeted
in this research since there are few studies in this language [11,30]. This research
also addressed the lack of rigorously designed and controlled experimental eval-
uations in previous studies [4,11]. One experiment targeted learners’ dyslexia
type and the other learners’ reading skill level. A mixed-methods approach of
qualitative and quantitative analysis was used.

The first experiment aimed to investigate the impact on the behaviour of
learners with dyslexia, when adapting learning material based on dyslexia type.
It was conducted with 16 Arabic learners with dyslexia. The qualitative findings
of this experiment revealed that the majority of learners were motivated and
engaged. This is consistent with the learner’s satisfaction with the DysTypeTrain
presented in [1]. There is a strong relationship between learners’ motivation and
satisfaction [26]. In addition, presenting the target word in different modes (audio
and visual) was beneficial. Many learners insisted on the correctness of their
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errorful answers and it might be useful to add audio feedback to remedy this.
It was also clear that many learners had additional problems that affected their
ability to study. Despite the positive results of this experiment, there are several
limitations. One is the small number of learners. Therefore, it is not possible to
generalize the findings.

The second experiment aimed to investigate the impact on reading perfor-
mance of adapting the learning material based on the reading skill level of learn-
ers. It was conducted with 41 Arabic learners with dyslexia. The quantitative
results of this experiment revealed that adaptation based upon learners’ reading
skill level leads to a significant improvement in learning gain and satisfaction.
This is in line with classroom practice [17] where, once the learner’s reading level
has been determined, teachers select the most appropriate materials for each
learner [17]. Moreover, the current findings indicated that learners’ reading per-
formance showed the greatest degree of generalization when learning materials
were matched to the learners’ reading skill level. More importantly, in contrast
to previous research [11], this experiment is one of the few studies which consider
a combination of learning effectiveness and learners’ satisfaction as metrics with
a significant number of learners.

Reading speed is a good indicator of reading fluency. In the future we will
include reading speed, as one important metric. A limited number of reading
skills are covered in this study. This was an appropriate decision but in the
future, we will extend the research to cover, for instance, long vowels and sentence
level reading. Further investigation of other metrics, such as reading speed, as
mentioned, is also required.

The complex co-morbidities of many learners with dyslexia suggests that
adaptation based on other factors (e.g. learning style or personality) would be
valuable. Similarly, in this work there are a limited number of gamification ele-
ments and these are fixed across each experimental condition. Adapting the
gamification elements to match the, often complex, needs of individuals in this
population is an important area of future research [24].
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Abstract. Computational Thinking (CT) and learning games both may have
unique potential to engage a broad range of learners, including those with cog-
nitively diverse needs. Many STEM interventions typically do not leverage the
cognitive assets of learners [1] nor do these initiatives prioritize effective differ-
entiated instruction and learning [2, 3]. The INFACT, Include Neurodiversity in
Foundational and Applied Computational Thinking, project addresses this prob-
lem by leveraging two games, NumberFactory and Zoombinis, to build founda-
tional CT practices in elementary and middle school learners. In this paper, we
describe work in progress to design adaptive digital scaffolds that support a wide
variety of learners’ Executive Function (EF) often associated with neurodiverse
needs. Providing adaptive game environments through these embedded EF scaf-
folds may play a critical role in the ability of all learners to productively persist in
the context of mathematical problem-solving and computational thinking.

Keywords: Computational Thinking · Executive function · Neurodiverse
learners · Productive persistence · Game-based learning

1 Computational Thinking (CT)

STEM (Science, Technology, Engineering, and Mathematics) learning is critical for a
strong economyand a strongworkforce [4–6].Yet someof ourmost talented learnersmay
underperform in school-based STEM because of neurodiverse conditions - those having
special education needs dealing with cognition, such as attention deficit hyperactivity
disorder (ADHD), autism spectrum disorders (ASD), dyslexia, anxiety disorders, and
intellectual disabilities. Increasingly, STEM literacy includes Computational Thinking
(CT), a term coined by Jeannette Wing [7] to describe the set of ideas and practices
involved in problem-solving where solutions can be represented in a form that can be
carried out by an information-processing agent, such as a computer. CT is now rapidly
being introduced in K-12 education [8], and is thought to be a fundamental new skill
for the workforce [9]. While an exact definition of CT is still nebulous, CSTA [10] and
Shute, Sun, and Asbell-Clarke [11] identify four fundamental CT practices that form a
foundation of CT. These are:
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• Problem Decomposition: reducing the complexity of a problem by breaking it into
smaller, more manageable parts.

• Pattern Recognition: seeing trends and groupings in a collection of objects, tasks,
or information.

• Abstraction: making generalizations from observed patterns and making general
rules or classifications about the objects, tasks, or information by discerning relevant
from irrelevant information.

• Algorithm Design: establishing replicable solutions to a set of problems.

CT may be particularly advantageous for addressing inclusivity of neurodiverse
learners in STEM learning, and ultimately in the future STEM workforce. CT may be
conducive to the cognitive strengths of some neurodiverse learners. For instance, the
rigid thought-patterns referred to as lack of cognitive flexibility for some learners with
autism can also be seen as an asset when considering the systematic and detailed thought
required for solving computational problems [12]. This asset view of neurodiversity is
also consistent with hiring programs at many IT companies, including industry leaders
such as Microsoft [13], who are seeking workers with autism and other neurodiverse
conditions.

1.1 Engaging Neurodiverse Learners in CT Through Games

Our team has been studying how learners’ develop CT practices through game-based
learning, particulary in TERC’s computer game calledZoombinis [14]. Digital games are
argued to be less threatening for some neurodiverse learners [15] and improved learning
in a game may create a snowball effect on learning in other areas [16]. Bridging, in
which teachers provide activities and strategies to connect implicit learning in games to
external classroom learning, can improve game-based learning [17].

In our previous studies using Zoombinis and related CT activities with students
in grades 3–8, we demonstrated that Zoombinis is effective as both a support and a
measure of students’ CT practices. Our team was able to reliably and confidently detect
CT practices within students’ gameplay [18, 19]. Students who playedmore of the game,
and who demonstrated more CT practices in the game, showed more improvement on
external measures of CT outside the game [14]. During our previous research with
Zoombinis, teachers reported that CT activities provided opportunities for students who
typically struggled in other subjects to become more engaged and more productive
- sometimes even emerging as CT leaders in the class. Teachers also noted that CT
practices align remarkably well with strategies that special education teachers use to
support problem-solving practices with students with IEP/504 plans. They explained
the CT practices, such as problem decomposition, were exactly the problem-solving
strategies they were teaching their students, but they never had such a clear way to
describe them before.

[CT activities] added a lot more engagement because they understand the expec-
tations. It made things more explicit. Like, ok, right now we’re doing problem
decomposition. We’re going to break this down and figure out what we really need
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to know. CT has made learning more accessible and more engaging for everybody,
but especially for the kids who really need that. – 8thgrade teacher [20].

One downfall to studying CT among neurodiverse learners is that we do not yet
have an established set of measures of CT practices for elementary and middle school
learners, particularly those who may struggle with extraneous factors of testing such as
reading comprehension, ability to articulate their thinking, and anxiety. These factors
may present particular barriers for many neurodiverse students, who may be highly
skilled in CT but not in test taking [21].

Game-based learning assessments (GBLA) provide a promising solution to fill this
gap. The idea of stealth assessment in games dates back to Shute [22] and Gee [23]
who saw the potential of digital games not just for learning, but for natural, in situ
assessment of learning. Combinations of methods such as Evidence-Centered Design
[24] and Educational Data Mining have evolved over the past decade to create a vibrant
field of research in GBLA. GBLA may provide tools to measure overall performance
within a learning game on specified learning outcomes, and also inform what types of
supports can help learners persist productively within games to achieve those learning
outcomes.

2 Productive Persistence

Persistence plays a significant role in games, where players encounter progressive levels
of difficulty [25]. However, not all persistence is uniformly beneficial, especially when
the time struggling is not used effectively. Learning may not necessarily depend on a
learner’s ability to persist, but rather on his or her ability to distinguish when effort
is productive or unproductive. Productive persistence occurs when effort yields some
progress towards learning, whereas unproductive persistence occurs when effort yields
little to no progress towards learning [26, 27].

Some researchers have already distinguished important differences between these
modes of persistence, especially in the context of games where evidence suggests that
unproductively struggling can be highly frustrating and can impede on learning [27,
28]. About 30 to 40% of high school students demonstrated unproductive persistence, in
which they were unable to successfully complete a level after 8 or more attempts, in a 2D
physics game called Physics Playground. Owen and colleagues [27] used educational
data mining techniques to predict unproductive persistence from productive persistence
in Mastering Math, a game-based adaptive learning system. They found model-derived
student profiles that emerged fromunproductively persistent behaviors and could provide
insights about in-the-moment interventions. Recent research has shown that incentiviz-
ing productive persistence increased children’s use of efficient strategies in an educa-
tional math game [29], and enticing productively persistent learners to engage more can
potentially improve learning [30].

It is particularly important to distinguish between productive and unproductive per-
sistence to support neurodiverse learners, as many students with cognitively diverse
needs are likely to demonstrate persistence and to keep pursuing through challenging
tasks [31]. Using the Weschler Intelligence Scale for Children-Revised (WISC) and
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district criteria to determine students with disabilities, average-achieving, and gifted,
Montague and Applegate [32] found that middle school students with learning disabil-
ities persisted just as long in math problem solving as average achievers. Despite their
ability to persist, students with learning disabilities used significantly fewer problem-
solving strategies and had lower math scores than average and gifted students without
disabilities. This illustrates the tendency for neurodiverse learners to continue persist-
ing in an unproductive manner with ineffective trial-and-error strategies (Montague &
Applegate, 2000), and the need to assess persistence and provide interventions that
support productive persistence for a wide range of learners.

Game-based learning environments offer an innovative way to measure and ulti-
mately support productive persistence. We plan to embed stealth assessments within our
games, building EDM models to analyze gamelog data so that we can assess whether a
student is productively or unproductively persisting through their behaviors within the
games themselves [25].

3 Executive Function

Our research is framed in the assumption that we can support the productive persistence
of neurodiverse learners by addressing needs for executive function that may stand in
the way of their engaging productively in CT learning tasks. We focus on EF because it
underliesmanyneurodiverse conditions [33]. Executive function is the set of activities the
brain coordinates when organizing and prioritizing information and tasks [34, 35]. These
include processes conducted in goal-oriented tasks such as: setting goals; designing and
implementing a plan to achieve those goals; and practicing metacognition to understand
what has and has not been accomplished towards the goal [33]. When learners are
attentive to a task at hand, they are more likely to be proficient at applying their EF skills
[33]. Typically cognitively diverse students have different levels of attention andworking
memory when engaging in digital games, and Deater-Deckard, Chang and Evans [36]
argue that studying how to best support each learner is an area for further research.

Neuroscience researchers sometimes distinguish the cognitive and emotional aspects
of EF into what is called “cold” and “hot” EF [16]. Cold EF typically includes cognitive
functions such as:

• Working memory: how well a learner retains information in the short term while
completing a task

• Cognitive flexibility: how well a learner refines their ideas based on new information
and experiences

• Inhibitory control: how well a learner can switch from one set of rules or ideas to
another, thus inhibiting the tendency to only resort to a previous mental model

Hot EF typically includes self-regulation of emotion and self-discipline such as:

• Persistence: a learner’s will and motivation to continue working at difficult tasks
• Inhibitory control: howwell a learner ignores distractions and suppresses unproduc-
tive impulses
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Two other highly related facets EF in the context of learning are:

• Attention: How well a learner can focus on one source of stimulation or information
in the presence of others.

• Metacognition is the ability for a learner to know and articulate what he or she doesn’t
know.

In problem-solving this requires an overarching awareness of the task at hand, and
what parts of the task have been completed, partially completed, or not yet started.
Metacognition also requires the learners’ ability to express their implicit thinking,
making their thinking visible to themselves and to others.

3.1 Designing Supports for Neurodiverse Learners in CT through Games

The call to support neurodiversity through technology-related problem solving has led
our team to study the intersection between Computational Thinking (CT), Persistence,
and Executive Function (EF). Some of the dynamic processes between these areas of
interest emerged as learners struggled with solving puzzles in our games. In our obser-
vations of Zoombinis gameplay, we noticed that players who continued to persist and
were not successful in completing the puzzle did not use more efficient strategies that
involved systematic testing. For instance, players who make repeated errors (duplicate
pizzas or mudballs previously rejected in Zoombinis) were unlikely to solve the puzzle.
We created digital scaffolds designed to target EF skills that could help learners with
more effective decision making based on their prior moves, with the goal of eventually
supporting their productive persistence and CT learning.

4 Overview of INFACT

The INFACT projects aims to design and study a comprehensive and inclusive CT
program to support teachers and students for grades 3–8. INFACT leverages the cognitive
strengths of neurodiverse learners and embeds flexible supports for learners with a wide
variety of differences in attention and executive function.

INFACT includes awide arrayofCTactivities, including several digital puzzle games
that will support learners’ EF to help make their thinking visible and promote productive
problem solving. One of these is a subset of the Zoombinis logic puzzles from the game
we previously studied. Another is an elementary math interactive that our team co-
designed with elementarymath teachers calledNumberFactory. NumberFactory focuses
on place value and the construction of multi-digit numbers using CT. For INFACT, we
have designed EF scaffolds embedded within both of these games that are intended to
support students’ Attention,WorkingMemory, Inhibitory Control, Cognitive Flexibility,
and Metacognition while they are building CT practices in the games.

For the design research of theEF scaffolds, our teamconducted initial interviewswith
10 learners in grades 3–8, most of whom were neurodiverse learners, and all of whom
were familiar with Zoombinis and/or NumberFactory. We used paper prototypes of UI
designs alongside the functional interactive games to facilitate the design of supports that
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players said they needed to overcome cognitive barriers they encountered when playing
with the games that were not directly attributed to CT. For example, sometimes players
were not paying attention to a key piece of information on the screen. Sometimes they lost
track of where they were in the puzzle or forgot the results of their previous moves. Our
design research participants requested tools that would point out and highlight what they
needed to know, and something to help them keep track of that pertinent information.
Our design team balanced this wide array of requests with the simultaneous need to
avoid overloading the user interface with too many distracters for students. Particularly
for neurodiverse students, we wanted to keep the cognitive load of the interface low,
while providing differentiable supports for executive function.

The embedded cognitive (cool EF) support tools we have designed include:

Flashlight tool: To support learners’ attention in both Zoombinis and NumberFactory,
we have built a tool that highlights relevant information that learners might not be
attending to so that they can focus on the salient information in an activity.
Bookkeeping tool: To support learners’ working memory in both Zoombinis and Num-
berFactory we have designed graphical organizers (i.e. interactive data tables) to help
learners keep track of necessary information, removing the load on their working mem-
ory, and helping them organize the information in ways that help them decide their next
move in the puzzles.
Expression tools: To support learners’ working memory and metacognition in both
Zoombinis and NumberFactory we have designed tools that help make learners implicit
problem solving visible.
Representation supports: To support learners’ cognitive flexibility in NumberFactory
we have designed supports that help learners transition between one representation of a
number and others.

The embedded emotional regulation (hot EF) support toolswe have designed include:

Customized Pacing: To provide a motivating and non-threatening experience for each
learner, the pacing of the learning puzzles is differentiated according to learners’
performance in the current and previous puzzles.
Suggested Breaks:When learners are struggling, even with substantial scaffolding, the
game will suggest a break rather than have the learner persist unproductively (wheel-
spinning).

The next phase of the design research involves learning how to provide the right
tool to each learner at the right time. We are designing adaptivity models that “trigger”
the scaffolds based on patterns of players’ behaviors within the game. For example, if
a player consistently repeats a similar mistake or makes moves that are not consistent
with the evidence provided, we would trigger an appropriate intervention. In the next
sections, we present how we are designing adaptive EF scaffolds embedded within two
existing STEM learning games.
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4.1 Example 1: NumberFactory

NumberFactory is a prototype web-based learning game that was co-designed by TERC
and math educators as part of a Research-Practice Partnership. The goal of Number-
Factory is to engage neurodiverse elementary math learners in the practices required to
have fluent understanding of place value, a concept core to mathematics learning [e.g.,
37–39]. In NumberFactory players are asked to build numbers a set of unit blocks (see
Fig. 1). Each puzzle in NumberFactory is only completed when the arrangement of unit
blocks sums up to the number required. Otherwise the player is allowed to try again.
Learners must coordinate three levels of units (i.e., a unit of “100” is composed of ten
units of 10, each of which is, in turn, composed of ten 1s) to understand simultaneously
how all three levels of units relate, and to abstract this concept to how units work in
general [38].

Fig. 1. Screenshot of NumberFactory

CT is embedded throughout the design of NumberFactory and the game mechanics
for CT and place value are aligned (Table 1). NumberFactory is framed such that the act
of breaking down a number into its units is an act of problem decomposition. Similarly,
pattern recognition is required to identify unit blocks in groups to build amulti-digit num-
ber. The generalization of those groups into units that can be coordinated (exchanged)
is an act of abstraction, and by operationalizing these actions into a generalized “code”
for a robot the players is engaged in algorithm design.
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The cognitive flexibility learners need to work with mental models of numbers and
units becomes particularly important as theymove to problemswithmulti-digit numbers.
Playersmaypersist unproductively, or cease to persist, if confrontedwith unsupportedEF
challenges. Players’ behaviors inNumberFactory can be categorized into 4 categories: 1)
Successful puzzle completion; 2) Early errors (e.g. first or second error in the puzzle); 3)
Repeated error; 4) Inactivity. The adaptivity models will generate different responses to
each behavior. A successful completion will lead to the next puzzle (logging the number
of tries to reach success). An early error will continue on, but count the number of errors
toward the trigger. A repeated error will trigger certain scaffolds. Inactivity will trigger
other scaffolds, in particular the Attention scaffold. This is outlined in Table 2.

Table 1. Overlap of CT practices and place value game mechanics in NumberFactory.

CT practice CT game mechanic

Problem decomposition Building one-digit numbers first and then build to multi-digit
numbers

Pattern recognition Explicitly identifying groups of unit blocks to build numbers

Abstraction Exchanging unit blocks (e.g., change ten 1s for one 10 block)

Algorithm design Coding a robot to make multi-digit numbers from unit blocks

The exact thresholds that define the boundary between early errors and repeated
errors is a variable that can be adjusted as we refine our adaptivity models. Our team had
planned to conduct extensive design research this year that would include observations of
students’ affect to understand when their frustration and boredom levels would indicate
the need of a scaffoldwithNumberFactory. This observational research has been delayed
due to COVID-19 so we are working with educators to help us determine the values of
those thresholds for different students.

4.2 Example 2: Zoombinis

Zoombinis is a popular, award-winning, learning game that engages learners grades 3–8
in computational problem solving. The goal of Zoombinis is for players to guide packs of
16 zoombinis characters through 12 dynamic puzzles to safety in Zoombiniville. Zoom-
binis puzzles are based on logical decision making and require increasingly complex
CT to solve. Our team’s previous research on Zoombinis gameplay in classes showed
that duration of game play and student CT practices exhibited within gameplay were
predictors of students’ CT learning [14]. Gameplay behaviors in each of the puzzles are
consistent with implicit CT practices (see Table 3).

Our previous research demonstrated CT learning in three of the Zoombinis puzzles:
Pizza Pass, Mudball Wall, and Allergic Cliffs, so we chose to use these three puzzles to
design and test our EF scaffolding tools (see Figs. 2, 3, 4 and 5).
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Table 2. Operationalization of scaffolds and triggers in NumberFactory

EF need Scaffolding tool Trigger Tool description

Attention Flashlight Inactivity OR repeated errors A “flashlight” highlights
salient information, such as
the 100-block button along
with the 100 place value in
the number being made

Working memory and
metacognition

Bookkeeping and
expression tools

Successful task initiation
followed by repeated errors

A pop-up “spreadsheet”
that shows explicitly how
the numbers of blocks of
each unit sum together to a
number

Inhibitory control and
persistence

Pacing and breaks Repeated errors The pacing of complexity
of the puzzles for each
player is determined by
their performance in
previous puzzles

Cognitive flexibility Multiple representations
of numbers (e.g. 1, one,
1-unit block)

Completed puzzle in one
representation followed by
repeated errors with different
representation

Educators or students
choose their preferred
representations for initial
puzzles and new
representations are
gradually transitioned in
until fluency is
demonstrated with new
representations

Attention Flashlight Inactivity OR repeated errors A “flashlight” highlights
salient information, such as
the 100-block button along
with the 100 place value in
the number being made

Table 3. Overlap of CT practices and game mechanics in Zoombinis.

CT practice CT game mechanic

Problem decomposition Figuring out the big problem to solve, and identifying what part of
the problem to solve first

Pattern recognition Collecting enough information to recognize any patterns in what
has already been done

Abstraction Identifying the general rule of the puzzle

Algorithm design Applying strategies to use that help solve the puzzle

In Pizza Pass, players are challenged to figure out what type of pizza will satisfy
Arno, the troll. Arno will only say whether he wants more toppings, does not like at
least one of the toppings, or that the pizza is perfect. Players can efficiently solve the
problem by demonstrating systematic testing - trying out one topping at a time - rather
than randomly trying toppings or continuously trying the same toppings.
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In Mudball Wall, players are challenged to figure how the colors and shapes corre-
spond to the row and columns of the wall. When they hit the dotted cells on the wall, they
are able to safely catapult their zoombinis onwards. Players must be able to recognize
and abstract the patterns and colors and shapes into rows or columns of the wall.

In Allergic Cliffs, the challenge is for players to figure out which zoombinis can cross
the bridge. The cliffs under the bridge are allergic to certain attributes of the zoombinis
andwhen they sneeze it rejects the current zoombini. Each time a zoombini is sneezed off,
a peg will spring loose, causing the bridge to be closer to collapsing. Efficient gameplay
requires players to develop systematic methods to test their zoombinis, such as keeping
multiple attributes constant over subsequent turns.

Similar to NumberFactory, designers considered the different types of behaviors that
would suggest that learners are unproductively persisting through the games to design
EF scaffolds for Zoombinis. Examples of this type of these behaviors are repeated errors,
such as duplicate pizzas, duplicate mudballs, and duplicate zoombinis in Allergic Cliffs.
Another example in Allergic Cliffs is the percentage of zoombinis exiting the level,
with lower percentages indicating less efficient solutions to the puzzle. In our adaptive
models, both these behaviorswill trigger bookkeeping scaffolds designed to support their
attention and working memory (see Figs. 2, 3 and 4). At the end of the round, learners
will be provided with the expression tool designed to help themwith their metacognition
(see Figs. 5 and 6).

Attention Scaffold: Flashlight Tool
This interactive tool is designed to highlight salient information in the puzzle. For exam-
ple, in Allergic Cliffs the player can select an attribute from a table and all the zoombinis
with that attributewill be highlighted in the puzzle. Similarly, in Pizza Pass the player can
select a topping and all previously played pizzas with that topping will be highlighted.
The attention scaffold is triggered by repeated duplicates, which may indicate that the
player is not attending to the previous results, so they are highlighted.

Working Memory Scaffold: Bookkeeping Tool
This interactive tool is designed to help players keep track of information in the puzzle.
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In Allergic Cliffs, the bookkeeping tool is the same as the flashlight tool as the same
tool serves both purposes. In Pizza Pass, the bookkeeping tool is a separate interactive
that allows players to sort toppings in a table by accepted or rejected by each troll. The
working memory scaffolds are triggered when the player is acting inconsistent with
available evidence, particularly if they have succeeded in past puzzles and thus likely
just need the EF boost. In Mudball Wall, the bookkeeping tool takes the form of labels
on the rows and columns that help identify the information already available from the
grid.

Metacognition: Expression Tool
At the end of each puzzle, there is an expression tool that allows the player to make their
implicit thinking explicit. For example, at the end of Allergic Cliffs, a pop-up box asks
players to complete the expression IF (select zoombini attribute) THEN (select bridge).
This tool allows them to complete their thinking by articulating the rule they used. This
tool is designed to support players’ metacognition, while also serving as an embedded
performance-based assessment tool during game-based learning research.

We have designed these EF scaffolds to blend seamlessly into the game by incor-
porating Zoombinis characters and images into these scaffolds. In the first iteration of
our design research, we plan to keep these scaffolds on, with the option for players to
turn these scaffolds off anytime throughout their gameplay. We also plan to investigate
when it would be appropriate to trigger these scaffolds for different types of learners
with various EF needs.

Fig. 2. Flashlight and Bookkeeping tool in Pizza Pass
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Fig. 3. Bookkeeping tool in Mudball Wall

Fig. 4. Bookkeeping tool in Allergic Cliffs
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Fig. 5. Expression tool in Mudball Wall

Fig. 6. Expression tool in Allergic Cliffs
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5 Discussion

Prior game-based learning research has shown the importance of bridging, the connec-
tion between implicit game-based learning and explicit learning in the classroom [17,
40]. One approach to bridging is providing scaffolding to help learners make these con-
nections. The notion of scaffolding is related to Vygotsky’s concept of zone of proximal
development [41], which is described as the distance between a learner’s actual devel-
opment by independent problem solving and the level of potential development through
assistance. Scaffolding allows learners to reach learning goals that are within the zone
of the proximal development and may be difficult to achieve without support [42].

In the field of computer-based learning, scaffolding refers to digital tools that support
learners in complex and challenging tasks. Brush and Saye [43] posit that there are two
types of scaffoldings: hard scaffolds, static supports that are planned in advance based on
how a typical student responds to a task and soft scaffolds, dynamic supports that require
timely support based on student responses. There have been mixed results regarding the
effects of hard scaffolds on learners’ performance in computer-based learning environ-
ments. While some studies have reported positive impacts of hard scaffolds on learning
[44, 45] other studies have found null effects when compared to soft scaffolds [46]. A
potential reason why hard scaffolds may not always be effective is because they are not
adaptable [47–49] and are less likely to address student’s learning needs [50]. In contrast,
soft scaffolds can provide spontaneous support that better facilitates the student’s ability
to regulate their learning [51].

In this paper we have described how we are designing adaptive scaffoleds for EF
in game-based learning context. The INFACT project team is designing EF-based scaf-
folding by embedding soft supports that target cognition and emotion regulation across
two of our games. In designing these different types of scaffolds, we take into account
varied behaviors that are potentially indicative of a learner’s unproductive persistence or
wheel-spinning. In the case of NumberFactory, encountering a greater number of levels
without achieving a gold bar reward is likely indicative of an unproductively persistent
learner. For Zoombinis, we leverage game-based assessments of CT, specifically our
detectors of learning game mechanic, which indicate a player’s lack of understanding
of the game, and acting inconsistent with evidence, which reveals that a player’s moves
are not consistent with the evidence provided from prior moves [52]. We examine these
specific detectors for each of the three Zoombinis puzzles to identify which features
significantly contribute to detecting learning game mechanic or acting inconsistent with
evidence. The process of examining these detectors allows us to make evidence-based
decisions about which features can be used as triggers to signal EF scaffolding within
the game.

In addition to learning about players’ negative and positive gaming experiences,
observations from the usability testing sessionswill provide insight about the adaptability
of the game (Table 4). Instead of using arbitrary cut-offs to indicate when a student
is struggling [28, 53], findings grounded from observations of user experiences can
help inform when learners need digital scaffolding in their progression throughout their
game. Importantly, it can help us determine meaningful features (e.g., thresholds for
repeated mistakes or moves that are inconsistent with the evidence provided) that may
be useful for building more accurate adaptive models for neurodiverse learners using
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Table 4. Usability metrics for iterative design research.

Category Game Research question Tasks

Test 1: Usability NumberFactory What is easy or difficult
about playing the game
with EF Scaffolding
Tools?

Play NumberFactory for
30 min

Zoombinis Play Zoombinis for 30 min

Test 2: Findability NumberFactory Can learners easily turn
off scaffolding tools in
the game?

All scaffolding tools are
automatically turned on.
When you are frustrated
with a specific scaffold,
can you find a way to turn
off that scaffold?

Zoombinis

Test 3: Adaptability NumberFactory What is the threshold in
repeated errors that
learners turn on our
scaffolding tools?

All scaffolding tools are
automatically turned off.
Turn on a scaffolding tool
when you feel it is
appropriate

Zoombinis

educational data mining techniques. Specifically, we are building models to detect when
students are likely to get overly frustrated or bored and their gameplay becomes no
longer productive. As previously discussed, unproductive persistence or wheel-spinning
can lead to disengagement [28] and potential learning loss [54]. By detecting the trigger
points, in real-time just before wheel-spinning starts, we can intervene with a just-
in-time support. Our two-step methodology is our approach to address each learner’s
level of engagement and potential wheel-spinning through iterative design research and
automated data mining detectors, toward supporting individual learners’ unique needs.

6 Conclusion

In line with the Universal Design for Learning (UDL) framework, INFACT focuses and
designs for students with cognitively diverse needs to provide equitable, high-quality
instruction for all learners. INFACTaims to unleash the potential of neurodiverse learners
by developing a variety of activities that embed CT practices within STEM contexts. In
this paper, we describe two digital games, NumberFactory and Zoombinis, which consist
of problem-solving puzzles that engage learners in fundamental practices of CT. In each
game, we provide digital scaffolding that aims to support students’ EF skills related to
working memory, cognitive flexibility, inhibitory control, attention, and metacognition.
By analyzing data logs generated through gameplay, we can detect evidence of students’
affect or persistence, including whether learners are productively or unproductively
persisting through these puzzles. We can use this information to build adaptive models
that differentiate the content and pacing of scaffolds for each unique student.

By ensuring that CT opportunities are equitable for learners in our games, INFACT
has the potential to strengthen our workforce, including neurodiverse learners whose
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talents and strengths often are unrecognized and untapped in K-12 education. Number-
Factory and Zoombinis offer innovative digital solutions to broaden STEM participa-
tion, highlighting the assets of cognitively diverse students and promoting differentiated
STEM instruction and learning in today’s modern classrooms.
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Abstract. In recent years, more attention has been paid to the application of
gamification in the field of education. Previous research suggests that gamifica-
tion in education can strengthen motivation and provide fun and engaging expe-
riences. This research suggests a framework with game design element based on
the behavior change model of TTM and SNAP. Consequently, with reference to
this, a gamificated manual that trains primary school students’ time management
skill is designed. This manual has been put into use and it has obtained rather
positive primary feedback. Moreover, empirical research is conducted using this
project in order to explore the impact of contemplation staged gamification in the
model. The results suggested that the addition of game design elements at this
stage increase the primary school students’ willingness to use the manual instead
of their willingness to learn about time management. However, gamification ele-
ments do exhibit various effects as for the short-term storage of knowledge. The
following explanation is then provided based on the experimental results and the
framework raised: in educational gamification design with behavior modification
as its aim, gamification can interfere and have a positive impact even before the
action of behavior change; however, not all addition of gamification elements will
lead to a positive result and the relative decision should be made carefully. The
future research direction of educational gamification design aimed at behavior
modification shall be discussed.

Keywords: Gamification · Education · Behavior change

1 Introduction

The concept of gamification was born in as early as the 00s [1] though only being
paid extensive attention in 2010s [2, 3]. The widely accepted definition of gamification
currently is the one raised in 2011: gamification refers to the use of game design elements
within non-game contexts [2].

The smallest design unit of gamification in specific application is called game design
elements. Dicheva et al. [4] divided game elements into two parts: gamification design
principles and game mechanics. There are 11 gamification design principles in total,
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including goals/challenges, personalization, rapid feedback, visible status, unlocking
content, freedom to choice, freedom to fail, storyline/ new identities, onboarding, time
restrictions and social engagement, while there are six game mechanics: points, badges,
levels, leader boards, virtual goods and avatars. This definition of game design elements
is adopted in this paper.

There has already been rather widespread application of gamification in the field of
education, serving various functions in different subdivisions. Game mechanism is used
to excite the interest of students during the learning process [5]; gamified environment
can improve the quality of teaching [6]; during lessons and cultivation of soft skills,
gamification helps inspire students, thus improving the efficiency of learning [7]; in terms
of the transformation of life attitude, gamification training programhas exhibited positive
results [8]. Due to the difference between the goals of gamification in different cases,
there exists huge discrepancy between the game design elements adopted in the research,
ways to measure the results (e.g. questionnaire for participants or direct measurement of
behavior data) as well as the kinds of results measured (e.g. transformation of attitude,
preservation of knowledge, improvement of experience). The viewpoint of this paper
will be focused on the gamified learning process targeted at the cultivation of behavior
habits. It presents a manual that cultivate the time management awareness and ability of
primary school students and conducts experimental research on some of the segments.

2 Behavior Change Model

In order to achieve the goal of behavior change, we need to first establish a behavior
change model, whose efficiency will be improved by adding game design elements into
the suitable segments.

2.1 TTM and SNAP Model

Filippou et al. [9] integrated the TTM and SNAP models which formed the framework
of behavior change used to guide the choice of intervention point when guiding students
to change their behavior habits.

Transtheoretical Model (alternatively referred to as the ‘Stages of Change’ model)
gives an overview of the stages experienced when individuals try to modify their
behavior. These stages include: pre-contemplation, contemplation, preparation, action,
maintenance and termination [10].

At pre-contemplation stage, an individual is unaware of the need to change hence
there is no intention to change his behavior. At contemplation stage, the individual
starts thinking about his behavior. Subsequently, at the preparation stage, the individual
starts to formulate a plan to change his behavior. Before behavior change takes place,
the individual will enter the maintenance stage, in which the individual will often try to
prevent relapse of his behavior until it is completely altered after entering the termination
stage (Fig. 1).
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Fig. 1. Six stages of TTM model.

This model is insufficient in that it fails to take the situation where an individual may
alter his behavior due to unpredictable reasons and leap between stages at any moment
into consideration. Furthermore, some stages in the model were criticized as useless
definitions that are subjective and arbitrary. However, in educational gamification aimed
at behavior change, this model is highly consistent with the process of students receiving
information and altering behavior, hence is worthy of use as a reference.

In order to offset the shortage of TTM, Filippou added the SNAPmodel ofmotivation
to better explain the transformation between the preparation and action stages. The SNAP
model views the change of motive in behavior modification as a dynamic process [11].
The basic precondition for this model is that one must set an ideal behavior which he
hopes to adhere to, e.g. ‘I wish to quit smoking’. Then the individual will experience
fluctuation across the four different stages. Because this model was initially created as a
model to help quit smoking, these stages are written according to this specific situation.
However, this model can also be applied to scenarios unrelated to smoking [12]. The
following table outlines the two versions of the acronym definition (Table 1 and Fig. 2).
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Table 1. SNAP model summary

Original model General-propose
model

S Smoking Staying with the old
behavior

N Not smoking New behavior
engagement

A Attempt to stop Attempting to change

P Planning to stop Planning to change

Fig. 2. SNAP model of motivation (for quitting smoking).

Under this model, an individual could jump across the four stages due to any reasons.
Transformation between stages is an outcome of the dynamic change and confrontation
between the twomotives, namely, the feeling of wanting to do something and the feeling
that they ought to change their behavior.

Filippou et al. combined the TTM and SNAP models, forming a new model shown
as follows (Fig. 3):
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Fig. 3. Combining TTM and SNAP model.

When behavior change exists as the goal of learning, game design elements could
interfere at multiple stages of the model in order to achieve the goal of promoting this
learning process. Firstly, at the contemplation stage, it requires external information for
the individual to generate the idea of behavior change. Game design elements can play
a positive role in this stage. When the individual transfers from the preparation stage to
action stage, the game design element can act as a trigger making this transformation
smoother. Moreover, the promotion of multiple game design elements for motive is
proved in the paper by Sailer et al. [13], hence at the maintenance stage of the model,
the interference of game design elements has the potential to have a positive impact on
maintaining behavior change.

The TTM and SNAPmodels are models based on the self-initiated process of behav-
ior change, hencemore external factors need to be taken into considerationwhen applying
it to achieve educational goals. Students’ motive of behavior change may require guid-
ance from family members and school who will also play supporting roles in subsequent
stages. Therefore, the environmental factor is added based on the existingmodel (Fig. 4).
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Fig. 4. Adding gamification and environmental factor into the model.

3 Design

3.1 Background of Design

When the COVID-19 pandemic broke out, social restrictions were implemented with
Wuhan as a representative and people were forced to stay at home. We observed that due
to quarantine, parents and children were able to spend more time together hence more
conflicts occurred during the pandemic. In the past, children had teachers supervising
them and their study plans in schools. As schools were shut down during the pandemic,
life and learning environment of students were combined into one, challenging the time
management ability of students.

Under the background of global pandemic, this research conducts in-depth family
interviews regarding environmental background, gains insight into the pain point of
families in quarantine, conducts toll design based on the previously mentioned model
and explores the model and theory raised using experiments. This research will utilize
gamification design to develop a course and tool for students’ time management abil-
ity training. It will also include teaching and tool designs based on research outcome
regarding time management training by front-edge literature and combined with the
gamification and behavior change model raised in this paper.

We conducted family interviews for children aged 10 to 15 in Wuhan, China. We
found out through in-depth interviews of 10 families and learned some facts. firstly, all
familymembers desire high-quality family interaction during quarantine,wishing to ease
family relationship through more games; secondly, children do not repel long-distance
learning but still require supervision from parents in terms of planning and arrangement
of learning; thirdly, parents are worried that students’ vision could be harmed due to
long duration of usage of electronic products hence parents tend to choose more paper
games for entertainment, e.g. board games and poker.
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3.2 Content of Design

Aclear goal for action-driven timemanagement behavior is to reduce conflicts of targets,
to formulate suitable strategy and to turn target into action as well as the effective
surveillance of progress towards the target [14], andmore control over timemeans higher
level of happiness and working efficiency [15]. Time management behavior is also very
closely linked to time perception [16], we also found out through previous interviews that
time perception of primary school students is weak and highly unspecific. According to
Häfner and Stock, time management consists of eight important parts: 1. Confirmation
of priority ranking and goal setting; 2. Strategy making; 3. Design of how to apply and
use the strategy in daily life; 4. Feedback on the execution of strategy; 5. Reward setting;
6. Behavior analysis; 7. Ability to identify timemanagement issue; lastly, test result [17].
As mentioned above, this research will use front-edge literature as the design basis of
time management tool and is divided into six parts: time perception, goal setting, goal
division, strategy making, execution and feedback, as shown in the following Fig. 5.

The most difficult part of time management is strategy making, which is even more
difficult for primary school students with weak time perception. It also remains a prob-
lem to completer one’s study and homework with high efficiency and to maintain the
corresponding quality. Many research pointed out that duration of work is linked to
productivity. Researchers of Geneva International Labor Office pointed out that the link
between the two is related to the biological level [18]. They proposed a solution strat-
egy to find out one’s most suitable working duration and allow one to start working at
high physiological energy level. The optimal productivity time (OPT) method of time
management was raised by the Stamford University which suggests one to execute the
most energy-consuming activity when his physiological energy level is the highest. This
means that when one is the most energetic from 10 to 12am, he should be arranged to
do work that requires the most attention and thinking [19]. This research applies the
OPT time management method at the strategy making stage so that students can set their
goals in a more straightforward manner.

3.3 Gamification of Design

As time management training is a kind of behavior change, front-edge literature proves
that gamification has some positive effects in terms of behavior modification. This
research further combines time management training with gamification design to moti-
vate the motive and behavior change of the participant to some extent. There were no
clear definition of game design elements by any researchers in the past, until Deterding
[2] divided game design elements into five levels in 2011: 1. Game interface design pat-
terns; 2. Game design patterns and mechanics; 3. Game design principles and heuristics;
4. Game models; 5. Game design methods. Dicheva et al. made new arrangements based
on the framework raised by Deterding and analyzed as well as confirmed the principles
of educational gamification design. They also proposed corresponding suitable gamifi-
cation mechanism including points, badges, levels, progress bars, leaderboards, virtual
currency, and avatars etc. [4].

The behavior change model proposed in this research corresponds to the time man-
agement training stage; the time perception stage is the pre-contemplation stage while
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Fig. 5. Time management tool design in this research

goal setting and goal division belong to the contemplation stage. Strategy making, exe-
cution and feedback is one continuous cycle of action. People realize the missing parts in
their strategies through feedback, or their improvement. These act as feedback for people
and motivates them to continue their action. Gamification design can provide a motive
of behavior change for the participants. In the time perception stage, storytelling, avatars
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and challenging elements are used to give students a specific image of time, they can
image time as a strong monster. Students can turn themselves into little warriors facing
the challenge to defeat the monster. Once they have a clear goal, they can start arranging
their plans. The cooperation element is used to allow students to have company. Social
interaction can increase their executive power for action at the final feedback stage, dur-
ing which they can obtain rewards once they achieve their goals successfully. The game
design elements used in time management training based on the behavior change model
is as shown in the following Table 2.

Table 2. The game design elements used in time management training based on the behavior
change model.

Behavior change model Time management
training stage

Gamification design
elements

Pre-contemplation Time perception • Storytelling
• Challenges

Contemplation Goal setting • Challenges
• StrategyGoal division

Maintenance Preparation Strategy making • Rewards
• Partner

Action Execution • Partner

Feedback • Immediate
feedback

• Points
• Badges
• Progress bar

Finally we came up with a 8-page time management training manual called the Time
Monster Manual.

4 Application

4.1 Environment

Under strict quarantine policies, family environment was confronted by the issue of
work-school overlap. At the same time, parents and students also generate conflicts due
their multiple roles under the same roof. All these factors contribute to the generation
of family conflict and contradictions as well as low quality of parent-child interaction.
During the pandemic, the role of parents becomes increasingly important for students.
We cooperated with the Wuhan Education Bureau. We also chose this area which was
shut down for onemonth for our interviews. Gamified timemanagement training courses
are conducted to promote the time management manual and called for the participation
of local primary school teachers, students and their parents.
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4.2 Application of the Manual

Limited by the pandemic, we conducted our gamified timemanagement training courses
online. The time management manual and explanatory videos were shared using cloud
space which could be freely printed by the participants. The duration of the course was
one hour and the participants were local primary school teachers, students and their
parents in Wuhan. In the course, we educated students about the importance of time
management and raised their awareness of time in a gamified manner. We then passed
them out tool of time management, the Time Monster manual. During the process, we
made sure that the parents and children learned about the tool and planned their family
strategy to combat the monster through interaction across participants on the online
platform. In the interactive process of the course, we noticed that the students were the
most excited when preparing to make plans with their parents. After the course, families
get the time management manual for long-term trial.

4.3 Discussion

After putting the manual into use for a month, we conducted questionnaire surveys and
interviews with the participants. Most of the participants considered the manual helpful
in time management. Compared with the past, they found study plans arranged more
clearly and lives changed as well.

During the interviews,more than half of the students expressed that theywere excited
to have their parents accompanied when learning the manual in class. Some also pre-
ferred to implement the plan accompanied by parents after class. On the other hand,
some parents mentioned that their children’s time management skills have improved
when using the manual. These feedbacks support our theoretical model well: 1. Par-
ents plays an important role in the early stages of behavior modification, especially
contemplation, preparation and action stage; 2. Accompanying and cooperating parts in
gamification designs help students get cognition inspiration, and strengthen the execution
and maintenance of behaviors.

We noticed that many participants emphasized the effect of online courses when
describing how their motivation changes. On the other hand, results of questionnaire
surveys also indicate that participants of online courses have continued to use the man-
ual for longer time compared to those who download the manual directly. Due to the
limitation of survey, we would rather consider the appearance a tendency than a signifi-
cant statistical result. But it does prompt that courses may have significant effect in the
early stages of behavior modification, as well as the gamification designs. Therefore, the
next step of our research is to design a further experiment, to verify whether the manual
provided independent effects and how these effects would be achieved.

5 Experiment

In order to explore the impact of the teaching part of the manual on students’ motive
and outcome of usage, we simulated this part for further research. We conducted ques-
tionnaire survey before and after the experiment to examine the effect of game design
elements when added into the contemplation and preparation stage of behavior change.
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5.1 Questions and Hypothesis

We came up with the following research questions and hypothesis.

RQ1. What is the impact of the addition of game design elements in teaching part on
the attitude of the participants towards learning time management tools?

Considering the contemplation stage of the course in the entire gamified manual, at
this stage, the participants start to generate ideas about behavior change. We hope that
the addition of gamification elements into the course can help promote the generation
of students’ willingness towards taking action in time management. This led to our
following hypothesis:

H1. The addition of game design elements can help promote the participants’ attitude
towards learning time management methods.
RQ2. What is the impact of the addition of game design elements in teaching part on
the willingness of participants to use the manual?

We hope that the course can stimulate the participants’ motive to use the manual and
start changing their behavior. This led to our following hypothesis:

H2.The addition of game design elements can help promote the participants’ willingness
to use the manual.
RQ3. What is the impact of the addition of game design elements in teaching part on
the understanding and memory preservation of the course content?
H3.The addition of game design elements can strengthen the understanding andmemory
preservation of the course content.

5.2 Method

Course Simulation. In order to prove the above hypothesis, we designed a course to
simulate the teaching part. In the course, the teacher first introduced why time manage-
ment is essential for learning, then introduced two methods. One is about goal manage-
ment, the other is about understanding the change of energy level in a day using energy
curve to arrange schedule. Lastly the gamified time management manual including the
two methods was introduced.

The participants were divided into the experimental group and the controlled group.
The two groups receive the same knowledge information. The controlled group was
taught by the normal method while game design elements were added into the course
of the experimental group. It was pointed out in Kapp’s [20] paper that storytelling in
gamified learning improves engagement. Since storytelling matches the course content
well in this case, we chose it as the game design element added. The teaching of the
experimental group used the story of a warrior combating themonster of time trying to fit
students into role of warrior. When teaching the time management methods, some terms
used in time management tools were substituted by elements in the story. The teaching
content of the controlled group was completely the same except for the gamified way of
narration (Fig. 6).
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Fig. 6. Course video and the manual.

Due to the preventive measures during the pandemic, the researchers were unable to
gain access to school, hence the course was recorded and played by the teachers instead.

Participants. We randomly chose two Grade 5 classes in the Affiliated Primary School
of Xicheng Foreign Language School for the test. The educational levels of students
across the students in this class are similar to that of each other with the same courses
taken and no time management related courses being conducted in school. The partic-
ipants do not know the groupings they are in. 38 were in the experimental group, with
19 boys and 19 girls; 40 were in the controlled group, with 21 boys and 19 girls.

Measurement. The students were asked to fill in an anonymous questionnaire both
before and after the course. In the pre-test questionnaire, students were asked to score
their willingness to do time management, and their willingness to learn a time manage-
ment tool like schedule books. After the course, students were asked to fill in a post-test
questionnaire which includes subjective questions relating to knowledge mentioned in
the course to test whether the students have understood or memorized the knowledge
well. At the end of the post-test questionnaire, students could apply for the manual
(Fig. 7).

Fig. 7. Process of the experiment.

To Compare the effect of the control condition and experiment condition, the one-
sample Kolmogorov–Smirnov test has been employed to test the distributions of data.
The data which correspond to normal distribution were analyzed using independent-
samples t test,while others using independent-samplesMann-WhitneU test.All analyses
were performed using SPSS 20.0 (IBM Corp., Armonk, NY).
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5.3 Results

There are in total 35 effective questionnaires collected from the experimental group and
38 from the controlled group (Table 3).

Table 3. Results

Variable Control Condition
(n = 38)

Experimental
condition (n = 37)

Test p

Mean
(SD)

Median Mean (SD) Median ta Zb

Pre-test Attitude
towards time
management

4.16
(1.13)

4.50 4.16 (0.80) 4.00 −0.724 0.469

Attitude
towards
using a time
management
tool

4.18
(1.43)

5.00 3.81 (1.29) 4.00 1.187 0.239

Post-test Attitude
towards time
management

12.53
(2.38)

13.00 12.68 (1.99) 12.00 −0.152 0.879

Question 1 1.68
(1.23)

2.00 0.73 (1.04) 0.00 −3.258 0.001***

Question 2 3.26
(1.48)

3.00 3.86 (1.21) 4.00 − 1.813 0.070*

aIndependent-samples t test, t value; bIndependent-samples Mann-Whitne U test, Z value; *p <

0.1; **p < 0.05; ***p < 0.01

RQ1. Regarding to attitude towards time management, there was no significant effect
of participation between control condition (M = 4.16, SD = 1.13) and experimental
condition (M = 4.16, SD = 1.13) in pre-test (Z = −0.724, p > 0.1), nor between the
two conditions in post-test(Z = −0.724, p > 0.1). H1 could not be confirmed.

RQ 2. Regarding to attitude towards using a time management tool, there is no sig-
nificant difference between the two conditions (t = 1.187, p < 0.239) before taking
the course. The number of participants who applied for the manual turned to be differ-
ent. 31.6% (12 of 38) of participants in control condition applied for the manual while
57.1% (20 of 35) participants in experimental condition did so. Thus, hypothesis 2 was
supported.

RQ 3. Concerning impact of game design elements on the understanding and memory
preservation of knowledge, for question 1, there was a significant difference between
the two conditions (Z = −3.258, p < 0.01). The score of control condition (M = 1.68,
SD = 1.23) is higher than experimental condition (M = 0.73, SD = 1.04). For question
2, the result was opposite. There was a marginal significant difference between the two
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conditions (Z = −1.813, p < 0.1). The score of control condition (M = 3.26, SD =
1.48) is lower than experimental condition (M = 3.86, SD = 1.21). Hypothesis 3 was
not supported and further discussion is needed.

5.4 Discussion

The above experimental results verify that the application of game design elements has
a positive effect on the course, leading to students’ significant interest in the manual.
According to the theory of landers et al. [21, 22], gamification affect learning via a
mediating process wherein gamification alters a psychological characteristic that itself
affects an outcome of interest (see Fig. 8; D → C → B). Therefore, we can infer that
the game design elements introduced in the teaching process of this experiment can
indirectly affect the learning effect of subsequent behavior change stages by influencing
the students’ attitude towards the manual.

Fig. 8. Theory of gamified learning.

Furthermore, it can be observed from the experimental results that the specific selec-
tion of game design elements will affect memory preservation. The most obvious fact is
that when the original nouns are changed by storytelling elements, it may cause students’
understanding obstacles and even lead to confusion of similar concepts, suggesting that
we should be more cautious in the selection and use of game design elements. We will
conduct further research in the future.

Another problem that needs further study is the influence of curriculum form. In
the actual promotion of the manual, online video courses will be more commonly used
instead of live teaching. Therefore, we need to study dependence of the game design
elements introduced in the course on communication and interaction between teachers
and students, and make optimization.

6 Conclusion

In this paper, we suggested a framework for gamification based on behavior change
model. In this framework, we used TTMmodel to divide each stage of behavior change,
and added game design elements and environmental factor in the appropriate stage.
With reference to this, a gamification tool manual is designed to train primary school
students’ timemanage skill at home. In the follow-up after use, we found that, consistent
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with the framework, the participation of parents and other environmental factors can
promote students’ motivation. In addition, in the contemplation stage and preparation
stage of the framework, the gamified teaching ofmanual content promotes themotivation
of subsequent manual use. In the additional experiment, we found that Gamification
of teaching improved the motivation of students to use the manual, but the intrinsic
motivation of time planning was not produced.

We got the enlightenment that in gamification design of teaching tools aimed at
behavior change, the process of introducing and teaching the tools should also be con-
sidered as part of the tool, and needs to be designed properly, as contemplation and
preparation are critical stages to behavior change process.

In future studies, we will focus on the role of gamification in other stages of behavior
change and the effects of other game design elements in the early stages of behavior
change. The framework of this article will continue to be improved.
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Abstract. Because of the recent COVID-19 pandemic, the Saudi Ara-
bian government established a new online learning platform to help stu-
dents in primary and high schools continue their learning from home.
This study aims to examine the effects of online learning on teachers
and students. For that, we asked 40 teachers and 123 students about
their user experiences with the new platform. Most of the teachers and
students were satisfied with their experience. However, they both claimed
that a lack of motivation and engagement and missing interactions with
peers and teachers were the greatest shortcomings of online learning. To
compensate for this, teachers aimed to use different tools and provide
games and gamification elements in their online lessons to motivate and
engage students.

Keywords: Online learning · Motivation · Games · Gamification ·
Satisfaction

1 Introduction

During the emergency and crisis, governments around the world responded
quickly to adapt to the new situation. For example, during the novel coron-
avirus pandemic that started in Wuhan, China and spread quickly throughout
the world, most governments set strict rules to protect the public [9]. Because the
virus was new and unknown, most countries closed schools, universities, shops
and most other places. As these places can be a common place to spread the
virus in public [12]. However, it was hard to keep children away from school. For
that reason, most countries made accommodations to let children learn from
home. Saudi Arabia is one of the first countries to take this first step during the
lockdown, as Saudi Arabia closed schools beginning on the 9th of March 2020.
Then, the Saudi Arabian government and the Ministry of Education established
a new online learning platform called Madrasati. The new platform allows teach-
ers and students to do their online lessons and to submit materials, assignments
and exams.
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In this paper, we want to highlight the features provided by the platform
and to examine whether the platform is beneficial for teachers and students. We
start by providing a questionnaire for teachers about their experiences, struggles
and challenges. As a result, most of the teachers argue that a lack of motivation
and engagement is the main issue [2]. To address this, teachers are regularly
using gamification elements and integrating games into their lessons [5]. This
paper also tried to determine if online learning has a positive effect on learners’
satisfaction and outcomes. We did this by asking learners to fill in a pre-test
related to the computer curriculum. Then, three months after using the online
learning platform, we asked learners to fill in a post-test, which was similar to
the pre-test. We did this to find out if there was any improvement in learners’
knowledge. In addition, we asked learners to fill in an e-learner satisfaction tool
(ELS) [16] to measure learners’ satisfaction, and asked other open questions to
query learners about what they liked and did not like during their experience of
online learning.

The results showed that learners enjoyed their experience, and they improved
in their outcomes. However, many learners still miss their traditional schools and
miss the physical interactions between their friends and teachers.

2 Background

The recent virus COVID-19 caused the death of millions of people [15]. Most
countries took quick action to protect the public by closing public places and
cancelling major events, such as shopping malls, cinemas and museums [15]. In
addition, most countries closed schools and universities to protect teachers and
students. According to UNESCO, almost 1.2 billion students were away from the
school during the pandemic [12]. Countries started to guide students to learn at
home by publishing materials every week and having parents be responsible for
taking care of children’s learning. However, other countries have used online
learning platforms to deliver efficient learning.

The idea of online learning is not a new concept and has been used before in
other crises. For example, [13] show that during the SARS and H1N1 outbreaks in
2002 and 2008, many places in China used online learning for students. However,
there has been no research showing the effect of online learning on students.

Different research studies have shown that online learning can be as benefi-
cial to learners as traditional learning. In addition, these studies show that the
performance of learners in online learning is the same as that of traditional learn-
ing. In online learning, learners can have their lessons at any time in any place
at an extra cost for travel and accommodation [1]. However, some other stud-
ies have claimed that online learning cannot be the same as traditional learning.
This kind of learning can be anxiety-provoking and boring for some learners [10].
Learners can feel isolated during online learning. So, different online platforms
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are integrated with games and gamification elements, such as Khan Academy
and massive open online courses (MOOCs) [11].

2.1 Games and Gamification Elements

Different techniques have been used to motivate students in online learning and
to make the learning process more enjoyable. For example, [5] show that inte-
grating online courses with verbal and physical rewards can help to motivate
students. Further, as [14] pointed out, considering the social interaction between
learners is important for engaging students. For example, competition between
learners is essential to improving students’ knowledge and motivation. Another
important technique is the use of games and gamification [4]. Different kinds
of games can be used, for example, educational games where the whole lesson
is designed as a game for a specified learning goal to allow learners to accom-
plish the goals. Further, these kinds of games can provide students with quick
feedback [5].

Gamification is considered to be another technique that can be used to moti-
vate and engage students [4]. Gamification can be defined as the use of game
elements, such as points and badges, in non-game contexts, such as learning [3].
Unlike games, in gamification, the lesson is not changed to a game, but gami-
fication elements can be added. For example, if the student provides a correct
answer, he/she will receive a point. After collecting five points [7], for instance,
learners will receive a badge. Different research studies have shown the positive
effect of gamification on students’ performance and enjoyment [6].

3 The Madrasati Platform

By March 2020, the World Health Organization (WHO) announced that the
COVID-19 virus had become a global pandemic. As a result, schools and uni-
versities were closed, and students began to study at home.

Saudi Arabia was among the earliest countries to close its schools. The Saudi
government and the Ministry of Education have created a special platform for
use by students in primary and high schools. Figure 1 shows a screenshot of
the platform, Madrasati, which enables students to check their online school
schedules, lessons and curricula assigned to them. Students can also use this
platform to submit their homework, contact their teachers and peers, take exams,
and see their grades after submitting their homework exams.
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Fig. 1. The home page for Madrasati platform

The Madrasati platform enables teachers to prepare their lessons and publish
all learning materials associated with them. The platform is linked with Microsoft
Teams, so after each lesson is prepared, a link is created to an online meeting for
that lesson, where both teacher and students can be in a live online meeting at
the same time. Students can also see a recorded version of the lesson at any time
they like. Teachers can also send homework and exams to students (Fig. 2). To
motivate and engage students in online classes, teachers can offer badges, points
and motivational phrases.

Fig. 2. The schedule and the lesson in Madrasati platform

Unfortunately, as the literature points out, online learning has shortcomings,
including the fact that online students may feel bored and isolated from their
peers and teachers. To counter this, the Madrasati platform enables students
and teachers to communicate with each other using conversations or email, both
of which the platform includes
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Fig. 3. The flow of the students and the teachers in Madrasati platform

Teachers prepare their lessons on the platform by assigning materials, home-
work and extra resources to enrich students’ learning. As mentioned, after each
lesson is assigned, it appears to students as a link. When they click it, students
are directed to the synchronous online lesson, during which the teacher and stu-
dents are live at the same time on Microsoft Teams and can benefit from all its
features, including chat and voice calls. Figure 3 shows the flow of a lesson on
the Madrasati platform.

Online learning is a new experience for both teachers and students. In this
study, we aimed to identify the benefits and shortcomings for both teachers
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and students of this type of learning. We started this by asking the teachers
and students about what they enjoyed most and least. Thus, this paper will
be divided into two sections. In the first, we will study the user experience of
teachers when they are using the Madrasati platform. Then, we will point out
how students benefit from the online platform.

3.1 Teachers and the Madrasati Platform

In this section, we aim to identify the most serious challenges that teachers face
when teaching online classes and how they overcame them. To do this, after
the Madrasati platform had been in use for 4 months, we asked a sample of
40 teachers (13 male and 27 female) from both primary and high schools to
complete a questionnaire about their experiences with the platform.

The questionnaire consisted of three sections. In the first, we asked teachers
about their use of the platform and how often they accessed it. In the second
section, we asked about their satisfaction with the platform and its ease of use. In
the third section, we asked which were the most serious obstacles and challenges
they faced while using the platform and how they overcame them. Table 1 shows
the questions in all three sections of the teachers’ questionnaires.

Table 1. The questionnaire provided to teachers

Questions Response

1. I use Madarasati platform Yes No

2. I access to Madrasati platform Never Once a month Once a week Once a day More then once daily

3. I am satisfied with my experience in Madrasati Strongly disagree Disagree Normal Agree Strongly agree

4. I am satisfied with the arrangement of the icons in Madrasati Strongly disagree Disagree Normal Agree Strongly agree

5. I am satisfied with colours used in Madrasati Strongly disagree Disagree Normal Agree Strongly agree

6. I am satisfied with the features integrated in Madarasati Strongly disagree Disagree Normal Agree Strongly agree

7. I can find what ever I want quickly Strongly disagree Disagree Normal Agree Strongly agree

8. I can access to my online lesson easily Strongly disagree Disagree Normal Agree Strongly agree

9. I can follow my students easily Strongly disagree Disagree Normal Agree Strongly agree

10. I am using gamification elements integrated in Madrasati Strongly disagree Disagree Normal Agree Strongly agree

11. The gamification elements in Madrasati are enough for students Strongly disagree Disagree Normal Agree Strongly agree

12. I choose to change my lessons into games Strongly disagree Disagree Normal Agree Strongly agree

13. I prefer to use tools with my lesson to motivate students Strongly disagree Disagree Normal Agree Strongly agree

14. I think it is important to integrate lesson with tools to motivate students Strongly disagree Disagree Normal Agree Strongly agree

15. I think games and gamification can motivate students Strongly disagree Disagree Normal Agree Strongly agree

16. I think adding games and gamification may distract students Strongly disagree Disagree Normal Agree Strongly agree

17. I am satisfied with online learning Strongly disagree Disagree Normal Agree Strongly agree

18. Do you think there is any issues with online learning? Mention them?

Results. The results showed that the teachers were committed to using the
platform. In fact, 73% of the teachers said they accessed the platform daily,
and nearly 27% accessed it more than once a day. The teachers noted that they
needed to check regularly on whether students had asked questions, as well as
mark students’ assignments (Fig. 4).
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Fig. 4. The flow of the students and the teachers in Madrasati platform

The results also showed that 90% of the teachers were satisfied with the plat-
form. They reported that it was easy to find what they wanted and commented
favourably on its colours and design. However, some teachers noted that during
the first two months of using the platform, due to their lack of training, they
found it difficult to add extra resources and information for their students. They
also noted a problem with homework not appearing for some students.

The most serious challenge that the teachers reported was students’ lack
of motivation. Regarding this, one questionnaire item asked about the tools
that teachers used to motivate and engage their students, and 77% of teachers
responded that they used the badges, points and motivational phrases integrated
into the Madrasati platform. Also, 85% of teachers mentioned that they inte-
grated their lessons with other tools to change a lesson or part of one into a game.
The tools they used to accomplish this included Wordwall, Liveworksheets and
Quizizz.

Wordwall.net. Wordwall.net enables teachers to create custom activities for
students. For example, a teacher can customise learning resources like games,
including hangman, word match, balloon pop, open the box and random wheel.
On the Wordwall website, teachers can create their own activities or search by
lesson title for activities that have been used by other teachers. Figure 5 shows
various activities provided by Wordwall. Another Wordwall feature enables stu-
dents to check their answers after submitting them.
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Fig. 5. The homepage of the Wordwall

Live Worksheet. This website enables teachers to create interactive worksheets
that include various types of questions: matching, multiple-choice and fill-in-the-
blank. When students finish their worksheets, they can have them auto-marked
and sent directly to their teachers. Figure 6 shows an example of Liveworksheets.

Quizizz. Quizizz can be used as either an application or a web-based tool
and adds an element of gamification: competition. In Quizizz, teachers write
questions in multiple-choice format. Then, using a code, students can compete
to provide the most correct answers, which are presented on the leader board.

3.2 The Effect on Learners of Integrating Games and Gamification
into Learning

In this section, we review the effects of using games and gamification on stu-
dents, and we measure students’ outcomes and satisfaction with the Madrasati
platform. To do so, we first obtained ethical agreement from 123 students (50
boys and 73 girls) aged 16–18 years who attended various schools in Saudi Ara-
bia. We ensure that students and their parents are aware that their data will be
encrypted and securely saved. Students and their parents were free to choose to
drop out of the study, in which case their data would not be used.
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Fig. 6. The homepage of the live worksheet

Before beginning to use the Madrasati platform, teachers asked their students
to complete a pre-test evaluation containing 10 items related to the computer
curriculum that they would be studying during the term. Then, the students
used the Madrasati platform daily five days a week, from 9 am to 2 pm Most
teachers used gamification elements integrated into the platform as well as other
fun ways to present their lessons. At the end of the three-month term, we asked
the students to complete a post-test evaluation that contained 10 items, such
as those on the pre-test evaluation. We measured the learning outcomes by
subtracting the students’ pre-test scores from their post-test scores. To measure
their satisfaction, we asked the students to complete an ELS.

The results of comparing the pre-and post-test scores showed that students
benefitted from participating in the online classes, with most students receiving
higher post-test marks than pre-test ones. Table 2 shows the results of students’
pre-and post-tests. When asked about their satisfaction, 96% of students said
they noticed no difference between learning online and doing so in a traditional
school. Furthermore, they enjoyed the flexibility of online schools, as they could
attend their lessons anywhere, including, for example, in the car or even in the
hospital. Some students noted that the online lessons were helpful when they
caught the COVID-19 virus, including one student who did so and experienced
mild symptoms but never stopped attending school online. He described the
online classes as helpful during his isolation, as he was able to talk with his
teacher and socialise with friends. Despite being able to do these things, 81% of
students noted that they missed being in school and seeing their friends.
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Table 2. Students’ marks in the pre-and post-test

Pre-test Post-test Knowledge gain
(post-test)-(pre-test)

The average of grades in number 4.6 8.9 5.3

The average of grades in percentage 46% 89% 43%

4 Discussion

The recent pandemic affected governments, as most countries set strict rules
about social distancing. Thus, most of the countries were on lockdown. How-
ever, it was hard to let the children stay home without learning and studying all
the time. As a result, the Saudi Arabian government announced a new online
platform, Madrasati, designed for students in primary and high schools. In this
platform, both teachers and students can check their schedules and enter their
online lessons. Teachers are also able to assign homework and exams using the
platform, and students can access it and do the work, and the platform will auto-
correct their answers. The majority of the teachers were satisfied with using the
platform, and they found it easy to deal with. However, some of the teachers
complained about the platform freezing in some cases, especially on the first day
of school and the first day of the final exams. However, they accepted this and
mentioned that it is acceptable if we look to the huge number of students who
accessed the platform at the same time using the same features, such as complet-
ing an exam, for instance. Teachers also complained about issues that occurred
with some students. For example, in some cases, homework did not appear to all
students. They also mentioned that the motivational phrases and gamification
elements integrated with the platform are not enough. Students need more tech-
niques to motivate them. For example, assigning badges for students who do a
significant amount of homework and another badge for students who access the
platform regularly. Teachers also mentioned that there must be an announce-
ment page that can be presented to all students and staff within the school.
This confirmed what [7] pointed out, as points and badges are not enough to
motivate students in online learning. Further, some teachers complained about
the cost of the internet. They also mentioned that the tools used to make the
lessons more fun are not free. They can do only three to five lessons, and then
they need to buy a subscription.

In the same manner, the students were satisfied with their experience in
online learning. They found it was really easy, and it helped them to be more
focused, which was reflected in their grades, as we saw an improvement in their
results on the post-test.

However, most students showed that they really wanted to be back in school.
As they mentioned, they miss their friends and they miss the feeling of being in
school. Further, some of the students described online learning as good if it was
two to three hours daily. However, they attend their online school from 9 am to
2 pm with only five-minute breaks between sessions. Students pointed out that
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digital interaction between their peers and other teachers is not enough. They
said that they wanted to be with their friends face-to-face. This confirmed what
[8,13] pointed out’ that the interaction via technology can be described as cold
and cannot replace physical interaction.

In conclusion, we point out that online learning can be as good as traditional
learning, even for learners in primary and high schools. However, students and
teachers faced some issues at the beginning because it was a new situation for
everyone. However, by the end of the term, students and teachers had gotten
used to the platform, and they found it easy to deal with. Further, most of the
teachers argued that students’ marks from online learning are the same as those
from traditional learning. For that, we aim to collect more data about students’
marks on traditional learning and compare their scores from online learning to
examine if there is a significant difference between students’ progress in online
and traditional learning. Although online learning can still be beneficial, even if
in-person school is resumed, for example, in the case of heavy rain or snow.

5 Conclusion

Because of COVID-19, Saudi Arabia set rules to lockdown and guide people
to social distance. However, it was hard to keep children away from school,
as there was the potential to waste a year of children’s education. For that,
the Saudi Arabian government and the Ministry of Education established an
online learning platform for students in primary and high schools. By using this
platform, students and teachers were able to organise an asynchronous online
classroom. They could also complete and submit homework and exams. This
paper tried to determine the benefits and shortcomings of this platform.

Most of the teachers and students were satisfied with their experience with
the platform after three months of using it. Teachers and students claimed that
it was hard to accept this kind of learning and the new situation in the first
few weeks. However, they quickly dealt with it effectively. Further, some of the
teachers and students enjoyed their experience with online learning. However,
students mentioned a lack of social connection with their peers and teachers.
While most teachers claimed that the main issue with online learning is the
lack of motivation and engagement. As a result, most teachers and students
integrate their lessons with games and gamification elements using several tools.
Using these techniques had a positive effect on students, as the teachers showed
that students started to attend regularly and became more active in the lessons.
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Abstract. This paper describes methodological considerations for fusing data
sources in understanding both affective and problem solving states of students
as they engage in computational thinking (CT) game-based learning. We provide
both a theoretical and empirical rationale for usingdata including facial recognition
and students’ logfile data to gain a more robust explanation of why students may
experience emotions such as frustration during CT game-based learning activities.
We showcase illustrative examples using data from individual learners to highlight
the methodological approaches that we have taken. Finally, given the complexities
of understanding constructs such as affect and problem solving, we provide a
rationale for using a data fusion methodological approach.

Keywords: Game-based learning · Gameplay · Facial expression · Data fusion

1 Introduction

There is growing momentum for increasing young learners’ exposure to computational
thinking (CT) practices in K-12 instructional settings [52]. Although there is still debate
about the definition of CT, it is broadly considered as systematic problem solving process
(either with or without the use of computers) that involves decomposing complex prob-
lems into sub-problems, solving the sub-problems with sequential and planned steps,
and finally abstracting and generalizing the solutions [38]. The rationale for focusing
on CT includes its affordances for promoting innovative and imaginative thinking [7],
logical problem solving [27], and developing the full set of mental tools to solve complex
problems effectively [25]. Thus, there is a growing need to explore effective ways of
introducing CT into K-12 educational environments [8].

One approach to introduce young learners to CT is through game-based learning.
Game-based learning environments were developed to facilitate students’ domain spe-
cific knowledge and skill acquisition, in which the game content is typically designed
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with problem solving tasks and challenges. These environments have been shown to
motivate students’ engagement and perceived achievement with attractive story lines
and interesting tasks [30]. Game-based learning has been shown to increase motivation
and interest [26, 31, 47] and support implicit learning (i.e., problem solving skills) within
STEM related literacies [13].

When students interact with game-based learning environments, students experience
a wide range of cognitive and affective states [18], which may influence their learning
in problem solving tasks [35]. For example, Sankaran and Bui [34] found that students
with higher motivation and positive emotion displayed better performance during their
learning processes, while Wine and colleagues [49] found a negative linear relationship
between cognitive anxiety and learning. Thus, tracking and responding to these cognitive
and affective states is a core aim of adaptive game-based learning environments that
seek to foster increased motivation and improved learning. In addition to understanding
learners’ cognitive and affective states during game play, it is also critical to understand
how and to what extent learners employ problem solving strategies as their knowledge
and expertise increases. This knowledge can help researchers and designers gain a deeper
understanding of how learners solve problems and when they need additional scaffolds
(both from within the game and from external inputs such as teachers) to move forward.

Research on emotion in game-based learning environments presents several method-
ological limitations. For example, most previous research has relied on annotating stu-
dents’ learning and affect manually [36]. Moreover, because learning processes are
implicit, it is difficult to monitor and track students’ learning progression [20]. Learning
analytics informed by multimodal data hold significant promise for deeper understand-
ing of students’ interactions in game-based learning environments. Such methodologies
include sensor-based technologies (e.g., facial expression analysis) and data mining
techniques such as sequential pattern mining [17]. Using multimodal data to inter-
pret students’ learning strategies, emotions and other learning related performance has
implications for improving adaptive interventions and scaffolding that support students’
cognitive, affective and metacognitive aspects of learning [17].

2 Research Context and Purpose

The purpose of this paper is to presentmethodological approaches to study both students’
problem solving and emotional responses usingmultimodal data collection and analysis.
Our aim is to provide suggestions for approaches to fusingmultiple data approaches with
the goal of better understanding students’ affective and problem solving strategies. More
specifically, we are interested in detecting both emotions and problem solving processes
and detecting trigger moments wherein students’ problem solving or emotions shifts
from one state to another state. For example, students may transition from engagement
to frustration as well as transition from systematic testing to unproductive approaches
such as trial and error.
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2.1 Data Sources and Participants

We primarily focus on the integration of students’ log file data and facial expression to
predict students’ learning processes and affective trajectories within a game-based learn-
ing environment called Zoombinis [5]. Zoombinis is an award-winning game (zoombi-
nis.con) originally designed as a puzzle game situated in the problems of database design,
allowing ample scaffolded problem solving for young learners [33]. It includes 12 puz-
zles wherein learners work through logic problems involving bringing characters to
safety by figuring out problems involving sorting, matching, and sequencing attributes
of the Zoombinis.

Fig. 1. Example images of Zoombinis puzzles (top left going clockwise): Allergic Cliffs,
Bubblewonder Abyss, Mudball Wall, and Pizza Pass [5]

Data were collected from 30 students who played research versions of four Zoom-
binis puzzles. The research versions of these puzzles were the same as those in the
commercial game except that it was free to participants and included data logging. The
four puzzles (see Fig. 1) studied were:

– Allergic Cliffs: In this puzzle, Zoombinis can only cross one of two bridges. The
player must discover which attributes allow each Zoombini to cross which bridge.

– Bubblewonder Abyss: In this puzzle, Zoombinis must move through a maze that has
junctions and switches triggered by Zoombini attributes.

– MudballWall: In this puzzle, players must figure out how the color and shape of each
mudball corresponds to a position on the wall.
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– Pizza Pass: In this puzzle, the player must find the combination of pizza (and at higher
level ice cream) toppings desired by a troll blocking the Zoombinis’ path.

In this study, we explored how separate and combined modalities of data (e.g., facial
expression and gameplay behaviors) depict and predict students’ learning and affect
while playing Zoombinis.

3 Approaches to Multimodal Data Collection and Analysis

Multimodal learning analytics using machine learning has shown promise in unpacking
patterns in behaviors [6, 28, 29]. In educational research, this approach provides new
insights into learning in game-based tasks in which students have different probability
to generate unique, personalized learning processes and affective trajectories [9]. Mul-
timodal data collection and analysis can be leveraged to understand students’ learning
behaviors and model students’ interactions or outcomes. For instance, in order to exam-
ine knowledge acquisition and assess implicit learning, a range of data channels such as
facial expressions [22, 44], gameplay behaviors [2, 3, 43], self-reports [12], and eye gaze
[14, 23, 46] have been used in game-based learning environments. Few of these studies,
however, have used multimodal approaches such as combining facial expressions and
gameplay behaviors to draw the pictures of students’ learning progressions.

The following sections provide both a summary of literature and example using
Zoombinis to show how different data sources can be used to examine students’ problem
solving and affective states.

3.1 Emotion from Facial Expression

As stated above, emotions are closely related and intertwined with students’ cognitive
performance in game-based learning settings. Negative emotions can result in reduced
focus [37]while positive emotionsmay facilitate increased focus [19]. Thus, understand-
ing the relationship between learners’ emotional states during gameplay can provide a
critical lens into identifying their engagement and learning. One approach to study
motion detection is through the studies of facial expressions [22, 24]. For instance,
Bosch and colleagues [10] developed an automated detector of affective states based on
students’ facial features when they interacted with a physics educational game system.
Another study examined the relationship among students’ facial behavior, emotions,
and learning via an automatic facial expression recognition system [51]. Taub [44] con-
textualized students’ facial expressions by integrating these data with their gameplay
analysis, which suggested a relationship between facial expressions, students’ learning
strategies, and learning performance. For example, brow raising could predict when a
student was confronted with obstacles and lip tightening and pressing may have been
evidence of students’ engagement in a task where needed to process more information.
Despite the promising trajectories of such studies in attempting to establish models of
detecting and interpreting students’ facial expressions to better understand their learning
process, these studies also unearth significant limitations. That is, to what extent can one
data source (i.e., facial expression) be an accurate predictor of something as complex as
emotion detection?
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3.2 Emotion from Gameplay Sequence

A learning trajectory is defined as the “paths by which learning might proceed” (p. 135)
when students progressed towards their intended learning goals [39]. Similarly, affective
trajectories are defined as a sequence of affective states over time in a complex learning
context [16]. Because of the range of learner experiences aswell as the fact that individual
students’ learning pathways are not known in advance, learning and affective trajectories
are considered hypothetical in educational research [41]. However, understanding the
general learning and affective trajectories studentsmay experiencemayprovide insight in
how to support them. In game-based learning, for example, sequences of affective states
are related to students’ gameplay events; unproductive trials may be associated with
frustration, cuing the need for hints and supports from the learning system or external
intervention [11]. Thus, analyzing transitions between affect and interaction patterns in
students’ learning processes and can provide insight into the complex interplay between
students’ affect and learning.

3.3 Multimodal Data Fusion Between Facial Expression and Gameplay Data

Analyzing both facial expressions and gameplay patterns is useful to estimate students’
affective and learning trajectories, which will provide multimodal data to clearly demon-
strate students’ learning state. Humans use multiple modalities in interactions, and a
single channel of data won’t fully capture the learning interactions [15]. In particular, in
digital game-based learning, students interact with both the digital game world and the
external learning environment (e.g., peers and the facilitator). As such, it is warranted
to explore and conduct multimodal data fusion that integrates a sentimental analysis
with students’ facial expressions and the sequence mining with the logged gameplay
behaviors.

Research on fusing data between students’ emotions and gameplay events is emerg-
ing. Andres and colleagues studied how students’ in-game actions can denote either
boredom or confusion in gameplay [4]. Through sequence mining of middle school stu-
dents’ gameplay logs, they computed frequent gameplay sequences and then conducted
correlation analysis to identify a significant association between gameplay sequences and
negative emotions. Taub and Azevedo [42] examined how students’ gameplay sequence
is associatedwith their emotional states. They used IMotions to capture the facial expres-
sions of six emotions (joy, anger, surprise, contempt, confusion, and frustration) and then
categorized two student groups based on the gameplay efficiency and emotion levels
(high and low). They then conducted differential sequence mining to demonstrate how
sequence patterns of students’ gameplay differed across two groups. These previous
studies focused on a cross validation between students’ gameplay sequences and emo-
tional states to investigate students’ learning processes. They appear limited to tracking
the ongoing dynamics of in-game actions together with the evolving emotional states. It
remains murky as to how players refine their in-game strategies in relation to changed
emotional states. Therefore, it is important to conduct fine-grained data analysis to fully
capture the dynamics between students’ gameplay strategy and emotional states changed
across time.
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4 Multimodal Data Fusion of Zoombinis Gameplay Data

To illustrate our data fusion approach, we attempted to fuse two data resources (facial
expression and gameplay data) to understand a student’s in-game learning states in
Zoombinis gameplay. In this section, we introduce our data wrangling procedure of
multimodal data fusion, and illustrate how we concatenate emotion recognition results
with sequence mining. Specifically, we demonstrate a data fusion example based on
students’ in-game strategy and emotion data from the Mudball Wall puzzle. The goal of
the Mudball Wall puzzle is to launch mudballs onto the cells with dots. Each mudball
a student has launched is related to either the shapes or the colors. If a mudball hits
specific cells with dots, a stepping boulder will move Zoombinis up to the cliff. During
gameplay, students are required to identify hidden patterns of either shapes or colors
aligned with mud ball positions.

4.1 Data Wrangling Procedure

The multimodal data analysis in this case consists of three data wrangling steps:
(1) collecting students’ physical and digital behavior data, (2) yielding individuals’
emotion recognition and gameplay strategymining results in each gaming round, and (3)
concatenating and then visualizing two different data sources (i.e., gameplay sequence
and emotion state) in a time series format. Figure 2 displays the data wrangling steps of
Zoombinis gameplay data for multimodal data fusion.

Fig. 2. Data wrangling steps of Zoombinis gameplay data

First, we collected students’ physical and digital behavior data—their facial expres-
sions recordedwith thewebcamera, and a logof their gameplay activities—inZoombinis.
We then used the open-source python package to process students’ face recorded videos
and conduct facial expression analysis. This package was designed using a convolu-
tional neural network-a deep learning technique specialized in processing a large set of
high-resolution images. The associated emotion detection model was trained with the
Facial Expression Recognition 2013 (FER-2013) open-source dataset shared by the data
repository of [50]. The reported accuracy of emotion detection in the package is above
65%. This package computed the likelihood of major six emotions (i.e., angry, disgust,
scared, happy, sad, and surprised) based on multi class classification. Human coders
with expertise iteratively reviewed and coded the video recorded facial expressions as
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a cross validation of the machine computed emotion recognition results. At the same
time, the researchers coded students’ enactment of various gameplay strategies with the
game logs based on a predefined coding scheme [1]. There are five in-game strategies
for the Mudball Wall puzzle: (a) color or shape constant, (b) 2D pattern completer, (c)
maximizing dots, (d) try all combinations of colors shapes, and (e) alternating color and
shape. Table 1 shows the details of each strategy in the puzzle.

Table 1. Strategy types and definitions in the Mudball Wall puzzle

Strategy Definition

Color or shape constant A player holds either color (e.g., blue) or shape (e.g.,
square) constant, while testing the other to find the
pattern of a row or column

2D pattern completer A player aims at completing the entire row and
column to identify the entire hidden pattern

Maximizing dots A player targets dots. The strategy only applies when
players have completed either row or column rules
and players need to be in the implementation phase

Try all combinations of colors & shape A player tests all shape and color pairs. A player
alternates both attributes between moves and does not
try repetitive shape or color

Alternating colors/shape Players systematically change between color and
shape constants to finish either a row or column of
the grid

We then concatenated two different data sources, integrated and visualized them in a
time series format. Figure 3-A and Fig. 3-B are illustrative examples of the multimodal
data fusion. These are time series graphs depicting how a student’s in-game strategies
with emotional states emerged in both early (A) and later gameplay (B) grounds. The
graph basically contains three different data types: gameplay strategy used (bar graph),
emotional states (line graph), and in-game performance (line graphwith squaremarkers).

Visual Analysis of Time Series. We conducted a visual analysis to compare two time
series graphics displaying a student’s gameplay strategyuses and emotional states in early
and later gameplay rounds. The time series data can be explained using the following
indices: level, trend, and variability (Gast Spriggs, 2009). As demonstrated by Fig. 3, the
student showed a high level of positive emotional states in the early gameplay round, in
comparison to that of the later round. The student experienced a lower enjoyment state
during the later stage of the gameplay round. Correspondingly, his gameplay strategies
switched more frequently during the later gameplay round (8th to 16th attempt in graph
B). This finding suggests that the student was likely to undergo challenges and frustration
during this period. Moreover, the student’s enjoyment state in the early gameplay round
shows a slightly increasing trend. In comparison, that of the enjoyment state in the
later round appeared decreasing. In terms of variability, the student’s enjoyment state



208 M. Israel et al.

Fig. 3. Time series graphs displaying the gameplay strategies, emotional states, and in- game
performance of a single subject (A = Early gameplay round, B = Later gameplay round)

appears moderate and consistent. In the earlier gameplay round, the student’s enjoyment
decreased at the third attempt and increased again to the highest point at the sixth
attempt. Interestingly, the student switched the gameplay strategy after the 3rd gameplay
attempt when experiencing the lowest enjoyment state. After maintaining a successful
game performance continuously over the next three attempts, the student’s enjoyment
then reached the highest level. Later on, his enjoyment state again gradually decreased
until the end of this gameplay ground, in spite of a four-time straight success. This
pattern suggests that the student may have been under challenged and bored. In the
later gameplay round, the student’s enjoyment state fluctuated. Correspondingly, he
used a more dynamic combination of in-game strategies than in the earlier round. In
this example, the visual analysis findings with multimodal data fusion in our approach
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provided a better understanding of the interactions between in-game performance, game-
based problem solving strategies, and emotion states.

4.2 Modeling Students’ Problem Solving Process with Hidden Markov Models

When learners interact with game-based learning environments, they exhibit game play
actions that suggesting awide range of in-game problem solving sequences. These game-
play actions can indicate students’ implicit learning process in problem solving tasks
[35]. Multiple theories of problem solving hypothesize that there are distinct qualitative
phases exhibited during effective problem solving [48]. Exploration of how learners both
employ problem solving strategies and advance in their use of these strategies can pro-
vide critical information not only about how learners solve problems, but when learners
could benefit from external scaffolding. From this perspective, understanding how and
why learners engage in problem solving is a pressing challenge. When learners interact
with game-based learning environments, the problem solving process is invisible; we
only have access to gameplay actions by behavioral evidence, such as that generated
from their login file data. Thus, studying problem solving within game-based learning
environments presents several challenges. First, it is difficult to identify an individual
learner’ implicit problem solving process. Second, although the literature recognizes
that problem solving processes are not static, there is only limited research investigating
when and why transitions between problem solving phases occur.

In game-based learning environments, one method for providing detailed informa-
tion for ascertaining learners’ potential problem solving states is through data captured
from real time actions [21]. Revealing these states can help us investigate learner’s prob-
lem solving progress and what actions might promote these transitions (e.g., seeking
help, finding a pattern, or adopting a different perspective). However, as stated above,
categorizing individuals’ gameplay actions as problem solving phases can be challeng-
ing; as such, they are considered “hidden” [45]. One approach to identify hidden states is
through the application of Hidden Markov Model (HMM - [32]), which could generate
probabilisticmodels of learners’ transitions between hidden states with datamining [40].
Through this approach, we can examine patterns in learners’ transitions among prob-
lem solving phases, which can be time-consuming through qualitative analysis alone,
especially at a large scale.

Illustrative Example from Zoombinis. In our example, Mudball Wall, students were
asked to complete a multidimensional grid with painting balls of various shapes and
colors [5]. In a specific puzzle, students attempt to launch paintballs of colors and
shapes and hit targeted cells with dots through multiple attempts. Students’ gameplay
logs generated many features for each attempt (e.g., howmany correct features of colors
and shapes selected by the student to correspond to rows or columns or both of them,
how much time spent on this attempt).

1) Coding students’ gameplay behaviors. Establishing a granularity of the gameplay
behaviors datawas needed, which allowed us to better understand and delineate students’
problem solving process. Based on the previous description of students’ interaction with
Mudball Wall, we chose to look at the events when students launched their specific mud-
ball with different colors and shapes (denoted in the logs as LAUNCHMUDBALL); this
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state provided us insights into students’ processes for exploring strategies and solutions.
By leveraging students’ previous attempts in the same game round, we could examine
more complex relationships between their current attempt and previouslymade attempts.
We then automatically coded each students’ LAUNCHMUDBALL events using binary
codes (see Table 2).

Table 2. Strategy types and definitions in the Mudball Wall puzzle

Marker Code Description

Did this attempt succeed? S/F S denotes success while F denotes fail

Are there any strategies used in this
attempt?

U/N U denotes some strategies used while N
denotes no strategies used (e.g., trying all
combinations of colors and shapes,
alternating colors)

Is there a correct attribute that always
exists in the following attempts?

E/A E denotes exist while A denotes absent

Are any unique combinations
of colors and shapes selected in this
attempt?

Y/W Y denotes some unique toppings selected
while
W denotes no unique toppings selected

2) Coding students’ problem solving behaviors. Previous work with Zoombinis has
resulted in definitions for specific, iterative phased of problem solving when students
engaged in Mudball Wall Puzzles (Rowe et al., 2017; Rowe et al., 2019):

– Trial and Error: students show no evidence of employing strategies, their actions are
random and independent of prior actions.

– Systematic Testing: students employ some strategies to test the mudball attributes
(e.g., test one attribute at each attempt, isolate one mudball attribute to columns or
rows).

– Implementing Solution: students identify one or more common attributes that are in
the same columns or rows.

– Generalizing Solution: this phase has two scenarios: students generalize mudball
values to attributes, for instance, rows are indicative of colors; a sequence of behaviors
is repeated across multiple game rounds.

Based on previous coded descriptions of each attempt created by students, we tried
to use Hidden Markov Model (HMM) to identify the nature and transition of problem
solving phases a student demonstrated in during the problem solving process. In order to
achieve this goal, two researchers of our team discussed and identified specific patterns
which indicated students’ problem solving processes. Students’ behaviors were coded as
Trial and Error when there was no evidence indicating that they performed the tasks in
an ordered, planned way. Random trials occurred in several attempts, seen as a sequence
of the codes FNAW, FNAY, FNAW.
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A Systematic Testing phase was codedwhen there was observable evidence of strate-
gies (denoted by U) used in one attempt by the student. Table 2 provides strategies which
were used frequently in Mudball Wall puzzles. For example, if a student tried differ-
ent strategies to solve the puzzles even without proper answers, seen as a sequence of
FNAW, FUAY, FUAY, which seemed to indicate that the student tried new combina-
tions of various colors and shapes for a mudball with some systematic strategies, his/her
behaviors were also coded as Systematic Testing.

Similarly, when a student recognized one specific attribute was in the same column
or row, the sequence of FURY, FURY, SURW was observed. This sequence might
indicate that the student attempted to consider new solutions to hit other empty grids
while keeping the correct attributes. Hence, we coded this behavior as Implementing
Solution because of evidence that the student had already understood partial solutions
or full solutions of this puzzle.

Since we did not examine multiple game rounds, the Generalizing Solution phase
was not considered in this illustrative example. Hence, a student might be in one of three
problem solving phases in one round. To account for students whowere not familiar with
playing Mudball Wall puzzles, we did not code any first attempt in each game round;
thus, these first attempts were aimed to give students a chance to better understand the
goals of Mudball Wall.

3) Illustrative Example Results.

Fig. 4. HMM for problem solving phases for one student

We used Python’s HMMLEARN package to create our HMM. Different initial tran-
sition table values were set up in order to eliminate the limitation of local optima when
calculating the probabilities of transitions between different hidden phases. Results from
one student showed that our HMM stably converged to the following transition table
finally (Fig. 4).
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5 Discussion and Implications

This study sets the stage of methodological approaches that involve fusion of multiple
data sources to understand problem solving process and emotional states as students
engage in game-based computational thinking (CT) activities. Our exploration in fusing
the data of facial expressions and gameplay logs to identify the association between
emotional states and game-based problem solving strategies suggests that multimodal
data sources are cooperative in tracking or estimating the states of game-based computa-
tional problem solving. A visual and association analysis of the time series data of both
data sources has provided a better understanding of the dynamics governing a learner’s
game-based problem solving strategies, in-game performance, and emotion states. The
finding implies that the learner’s cognitive and affective states during problem solving
are highly interactive with each other and dynamically evolving. Efforts to scaffold the
desirable cognitive and affective states to reinforce game-based problem solving per-
formance should tackle the cognitive affective dynamics simultaneously, rather than
focusing on an individual facet. Future research on multimodal data fusion on cognitive
affective states during problem solving should integrate additional data sources, such
as eye tracking and speech data. The process of data fusion, especially in terms of the
associative data analysis with the sequence or time series data, should be further inves-
tigated. It is warranted to explore alternative and applicable state estimation methods in
identifying, extracting, and congregating features from each data source for a common
cognitive-affective state (e.g., frustration, boredom, or chanciness) during CT education.
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Abstract. This paper presents a conceptual discussion of the theoretical con-
structs and perspectives in relation to using eye tracking as an assessment and
research tool of computational thinking. It also provides a historical review of
major mechanisms underlying the current eye-tracking technologies, and a tech-
nical evaluation of the set-up, the data capture and visualization interface, the
data mining mechanisms, and the functionality of freeware eye trackers of differ-
ent genres. During the technical evaluation of current eye trackers, we focus on
gauging the versatility and accuracy of each tool in capturing the targeted cogni-
tive measures in diverse task and environmental settings—static versus dynamic
stimuli, in-person or remote data collection, and individualistic or collaborative
learning space. Both theoretical frameworks and empirical review studies on the
implementation of eye-tracking suggests that eye-tracking is a solid tool or app-
roach for studying computational thinking. However, due to the current constraints
of eye-tracking technologies, eye-tracking is limited in acting as an accessible and
versatile tool for tracking diverse learners’ naturalistic interactions with dynamic
stimuli in an open-ended, complex learning environment.
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1 Introduction

Computational thinking (CT) refers to a notion of using algorithmic thinking and com-
putational solutions to represent complex tasks, solve problems, and design systems [2,
6, 52, 56]. Prior research has conceptualized and studied CT as a) a problem-solving
practice (e.g., algorithm design, testing, and debugging, or data organization and anal-
ysis), b) an assortment of computational concepts (e.g., sequence, parallelism, control),
c) foundational cognitive processes related to algorithmic thinking (e.g., abstraction,
pattern recognition and generalization), and d) dispositions and perspectives important
for the enactment of the aforesaid elements (e.g., tolerance for ambiguity, persistence,
collaboration). Despite emerging as an area of growing educational significance in K-12
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education, conceptual and empirical research on CT education is still under-researched
[3]. In particular, there is a need to explore effective methods and tools for assessing CT
as a multifaceted competency developed and enacted during dynamic, contextualized
practices. Recent research is starting to suggest the use of eye tracking for assessing or
validating learning of CT, attitudes toward, cognitive engagement with, or processes and
states of development in CT practices (e.g., [4, 39, 50]). However, this research approach
is still emerging and is not yet a common practice.

Eye tracking has long been used in the field of cognitive psychology to study underly-
ing cognitive constructs such as attention, memory formation, and processing difficulty
[45, 46]. It has also long been considered one of the best measures of visual attention
allocation [42], and hence a prominent approach for tracking learners’ interaction with
the external environment or stimuli. The use of eye tracking to study students’ attention
and explore their cognitive processes or efforts in authentic educational environments
has beenmore limited but has garnered increasing interest in recent years [12]. Advances
in both hardware and software based eye tracking solutions along with a reduction in
their cost has made deployment of these solutions at scale possible [41, 55]. There is also
an increasing need for a non-intrusive assessment or analysis tool that can track learn-
ers’ engagement, cognitive processing patterns, and their cognitive-affective states in a
personalized, highly interactive, or collaborative learning environment. In partnership
with other multimodal or action-oriented data resources, eye tracking enables learning
scientists to better study affordances of a learning environment along with learners’
agency and conscientiousness.

Therefore, in this paper we intend to provide a conceptual discussion of the theoreti-
cal constructs and perspectives in relation to using eye tracking as a CT assessment tool.
We will also survey the current eye-tracking technologies—freeware desktop, mobile,
and web-based eye trackers—to present a technical evaluation of their set-up, data cap-
ture and visualization interface, data mining mechanisms, and functionality. During
the technical evaluation of current eye trackers, we focus on gauging the versatility
and accuracy of each tool in capturing the targeted cognitive measures in diverse task
and environmental settings—static versus dynamic stimuli, in-person or remote data
collection, individualistic or collaborative learning space, and neurodiverse learners.

2 Theoretical Constructs and Perspectives

Much of the prior work involving eye tracking and learning has focused on looking at
memory formation with a focus on the cognitive processes involved. This has included
looking at the visual attention, processing difficulty, working memory, and long-term
memory aspects of simple tasks including sentence reading, visual search, category
formation and list recall [46]. Prior research on eye tracking and learning have provided
a great deal of understanding of the various cognitive elements that make up learning but
have had limited impact on classroom learning [12]. In the following section, we provide
a review of major theoretical perspectives and related constructs that should shed light
on using eye tracking in the assessment and research of CT.
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2.1 Eye-Mind Assumption (EMA) and Visual Attention

The relationship between eye movements and cognitive processes are based on two
assumptions established by Just and Carpenter [23]: the immediacy assumption and eye-
mind assumption. Assuming a linkage between a person’s visual focus and cognitive
focus, the immediacy and eye-mind assumption were often used as an operational basis
for interpreting eye-tracking data. Just and Carpenter contended, “there is no appreciable
lag between what is being fixated and what is being processed” and “the interpretations
at all levels of processing are not deferred; they occur as soon as possible” (p. 331).

People’s visual attention behavior involves two types of attention: overt attention and
covert attention [14]. Overt attention is the act of intentionally directing one’s attention
towards visual stimuli, it happens when one selectively attends to one stimulus while
others are ignored. Covert attention is a neural process, it happens when one attends to
something without moving the eyes towards the object attended [15]. In the literature,
eye-tracking methodology is emphasized to provide a direct and objective measure of
overt attention by capturing the timing and location of participants’ visual focus during
visual studies [17]. Covert attention, however, cannot be directly measured via eye-
tracking technology, but it can be inferred by integrating eye-tracking measures with
other types of measures such as behavioral data and physiological data [14, 30].

Eye-tracking has become a focus of interest in computer-supported collaborative
learning (CSCL) research. It is considered a promising technique to examine and support
visual attention coordination, or joint attention, in collaborative learning environments
[47]. Joint attention is the ability to coordinate one’s focus of attention with that of
another person during a social interaction; it is “crucial for the development of social
communication, learning and the regulation of interpersonal relationships” ([10], p. 502).
The literature suggests that eye gaze, earlier than language and pointing gestures, is
typically the initial communicative channel one develops and relies on to experience
joint attention in social interactions [43]. With the enhancement of the eye-tracking
technology in measuring subtle changes in visual attention, eye-tracking becomes a
robust method to detect joint attention (e.g., [34]).

Previous studies emphasized that the ability to establish joint attention is crucial for a
group to establish a commonmentalmodel and empathy in collaborative problem solving
(e.g., [48]). Joint attention was measured in multiple ways in these studies. For example,
Papavlasopoulou et al. [38] compared eye fixations of participants in two different groups
and examined the level of their gaze similarity (e.g., spatial dispersion). Schneider et al.
[48] constructed a metric for joint attention by incorporating the captured gaze points
with two additional parameters: latency and distance between gazes. Pietinen, Bednarik,
and Tukiainen [44] developed a new joint visual attention metric using the number of
overlapping fixations and fixation duration of overlapping fixation to examine the quality
of collaboration.

2.2 Engagement

Engagement and its measurement have long been a focus of research in human-computer
interaction [37]. Traditionally, engagement is measured through self-report instruments
[16]. Eye-tracking can compensate for the weaknesses of self-report measures (e.g.,
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honesty, sampling bias) and is gaining growing popularity in research of engagement.
At a lower end, engagement can bemeasured by the act of paying attention [33]. O’Brien
and Toms [36] argued that user engagement manifests through the observed interest and
visual attention when the user interacts with a designated tool. Extending this view,
Bassett and Green [7] concluded that visual attention provides an important lens to
understand cognitive engagement. Based on the eye-mind assumption that people tend
to engage with what they visually attend to, eye-tracking metrics such as fixation fre-
quency and fixation duration are widely used to indicate the level of engagement in
learning. Specifically, higher fixation frequency and longer fixation duration are linked
to higher levels of engagement in learning. As an effective tool to measure micro-level
engagement [33], eye-tracking has been utilized alongwith other types ofmeasures (e.g.,
performance, self-report, and physiological measures) to capture and assessmultifaceted
engagement in learning (e.g., [24]).

2.3 Inferring Cognitive Processes, States, and Traits via Eye Tracking

Current eye-tracking technologies allow researchers to trace participants’ eye move-
ments with minimum intrusiveness, which makes the eye-tracking data a solid inference
of the cognitive or information processing patterns, states, or traits [1, 54]. In the research
of multimedia learning, eye-tracking is frequently used to study how learners visually
process different formats of information. The literature has established a number of eye-
trackingmetrics that are commonly used to infer participants’ cognitive processes during
learning [22]. For example, the number of fixations overall is a widely used eye-tracking
measure inHCI studies, it is thought to be negatively associatedwith participants’ search-
ing efficiency [19]. A greater number of fixations indicate lower searching efficiency
which possibly due to the poor design of visual elements display [22]. Frequency of
fixations on a specific area or element demonstrates the importance of the fixated area or
element. Additionally, the time one spends gazing at a particular component of a visual
scene designates the content he/she is visually engaged with [32].

Fixation duration is a commonly used metric to measure the level of processing diffi-
culty in learning [51]. A longer fixation duration on a stimulus indicates greater process-
ing difficulty associated with the stimulus (e.g., [35]). Saccades, the quick movements
between fixations, is another cognitive measure related to eye-tracking [18]. Saccade is
believed to relate to the change of focus in visual attention and interest in learning (e.g.,
[18]). Typical saccade-based metrics include number of saccades, saccadic amplitude
(i.e. saccadic distance), saccade regressions, saccadic duration, or saccadic velocity [9].
Previous studies suggested that fewer saccades are associated with less mental effort
during task performance (e.g., [39]). Saccade amplitude, specifically, is used to gauge
the cognitive processes that involve planning and hypothesis testing [11].

2.4 Cognitive Load and Effort

Cognitive load is a commonly examined cognitive construct in eye-tracking research
(e.g., [29]). The cognitive load theory implies that humans have a limited capacity and
duration of working memory, and the amount of information one is able to process
and temporarily store in working memory cannot exceed the limit of the capacity [53].
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Fixation counts and fixation duration are typical metrics used to infer the mental effort
participants exert or the cognitive load they experience during a task (e.g., [58]). Accord-
ing to Obaidellah et al. [35], low fixation time and counts link to less effort in mental
processing, while long fixation time and high fixation counts indicate more effort is
warranted for the task. In addition to these fixation-based measures, another important
metric in identifying cognitive load is pupil size [32]. Pupil size has in recent years been
used to examine the degree of cognitive load participants experience when accomplish-
ing a task. Prior research found that pupil dilation increases when a task is perceived
cognitively demanding (e.g., [21]).

3 Prior Eye-Tracking Reviews

A number of prior eye-tracking review studies have been conducted to provide an
overview of eye-tracking methodology, how it connects to research of HCI, learning,
and cognitive science, as well as the merits and challenges associated with using eye-
tracking for educational and research purposes (e.g., [1, 8, 25, 31, 49]). In this section,
we provide a synthesis of the major findings and discussions of these review studies.

Alemdag and Cagiltay [1], for example, conducted a systematic review of eye-
tracking research in thedomainofmultimedia learning.Thiswork revealed thepopularity
of temporal and count scales of eye-tracking measurements in multimedia research, pro-
viding three cognitive processes: selecting, organizing, integrating. The authors empha-
sized the necessity to bridge the current gap of eye-tracking studies with young partici-
pants, and advocated more effort to be invested in research in the K-12 contexts. Addi-
tionally, future studies should consider including qualitative analysis of eye movement
measures to supplement and support quantitative eye-tracking measures.

Focusing on the application of eye-tracking methods in spatial cognition, Kiefer
et al. [25] provided a review of recent literature and claimed that the potentials of mobile
eye-trackers in real-world studies have only just started to be exploited. However, two
main challenges of current mobile eye-tracking studies should be acknowledged: a) the
processing of mobile eye-tracking data is labor-intensive; b) the real-world environment
is hard to control. Therefore, the trade-off between internal and external validity is a
particular challenge for eye-tracking studies in authentic environments. For future eye-
tracking research in spatial cognition, the author suggests that more effort be devoted
to advance the traditional eye-tracking analysis, beyond the classic fixation, saccade
or scan-path measures, and consider deconstructing the complexity of the interplay
between ambient and focal attention [27], and participants’ switching patterns across
areas of interest [28].

Blascheck et al. [8] performed a survey of 90 publications to examine visualiza-
tion techniques used in eye-tracking studies. Overall, nine types of visualization tech-
niques were identified while some existing challenges and unanswered questions were
revealed. For example, capturing participants’ interactions with dynamic stimuli still
emerged as a major challenge in current eye-tracking studies. Given the growing trend of
research involving multimodal data analysis, developing multimodal data visualization
techniques (e.g., combining eye-tracking data with other sensor information from EEG
devices, or skin-resistance measurements) can be a potential focus in future eye-tracking
research.
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3.1 Summary

Multiple salient and common themes have emerged from the findings of these previous
eye-tracking review studies. First, the diversity and richness of quantitative metrics of
eye-tracking as inferences of the aforementioned theoretical constructs on cognition and
learning are unanimously reported by prior reviews. The parameters involved in these
quantitative eye-tracking metrics are generally specified in the previous studies. On the
other hand, an integral analysis with these eye-tracking metrics to infer on a compre-
hensive or multifaceted cognitive process, state, or trait of learners is still lacking. The
previous reviews also reported a concern on the lack of cross-validation and in-depth
analysis with the current quantitative eye-tracking data [1, 8, 25, 31, 49]. Second, even
though eye-tracking has been frequently used to investigate the dynamics between a
learner (user) and an interactive, computerized learning environment, the designated
stimuli or areas of interest in such an environment are typically fixed, pre-defined, and
constrained. Due to the limited functionality of current eye-trackers, eye tracking is gen-
erally used in a highly controlled lab setting and falls short of capturing and measuring
the learners’ interactions with dynamic or emerging stimuli in an open-ended learning
space. Ultimately, prior research on how the implementation of eye-tracking will address
the needs of neurodiverse users or learners with diverse cognitive or physiological char-
acteristics is generally missing. As such, sampling bias is an innate issue in eye-tracking
research.

4 A Survey and Evaluation of Existing Eye-Tracking Technologies

4.1 Introduction

From the onset of the 20th century, scientific research has been using basic eye move-
ments such as saccadic suppression, saccade latency, and the size of the perceptual span
to make deductions in the field of behavioral experimental psychology. The fast stream
of technological development has allowed eye tracking to trickle into other fields of
research, with hardware and software algorithms allowing researchers of different sci-
entific fields to incorporate eye tracking into their scientific endeavors. In addition, the
availability of eye tracking has made it present not only in scientific research but also
in the commercial world. Initially, eye tracking relied on hardware specifically built for
eye tracking, such as Charles Judd’s eye movements camera [59]. However, the fast
opportunities that eye tracking offered to the commercial world has pushed for faster
development and a shift from the expensive, intrusive and specially built apparatus to
software that works with any general webcam.

With the introduction of eye-tracking in both the commercial world and scientific
research, a unique field of research has emerged to improve the accuracy of the eye
tracking algorithms aswell as the real-time information they provide. Various companies
are interested in tracking the gaze of potential customers on their infomercials, while
the scientific community develops a similar goal of pinpointing the gaze of a user of a
specific platform. One way of estimating this gaze is using real-time images of certain
facial features and specific interactionswith a platform to estimate the part of the platform
at which the user is looking. This appearance-based method does not require specific
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cameras and can be done using a regular webcams, but is limited by the computational
power of the estimation algorithm. Conversely, a different method relies on a more
technologically advanced camera to extract features not available to the naked, and runs
specific models with these unseen features to estimate gaze. One such example of this
model based method is an infrared camera that uses the IR glint of the eye to estimate
the gaze. These methods may not be computationally expensive but require specific
hardware to function.

The appearance-based method has opened up an interdisciplinary field of compu-
tational mathematics that aims to output the most accurate gaze estimation, given an
input of images of specific facial features of a user and interactions of said user with the
medium. This goal has been approached from all the different corners of computational
mathematics and data mining. The model is generally a two-step process, consisting
of an algorithm extracting facial features, such as the pupils of the eyes, and the gaze
prediction algorithm, correlating those features with specific points of the screen. The
simplest gaze prediction algorithm is the interpolation of interactions with a known
gaze point to produce a curve from which the gaze point of other interactions can be
estimated. The model is a good starting point as it makes certain assumptions about
the user’s interactions and has been used in certain papers where these assumptions are
valid. In addition, this method is not computational expensive so therefore can be done
on various platforms and mediums.

4.2 Evaluation of Freeware Eye-Trackers

WebGazer. An exemplary embodiment of the appearance based method is WebGazer
[40] with the additional feature of data validation, in the form of data points acquired
during specific mouse movements. WebGazer uses the facial recognition algorithms to
identify the pupils in the image which chronologically corresponds to a specific mouse
click. This facial recognition algorithm converts the pixels that make up the pupils into
a 120D feature vector. Afterward, this feature vector, along with screen coordinates of
the corresponding click, form the linear interpolation with which future gaze points are
estimated. WebGazer does not require an initial calibration. The parameters of the linear
interpolation are formed as the software is being used, meaning that it might take some
time for the said parameters to stabilize around a specific value and consequentially for
the program to make stable gaze predictions.

WebGazer algorithm is implemented in JavaScript, which can be included on the
HTML side of any website. Therefore any activity that would require the use of
WebGazer would have to be hosted on a specific website. WebGazer uses Clmtrackr
for the facial recognition portion of the algorithms but has the option to incorporate
other tools or libraries. Lastly, WebGazer has been designed with the anonymity of the
website visitor in mind, therefore as it is being hosted on a website, it only records the
estimated gaze coordinates of a website visitor and aggregates them with data collected
of other users. This aggregated data provides a general overview of the estimated gaze
of all visitors. This feature makes WebGazer ideal for discovering what captures the
attention of most visitors of a website, but also makes WebGazer very difficult to use
in applications where the gaze of a specific user needs to be tracked continuously and
known at each time point.
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PACE. The algorithmbehind PACE [20]works in a similarmanner as that ofWebGazer:
the gaze estimation algorithm is trained as the software is being used. It also uses the
Clmtrackr to acquire the facial features, and packages them into 120D feature vectors,
expanding the data collected to the whole face instead of being limited to the pupils.
PACE also collects the corresponding gaze screen coordinates from mouse clicks and
other mouse interactions. But before those mouse-click coordinates are used as part of
the training data, they undergo a rigorous process that validates whether the position of
the mouse matched the user’s gaze at that moment through behavioral and data-driven
validation. The first hundred validated data points, both screen coordinates and corre-
sponding feature vectors are fed into a random decision forest to train the gaze prediction
algorithms that estimates the gaze from then on. In conclusion, PACE, like WebGazer,
does not require an initial calibration from the user but does not produce any gaze esti-
mation until a specific amount of acceptable data has been gathered. Unlike WebGazer,
PACE does not constantly retrain its algorithm and therefore the gaze estimation param-
eters stabilize conclusively. PACE is a standalone system that can extract data from both
live webcam recordings and pre-recorded webcam videos, and therefore can easily be
used in situations where the exact movement of the gaze of a specific user needs to be
known.

TuckerGaze. Venturing further from the simple design of the gaze prediction with
linear interpolation and random forest, there are other algorithms that use more complex
mathematical methods but require a bit more computational power. This trade-o limits
the applications and settings in which they could be used. Like the previously mentioned
software, TuckerGaze [57] extracts facial features of images from its training data using
Clmtrackr. However, the training data is not gathered throughout the use of the software;
instead it is collected before the software is used, through an initial calibration. The
collected training data is then trained on an algorithm with Ridge Regression and the
resulting model is used for future gaze prediction. After its use online, TuckerGaze
reevaluates its prediction model using SVCwith Gaussian Kernel. TuckerGaze has been
hosted on websites and has only been used for specific gamelike interactions, to produce
gaze estimation during preordained stimuli. It does not have the variability of use as the
aforementioned software, but presents an important evolutionary landmark in appearance
based gaze estimation.

Gaze Capture. Another important evolutionary landmark in eye-tracking algorithm is
the introduction of artificial neural networks. The recent widespread utilization of artifi-
cial neural networks (ANNs) in the computationalworld for the purposes of classification
and regression has inspired attempts of incorporatingANNs in gaze estimation. The team
behind Gaze Capture [26] built a training data set from collecting mobile phones cam-
era face recordings of a large number of participants, following guided movements on
screen. The cropped up images of faces and eyes from each recording and the assumed
corresponding gaze point were used to train a neural network. This neural network is the
basis for the gaze prediction software behind Gaze Capture. Such a setup, through its
incorporation of mobile phones, allows for fast training of neural networks. But it does
not translate into accurate predictions outside of the environment in which the training
data was made. Therefore it may be unsuitable for gaze estimations in environments
where the screen used is significantly larger than the screen of a mobile device or tablet.
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OpenFace 2.2. While not specifically designed for eye tracking, OpenFace [5] is a
popular open source toolkit that is capable of identifying eye location, eye landmarks,
head orientation, and gaze direction. OpenFace is primarily designed for facial behavior
analysis. The software can identify 68 facial landmarks and based on those landmarks
can identify 12 facial Action Units (AUs). While it doesn’t directly detect emotions the
detected AUs can be mapped onto emotion states based on the Facial Action Coding
System (FACS) [13].

OpenFace doesn’t provide actual eye tracking, that is, it does not provide a direct
estimate of what the subject is viewing on the screen. Instead of training a neural network
to map visual input onto screen locations, OpenFace instead tries to model the eye itself
and maps the visual data onto eyeball orientation. OpenFace is also estimates head
location and head orientation which in combination with the eye orientation data should
allow for an estimate of the gaze location on any surface relative to the camera location.

In order to assess the accuracy of OpenFace’s gaze orientation algorithm, we col-
lected data from four participants. All participants had normal vision. Two participants
were adults and two were children ages 8 and 10. Participants were asked to sit two feet
in front of a laptop computer running OpenFace. Participants were asked to perform the
follow series of head and eye movements:

– Fixate the center of the left, right, top and bottom edges of the screen without moving
their heads

– Move their heads up, down, left, and right while fixating the center of the screen

Changes in themagnitude and direction of their gazewasmeasured as they performed
these actions. The results were consisted across all four participants, see Table 1 for
details.

Table 1. Results of observed impact on detected gaze orientation in OpenFace 2.2 as eye and
head orientation is manipulated independently.

Action Prediction Observation

Look left, head fixated Gaze shifts to the left Gaze shifts to the left

Look right, head fixated Gaze shifts to the right Gaze shifts to the right

Look up, head fixated Gaze shifts up Little to no shift in gaze

Look down, head fixated Gaze shifts down Little to no shift in gaze

Fixate center, head moves left No change in gaze Small gaze shift to the left

Fixate center, head moves right No change in gaze Small gaze shift to the right

Fixate center, head moves up No change in gaze Gaze shifts up

Fixate center, head moves down No change in gaze Gaze shifts down

The findings of our small assessment of the accuracy of gaze orientation detection
in OpenFace 2.2 indicates that the software algorithm has a difficult time distinguishing
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between head and eye movements, even though it is able to detect each independently.
This challenge is a common one in eye tracking research which is why most lab research
involving eye tracking uses a protocol that eliminates head movement. More troubling
however is that OpenFace was unable to detect vertical shifts in eye orientation if they
were not accompanied by head movements. This makes OpenFace’s algorithm only
useful for very coarse estimates of visual attention allocation.

5 Conclusion and Implication

Both theoretical frameworks and empirical review studies on the implementation of
eye-tracking suggest that eye-tracking is a solid tool or approach for not only capturing
observed engagement behaviors or states (e.g., visual engagement and joint attention
coordination), but also inferring covert cognitive processes or traits (e.g., information
processing patterns, cognitive effort or commitment). A rich set of eye-tracking met-
rics have been delineated and infield tested as measures for these cognitive variables in
the research of learning and HCI. All these prominent facets of eye-tracking apply to
CT, a componential area of both learning and HCI. However, due to the current con-
straints of eye-tracking technologies, eye-tracking is limited in acting as an accessible
and versatile tool for tracking diverse learners’ naturalistic interactions with dynamic
stimuli in an open-ended, complex learning environment. Such a limit imposes a con-
flict between eye-tracking and the current CT education that highlights an inclusive or
adaptive design for neurodiversity as well as authentic, constructionism-oriented learn-
ing activities. Notably, the recent development of deep learning and data mining can
potentially push the boundary of eye-tracking algorithms to enhance its accuracy and
versatility in gaze capturing and prediction in a more naturalistic and versatile way. It is
also warranted for cognitive and learning scientists to conduct more systematic research
on the methods of data fusion and integral analysis that will enhance and cross-validate
the interpretation of the eye-tracking data along with that of other multimodal behavioral
and physiological data.
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Abstract. The use of online meeting applications for educational purpose,
has increased during pandemic. These meeting applications mostly use textual
prompts as a way of communicating with the user, which might not be suitable for
kindergarteners. To enhance the usability of meeting applications, Visual Prompts
and visual cues are suggested to apply in this research for attaining better user expe-
rience, and the efficacy and efficiency is proved by the experiments and results of
this study. A task-based user experiment was designed for kindergarten children,
aged from three to seven, where theywere asked to complete certain tasks based on
three different Visual Prompt designs in the online meeting application interface.
The Visual Prompts were designed using Unity software for Zoom application
platform. The results were analyzed for task success rate and task completion
time using SPSS statistical analysis software. The results showed high t-values of
success rate (t = 5.093) and task completion time (t = 10.093), which indicates
that the technical scaffolding, in the form of Visual Prompts, is more helpful to
communicate the information for a given task.Moreover, it was concluded that the
use of Visual Prompts enhanced the learnability of an online meeting application
for young children, whereas the textual prompts lagged in performance due to
underdeveloped language skills of the same age group.

Keywords: Visual prompts ·Multi-touch interaction · Kindergarten children ·
Human computer interaction · Online teaching platforms

1 Introduction

Online education using video conferencing and online meeting applications have gained
much popularity during the covid-19 pandemic situation globally [1], and most of edu-
cational institutes have opted for distance/online learning models or hybrid teaching
models [2]. The sudden shift of teaching method of delivery from face-to-face to online
meetings has infused the need to studying the currently available user interfaces for
tablets, smartphones, and PCs. For the sake of this simplicity, this study is will evaluate
the tablet interface only as studies have shown that input via touch screen is far more
natural and intuitive as compared to other conventional input devices such as keypads
[3]. Moreover, there is larger acceptance for multi-touch screen as compared to single
touch in younger children [4].
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As such, there has been some resistance in the learning process for children in
kindergarten classeswhen using these electronic devices and onlinemeeting applications
for taking classes [3]. The popular andmost used platforms for onlinemeetings areZoom,
WebEx, MS Teams, and Google Meets. A typical online video conferencing platform
from Zoom application is shown in Fig. 1. There are continuous textual instruction
and pop-up demos for explaining the buttons and actions which is based on adult user
interface design principles.

Fig. 1. Typical video conferencing application interface with red arrows for highlighting the
buttons. Screenshot taken by author via Zoom Application PC Client [5]

With kindergarten children using the onlinemeeting applications,mostly they require
an adult to assist in the initial setup, but afterwards, they are mainly interacting with
their teacher on their own. Mostly, the online meetings require the child to mute/unmute
options, but there can be imbedded learning activities, which required the children to
draw or choose options on the screen.

Previously,multiple studies have proven that demo in the formof short text andvideos
within the application will improve learnability, by guiding the user about performing
simple operations until he fully understands the functionality of the product [6, 7]. But
user interface designing process of online learning applications for children gets more
challenging because of their verbal limitations [8, 9]. Special communication strategies
such as technical scaffolding, are used in these devices now-a-days to overcome this
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issue [10, 11]. In support of this, many studies are also exploring the use of visual aid,
and Visual Prompts to evaluate the efficiency and effectiveness in using these interfaces.

A study conducted in Spain, used Visual Prompt and cues to overcome the commu-
nication gap between application and younger children [12]. This test was conducted
on a gaming application for kindergarteners and it proves the efficacy of simultaneous
visuals prompts. The results confirmed that despite of their age, kindergarteners can
interact using multiple gestures and were able to achieve the goal smoothly by the help
of visual cues. However, this study only considered two visual aids at one point, and that
too on a gaming-based learning application, as shown in Fig. 2.

Fig. 2. Example of game with Visual Prompts for gestures [12]

Another study by the same research team, explored theVisual Prompts for directional
awareness in kindergarten children, using a tablet user interface [13]. The study con-
cluded that kindergarten children could complete a task with directional awareness with
almost 100% accuracy. It was found that children were very efficient in interpreting and
predicting the data from the Visual Prompts to anticipate the location of different objects
outside of tablet screen virtual world. Again, this study also used a gaming interface for
conducting this research, with single visual aids at one time, as shown in Fig. 3.

Since tablet games are very popular in children and are widely used these days
for entertainment, the evaluation of Visual Prompts using game user interface can be
questionable. Now-a-days, the same children have no option but to opt for onlinemeeting
platforms, which can be a very different user interface as compared to a game user
interface.

Online meeting applications requires novel graphical strategies to enhance learn-
ability of application. Instead of continuous demos and textual instruction, the online
meetings interface should focus on having Visual Prompts, as they can help concen-
trating more on content learning, rather than getting the hold of available options. In
addition, using visual cues can enable children to share information from their end and
thus engaging in better collaborative learning with teacher as well as other students.

Meeting applications for online learning lacks the flavor of these special communi-
cation strategies and to the author’s best knowledge, there no explorative study done to
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Fig. 3. Visual Prompts with directional clues [13]

improve the user interface of online meeting platforms for supporting online education
for kindergarten children. Therefore, in this study, an online meeting platform will be
used as case study, to explore the effect of using Visual Prompts in improving the user
experience in an education setting.

The aim of this paper is to evaluate Visual Prompts as a solution to improve the
usability of online meeting platforms for kindergarteners. This is achieved by addressing
the following objectives:

1. Introduce appropriate graphical strategies such as Visual Prompts and visual cues to
improve usability.

2. Enhancing the learnability and reducing technical scaffolding from the adults
3. Conducting high fidelity prototyping to test outcome of proposed solutions
4. Suggesting recommendations for improved UX design based on results.

The organization of this paper is given as; firstly, the introduction; secondly a litera-
ture review in accordancewithVisual Prompts and user interface testingmethods; thirdly
a breakdown of research methods and steps taken to proceed with this study; fourth the
results from experiments, and lastly a discussion on the results obtained, followed by a
conclusion.

2 Literature Review

Many studies have been conducted in the previous twodecades exploring the use ofmulti-
touch display and to improve its usability for children. However, in the current situation
of covid-19 pandemic, the use of touch devices has increased in the kindergarteners
for educational learning [14]. Most of the online learning is taken place through online
platforms, i.e., some institutes are using Zoom meeting client while other are opting for
Microsoft Teams. However, the challenge is transfer of information to the young children
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aged between 2 to 4 years.While using these applications children need technical support
from the adults for interactive sessions with instructors. Using touchscreens for gaming
apps and other entertainment applications such as YouTube and video-players is not
difficult for young children, which implies that the interface of online meeting clients
lacks some basic Human Computer Interaction (HCI) principles to make it usable. In
this paper we aim to deduce and evaluate a solution to improve the usability of these
online meeting clients for kindergarteners.

In 2007, a study was conducted to improve the usability by giving instructions in
the form of animation. It was found that the animated information proved itself to be
useful if coupled with spoken instruction from the adult. However, it was effective for
the children with age six and onwards and not for the younger children [15]. This posed
a need for having an adult giving spoken instruction or recording audio messages, which
can be a challenging task for different speaking dialects.

Another study by Kahkonen and Ovaska, proposed that instructions in the form of
text or animation does not improve learnability, to overcome the limitations of textual
information, audio messages coupled with animated video were evaluated [7]. It more
explored that not only children but adults with novice knowledge about computer devices
will perform better with this kind of graphical help. However, there were also limitations
such as language barriers and vocabulary. Another study performed by Baloain et al.
strongly agrees with the findings of previously mentioned study. It propose that young
children aged 5 to 7 are ready for visual cues but they have issues with audio instructions
[16].

In response to above mentioned challenges, there has been many attempts in the
HCI research area to enhance usability of touch screen devices for young children.
In 2019, a study propose that Visual Prompts are effective tool of communication for
kindergarteners [13]. Young children were able to perform better in the gaming app
environment with the help of visual cues andVisual Prompts. These graphical techniques
prove themselves to be effective for communicating directional awareness. In the cited
work, certain recommendations have been added for designer to choose appropriate type
of prompt in accordance with the application.

Following to this, in 2020, an extension of this study conducted by same team, found
that kindergarteners can comprehend Visual Prompts and visual ques effectively [12].
The use of appropriate prompts and ques will enhance the usability of a game app up
to an extent where adult guidance is no longer needed. Moreover, these children can
comprehend simultaneous Visual Prompts as well and they were able to achieve the goal
efficiently by comprehending this graphical kind of help.

Another study concluded that, including Visual Prompts does not guarantee the
usability improvement [17]. Poor design i.e., ignoring all the basic principles and guide-
lines of HCIwill not be successful. Appropriate Visual Prompts andVisual cues in accor-
dance with the domain of application is needed i.e., environmental requirements, func-
tional requirements, usability requirements, and user experience requirements should be
considered.

In the current scenario of covid-19 pandemic, touch screens are also used for online
learning. This online learning requires the use of online meeting clients. The following
knowledge gaps have been identified by looking at the previous studies in this area:
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Fig. 4. Textual instruction. Screenshot taken by author via Zoom Application PC Client [5].

1. These online meeting applications failed to follow some of the basic principles and
guidelines of HCI and Interface design.

2. The use of textual prompts, as shown in Fig. 1 and Fig. 4, failed to communicate
information to the kindergarteners.

3. Limitations of language and vocabulary does not allow them effective use of these
application.

4. There is a high dependability on learning scaffolding from the adults. These inter-
ruptions in the form of technical scaffoldings divert their attention and make them
unable to focus on learning session.

Clearly, there is a need to design the user interface targeting the young children’
audience, which will require new design tools and strategies to be applied in the online
meeting platforms. Therefore, this research aims at exploring, proposing, and evaluat-
ing, an interface to enhance learnability through appropriate Visual Prompts and cues.
Secondly, on basis of evaluation result, recommend improved UX design.

3 Methods

The evaluation methods will be exploring whether the kindergarten children are able
to interact/play with application in which evaluation of three different types of Visual
Prompts is carried out in a real application targeted to kindergarten children. Hence,
the results obtained in this work should be a step forward in the process of obtaining
effective semiotic systems understandable by kindergarten children that could be used
in education.

The main aim of this study is to enhance the usability of the current online meeting
applications for children. During this study, three types of Visual Prompts and cues will
be designed and evaluated, and at the end, the best one will be selected. By the best one,
it was meant that this type of Visual Prompt helped the children of kindergarten perform
the task efficiently in given time. These prompts will be designed by keeping the mental
model of children in consideration.

For evaluation, hypothesis (H-1) was defined as “Visual Prompts and cues will
enhance the usability of online meetings applications in terms of efficiency”. To counter
argue the hypothesis (H-1), we define a null hypothesis (N-1) as “Visual Prompts and
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cues does not affect the usability of online meeting applications”. In order, to prove the
Null Hypothesis (N-1) wrong, a task-based experiment was conducted.

In addition, to observe the effects of Visual Prompts on the task accuracy, a second
hypothesis (H-2) was defined as “Visual Prompts and cues enhance the accuracy of the
input by a kindergartener”. The counter argument of the second hypotheses (H-2) is the
null hypothesis (N-2), which was defined as “Visual Prompts and cues does not affect
the accuracy of input”.

The target for the experiment can be defined as; design and analyze at least three dif-
ferent Visual Prompts and evaluate their usability in terms of effectiveness and efficiency
for the kindergarteners. These evaluations were performed on children aged from 3 to 7
with bothmale and female genders. Themaximum range in the children was kept 7 years
of age, because the cognitive skills and the behaviors of these children are evolving and
developing until the age of 7 [18]. As the goal is to explore how the designed Visual
Prompts are effective for children and how their evolving cognitive skills affects their
efficiency, we define four age groups for the children aged between 3–4, 4–5, 5–6 and
6–7.

Moreover, the research questions of this study can be formulated as; “can the Visual
Prompt communicate the information to the young children for performing the desired
task effectively?”. To analyze the research question, tasks will be devised accordingly.
The research question is about the appropriateness of visual cues to communicate infor-
mation, i.e., it helps children to complete the task. In this study, the aim is to explore the
possible answers to above mentioned question.

3.1 Participants

In this study, children aged from 3 to 7 years old, took part in the experiment. The mean
(M) of their age was 46 months with a gender distribution of 4 males and 6 females. The
children were grouped according to their age, and each group “A” consists of children
aged “A+1”.

Table 1. Age group of participants

Group Age Number of participants

2 3–4 2

4 4–5 3

5 5–6 3

6 6–7 2

The number of participants according to their age group is shown in Table 1. The 3
to 7-year age range was chosen to evaluate the usefulness of proposed Visual Prompts
and Visual cues. The youngest users were children aged 3 years because after recent
pandemic even young children are taking online learning sessions.
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3.2 Equipment

The interactive framework was designed using in Vision studio and Unity for the exper-
iment. The device used in this experiment was Lenovo IdeaPad flex 5, with 64-bit Win-
dows 10 as operating system and another device Samsung Galaxy S10 with android 9.0
Pie with One UI 1.1. Both devices were equipped with multi-touch screens as well as
fast operating systems capable of supporting most modern online meeting applications.

3.3 Tasks

In the experiment, firstly, the tasks will be defined and then evaluated for its effectiveness
and efficiency by analyzing the time taken to complete the task. The task defined for this
study are as follows:

Task 1: To turn off/on their mic in respond to a Visual Cue.
(Note that the instructor will be present online and sometime will not be able to make
contact through speech. She/he will send a ping and a Visual Cue will be popped up.)
Task 2: To turn off/ on their video when a Visual Prompt is seen.
Task 3: To share their screen when a Visual Cue Popped up.

The key task analyzed in this experiment is using themic button. Childrenwere asked
to turn on and turn off the mic within their meeting application environment. By taping
the mic icon, the task will be completed, and task completion time will be recorded.

Similarly, in task 2, the children are required to turn on and off their camera by
pressing the button on the screen without any adult scaffolding. By taping the camera
icon, the task will be completed, and the task completion time will be recorded.

To evaluate the usability of product in terms of HCI, statistical analysis will be per-
formed [19]. The data collected during this study will be analyzed using SPSS statistical
analysis software.

3.4 Procedures

The experiment will be carried out for three consecutive days on the participants with
four iterations on each day. But there will be a new Visual Prompt or visual cue on each
day.

Before the testing session of each day, an instructor will be guiding the children about
themetaphors present on the different icons.Hewill be helping children to understand the
task and the desired output. He will ensure that each child can identify different mic and
camera and can differentiate between two of them.After these introductory explanations,
no further adult scaffolding will be given during the testing phase of experiment. When
the test begins, each child needs to perform three iteration for each task with a specific
type of Visual Prompt and there will not be any intervention by the examiner. When
the correct action is performed the task will end and the task completion time will be
recorded but in case of wrong input the visual cues will keep on popping to grab the
attention until correct completion of task. In this case task completion time and wrong
inputs will be mapped in an Excel spreadsheet.
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3.5 Design Implementation

Usually, the screen of the online meeting application has two main button icons, which
are mic and camera, and they are most frequently used during an online meeting session.
Three different types of Visual Prompts and cues were designed for these two buttons.

(a) Original screen design (b) Color changing Visual Prompts

(c) Size changing Visual Prompts (d) Finger pointing Visual Prompts

Fig. 5. Implementation of Visual Prompts (Color figure online)

As given in Fig. 5(a), the original the two said button icons are plain. However, in
the Visual Prompt Fig. 5(b), the color of these buttons changes when it is requested by
the host. The change in color prompts the user to perform some action. Thus, helping
the host to communicate the desired action with the user which was otherwise difficult.
In the second button design Fig. 5(c), the buttons re-sizes themselves into bigger and
smaller icons. Thus, grasping the attention of user by changing its size. When the host
wants to turn on/off the camera or mic for a certain user, he can send the request. At
the user end, the request will be shown in the form if re-size Visual Prompt. In the third
design of the visual cue Fig. 5(d), a hand appeared with a pointing finger towards specific
button. This clearly gives a message to the user to tap this button. It not only grasps the
attention of user but also drives user towards desired action.

3.6 Evaluation

To evaluate the usability of hypotheses, in terms of HCI, statistical analysis is performed.
According to Hypothesis (H-1), we have one independent variable (Time of Task Com-
pletion) and two dependent variables (Textual Cues vs. Visual Cues), and the experiment
strategy used to collect data was “With-in Group”. Therefore, we will be using Paired
Sample t-test for analyzing the collected data [19].
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To measure the accuracy of Visual Prompts and cues another test with same setting
will be conducted but this time the group organizationwill be between groups. To analyse
the result, Independent Sample t-test will be applied.

4 Results

The observations collected through the experiment, to analyze the efficiency of Visual
cues on basis of TaskCompletion Timewere projected to Paired-Sample t-test. Similarly,
for measuring the accuracy the observations were analyzed using Independent Sample
t-test because of a slight difference in experiment arrangement.

4.1 Accuracy Rate

The data given in Table 2 obtained from observations to compare the accuracy rate of
visual and textual prompts. These observations are then subjected for statistical analysis
using the SPSS software. These observations were obtained through between-group
arrangements. Each group was given with only one kind of prompt. Group 1 tried textual
prompt and group 2 tried Visual Prompt.

Table 2. Number of errors

Type of prompt Participants number Number of errors

Textual 1 8

Textual 2 5

Textual 3 4

Textual 4 7

Visual 5 0

Visual 6 2

Visual 7 0

Visual 8 1

The readings obtained through this experiment were stored in Excel spreadsheets
and later mapped into boxplot, as shown in Fig. 6.
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Fig. 6. Success rate results

An independent sample t-test was conducted using these observations. The returned
t-value is 5.093, which is higher than the t-value for the specific degree of freedom (df
= 6) at the 95% confidence interval (t = 5.093).

Statistical evaluation suggests that there is significant difference in the number of
errors between the group who used the Visual Prompts and the group who used textual
prompts [t(6) = 5.093, Sig(2-tailed) = 0.002].

4.2 Completion Time

The data, shown in Table 3, obtained from the experiment to compare the efficiency
between visual and textual prompt bymeasuring and comparing the task completion time
by both prompts. These observations were then subjected to SPSS software for statistical
analysis. These observationswere collected throughwith-in group arrangement. A single
group of children evaluated both types of prompts. Although some safeguard measures
were applied to remove the biasness of experiment. Later, a paired-sample t-test were
applied on the observations. The readings obtained through this experiment is mapped
into a boxplot as shown Fig. 7, in to have a better insight of the outcome.

The returned t-value is 10.093, which is higher than the t value for the specific degree
of freedom (df = 9) at the 95% confidence interval (t = 10.993).

A paired-sampled t-test for task completion time suggests that there is a significant
difference between the groups who used the Visual Prompts and textual prompts to
perform specific task [t(6) = 10.093, Sig(2-tailed) = 0.00].
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Table 3. Time completion time

Participant Task completion time (textual prompt) Task completion time (Visual Prompt)

1.00 10.00 3.00

2.00 14.00 2.00

3.00 13.00 2.00

4.00 10.00 4.00

5.00 12.00 3.00

6.00 5.00 1.00

7.00 11.00 2.00

8.00 14.00 2.00

9.00 10.00 3.00

10.00 11.00 1.00

Fig. 7. Task completion time

4.3 Optimum Visual Prompt

In the Table 4, data obtained from experiment to compare different types of Visual
Prompts on basis of its efficiency i.e., time completion time to perform a specific task
is given. This data is collected through with-in group arrangement. This data is then
subjected to SPSS software to perform paired-sample t-test to evaluate the significance.

When different kind of Visual Prompts were evaluated on basis of time completion
time. It was found that there is no significant difference in the task completion time for
each type of Visual Prompt.
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Table 4. Optimum visualization

Participant no Task completion time
(visual type 1)

Task completion time
(visual type 2)

Task completion time
(visual type 3)

1 2 3 1

2 3 2 1

3 1 2 2

4 2 4 1

5 3 2 2

6 1 1 1

7 1 2 1

8 1 2 1

9 3 1 1

10 2 2 1

5 Discussion

The experiment explored and answered the research question by using statistical analysis
on the obtained observations, to analyze the efficacy and efficiency of Visual Prompts
and cues. The results deduced from these observations have verified our hypotheses
(H-1) and hypotheses-2 (H-2). These results also negate the null hypotheses (N-1) and
null hypotheses (N-2).

Hence, we can say our Hypotheses (H-1) “Visual Prompts and Cues will enhance
the usability of meetings clients in terms of efficiency” and hypotheses-2 (H-2) “Visual
Prompts and cues enhance the accuracy of input by kindergartener” were proved to be
true.

In terms of Efficacy, Visual Prompts and cues reduces the number of wrong pickups
significantly as compared to textual prompts. When these children were subjected to
evaluate textual prompt, their clicks on wrong icons or background were taken as wrong
inputs by the facilitator. From the observations number of errors in textual prompt were
quite high which means that Visual Prompts are more comprehendible by the young
children and there are less chances of errors to be committed by them. The results of
Independent Sample t-test on these observations proved that there is a significant between
these two types of prompts in terms of Errors prevention and children are more prone to
errors in textual prompts as compared to Visual Prompt.

Regarding the efficiency, the task completion time drops significantly when children
were using Visual Prompt to complete the task. However, when textual prompts were
used their performance dropped significantly. They completed the task in long interval
of time.When these observations were projected to Paired Sample t-test to analyze them,
it was found that there is a significant difference between task completion time using
two different types of prompts. It suggests that Visual Prompts are efficient means, to
communicate information to these young children as compared to textual prompts. From
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the results it was proved that Visual Prompts are a better choice to enhance the usability
of a software for kindergarteners.

The answer to research question RQ, whether Visual Prompts and cues enhance the
usability in terms of efficacy and efficiency is affirmative from the results. As mentioned
earlier, these results were concluded by applying appropriate statistical analysis over the
observations obtained from experiment. The type of statistical was chosen according
to experiment arrangement. Experiments conducted over same children to analyze both
visual and textual were subjected to paired-sample t-test. But the observations obtained
from experiments arrangements in which visual and textual cues were tested on different
were subjected to independent sample t-test.

These results have proven Visual Prompts significantly efficient and effective. As
suggested by Piaget, young children of age less than 3 years are in their developing
stage. Their cognitive and fine motor skills are not fully developed yet [18]. So, it
might be assumed that younger children of age 2–3 years will not be able to perform
well under Visual Prompts. They might have issues dealing with this interface without
adult guidance. This must be considered by designers, while developing a software for
common use to include children as young as three years old for their targeted users. To
include these users, Visual Prompts have proven themselves to be effective and efficient.

Finally, the result for optimum design of Visual Prompts suggested that there is no
significant difference between efficacy or efficiency of all types of Visual Prompts. This
result obtained through paired-sample t-test suggests that every design has optimized
efficacy and efficiency, with some insignificant difference between them.

6 Conclusion

In this work we analyze the interface of the most popular online meeting application
Zoom meeting [20] in terms of its usability for kindergarteners. The above-mentioned
application used textual prompts and cues to communicate information between host
and guest. These technical scaffoldings in the form of textual prompts were found to
be ineffective and inefficient, to communicate the information. Therefore, they were not
helpful for the targeted user (children aged between 3 to 7).

The findings from the experiment proved that technical scaffolding in the form of
Visual Prompts and cues are more helpful to communicate the information regarding
the task in an effective manner. This was evident from the experiment results. Both
the results showed a very high t value. To evaluate the success rate, t = 5.093 and for
evaluation of Task completion time it was t= 10.093. Which indicates that use of Visual
Prompts enhances the learnability of an application for young children because it fits the
human mental model, whereas textual prompts lag due to under development language
skills.

However, to select the most appropriate and suitable Visual Prompts is a challenging
task. In complex operations and complicated task, it is a difficult task to create and
evaluate a visual expression for that operation, which not only represent that operation
but also fits the human mental model perfectly.

The plan for future work includes, designing a collaborative platform for kinder-
garteners based on Visual Prompts and cues. The present collaborative platform such as
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Microsoft Teams (which is used for document sharing, online meetings, and communi-
cations), lacks this flavor of Visual Prompts. In addition, the study also aims in future to
measure the cognitive load of textual prompts on human-brain by analyzing the behavior
of adults.
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Abstract. We introduce how gambling techniques slurred as gamification can be
abusive and how adapting it for HCI can lay a practical basis for unethical designs,
both in the commercial and applied research sectors.Basedon theoriginal notionof
game theory,we argue that these techniques canbepervasive in our everyday socio-
technical ecosystem. The digital technology industry’s commercial underpinnings
frequently promote irrational user-behavior and using these design techniques in
educational technology could foster negative user learning behaviors. Given the
complexity of these concepts’ legal issues, it is not always easy to ensure that one
does not cross the line. This study presents four gamification design predicaments
that demand attention when designing gamification in (e)learning. The research
has both theory and practical implications.

Keywords: Information technology · Gamification · Gamblification ·
Instructional design · E-learning · Information systems · Design heuristics

1 Introduction

The phenomena of “gaming the system,” could be when a learner attempts to succeed in
an educational environment by exploiting properties of the system’s irregularities rather
than by attempting to learn the matter [1, 2] In the last years, there is a particular growing
interest in understanding users’ motivation to use a system and the Human-Computer
Interaction research community has long been interested in the design, development,
and evaluation of games and playful systems [3].

Gamification and gamblification is a rapidly emerging form of media convergence
between the more chance-based activity of gambling and the more skill-based activity
of gaming. The marriage of video gaming and gambling has been theorized as bringing
about new forms of gambling-related cognitive processes such as the: “near-miss” effect
(erroneous processing of outcome); gambler’s fallacy (mistaken ideas that an inevitable
result is more or less likely, given a previous series of events); “chasing” effect (increased
persistence and risk-taking to recoup what has been lost). These processes affect indi-
viduals in which they approach and evaluate gambling situations. As such, a pertinent
research problem is whether existing measurement instruments designed to identify
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gambling related cognitions can be employed in this new context and population, and if
not, how they can be adapted [4].

Gamblification is yet to become a full-on household term, as it is solely used to
denote a specific practice that is rising in popularity among online gambling operators
and social platforms alike [5]. Its origins are traced back to gamification, known as the
practice of using non-game elements to enhance personalization and achieve proximity
to each individual player [6].

While many, if not most games include some element of chance, this is something
we argue designers should add to learning games with caution. Of course, we still need
randomness in the games [7] like which assignment you get out of a set of possible
assignments or a quiz, but any time a random element is included, think very carefully
about why you are doing it, what you hope to accomplish by it, and what you think your
students will get out of it [8].

In this paper,we are furthering our research on the ethical issue related to gamefulness
and addresses that gamification design patterns are nonuniversal and some of the more
frequent used design practices in gamification has footing in gambling. Unthoughtful
practice of these patterns to influence the users/players can potentially negatively affect
the individual.

2 Related Work

Gameful design in non-game products has during the last decade has transformed from
being a buzzword to become to be nothing out of the ordinary in Information Technology
and Information Systems (IS) and has become more and more accepted by the everyday
user [9, 10]. Corresponding a there is a growing discussion concerning influencing
systems and persuasive digital technology [11]. In this discussion the use and application
areas of gamification is a reoccurring topic [12–14].

Simultaneously online gambling has grown in North America and Europe in the last
decade [15]. The normalization of online gambling different media spaces parallel with
the public acceptance of gameful design has opened for “gamblification” a convergence
of video gaming and gambling co-existing in a software [16, 17]. The amalgamation of
gaming and gambling exist in several digital businesses such as software using virtual
items, currencies [18] and games with a free-to-play business model [19]. Concerns
about the potential harmful effects of gamblifiedmedia have resulted in a debate about the
moral, ethical, and legal status of gamblifiedproducts and services [20, 21]. Scholars have
theorized that the combination of skill-based video gaming and chance-based gambling
may result in cognitions which differ from those endorsed by non-gaming gamblers.
Potential perceptions can be the effect of gaming on perceptions of control over chance-
based events [22]; the role of Locus of Control [23]; the desirability of gambling and
manner of video game consumption [19].

Also, with the current debate between the World Health Organization and American
Psychiatric Association (APA) on the classification of Gaming Addiction [24] and how
Problematic Gambling best shall be approached and preserved [25] there it appears
that examining, measuring, discussing and understanding when and when not, behavior
design patterns become negative.
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3 Game Theory: Background

Game theory is a theoretical framework for comprehending social situations among
competing agents in a competitive situation. A strategy or optimal decision-making of
independent and competing actors in a strategic setting [26]. Game theory analyses the
social structures within which the consequences of an agent’s action is contingent and in
a conscious way for the agent alter the options of actions of other agents in the existing
structure [27]. The game theory considers the rational model of the individual decision
or limited rationality of the agents and how to direct multilateral relations between them
is non-mediatized. The agent situations can be competition and cooperation between
several involved parties by using mathematical methods. This is a broad definition, but
it is consistent with many applications, including strategic inquiries in conflict situa-
tions, understanding economic competition in companies, problems of fair distribution
in economics, animals’ social behavior in competitive positions, parlour games, political
voting systems etcetera [28].

One requirement for the theory is the existence of presupposed agents’, and their
viewpoints about their probabilities in a situation can match different objective probabil-
ities. In choice situations, agents must rely on their subjective estimations or perceptions
of their probabilities [26]. Behavioral and social science game theory is presented as
incorporating agents’ subjective probabilities and relationships regarding their prefer-
ences over the risk [29]. Indicating that individuals in several situations saw themself
as agents (players) determine to solve a game have marked the actual maturity of game
theory as a tool for application to behavioral and social science and was recognized [30].

4 Gamification Design Predicaments

Like most technologies, the introduction and use of persuasive technology to persuade
a transformation of mind and behavior could positively and negative effects the user.
Gamification has recently gained in popularity as an enabler of persuasion since it is sup-
posed to increase engagement by using game elements. Gamification could be a catalyst
to increase the effects of the designed and intended persuasion. The study of unintended
negative consequences of behavioural interventions is becoming an important research
area [31–35].

In game design different design patterns have been highlighted as a reusable solution
for different problems [36]. A pattern solution frequently captures more solutions rather
than one exact solution. However, so-called dark patterns are when the different design
elements functions to trick the user into doing things that are not in the user’s best interest
[37]. Dark patterns are design strategies used to benefit the business rather than the target
audience, using unethical applications such as coercion, deception, and fraud. The dark
patterns are likely to occur without the consent of the user. The scientific discussion
on dark design patterns concluding them as questionable and unethical [11, 37, 38].
The ethical discussion on gamification exists but are still in its infancy [20, 39]. Dark
gamification design could be defined as the craft of purposefully designing gamification
that does not have the user’s well-being in mind.

As gamification has a firm footing in the marketing and service industry [40] trans-
ferring a successful gamification pattern from one context to another could have severe
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outcomes. A design that seems harmless in one context could in another have be contra
productive.

In user experience (UX) design, increasing user engagement researchers and spe-
cialists aspire to produce a flow experience and immersion in a software product. This
not necessarily incentives the desired outcome for the user. Even though improving user
engagement using game elements is an exciting idea, contrary to the marketing perspec-
tive, the goal of UX is not to make the user loyal to the system, but rather increase the
user experience in the system. This, of course, has its own drawback when it comes to do
UX for hedonic, utilitarian (pragmatic) [41] or multipurposed [42] information systems.
The following paragraph will present four predicaments (or patterns) that may rise when
transferring gamification patterns from one software system to another without thorough
reflections of the context (see Fig. 1).

Fig. 1. Gamification design predicaments

Unintended Activities. At present, the process of implementing gamification to accom-
plish the intended objectives effectively is vague. The literature on gamification design
both from researchers [43, 44] and practitioners [45, 46] provide imperfect, limited and
context-dependent rules of thumb. Consequentially, both researchers and practitioners
are restricted to a tentative, speculative, and costly implementation process [47]. To
transfer game design philosophies with often hedonic purposes to the utilitarian learn-
ing environment is challenging [3]. Not being intimate with the context being gamified
is problematic. As users of game systems in educational settings are usually aware of
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how the system’s designers position them, gamification challenges the existing didactic
contract in settings where pre-existing systems have game-like features, like education.
How the implemented gamification system is merged with the existing systems (how
levels, XP, and missions relate to formal education and grades) can significantly impact
user behaviour [48].

Palmquist & Linderoth [48] shows that if the gamification design does not align with
the learning systems outcomes intended, the game features can be a distraction. Even if
the user likes to use the system, s/he will not learn more. To offer features that provide
social cohesion for the users, such as commentator functions, discussions threads or
online forum and then force the user to post in these entities may increase time on
site and provide stickiness. However, these resources may not directly be related to the
intended learning behaviour, sustaining the learners to spend time in the system without
focusing on the actual reason for using it in the first place.

Another common gamification pattern is playful customization features (e.g.,
avatars). These features affect user- retention, time allotted on the system and scroll
rate of the users. It is beneficial to promote hedonic values, though utilitarian users are
not beneficent. Gamification and its features related to social media must be applied
based on the understanding of different systems [41].

Users usually sweep past various posts, and occasionally find information, causing
them to pause and read, leaving a like or a comment. A similar mechanism is used in slot
machines: users are browsing towards anticipation of reward (a payoff of three cherries, a
post you would like to interact with). However, because the reward is dispensed, arousal
happens unpredictably, making the dopamine retain a continuous flow, and users remain
occupied with the feed for a more extended time. This design feature is also known as
“stickiness” and is something every tech agent reveres and aims for as the pinnacle of
efficient design [49].

Misaligned Incentives. Skilled game designers are often competent at implementing
incentives as motivational triggers for maintaining player interest, stretch commitment
and repeat usage [50]. Misaligned incentives usually transpire in the absence of well-
designed rule systems that control the rewards or penalties for the player actions. The
fundamental idea of this is that unless a set of rules incentivize game participants do
specific tasks, they tend to act in their self-interest, which may not always be what
the game designer intended. Incentive alignment of the learning goals and gamification
goals are imperative in gamification design for learning. Several gamification designs
promote competition amongst the users for providing a sense of competence. Still, it can
be detrimental to casual userswith low representation and low self-efficacy since they can
feel forced to compete with their peers, negatively affecting their incentive and reducing
their interest and engagement. It can also foster negatively U2U behaviour. In a work
environment, playing games is mainly associated with the competition. Individuals tend
to turn work duties that they are paid to do into competitions because of the underlying
motivational factors that make employees excel at their work [51]. The practice of
employee advocacy and company-wide social media sharing with our colleagues and
social media networks has a lot to do with competition. While everyone within the team
sees what their colleagues are sharing and a leaderboard indicates the top-performing
employees, it is in our human nature to strive to be best, especially when there are other
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incentives in play. In its simplest form, we can be either intrinsically or extrinsically
motivated or de-motivated to do something – are we motivated from within, from our
work, or are we motivated just by external factors, such as monetary rewards, badges or
collector’s points? The question also applies to the group that is not equivalent to high
representation and high self-efficacy. That group of people would not want to compete
and feel pushed or forced to be a part of such a competitive environment. For many users,
it is not always about competition butmotivation.However, the gamification design in the
HCI environment, characterized solely by competition and linked to external rewards,
may be negatively associated with such groups’ morale, motivation, and engagement
levels [52]. Therefore, overall, in general, gamification has the potential to satisfy the
needs for competence, autonomy, and social relatedness, on the one hand, but on the
other, it can drastically decrease the engagement andmotivation level of individuals who
feel pushed to compete.

Compulsive Behavior. Researchers identify that some game features and sensations,
like flow, producing a distinguished dopamine stream can affect learning negative and
even be harmful [53, 54, 55]. Thus, fixation on the flow-state in gamification design could
be a potential problem in gamified environments. Unlike the behaviour of alcoholics
or gambling addicts, addiction in such environments should not have more significant
effects, such as loss of personal property or family disruption. However, concerning the
dependency created by the game-like experience in the educational environment, the
users can resource to “game the system” to get rewards. They are not using the system
for learning but to receive a sense of recognition and assistance of self-esteem, which
can be disturbing for the other learners. The user could change the focus from learning
the subject due to gamified system aspects. Earning points to get a higher position in
a leaderboard or unlock one exclusive or rare content in the system and gain visibility
with his peers drives activity. Virtual goods procurement or high ranking in gamified
solutions depend on the system’s primary goal, but it is not uncommon for users to seek
alternative strategies to get their desired results [1].

Also, the user creates a dependence on the game elements and starts to focus on
the game system more than acquire knowledge. Thoughtfully designed gamification
in a learning system should positively be correlated to the progress and the students
learning outcomes, not devising students to initiate social media behaviour. A behaviour
that mainly involves only gradual participation and is not inspiring production [56].
Also, gamification overuse may go unnoticed for teachers or instructors identifying the
behaviour as positive students’ engagement. Therefore, in a gamified learning envi-
ronment, regular monitoring of the students’ peer-to-peer interactions is suggested and
familiarizing teachers/instructors of this negative learning behaviour.

Sludging. Another behaviour design theory often compared [57] or combined [58] with
gamification is the Thaler and Sunstein Nudge theory [59]. Like gamification, this theory
of choice architecture and libertarian paternalismby the design or redesign of an object or
situation propose themore optional choice in relevance to benefit the user’s health,wealth
and happiness. This theory’s theoretical grounding comes from behavioural economics
and is based on the Kahneman & Tversky studies on their Prospect Theory [60]. The
theory proposes two distinct systems for processing information and making decisions:
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System 1, the fast and un-logical system, and System 2, the slow and logical system. The
nudgingmethod uses this theory to help peoplemake improved decisions thatwill benefit
them and society in the long run – like eating healthier, saving money for retirement,
or preventing littering. Thaler and Sunstein have emphasized that this knowledge is
not novel; entrepreneurs have used these methods for ages [61]. One example is the
buy bait rebate – not for the sake of the environment but to increase profit. Thaler
demands that when nudging is used to trick individuals, it should be termed Sludging
[61]. Even if the resemblance concerning nudging and gamification is striking, there is a
significant difference: Nudging has a straightforward ethical ethos from the beginning,
while gamification has not. Even so, the application context can transform a nudge into
a sludge.

For instance, a student who collects digital badges in different courses hypothetically
absorbs more knowledge and, therefore, may complete upper secondary education 20%
faster than the non-gamified course participants. This would by most be viewed as
beneficial for the student as well as society. However, if a blue color operator adopts the
same behaviour in a corporate training course and finishes the training 20% faster due to
gamification, the company is the clear winner since the operator has used his/her spare
time to study to learn novel company policies.

In the gamified education, while the student gained virtual badges for educational
accomplishments s/he simultaneously gained beneficial knowledge and more spare time
when compulsory education was completed. In the gamified training, while employee
gained virtual badges for educational accomplishments, s/he just absorbed how the com-
pany’s new routines should function, so in contrastwith the student, the employees gained
limited knowledge of a domain nor more spare time. In fiscal terms, the workers receive
nothing for their additional effort; instead, s/he gave away time, while the employer
received incremental profit, decreasing the assumed training-time. Even if the design
pattern in one context were nudging, in another, it became sludging.

5 Discussion

As this study shows every case of implementing gamification must, therefore, be ethical
consider separately, which complicates the principled analysis of gamification. There
must exist an understanding of how gamification is linked to the context and how they
interact. The gamification predicaments: Unintended Activities, Misaligned Incentives,
Compulsive Behavior, and Sludging presented in this study could function as design
heuristics that need to be considered when designing an ethical gameful experience.
There have been voices highlighting the need for innovation in both business and research
regarding gamification [62]. The authors of this paper agree, but at the same, we stress
that a more established debate on the (un)ethical aspects of gamification, especially
regarding transferring gamification design patterns amid different contexts. Dewinter
et al. [63] emphasize that there are no clear boundaries in the field of gamification; what
is appropriate in one context may be problematic in the other [63]. Correspondingly,
as the young field of gamification is deemed multidisciplinary [9, 64] a professional
gamification designer, is undoubtedly working in several different fields. Therefore,
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participatory design methods and approaches, such as design workshops with different
stakeholders, is necessary to generate cohesiveness and uphold users’ values. Neverthe-
less, to take the time determining what a meaningful gamification design is and what is
not.

6 Conclusion

The authors of this paper endorse that the identified gamification predicaments can be
perceived with two lenses:

1) The gamification practitioner lens; providing heuristic implementing designing and
implementing ethical gamification.

2) The gamification researcher lens; providing research propositions for further studies
in the field of gamification.

The use of creative business models and strategies involving contests, sweepstakes
and gambling-like activities in social games and other online media has increased dra-
matically. These strategies aim to balance capitalizing on users’ engagement for the
mechanics inherent in gambling while not crossing the line into illegal activity but not
necessarily ethics. The persuasiveness of gamblification experience mainly lies in the
idea that something of monetary value is in the grasp of the player just by participate.
However, in terms of learning, gamblificationmay not be considered ameaningfulmimic
of gamification as gamification-led learning experiences are not random, and neither are
the rewards nor value they carry for the learners.
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Abstract. Games have been used for a variety of educational purposes. The
immersive nature of games, however, becomes a challenge when the goal is to
promote language learning for beginners. In this sense, this research investigates
the key strategies for using games in the context of a foreign language learning
course for beginners. Specifically, this study is being carried out in partnership
with the Brazil-Finland Cultural Center (CCBF) and it aims to improve student
engagement in learning Portuguese as foreign language in a distance learning
modality. The research was organized in two stages: A diagnostic, that aims to
understand the experience and the needs with the current edition of the course; and
an interventionist, that seeks the student engagement and learning by the intro-
duction of digital mini games as complementary teaching material. Therefore, the
challenges identified in the first stage and some possible ways to address them
with the second were presented as results. The next steps involve an evaluation
of the first generation of games, which must follow iterative cycles until reaching
the idealized solution. Although it was not feasible to implement all the raised
attributes in these first versions, we understand that those characteristics are cen-
tral to expanding the agency of teachers and students in the learning process and
should guide the evolution of this platform.

Keywords: Game design · e-learning · Learning games · Language acquisition

1 Introduction: Remote Learning for Language Acquisition

There are various reasons for learning a foreign language. As migration has been more
and more common, the need of learning a new language goes from being able to com-
municate in a new country, for work or educational purpose or even as leisure. Migration
can also happen for family, work, education and refuge, in which immigrants search for
stability and safety (Fritz and Donat 2017).

© Springer Nature Switzerland AG 2021
X. Fang (Ed.): HCII 2021, LNCS 12790, pp. 256–275, 2021.
https://doi.org/10.1007/978-3-030-77414-1_19

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-77414-1_19&domain=pdf
http://orcid.org/0000-0003-2149-5973
http://orcid.org/0000-0002-0092-0830
http://orcid.org/0000-0002-7126-1959
http://orcid.org/0000-0001-7342-2712
http://orcid.org/0000-0002-2231-8533
http://orcid.org/0000-0003-4045-3453
http://orcid.org/0000-0002-7328-5479
https://doi.org/10.1007/978-3-030-77414-1_19


Game Design, Creativity and e-Learning: The Challenges of Beginner Level 257

Language is one of the key manifestations of a culture (Van Der Veer and Valsiner
2001) Being able to master a certain language broadens possibilities of access to knowl-
edge, job prospects and social integration in professional and personal situations (Bed-
narz 2017). Not only language aids in content but also in context and meaning making.
A new language opens the door to changes in cultural identity and reinforced the idea
of global citizenship. In this article we are going to explore the other side of migration:
how does a member of the residing country can grasp an immigrant friend’s or partner’s
culture?

Language acquisition in adults is a very different process from language acquisition
in children. Adult learning principles must be taken into account, with a more practical
and contextualized approach to language learning. Participatory methods are praised for
their proximity to concerns and need of individual learners, aswell as giving autonomy to
understand their own learning outcomes and build their own path. Adults are motivated
by learning what is most relevant for them, therefore, mapping topics of interest and
practicing authentic speech around them is a great pedagogical strategy. Most contexts
aim for a mother-tongue based dual language approach, however, there are a few cases
when that is not possible (Nieuwboer and Rood 2017).

A noticeable trend in adult language learning is remote learning. There are syn-
chronous and asynchronous options, some with a very structured curriculum, activities
and evaluations, and others with the primary objective of making practice the easiest.
Beyond traditional courses offered online, there are games, services for exchanging
letters, and informal conversation platforms. Most language online courses offer a pre-
dominant individual experience, activities which used to be printed and filled by the
learner in a physical classroom become a virtual version of the task, without actually
embracing and exploring the full potential of a classroom that can be anywhere and
anytime, without borders (Schiepers et al. 2017). Even in remote learning, there’s still
the need of offering social experiences and cultural exchange as a way to contextualize
learning.

There are a few studies that discuss what should be the language learning experience
for an adult (Schiepers et al. 2017):

1. Repetition and practice in challenges connected to learners needs.
2. Diversify authentic input in target language, utilizing written and spoken resources,

as well as videos, newspapers and music.
3. Perform meaningful tasks connected to real life application.
4. Learner control in skills, difficulty and complexity of challenges.
5. Immediate and individualized feedback.
6. Access to a social space for interaction.
7. Easy access and accessibility for people of various income, social classes, education

and digital literacy.

From these items we can infer that language learning (a) needs to challenge the
learner with experiences that can be translated to the real world, as well as (b) creates
a space for social interaction and also (c) offers opportunities of authentic language
output. In this perspective, we understand that games become a relevant opportunity as
complementary teaching material to foster those strategies. Thereat, considering their
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potential to increase motivation and fascinate students at different ages, games have
already been used for a variety of educational purposes. The immersive nature of games,
however, becomes also a challenge when the goal is to promote language learning for
beginners. Therefore, this research investigates the key strategies for using games in the
context of a foreign language learning course for beginners. Specifically, this study is
being carried out in partnership with the Brazil-Finland Cultural Center (CCBF) and it
aims to improve student engagement in learning Portuguese as foreign language in a
distance learning modality.

2 Games as Learning Facilitators

Gamified education has already demonstrated its potential. In this article we adopt the
gamification approach in broader terms: as implementing game elements in non-game
scenarios, like game mechanics or achievement systems; but also, as using games them-
selves as teaching tools, whether they have been designed or not for this purpose. When
applied to educational contexts, both these methods have the potential to promote more
learner engagement. When the learning experience is mixed with a gamified experience,
a combination of extrinsic and intrinsicmotivation through game context canmake learn-
ingmoremeaningful. It is possible to go beyond applying knowledge. For that to happen,
the gamified experience must aim to provide an ecosystem where the learner can build
his or her knowledge focusing on learning tasks in context rather than repeating content
(Palomino et al. 2019a, 2019b; Toda et al. 2019). Applied to language acquisition, this
could immerse the player in the new language by focusing on practical aspects of the
language rather than grammar.

Toda et al. (2019) cite game elements in their gamification taxonomy in 5 categories:

• Performance: elements related to environment response and feedback, such as Points,
Progression, Level, Stats and Acknowledgement.

• Ecological: elements related to the context and environment of the gamified experi-
ence, such as Chance (randomness, luck or probability), Imposed choice, Economy,
Rarity and Time Pressure.

• Social: elements related to interactions between players, such as Competition,
Cooperation, Reputation and Social Pressure.

• Personal: elements related to the player, such as Sensation, Objective, Novelty and
Renovation (boosts or extra lives).

• Fictional: mixed dimension related to the user and environment, which unifies the
user experience with the game context. In this dimension there are Narrative and
Storytelling.

With these elements in mind, it is necessary to make a brief description of the status
of gamified education. Formal Education itself already presents a few of these elements,
the most common being the traditional PBL (Point-Badge-Leaderboard) approach. We
can observe these elements in apps such as Duolingo (which focused on foreign lan-
guage learning), Kahoot (which serves as a support for classroom activities) and even
in websites such as CodeAcademy (which provides free and paid coding courses) and
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Khan Academy (which also provides free and paid courses of various themes and dis-
ciplines). Most of the elements present in these examples are related to the categories
Performance, Ecological, Social and Personal. The Fictional category, however, hasn’t
been explored in mainstream gamified apps and learning experiences (Palomino et al.
2019a; 2019b).

In language learning the storytelling and narrative dimensions offer a unique per-
spective for the learners to internalize words and expressions. We define storytelling as
the sequence of events that happen in a story, and the narrative as the way this story is
told. Everything in the learning experience can contribute directly to shape this narrative
experience and create an immersive experience. The content then can be very contextu-
alized, which in turn makes the learning experience more meaningful, as stated before
(Palomino et al. 2019a).

Narratives shape the way we construct reality. They are culturally transmitted and
mediated by symbols and language alike. They also distribute intelligence in a network
pattern. We tell stories to remember, to teach, to dream. For Bruner (1991), narratives
have the attribute of establishing dialogues, they are versions of reality that need have
their meaning and interpretation negotiated by both parties. It is the way we experience
culture and create shared meaning and is also the way we can create meaningful learning
(Newman 2005).

Agency, autonomy and authorship are the combination of the Fictional dimension
and adult learning principles. More than repetition, it is necessary to provide experiences
that the learners can transform and create meaning that goes beyond of what was first
proposed. Games can create emergent narratives – narratives that are created by the user
choices or actions. These narratives are personalized experiences that can be created in
a number of different ways and is what we aim to find as a newfound path for foreign
language learning experiences from this research.

3 Case Study: Portuguese as Foreign Language Course

The research opportunity arose from a demand to improve the Portuguese as a foreign
language course offered by the Brazil-Finland Cultural Center (CCBF). In recent years,
the Center has offered the course in person in Helsinki. The classes were held in the
Center’s facilities. In 2019, a migration to a virtual edition of the course was organized,
aiming to reach a larger audience of students in Finland. In the process, the teachers
produced and adapted the official content for the remote modality, making most of
the learning experience asynchronous. For this, the online course platform Claned was
chosen. It allows the presentation of content in several formats, like texts, pictures and
videos, as well as incorporates external plugins to perform more specialized exercises,
such as the use of H5P for proposing rich and interactive internet content in HTML5.
Also, it highlights some of the students’ analytics about their progression through the
course (completed content and exercises feedback). With the platform migration, the
pedagogic team had specialized trainings, as how to create video contents and how to
act in front of cameras. The trainings occurred through a partnership with the Aalto
University.

We understand this as a relevant opportunity because it was not a simple adoption
of an already consolidated perspective on distance education that separates the roles of
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content writer, tutor and the responsible teacher for the discipline, with all the associated
issues of impersonality (Umekawa and Zerbini 2015). This new edition focused on the
careful monitoring of students and the enhancement of interactivity as a learning tool
in the same way as they did in the classroom course. Therefore, as the entire team gets
involved in all stages of the process – the creation of content, the class monitoring, the
assessments, the feedback providing, and the synchronous activities, it became onerous
compared to traditionalmodels of online teaching. It nowdemands the teacher’s attention
continuously in order to keep the class engaged with the activities and in frequent com-
munication with their colleagues. This presented a scaling challenge for future editions
of the online course.

The investigation started at this time, seeking to understand how students interacted
with each other during classes and how they engaged with the learning process. In
addition, it aims to study whether it would be possible to add asynchronous modules
such as digital mini games to the new edition of the course in order to stimulate the
students’ commitment and learning, considering Hung et al. (2018) suggestions on the
effects of using games on language acquisition. Only one edition of the remote course
had been held up to this point.

3.1 Research Methods

As previously discussed, this study is being carried out in partnership with the Brazil-
Finland Cultural Center (CCBF). To investigate the student’s engagement in the new dis-
tance learning course, the research team consisted of nine members: Three research pro-
fessors in the areas of Computer Science, Psychology andDesign, aMaster of Education,
a Bachelor of Linguistics andLiterature, twoBachelors ofDesign and two undergraduate
students in Computer Engineering.

The research was organized in two stages: Diagnostic and interventionist, inspired
by the ergonomic approach (Guérin et al. 2001). The former aims to understand the
experience with the current edition of the course; and the latter seeks to promote student
engagement and learning by the introduction of digital mini games as complementary
teaching material. This chapter addresses the first stage, and the second is described by
the next chapter.

The research design consisted of a qualitative approach (Flick 2008) inspired by
ethnographic methods (Flick, 2008; O’reilly 2012) that aimed to understand the par-
ticipants motives and contradictions about their roles, especially regarding the changes
related to the new edition of the course. Also, the team adopted the ergonomic approach
(see Guérin et al. 2001; Abrahão et al. 2009) grounded in Activity Theory (see Leont’ev
1978; Engeström 1999) to understand the prescribed tasks and the organization of labor
from each participant’s perspective, as well as to elucidate the elements that constitute
their activity in a real context.

With that in mind, the participants’ backgrounds, motivations, strategies and strug-
gles with the new modality were acknowledged. For that to happen, it was necessary to
adopt several techniques with procedural flexibility (Guérin et al. 2001; Abrahão et al.
2009) to elucidate the distinctive perspectives of the participants, such as the combina-
tion of semi-structured interviews and global observations. Also, the team used shared
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boards to represent the main raised issues. This allowed the formulation of new interpre-
tations to be validated by the participants in a cyclical process. The boards were created
and shared using the Miro online collaboration software.

The procedure started with a negotiation with the CCBF and the Brazilian Min-
istry of Foreign Affairs with representatives from different hierarchical levels of public
management. The team then made a technical visit to Finland in 2019 for the initial
observations and interviews with the course organizers. This step meant to explain the
context of the course creation, the experience with its presential version, expectations
regarding its results and the future expansion of the course to other Cultural Centers.

During the same visit all the environment and support structure used for the previous
editions of the course, as well the new remote edition, was observed, following the
ergonomic orientation (Guérin et al. 2001) for an understanding of the organization of
labor and all the involved constraints. Additionally, teachers and students from previous
editions were approached at events promoted by the Cultural Center in Finland. This
initial exploration sought to contextualize the new course and allow a global view of
how the different stakeholders articulated themselves to conduct the course.

The next stage addressed the general coordinator of the Cultural Center (n= 1), the
coordinator of the presential and distance courses (n= 1) and the teachers who produced
content and guided the online classes (n = 4). This was the main stage of the diagnosis
process, dedicated to understanding the proponents’ perspective of the course and the
controversy around the new tools. The script for the interviews was organized in three
parts, with questions about the course, the teachers and the students, respectively. Some
matters demanded a deeper investigation and further discussions with the participants.
In general, each initial interview session lasted about two hours. Although the script
was not strictly followed, being adapted for each profile and modified according to the
responses, the main covered topics are described below.

Concerning the course, we asked what were the reasons for the migration from the
presential to the remote version; what is their standpoint of the entire process; who
were the people involved with the migration; what were the main practices that were
transposed to the remote modality; how is the use of the platform; why they made the
decision for the use of English instead of Finish as the support language; how is the
selection of supplementary technologies; how was the new content production process;
what are the expectations about the remote version; what were the main difficulties they
faced; and also the positive aspects of the first experience with the new edition.

We asked the teachers for their background (from their academic and professional
training to how they got involved with the course); how is their daily life in Finland;
their experience with presential and online teaching; how is the communication process
with the other teachers and with the course coordinator (technologies and periodicity);
what are the teachers’ formal assignments; and what really happens in practice in their
work routine; how they feel about these processes; how the learning assessment occurs;
and what is the level of autonomy of the teachers in performing these tasks.

We also asked about the students’ profile from the previous versions of the presential
course and the first online edition; who else they intend to reach with this new modality;
what are themain interaction opportunities with the students; what are the ignition points
of these processes; how is the student engagement; what are the main perceived cultural
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dissimilarities; how it affects the course dynamics; how the socialization among students
and between teacher and students occurs; how is the students’ proactivity towards events;
what is the attitude of students in the online course and what are the differences for the
classroom previous version.

After these initial interviews another discussion roundwas held with the course coor-
dinator and teacher to analyze the process of creating practical exercises from the original
content. The intention was to understand in detail the main strategies and difficulties in
imagining possible training solutions for the students that were linked to the official
content of the course. We aim to use this moment to understand the way the teachers
evoked previous experiences with the face-to-face and remote editions of the course to
suggest potential actions, motivations and themes that enabled the training of specific
skills. In addition, this step allowed the validation of the reports of experiences with the
students, emphasizing how they deal with cultural differences and the approaches that
most promoted student engagement.

Moreover, complementary studies were also performed seeking to foster the forth-
coming interventions, based on the proposition of online mini games for the students.
First, a desk review was made to ensure an understanding of the official content for the
first teaching modules of Portuguese as foreign language. Also, the team analyzed the
current version of the course and the platform Claned to comprehend the opportunities
and constraints for the future actions. After that, a survey of specialized literature in
distance learning, educational games and foreign languages acquisition was done.

Concluding the survey phase, a questionnaire was applied to a group of students (n
= 35) of the current edition of the online course to assess an appropriate representational
language, compatible with the cultural differences between the two countries – the team
from Brazil and the students from Finland. Five types of illustration were added to the
instrument, which sought the greatest affinity in terms of visual language for the course
in the student’s opinion. For each figure, a five-point scale was presented, anchored at
the extremes as “not suitable at all” and “entirely suitable”. An open question at the end
allowed the students to share any other observations regarding the visual style of the
illustrations for the online environment.

We also highlight that most of the research happened in 2020, the year the coron-
avirus pandemic started. This had a huge effect on the research procedures. Not only it
affected the interviews, conducted remotely from Brazil, but it also affected the team’s
organization in planning the research, collecting and analyzing the data, which also had
to be done at a distance due to the necessary social isolation in Brazil.

3.2 First Results and Discussion: Challenges and Opportunities

From the previously described procedures of the qualitative research, we emphasize
some of the most relevant understandings and challenges for beginner level immersive
language learning games. One of the most evident findings was the teachers’ need for
the learning objects to behave as digital responsive tools that focuses on communication
and self-expression in contextualized situations. This means that games should seek to
represent situations close to real contexts, in which the effectiveness of communication
should be the main focus of the students. This does not mean that realistic or figurative
representations are more suitable. Rather, it means that students should be challenged to
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solve relevant communicational problems in order to appropriate the didactic contents
and adapt them to the situation (Paz 2006). The focus of the training is on their production.
The communication strategies are the ones that should have the potential to be transposed
to the students’ reality (Santos 2010). Therefore, we understand games embrace this
opportunity as cultural products that offer circumscribed human experiences, providing
feedback to the culture itself (Salen and Zimmerman 2004), which in turn is shaped
by language. As Salen and Zimmerman (2004) suggest, the Huizinga’s (1950) magic
circle is accessed from the outside in, but it also returns to the external environment the
internally produced meanings, as a model of open culture.

Furthermore, training should take place in a structural waywhen communicating, not
only by artificially reproducing translations, but by creating a repertoire that also incor-
porates syntaxes, expressions and other inseparable cultural elements. Consequently,
the main abilities that should be trained are speaking, listening, writing, and reading as
means of communicating. In other words, the action of playing the game must relate to
the understanding and self-expression in written and spoken language.

This challenge also relates to inherent issues of the game development: optimizing
the amount of offered content and the feeling of freedom of choice by the players. This
can be unraveled by the narrative structure with convex choices, as suggested by Rabin
(2005). But even with simpler games, we believe that the main question remains as
how to approach the game design process, relating the learning strategy with its most
structural elements: its narrative and action space, as suggested by Ferreira et al. (2019).
In this approach, the fundamental elements of the game that guide the design process –
Aesthetics, Mechanics, Story and Technology (Schell 2008) should be considered in the
same level as the Learning Strategy (Winn 2009), added as a fifty element for the serious
game design processes. Besides that, it should be placed at the same structural level of
the players actions and progressions in the Schell’s tetrad: The Mechanics and the Story
(Ferreira et al. 2019; Schell 2008), that are reinforced by the game stimuli (Aesthetics
– more visible) and supported by the appropriate Technology (less visible dimension
of the game). This perspective is opposed to the superficial approach for serious games
and gamification systems that simply create artificial relations between the essence of
the game and the learning process, making them become meaningless repetitions. In
summary: the learning content must match how you learn to play the game itself (see
Fig. 1).

From that perspective, it is also possible to associate the explicit communication
strategies to the students’ motivations for language acquisition. We believe that making
this association visible to students could not only guide the learning process (Vygotsky
2001), but also make the gaming experience more engaging by evoking its internal
meaning (Schell 2008). Hence, the choice of narratives to contextualize the language
use could also be related to the students’ interests and desires, making the process more
meaningful to them. Games have high potential to more easily associate educational
content with their contexts of use, a relevant quality for language learning processes. In
this sense, the articulations between internal elements of the games and the students’
reality become an opportunity to promote engagement, as it can act precisely at the
students’ motivations.
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Fig. 1. The fundamental elements of the game that guide the design process (adapted from Schell
2008) combinedwith the Learning Strategy (adapted fromWinn 2009) for the serious game design
processes, added as a fifty element in the structural level. Adapted from Ferreira et al. (2019).

Another interesting aspect of the ludic approach is the perspective of the game itself:
students operate within a universe that allows them to make mistakes with tranquility,
making the errors become part of the learning process (Huizinga 1950). For this, it is
necessary to create a system that encourages the students to return to the game, increasing
its repeatability factor reinforcing the training but changing other elements that could
make the experience still meaningful. Palomino et al. (2019a) reflects on procedural
content generation to allow replayability, and multiple possibilities of narrative creation
and interference.

All these requirements were frequently expressed during the interviews when the
coordinator and teachers felt a lack of interactivity with the students, as well as between
the students and with the pedagogical contents too. The teachers felt the need for more
autonomy, aswell aswhen in person,when the teacher can observe the student’s behavior
in search of feedback and eagerly adapt the narrative to a more interesting topic for the
students, adjusting in real time the approach to the content according to the students’
attention level. This factor might be increased by the cultural distinctions between the
teacher and students and also by the different students’ motivations (Pöyhönen and
Tarnanen 2015). In this regard, it was discussed that the digital tools could demonstrate
some level of personalization, allowing teachers to adjust it according to the class profile
or any other situated conversation making the process more relevant to each group of
students.

With that, we realized that one of the biggest changes regarding the course modality
was the loss of the teachers’ autonomy in relation to the didactic strategies for each
class. It happens because in the asynchronous version of the course, the contents and
exercises need to be prepared in advance and made available to the students. Therefore,
the team considered appropriate that the games allow, in addition to a minimum level
of configuration, the possibility of personalization for groups or individuals. This would
allow games to have more relevance, possibly impacting its longevity and increasing
their replayability potential, serving as more useful tools for teachers in a broader range
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of scenarios. In contrast, this preparation should not be time consuming and should not
require any extra knowledge of digital game development tools.

In addition, the need for an initial vocabulary repertoire and the absence of a content
mediator requires the use of an adequate graphic language to assist the students. Even
with graphic support, direct translation of some of the termswas necessary for beginners,
interfering with the game interface. Addressing the issue in more depth, when teaching
languages, exercise commands and instructions purposefully written in target expres-
sions can significantly help students to internalize words. However, if the Design team
are not used to the fundamentals of teaching, it is easily misleading to write one of those.
That happens because words and expressions that seem simple for a native speaker can
turn out to be complex for beginner students (level A2 or lower, based on the Common
European Framework of Reference for Languages).

It is common practice for the teacher to add a new word to one in every few instruc-
tions, to enhance language acquisition. However, if written by an inexperienced profes-
sional, the instruction can end up being more difficult than the content being taught or
practiced. If the student is faced with complex structures and new vocabulary words,
the teacher might invest a long time expatiating on the meaning of that sentence, which
can stall the didactic structure of the class. In order to avoid it, tutors usually choose to
translate the sentence. This deprives students of the precious time they could have spent
acquiring the language if the instruction was either written in their mother tongue or
described in an understandable manner for their level. As Halliday (1966) puts it, “given
the right conditions one can make positive use of the student’s mother tongue; and in
such cases to neglect it may be to throw away one of the tools best adapted to the task
in hand.”

With this in mind, the team considered relevant to both add new words or translate
when applicable. Id est, based on the experience of English language teachers, we used
instructions in Portuguese (the target language) when it was feasible and presented
translations to an understandable language (English) when the sentence structure was
too advanced for that level. That way, we suggest the stimulation of language acquisition
based on meaningful uses while, at the same time, the reduction of anxiety when trying
to understand the main objectives of the game.

The use of English as a translation language was not a decision based on didactic
grounds, but a requisite from the context. Not all teachers who currently work at CCBF
are fluent in their students’ native language (Finnish). Since this could lead to some
ambiguous or equivocal explanations, they use English when they need to avoid using
Portuguese structures that are too complex for the level of the students.

Despite the switching of languages being not an obstacle to game development per
se, it might become a struggle as the team is envisioning an online platform that can be
reached by thousands of people, requiring only the internet and a digital device. Since
the objective of the project is to be scalable for other countries and Cultural Centers,
it is relevant to ask oneself what is the influence of using a third language as a medi-
ator between the target and native languages. Taking our case in mind, we can already
note significant distancing between them. For instance, using the dichotomous refer-
ence (stress-timed and syllable-timed) of the classification of languages based on their
rhythm (James 1940; Abercrombie 1967), it is interesting to note that both Portuguese
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and Finnish are considered to be syllable-timed while English is stress-timed. Taking
that into consideration, we cannot know for sure how switching to a stressed-timed lan-
guage (English) can affect learning when both your native language (Finnish) and target
language (Portuguese) are syllable-timed.

It is important to note that a few linguists (Dauer 1983; Bertinetto 1989; Barry et al.
2003; and others) consider the rhythm of languages to be an outdated reference for clas-
sifications, with some even arguing that Finnish presents characteristics of both groups
(Sajavaara and Dufva 2001). However, it does not invalidate the claim that the three
aforementioned languages are different. Studies based on genetic comparison of popu-
lation place Germanic (English), Finnic (Finnish), and Romance (Portuguese) in very
distant positions (Harding and Sokal 1988). In addition, classifying languages deriving
from the proto-language Indo-European, based on the study of linguistic reconstruction
(Fennell, Barbara A.; 2001), theorizes a similar distance. While Portuguese and English
derive from the Latin and Germanic families respectively, two very distinctive branches,
Finnish is so peculiar in its etymological structure that it is considered by the author as
part of a separate branch, not even derived from the proto-language Indo-European tree.
Other scholars comment on how uncertain the positioning of Finnish is in the attempts
of placing it in a family tree, although it is certain it does not belong to either Latin or
Germanic branches (Marcantonio 2002).

With that, we are faced with the foreshadowing of an obstacle. Although in the
described project it was not a restrictive point, using a third language as a mediator
might lead to language barrier limits. Not knowing the students’ mother tongue fluently
is a real situation in several countries and it is exponentially more likely to happen if the
teaching is placed online. While the Finnish students of CCBF are fluent in English, we
cannot guarantee students from future benefited language centers will be. Using only
Portuguese, the target language, can lead to previously discussed problems. A possible
solution is to require a language localization person or team, based in the area of future
centers, in order to provide accurate translations in their mother language and optimize
the platform to receive new language inputs without the need of the development team.

The difficulty level of the game was another point of attention for the team. When
designing a game, it is important to consider challenges and rewards as tools for the
intricate balance of engagement that is called flow. Flow is first defined by researcher
Mihaly Csikszentmihalyi (2000) as a state of consciousness of deep focus and emotional
involvement, a concept envisioned and widespread to the field of Game Design by Chen
(2007).

“[…] when your ability matches really well to a particular challenge you can enter
the flow state. If your skill is much greater than the challenge offered by a given activity,
you’ll be bored. If your skill is far below the level of the challenge provided, you’ll
be frustrated. Or, as in the case of rock climbing and other dangerous activities, you’ll
be anxious. […] Video games especially have numerous advantages in creating and
maintaining flow, such as providing clear goals; a limited stimulus field; and direct,
immediate feedback.” (Swink 2009).

However, when designing a serious game for educational or instructional purposes,
it is of extreme importance to keep in mind that this formula has to be applied with
attention. Beyond the distress already embedded in learning the mechanics of a game,
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learninghow toplay agamewhile also learning a languagebrings new intrinsic hardships.
Namely, the player is not only faced with the struggles and challenges of the game itself,
but also with limited comprehension of the text presented. In this sense, game designers
have no control over the player’s level of proficiency in the target language, but they do
have on the game mechanics. Thus, adjusting the game difficulty can help serious game
designers achieve an adequate balance of struggles to keep the game interesting and not
frustrating.

It was also considered a challenge to provide a complete freedom of expression to
the students in view of the boundaries inherent to closed systems, such as games. In this
case, the possibility of content production by the students themselves was considered an
exciting path to explore, despite not viable at the moment. It could enhance the students’
interactions in terms of complexity and emergence, being useful to insert contextualized
content to the games. It would be opportune that the act of playing the games is an
effort taken advantage of by the system itself to stimulate its own growth. This could be
possible with tasks that guide the students to insert language elements recognizable by
the system, for example, the inclusion of nouns related to a given theme, with images,
descriptions and related translations. These new elements could be used by students in
narrative compositions within the game environment, attributing the assessment of its
contextual meaning to the exercises.

Finally, the main challenge of the suggested approach is to control the system’s
scalability, since it needs to be customizable by teachers and students in different classes,
courses, or even in different countries. To learn how to improve the system and to
understand the students’ behavior, the team considered that some indicators are also
needed to monitor the performance of the class. This data should be useful for different
groups: By the students themselves as a part of the learning process; for the teachers’
assessments; and also, to provide further data through analytics to future research and
game design processes.

In summary, the main challenges about the use of language learning games identified
in this research are: The games must bring the practice closer to the context of language
use; and the gameplay should train language skills (speaking, listening, writing and read-
ing). To do that, the students must solve specific communicational situations; meaning
that the practice is about to use their own repertoire to develop a way of communicating.
Also, the use of games is an opportunity to link practices to students’ motivations, in
order to make the experience more meaningful to them. Besides, games should encour-
age interactions between teachers, students and content; always considering the game
perspective: making mistakes with ease and making mistakes to learn. The training
should not be boring and bureaucratic, encouraging students to return (replayability);
and the game difficulty should be balanced accordingly to the role of a serious game:
learning the game must not mislead the language learning process. In order to do that,
the games must be flexible to promote autonomy for the teacher in the content creation
and also when conducing the classes. Optimizations on the content creation by teachers
and students are welcome and could be used as a source of unpredictability and emer-
gence in gameplay. The system must be designed as a scalable model in terms of the
number of students, parallel courses and staff; developed with responsive techniques that
do not have high performance hardware requirements. As the games will be developed



268 T. B. Pontes e Silva et al.

from scratch, the research team could also embrace the opportunity to develop analytics
mechanisms that allow the performance monitoring of the class and also to carry out
further studies.

4 Game Design: Negotiating with Reality

4.1 The Game Design Process

The game design process took place with the full team of researchers. It followed a
mixed model inspired by the Double Diamond presented by the Design Council (2005),
internally organized according to Simon and Newell’s problem-solving approach (1971)
and Simon’s Design Science (1981), as suggested by Pontes e Silva (2015a,2015b),
where the design activity is understood as an incremental heuristic search through a
problem space with divergent (analysis) and convergent (synthesis) cycles (see Fig. 2).

In addition, the game conception was guided by the game design fundamentals,
as suggested by Ferreira et al. (2019), which adopts Schell’s elemental tetrad (2008)
incorporating the Learning Strategies as a central component, following the suggestion
of Winn (2009). Notwithstanding the game’s several distinct components, the MDA
framework of Hunicke et al. (2004) was also adopted, organizing the game creation pro-
cess from the intended aesthetic experience to the components’ specifications, seeking
to orchestrate its integrality. They were organized following Winn’s (2009) perspective
of Design, Play and Experience (see Fig. 3).

That summarizes the different combined approaches to the organization of the game
design process. For more information about the development and evaluation cycles of
its initial interfaces, see Silva Lima et al. (2020). As in the previous stage, the Miro
software was used for the remote game design due to the social isolation caused by the
pandemic of the new coronavirus. The entire process was repeated for the development
of each game.

At this time, two games were concluded from a total of ten planned games for
the first two modules of the course. The games were developed using Strapi (Headless
CMS), MongoDB for the databank with theMongoDB online service, hosted on Heroku
and tested online with CI/CD (Continuous Integration/Continuous Deployment) for the
back-end. For the front-end the development team used React.js, hosted on GitHub and
tested online via Github Pages.

Regarding the ideation stages of the process, the deliverables were organized as
follows. Initially, the official didactic content to be addressed by the game was specified.
It was associated with possible topics of interest (becoming the game’s high concept),
validated by the coordinator and teacher, as described in the previous stage. Then, a
sub-team was responsible for detailing the game’s progression structure associated with
a core loop mechanic cycle that corresponded to the learning strategy defined for that
content. This result is documented as a progression/action flow, and eventually with
low-fidelity wireframes to detail any specific scene. Jointly, the software architecture
was defined to organize its main components into smaller functionalities, verifying their
suitability level with use cases.
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Fig. 2. Design process as an incremental heuristic search through a problem space, where the
structuring stages result in a better definition of the problem and the resolving stage search for
possible configurations to the specific deliverable as an abductive process. The solution is under-
stood as an integral artifact with all the defined attributes from the structuring stage. Adapted from
Pontes e Silva (2015a, b).

Fig. 3. Organization of the game specification process: first prioritizing the intended experience,
then defining the game situations that could foster them; and only after thatworking on the different
components of the game. To this end, a fifth element was added to the fundamental pillars of the
serious games: and learning contents and strategies. Adapted from Ferreira et al. (2019).

With the structural stage initiated, the other work fronts took place in parallel. The
complete asset survey was carried out in a list and then organized by format (illustra-
tions, verbal sentences and interface elements). From this list, the other teams proceeded
with the illustrations’ drawings and the preparation of the written material. Meanwhile,
another sub-team was responsible for specifying what would be the most appropriate
feedbacks for students in the learning process, as well as the reports provided to teachers
on the use of games. Also, this team defined the most relevant variables for conducting a
survey via game analytics to investigate the association between the use of games and the
students’ engagement. Still, another team specified the high-fidelity wireframes, which
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were gradually replaced by the produced assets. At certain times, these surfaces were
modeled using Adobe XD software for navigation tests. This moment was substantial to
ensure consistency between the expected result and the gaps that arise during production.

The development team was organized in front-end and back-end groups. While
the first was responsible for implementing all the elements defined in the high-fidelity
wireframe, the second programed all the internal functionalities of the system, such as the
main methods, database, etc. After the first developed versions, an intrinsic evaluation
was carried out on the interfaces in search of the most evident usability and playability
problems based on the joint use of the parameters suggested by Kumar et al. (2019)
usability guidelines formobile learning; Jahnke et al. (2019)Design principles formobile
microlearning; and Pinelle et al. (2008), Desurvire and Wiberg (2009), and Jerzak and
Rebelo (2014) game heuristics. With that, the games went through a review process and
the main hypotheses for the user’s test were formulated as an extrinsic evaluation. The
process continued in a cyclical and cumulative routine until the games were considered
suitable for their inclusion as complementary material in a future edition of the online
course. After that, the further research should continue with the analytics approach.

4.2 Beginner Level Immersive Language Learning Games

From the results of the qualitative research stage and the discussions with the Design
team, we understand that the main suggestion to contribute to the investigated environ-
ment must be an adaptive expansive system. This conception encompasses four main
characteristics that reach their greatest potential together. The first one comprehends that,
in the context where the students use several educational games, they should be able to
gather the main content of the games as collectable assets for a personal record. This
documentation, like a diary or study notebook, could be freely organized by students,
grouping the subjects according to their own interest or study strategy. This allows the
didactic content to be accessed in a more personalized way, prioritizing what is most
relevant for each student.

As a second feature, in addition to allowing this appropriation of the contents by the
students, it was considered an opportunity that they could create their own objects in
an interpretable format by the game. This can occur in some activities established by
teachers and serve as a source of expansion and customization of games between different
editions of the course. For example, when the class content addresses a specific cultural
event, such as the New Year, students with different backgrounds could incorporate
their cultural experience into the content. In addition to favoring the specific learning
context of the class, these contents already inserted in the platform could be evoked later
by teachers in new editions, making the experience broader and more dynamic, also
favoring replayability.

Combining the two attributes, these collectibles could be exchanged and dissemi-
nated throughout the platform, reducing the effort of teachers when creating new con-
tent, generating more significance for the students, who can use their own collection of
assets in communication activities with their colleagues. This occurrence can currently
be seen in the use of some social media platforms, which incorporate collectible pic-
tures, such as stickers, which are used in different contexts, disseminating some specific
representations in different networks.
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The third suggested feature is that, instead of designing only games as closed systems,
we should design a game creation tool. It could be organized as a direct application of
the inventory of collectible objects linked by sets of simple rules. This repertoire of rules
could involve sequences of actions, with appropriate triggers, effects and feedbacks,
associated with specific mechanics such as: time control, use of randomizers, action
shifts, numerical and string checking mechanisms, among other raised possibilities.
With that, teachers could design more open activities, with autonomy to include their
own content and define the learning strategies for each class, adapting the tools as the
course is conducted. We believe that it would be possible to design a tool that produces a
series of games in point and click style, using basic mechanics inspired by other games
such as: memory, dominoes, broken telephone, crosswords, hangman, or even slightly
more complex structures, such as the management resources genre, Pictionary, among
other popular, casual or board games. It is true that this approach imposes a limit on
the potential of the games created by the tool. The complexity of the tool needs to be
coupled with the technical knowledge necessary for teachers to use it.

The last defined attribute was the need for multiplayer games. The interaction
between students and with the teacher was considered a defining factor for engage-
ment (Dixson 2010). That could happen with some possible scenarios: the teacher with
a pre-defined role; the whole class participating in the same instance of the game; or
even students in smaller groups for independent game sessions in synchronous or asyn-
chronous modalities. This would be a significant feature to incorporate socialization and
communication through the platform.

Developing a platform with all of these characteristics broadened the scope of this
research. Thus, in order to reach this level, it was defined that for the first stage only an
initial set of ten games would be produced and tested, organized into five thematic pairs.
These preliminary products must be designed according to the broader rules defined for
the platform and will be evaluated in real context of use in some editions of the course
for improvement. The initial versions must contain data output for further analysis, in
order to allow a broader understanding of the factors that may be associated with student
engagement. Over time, we hope to be able to more accurately assess the validity of
using these low-complexity games and their role in the students’ learning process. Thus,
it will be possible to launch new versions of the games until we reach the idealized
platform with all the four described attributes.

As an example of this first generation of products, the initial pair of games is briefly
presented. It was established that the main learning strategy for these contents should be
the communication in specific contexts. Thus, the two games address a problem situation
in which the interpretation of the dialogues is the main element of the mechanics. For
the first game, the goal is to transpose elements of the dialogue to a record on the avatar’s
phone. To do so, the player needs to understand the characters’ context and speeches.
In the second game, the goal is to identify a specific person at a work environment.
To do this, the player needs to collect tips from other characters in conversations. The
assessment of the player’s understanding occurs in the choice of the possible responses
that must be related to the context of the conversation. When performed two successful
cycles of conversation, the character provides a tip about the person sought. After a
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while, the player should have enough information to identify the right person. Figure 4
presents some of the described situations from both games.

Fig. 4. Scenes from the first two games, which focus on training communication skills in work
situations. Representations of internal environments, dialog interfaces and representations of
smartphone environments were used to establish the gameplay context.

5 Conclusion

This research aimed to investigate the challenges of using educational games in the
context of a course on learning Portuguese as foreign language. To this end, it was orga-
nized in two stages, a qualitative investigative approach and another as a propositional
interventional Design process. Therefore, the challenges identified in the first stage and
some possible ways to address them were presented as results. The next steps involve an
evaluation of the first intervention, which must follow iterative cycles until reaching the
idealized solution. Although it was not feasible to implement all the raised attributes in
these first versions, we understand that these characteristics are central to expanding the
agency of teachers and students in the learning process and should guide the evolution
of this platform.

Moreover, the research team understands that this utopic proposition of creating a
platform that creates games may be the best solution for all the complex challenges
this project has been facing. By understanding the new learners’ need, we conclude
that it is imperative to provide a software that can be shaped by people – be it the
teachers or the students – and allow them to create their own experiences. If we aim
to offer real world tasks and real-world context, we should also acknowledge that the
world changes fast (and is continuing to change). A task that is relevant today might
not be in one or two years. So, our software needs to have the ability to change with it.
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These accelerated changes require learning that expands the learner’s horizon and helps
the learner to grasp practical knowledge. This demands that not only our game allows
agency for the students but also agency for the teachers and educators alike.When aiming
to construct complex learning experiences, we must go beyond content acquisition or
classroom participation. Our mid-term goal is to expand knowledge through virtual
learning experiences empowering teachers and students as the main agents of the change
(Engeström and Sannino 2010).
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Abstract. It has been generally considered as one of the effectiveways of teaching
reform to add gamification into college courses. This study mainly discusses the
specific methods of improving the learning effect of university courses through
gamification, and tries to put forward a set of design framework and apply it
to a university course. From the perspective of learning engagement, this paper
analyzes the effect of gamification design and application, and investigates the
relationship between gamification learning experience, learning motivation, per-
sonality traits and learning engagement. The significance of this study lies in, on
the one hand, enriching the practical experience of improving learning engage-
ment through gamification, on the other hand, providing reference for construct-
ing the theoretical model of the relationship between gamification and learning
engagement.
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1 Introduction

In recent years, Gamification has been widely concerned. It is generally believed that
gamification is the application of game elements to non-game fields. According to this
definition, gamification is a method, means or way of thinking used to improve user
experience and participation in non-game environment. Educational games and game-
based learning are to learn knowledge and skills through a complete game. Gamification,
instead of letting learners play a certain game, only involves some activities including
game elements, such as points, levels, badges, rankings, etc. [1]. It is not necessary to
use pure games in teaching, but the characteristics of gamification such as challenge,
curiosity, competition and control can be applied to the design of learning activities [2].

During the Novel Coronavirus Pneumonia epidemic period, many university teach-
ers spontaneously applied gamification elements such as points, badges and rankings to
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online classroom teaching, or organized students to carry out gamification activities at
home, which enhanced the interest of courses and stimulated students’ learning motiva-
tion. Adding game elements into instructional design has become one of the trends in
the development of learning methods. In the post-epidemic era, people will pay more
attention to active learning. How to integrate gamification into university curriculum
to make learning process more interesting, learning content more useful and learning
results more valuable, is a meaningful topic, which deserves the attention of university
teachers and researchers.

This study mainly discusses the specific ways to improve the learning effect of uni-
versity courses through gamification, and tries to put forward a set of design framework,
which is applied to the university course of Television Camera. From the perspective of
learning engagement, this paper investigates the effect of gamification design and appli-
cation, and analyzes the relationship between gamification learning experience, learning
motivation, personality traits and learning engagement. The significance of this study
lies in, on the one hand, enriching the practical experience of improving learning engage-
ment through gamification, on the other hand, providing reference for constructing the
theoretical model of the relationship between gamification and learning engagement.

2 Design

2.1 The Design Principles of Gamification

The design of gamification needs to follow some general principles, which is the basic
consensus reached by researchers after many practices. Marache-Francisco and others
summed up six principles of gamification design, which mentioned that gamification
must be beneficial to both the owner and the user; Through tailor-made triggers, dif-
ferent users can experience different gamification designs; The interaction and moti-
vation should be considered [3]. The gamification design principles summarized by
Morschheuser et al. mainly include: understanding the user’s needs, motives and behav-
iors, and also understanding the background of gamification application; Identify and
clearly define the goal of gamification;Verify the idea of gamedesign as early as possible;
Follow the iterative design process; Rich knowledge of game design and human psychol-
ogy; Participants and organizers must understand and support gamification; Always pay
attention to user needs in the process of iteration; Define and use indicators to evaluate
andmonitor the success of gamification; Continuously optimize the design throughman-
agement and monitoring; Users are invited to participate in the conception and design
stage [4]. Li Chaobo believes that the gamification design of adult training courses should
follow four design principles. One is interest orientation, which stimulates adult learners’
interest in the course content. This can be achieved through perceptual awakening, stim-
ulating inquiry and multiple stimuli. Second, experience-oriented, considering estab-
lishing the relationship between adult learners and learning content. Methods include
motivation association, knowledge association and goal association. The third is action-
oriented, which includes “small steps” thinking and goal stratification, establishing a
clear rule system, designing competition mechanism and confirmation and feedback
mechanism; Fourth, development orientation. Always aiming at improving adult learn-
ers’ knowledge, skills or changing attitudes [5]. Darina Dicheva and others summarized
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14 principles of educational gamification design, among which the social participation
principles include individual and group competitions, participation in group activities
and team projects, and cooperation and interaction with other students [6].

Based on the previous studies, it can be seen that the curriculum design of gami-
fication needs to pay attention to the following key principles (see Fig. 1): First, pay
attention to stimulating learners’ learning motivation; Second, always focuses on the
study of curriculum knowledge and the improvement of skills; The third is to promote
links between learners, curriculum objectives and old and new knowledge; The fourth
is to achieve competition and cooperation through social participation; Fifthly, evaluate
the design effects through iterations, dimensions and indicators.

Fig. 1. Key design principles of gamification

2.2 The Design Framework of Gamification

Gamification design of university courses is not a simple combination of games and
learning, nor is it to apply games to study a certain knowledge point or as a means
of practice. Instead, it should apply the spirit, thinking and motivation of games to
the teaching, motivate learners through tasks, challenges, competition, cooperation and
rewards, and guide learners to strengthen interaction and learning, increase learning
enthusiasm and improve learning engagement. The gamification design of university
courses is instructional design, and it should also refer to educational games and game-
based learning design.

After the Novel Coronavirus Pneumonia epidemic, one of the major changes in the
college curriculum is that various means are widely used to enrich the teaching pro-
cess, and blended learning has become a trend. Huang Ronghuai and others believe
that the curriculum design of blended learning is an inevitable requirement of class-
based teaching system. It is also the need of developing students’ professional skills.
The design framework should roughly include three stages: frontal analysis, activity and
resource design and evaluation design. The frontal analysis includes learner characteris-
tics, learning objectives and blended learning environment, while activity and resource
design includes blended learning overall design, unit design and resource design and
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development. The evaluation design is mainly based on the contents determined in the
previous two stages [7].

The gamification design framework proposed by Werbach and Hunter includes six
steps. One is to define goals, list all possible potential goals and make each goal as
accurate as possible, identify the final goal by the importance of goals; The second is
to describe the target behavior. Before the behavior is promoted, the definition of the
ultimate goal should be specific and clear. In the user analysis stage, it is necessary to
understand the scope and characteristics of the user group, subdivide the user group if
necessary, and ensure that the gamification system can adapt to each subdivision group;
The third is user analysis, which clarifies who the user is, what kind of relationship he
has with the designer, what may motivate the user, and decides which incentive factors
to adopt; The fourth is to design the activity loop, including participation loop and
advanced design; The fifth is to keep fun and keep the system interesting in order to
attract users better; The sixth is to configure appropriate tools, which is the stage of
system implementation [8].

Based on the above framework of blended learning curriculum design and gamifica-
tion design, this study attempts to put forward the design framework of gamification (see
Fig. 2), that is, the design process, for the reference of designers to improve curriculum
design. According to this framework, the design of gamification can be divided into six
steps: the analysis of curriculum, the analysis of learning background, the analysis of
incentive mechanism, the design of gamification elements, the implementation of gam-
ification and the evaluation of gamification effect. These six steps can be summarized
into three modules.

Fig. 2. The design framework of gamification

First, the analysis of curriculum objectives and learning background. Teachers and
instructional designers should first have a clear understanding of the learning objectives
of the course, that is, to clarify the specific requirements that students need to meet in
terms of knowledge, ability and quality. At the same time, they should know the char-
acteristics of learners, such as preparatory knowledge, learning styles and preferences,
and classify the knowledge to be learned, such as theoretical knowledge and practical
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knowledge, and know the learning environment, such as learning resources, learning
space, learning tools, teaching methods and strategies, etc.

Secondly, the analysis of incentive mechanism and the design of gamification ele-
ments. According to the curriculum objectives, teachers and instructional designers need
to make clear which driving forces may stimulate students’ learning. In other words,
teachers want which learning motivation to be stimulated, so as to choose appropriate
gamification elements and design the curriculum activities, resources and presentation
methods concretely. In this module, gamification design elements can be embedded into
existing curriculum activities and resources, and they can also be completely new.

Third, the implementation of gamification and the evaluation of gamification effect.
After the gamification design, teachers and instructional designers should collect learn-
ers’ learning data in time in the process of implementation, so as to select appropriate
evaluation dimensions and indicators, and promote the evaluation and feedback of gam-
ification effect after the course. In this module, we need to answer whether the game
design has an impact on the learning effect, which factors work and which factors don’t.

Finally, it should be noted that in this design framework, the design of gamification
may be carried out after or at the same time as the curriculum design, and it must be
closely combined with the curriculum objectives and teaching plans no matter when it
starts; Game design is a dynamic and adjustable process, and the six design steps can
be adjusted and leapfrogged in sequence according to the actual progress of curriculum;
Gamification design is also a cycle and iterative process. The evaluation result of the
previous round can be the basis for improvement of the next round of design, and enough
design practice can better verify the reliability of gamification effect model.

2.3 The Design Strategies of Gamification

Gamification design strategies are the use of game components, mechanisms and dynam-
ics [8]. This researchwill focus on design elements such as points, badges, achievements,
challenges, competitions and teams.

Points show players’ scores in one or more fields. Points can explain the conditions
needed to reach the next level by providing feedback on the player’s status. If the goal
of gamification is to encourage competition, then use points as a comparison tool. If the
goal of gamification is to make players feel proficient and progressive, then points are
used as a continuous feedback tool [8]. In the design of the integral type, the experience
value describes the player’s level. All the game behaviors of players can get experience
values; Redeemable points can be used to redeem goods or services, which is “cash”
in virtual economy; Skill points are usually used to reward players to complete some
special and non-core tasks [9].

Badges are used to visualize players’ achievements, which can be used in combina-
tion with points, grades and achievements, or can be used as a single system. The badge
system should have five characteristics. First of all, badges can set goals, stimulate and
challenge players to achieve their goals. Secondly, badges can guide players’ behaviors,
explain what activities can be carried out in the system, and guide the establishment of
behavioral norms. Third, badges build a reputation for players, and players can show
their professional reputation and ability by displaying medals. Fourth, badges are status
symbols. Badges illustrate the achievements of players and represent their social and
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economic status in the game. Fifthly, badges are the identification of specific people,
and players with the same badge combination may have a sense of unity [8]. Collecting
badges can become people’s motivation, and well-designed badges also attract players.

Challenges are often used with social elements such as competitions and teams.
When designing a challenge, designers should pay attention to originality, sufficient
time interval and increasing difficulty level by level. The challenge also needs to provide
instant and personalized feedback for individuals and teams. When designing the team,
the number of people should be kept within a small range, and attention should be paid
to the use of seats that are conducive to communication [10].

3 Application

In this study, the above design principles, framework and strategies are applied to a
university course. According to the design process, through specific implementation and
evaluation, the improvement of learning effect under the gamification is investigated.

3.1 Curriculum Objectives and Background Analysis

TelevisionCamera is themain compulsory course of themajor of educational technology,
which emphasizes both theory and practice, especially practice. The goal of the course
is to enable students to have the following five professional abilities: to be familiar
with and reasonably use cameras and related equipment; to master the basic knowledge
of television photography; to be able to write scripts of television works; to be familiar
with the creative process of television cameramen; to master the technology and skills of
television photography, to be able to integrate disciplines and innovate, and to cooperate
with others. Among the five goals, the second one is the knowledge requirement, the
first and third are the skill requirements, and the fourth and fifth are the professional
quality requirements.

The learners of TV Camera are sophomores majoring in educational technology,
radio and television journalism and advertising, and have completed the study of pho-
tography technology and skills. There are three main types of learning environments.
Learning space includes multimedia classrooms, studios, outdoor environment, soft-
ware of Learning Pass and QQ; Learning tools include digital cameras, tripods, light-
ing rocker arms and tracks, acquisition systems, multimedia courseware and traditional
paper textbooks; Teaching methods mainly include teaching, practical operation, visual
demonstration, group discussion, cooperative learning and classroom report, etc.

3.2 The Choice of Gamification Elements

Classifying and transforming the curriculum objectives into the requirements for stu-
dents’ abilities, we find that the acquisition of knowledge, especially skills, can be driven
by progress and sense of accomplishment and ownership, and the professionalism of
innovation and cooperation can be stimulated by social influence and association (see
Table 1). According to Yu-kai Chou’s octagonal behavior analysis method [11], we tried
to match the incentive factors with the gamification elements. The achievement system
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design elements including points, badges and grades are selected to promote the learning
of knowledge and skills, and the individual competition and team task design elements
are selected to promote the acquisition of professional qualities such as innovation and
cooperation.

The reason why the achievement system can stimulate is that people are more likely
to like the activities they are good at, so the ability needs may play a regulatory role
in the development of intrinsic motivation. Under certain conditions, positive feedback
is a method that can enhance the sense of ability and produce intrinsic motivation. In
gamification, the best example of positive feedback is the achievement system. In the
design of gamification courses, the achievement system can be composed of points,
badges, grades, feedback, progress reports, etc., so that learners have the feeling of
climbing up the ladder and moving step by step [12].

Table 1. Curriculum objectives, incentive factors and elements choice

Curriculum objectives Competency
requirements

Incentive factors Gamification elements

Master the basic
knowledge of TV
camera

knowledge Progress and sense of
accomplishment,
ownership

Points, badges, grades,
achievement systems,
convertible points,
challengesUsing professional

camera equipment,
writing scripts

Skills

Master camera skills,
be able to innovate and
cooperate

Professionalism Social influence and
connection

Individual
competition, team task

3.3 The Design of Gamification Elements

Achievement System Design The purpose of this course is to cultivate quasi-
professional cameramans, so we customize a set of cameramans’ achievement system,
which includes badges, points and grades. The achievement system of is also a system
of grade upgrading. It is divided into eight levels, and each level is divided into three sub
levels: gold, silver and bronze. Through the promotion of the level, it provides feedback
for learners to complete each challenge task, which marks the continuous improvement
of camera knowledge and skills.

The design of badges pattern mainly considers the characteristics of learners and
learning objects. The patterns should represent the camera skills, and show the differ-
ences of camera skills through the different images of each badge. The main picture of
the badge takes the camera equipment as the theme, and the main level is distinguished
by the icon in the center. According to the order of the complexity of camera equipment
from simple to complex and camera skills from weak to strong, the main pictures are
as follows: phone camera - intern cameraman, card digital camera - new cameraman,



Design and Application Research of Gamification in University Curriculum 283

pick-up head - junior cameraman, hand-held digital camera - intermediate cameraman,
shoulder digital camera - senior cameraman, tripod - highly qualified cameraman, clip-
stick - expert cameraman, finished film -master cameraman. Sub levels are distinguished
by color and number of stars, and the design patterns are as follows: bronze - one green
star, silver - two gray stars, gold - three yellow stars (see Fig. 3).

Fig. 3. Badges design of TV camera course

The middle position of each badge shows the student’s head image and name, which
is tomake students have a strong sense of achievement and ownership through customiza-
tion. Badges will be published through QQ group of this course, and achievements will
be sent to students through QQ individually in the form of display chart (see Fig. 4),
so that students can know their learning progress in time. As can be seen from Fig. 4,
students can clearly and intuitively understand their badges, points, competition ranking
and other information.

Competition and Challenges Design. Aiming at the curriculum objectives with inno-
vation, cooperation and other professional qualities as the core, this study designed a
team competition which was highly consistent with the course content through repeated
discussionswith the course teacher and teaching assistants. The elements such as treasure
hunt, time limit and story were embedded into the competition rules (see Fig. 5). Stu-
dents were required to look for specific elements under the specified theme and within a
limited time, shooting short stories with the main line. This competition design hopes to
stimulate learners’ awareness of cooperation and competition, so as to promote learning
engagement. Besides, in order to master the knowledge of photography, the researchers
designed the challenge task of multiple knowledge contests, and the results were used
as the basis for awarding badges.

The gamification achievement system embedded into the curriculum system needs
to design challenging learning activities and tasks. The course of TV Camera is divided
into eight chapters, so the researchers have designed eight corresponding challenge tasks,
and the difficulty of the tasks increases with the improvement of students’ ability. The
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Fig. 4. The display chart of achievement for a student

Fig. 5. The display chart of team competition rules

chapter of knowledge mastery is mainly in the form of online limited time competition,
while the chapter of skill mastery is mainly in the form of practical operation, and some
of the original assignments of the course are still retained. The gamification design is
carried out to improve students’ interest in learning. As can be seen fromTable 2, in order
to give students clear and timely game feedback, there is a corresponding and matching
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relationship between the course chapters, challenge tasks and gamification achievement
system.

In addition to virtual achievement systems, competitions and challenges, learners
who have completed all the challenge tasks can also exchange the accumulated points
for “real” rewards, which are not in kind but related to the further improvement of
students’ camera skills. For example, students who have reached a certain point amount
can get the opportunity to visit TV stations or participate in feature films. It should be
noted that the reward should not exceed the ability of teachers and designers, and should
be aimed at improving students’ learning enthusiasm and professional ability.

4 Results

4.1 Application Effect Analysis

In this study, the students of the first semester of the 2019–2020 academic year and the
students of the first semester of the 2020–2021 academic year as the main data sources,
from the perspective of learning engagement, the differences between using and not
using gamification instructional design were compared.

Study Design and Data Collection. Regular classroom teaching methods are adopted
in the fall of 2019, and gamification design is added to autumn 2020 course. The two
semester courses are consistent in terms of teachers, syllabus, teaching contents and
teaching arrangements. In this study, through the method of quantitative research, ques-
tionnaires are issued to obtain the data of students’ learning engagement, and the ques-
tionnaire data of students participating in the survey are taken as samples. The learning
engagement questionnaire is divided into three parts: emotional engagement, cognitive
engagement and behavioral engagement. After the understanding and preliminary anal-
ysis of the students’ mastery of television camera knowledge in the early stage of the
course, the students of two semesters have certain homogeneity. There are 42 valid sam-
ples in autumn 2019 and 40 valid samples in autumn 2020. Both questionnaires were
completed voluntarily.

Comparison of Learning Engagement. Learning engagement can reflect students’
learning effect to a certain extent, including emotional engagement, cognitive engage-
ment and behavioral engagement. The learning engagement data of fall 2019 and fall
2020 can be accepted as normal distribution. SPSSAU software is used to conduct inde-
pendent sample t test on the data of two semesters. The results are shown in the Table
3. The learning engagement, cognitive engagement and behavioral engagement of the
two groups were significant at 0.01 level, and Cohen’s D value was greater than 0.8,
and the effect was large. In conclusion, there were significant differences in learning
engagement, cognitive engagement and behavioral engagement between using and not
using gamification instructional design, and the difference was large. This shows that,
compared with the autumn course of 2019, the students who have experienced the gami-
fication design in autumn 2020 have a certain improvement in their learning engagement,
especially in cognitive and behavioral engagement.
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Table 2. The corresponding relationship between the course chapters, challenge tasks and
gamification achievement system

Course 
chapters Teaching emphasis

Gamification Design

Challenge tasks Titles Grades Points Badges

An 
overview 
of televi-

sion 
camera

Camera classification, basic 
and professional camera 
introduction

Online Time 
Limit Answers

Intern 
cameraman

Bronze 
medal 10

Silver
medal 20

Gold 
medal 30

Televi-
sion 

footage

The composition of the TV 
picture, the scene of the TV 
picture

Online Time 
Limit Answers

New cam-
eraman

Bronze 
medal 10

Silver
medal 20

Gold 
medal 30

Fixed 
lens and 
motion 

lens

Fixed lens, motion lens and 
upscale lens

MV of campus 
scenery

Junior 
cameraman

Bronze 
medal 10

Silver
medal 20

Gold 
medal 30

Design 
of split 

lens

Sub shot script design, long 
shot

News interview 
program design 

(group)

Intermedi-
ate camer-

aman

Bronze 
medal 10

Silver
medal 20

Gold 
medal 30

Shooting 
AIDS

The use of rocker arm, track 
and magic leg

Online Time 
Limit Answers

Senior 
cameraman

Bronze 
medal 10

Televi-
sion 

lighting

Introduction, understanding 
and operation of lighting 
tools

Silver
medal 20

(continued)
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Table 2. (continued)

Course 
chapters Teaching emphasis

Gamification Design

Challenge tasks Titles Grades Points Badges

Use of 
studio

Studio introduction, studio 
lighting system, studio back-
ground system

Gold 
medal 30

Individual competitions 10-100 Progress 
presentation

Short Film for 
News Interview 

(Group)

Highly 
qualified 

cameraman

Bronze 
medal 10

Silver
medal 20

TV 
program 
shooting

TV news shooting, TV fea-
ture film shooting, the differ-
ence between feature film 
and TV news, TV advertise-
ment and MV shooting, TV 
short play

Gold 
medal 30

Theme 
MV(individual)

Expert 
cameraman

Bronze 
medal 10

Silver
medal 20

Gold 
medal 30

Team Competition 20/40/60 Progress 
presentation

Offline Time 
Limit Answers 

Master 
cameraman

Bronze 
medal 10

Silver
medal 20

Gold 
medal 30

4.2 Impact Relationship Analysis

Study Design. In this study, we selected 40 students who participated in the course of
TV Camera in autumn 2020 as the research object. They were all sophomores majoring
in educational technology. A total of 40 valid questionnaires were collected, including
6 boys (15%) and 34 girls (85%).

In this study, the gamification design of the course of TV Camera is implemented.
The process of course experiment mainly includes four parts: early communication
with teachers, gamfication design, formal implementation of the course, questionnaire
survey and data collection and analysis. The research on the influence relationshipmainly
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Table 3. Independent sample t test of learning engagement

Group (mean ± SD) t p

Autumn 2020 (n = 40) Fall 2019 (n = 42)

Learning engagement 3.23 ± 0.36 2.93 ± 0.32 4.006 0.000**

Cognitive engagement 3.17 ± 0.49 2.77 ± 0.39 4.057 0.000**

Behavioral engagement 3.43 ± 0.43 3.02 ± 0.48 4.018 0.000**

Emotional engagement 3.13 ± 0.36 2.98 ± 0.38 1.721 0.089

* p<0.05 ** p<0.01

adopts the quantitative method, using the quantitative data of questionnaire survey, and
analyzing the status of students in the course by SPSSAU.

The main data collection tool of this study is the questionnaire of students’ gam-
ification learning experience, learner characteristics, learning motivation and learning
engagement. Combined with the existing theories, classic questionnaires and curricu-
lum practice, this study determined the items of the questionnaire, adjusted the content
and language expression of the questionnaire on the basis of student interviews. The
short version of the Chinese Big Five Personality Questionnaire [13], and the Learn-
ing Motivation Scale developed by Amabile et al. [14] have been used. The learning
engagement questionnaire of Z wang et al. [15], Skinner et al. [16] and QP Kong et al.
[17] was used as the basis of the learning engagement questionnaire. Combining with
the actual situation of the course, the learning engagement questionnaire was designed
from three dimensions of behavioral engagement, cognitive engagement and emotional
engagement. Each item in questionnaires was scored by Likert’s scoring system.

ResearchHypothesis. The core idea of this study is to explore the relationship between
gamification learning experience and learning engagement, and to explorewhether learn-
ing motivation plays a mediating effect when analyzing the influence of gamification
learning experienceon learning engagement. In addition,wealsopay attention towhether
the personality traits play a moderating role in the influence of gamification learning
experience on learning engagement (see Fig. 6). Here we try to put forward two kinds
of hypotheses:

The first category:

I Students’ gamification learning experience has a significant positive impact on the
level of learning engagement of the TV Camera course

II Students’ gamification learning experience has a significant positive impact on
learning motivation of the TV Camera course

III Students’ learning motivation has a significant positive impact on the level of
learning engagement of the TV Camera course
The second category:

IV The students with a certain higher personality trait showed a higher level of learning
engagement in the gamification learning experience of the TV Camera course
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Fig. 6. Impact relationship analysis framework

Research Results. The reliability and validity of the questionnaire were analyzed. The
reliability coefficient values were greater than 0.8, and the reliability quality was also
high. The validity of the study data was also acceptable. Firstly, Pearson correlation
coefficient was used for correlation analysis, and then linear regression was used to
analyze the influence relationship. Finally, hierarchical regression was used to analyze
the mediating effect and moderating effect.

The Relationship Between Gamification Learning Experience and Learning Engage-
ment. Taking gamification learning experience as independent variable, and cognitive
engagement, behavioral engagement, emotional engagement and learning engagement
as dependent variables respectively, the regression coefficients of gamification learning
experience were 0.483 (t = 3.220, p = 0.003 < 0.01), 0.601 (t = 5.321, p = 0.000 <

0.01), 0.405 (t= 3.830, p= 0.000< 0.01) and 0.490 (t= 5.021, p= 0.000< 0.01). This
means that gamification learning experience has a significant positive impact on cog-
nitive engagement, behavioral engagement, emotional engagement and overall learning
engagement.

The Relationship Between Gamification Learning Experience and Learning Motivation.
The gamification learning experience is used as an independent variable, and the intrinsic
learning motivation, extrinsic learning motivation and learning motivation are used as
dependent variables respectively for linear regression analysis. It can be found that the
regression coefficients of the gamification learning experience are 0.563 (t = 5.555, p
= 0.000 < 0.01), 0.442 (t = 3.812, p = 0.000 < 0.01) and 0.474 (t = 5.303, p = 0.000
< 0.01), indicating that the gamification learning experience has a significant positive
impact on intrinsic learningmotivation, extrinsic learningmotivation andoverall learning
motivation.

The Relationship between Learning Motivation and Learning Engagement. Taking
intrinsic learning motivation as an independent variable, and cognitive engagement,
behavioral engagement, emotional engagement and learning engagement as dependent
variables, we conduct linear regression analysis. It can be found that the regression coef-
ficients of intrinsic learning motivation are 0.595 (t= 3.363, p= 0.002< 0.01), 0.624 (t
= 4.272, p= 0.000 < 0.01), 0.365 (t= 2.686, p= 0.011 < 0.05) and 0.516 (t= 4.159,
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p= 0.000< 0.01), indicating that intrinsic learning motivation has a significant positive
impact on cognitive engagement, behavioral engagement, emotional engagement and
overall learning engagement.

TheMediating Effect of LearningMotivation Data analysis did not find significant effect
of learning motivation. That is to say, in the process of gamification learning experience
affecting learning engagement of the TV Camera course, learning motivation does not
play a bridge role.

The Moderating Effect of Learner Characteristics With gamification learning expe-
rience as the independent variable, extrovert personality traits as the moderator vari-
able, and cognitive engagement, behavioral engagement and learning engagement as the
dependent variables, respectively, the interaction term between gamification learning
experience and extrovert personality traits shows significant (t = 3.562, p = 0.001 <

0.05), (t= 2.134, p= 0.040< 0.05) and (t= 2.692, p= 0.011< 0.05). This means that
when the gamification learning experience affects learning engagement, the extrovert
personality traits has a significant difference at different levels.

With gamification learning experience as independent variable, conscientious per-
sonality traits as moderator and cognitive engagement as dependent variable, the interac-
tion between gamification learning experience and conscientious personality traits was
significant (t= 2.678, p= 0.011< 0.05). This means that when the gamification learn-
ing experience affects cognitive engagement, the conscientious personality traits has a
significant difference at different levels.

4.3 Qualitative Analysis

In this study, 12 students who participated in the fall 2020 course were interviewed
about the gamification learning experience. Overall, we have received a lot of positive
feedback.

In terms of emotional experience of gamification design, students reflected that
the course “raised my interest” and “I felt very happy, satisfied and fulfilled to get a
medal”, “the knowledge I learned in this course is constantly deepening, and my ability
is constantly improving.” the point system has a greater influence onme, because I would
like to get points.”

In terms of the design of learning activities, some students think that “the most
interesting thing is the challenge of ‘Different Youth (team competition)’, they string it
into a story with various elements, and then shoot a short video, which is very novel.”

In terms of the visual effect of gamification element design, the students commented
that “the badge design is very exquisite, and the personal photo is designed on the medal,
which is very interesting. I really want to get it. The badge is very good-looking.”

5 Conclusion and Reflection

5.1 Conclusion

Generally speaking, gamification learning design improves students’ learning engage-
ment level in the course of TV Camera.There are significant differences in learning
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engagement, cognitive engagement and behavioral engagement between using and not
using gamification instructional design. After adopting gamification teaching, the stu-
dents’ learning engagement level in the course of TV Camera has been improved to a
certain extent.

Students’ gamification learning experience has a significant positive impact on learn-
ing engagement and learning motivation, and students’ intrinsic learning motivation has
a significant positive impact on learning engagement. The students with higher extro-
version personality traits showed a higher level of overall learning engagement, and the
students with higher conscientious personality traits showed a higher level of cognitive
engagement in the TV Camera course.

These results confirm the existing research conclusions to some extent. Wad Ghaban
and Robert Hendley believe that gamification motivation benefits vary with personality
types. Highly extroverts can benefit from gamification design [18]. In an empirical
study conducted by Patrick Buckley and Elaine Doyle in 2016, it was found that learners
with extraversion personality traits can obtain satisfaction from external motivation and
think gamification has positive gains [19]. Another survey conducted by the same two
researchers in 2017 shows that gamification design is particularly effective for students
with intrinsic motivation [20].

In the process of gamification learning experience affecting learning engagement,
learning motivation has no mediating effect, that is to say, in this course, the positive per-
formance of learning engagement is directly caused by gamification learning experience,
not by gamification experience to stimulate learning motivation, and then by learning
motivation to promote learning engagement. This may be due to the strong direct effect
of gamification experience on learning engagement, or it may be related to the small
sample size, which needs to be tested in further researches.

5.2 Reflection

Based on the gamification design principles, framework and strategies, this study takes
the university course of Television Camera as an example, and verifies the effectiveness
of gamification in improving learning engagement through design and implementation.
In the process of design and implementation, researchers reflect on the problems existing
in the current relevant research.

Moderation is the primary factor in the gamification design of university courses. At
present, the gamification design and application in the field of higher education is still not
very popular, which may be related to the higher implementation cost. In the university
curriculum, it is difficult to reform the curriculum system through educational games. For
teachers, excessive game design needs higher time andmoney cost; for students, complex
game design also needs time to master and adapt. Therefore, a moderate gamification
design embedded in the teaching process is more operable.

Customization is the core of gamification learning design for university courses. In
order to attract students’ attention and stimulate learning behavior, gamification design
needs to keep cognitive consistency with curriculum objectives and learning process,
and can’t be divorced from each other. We need to find the combination of the two and
tailor-made for the course.
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It can be considered to use the ranking table. Although previous studies have shown
that rankings may affect students’ learning motivation. However, in this interview, many
students suggested to increase the ranking list. How to display the ranking list is a key
problem for teaching designers. For example, we can show the top 25% or 50% of the
competition rankings. The advantage of this is that on the one hand, it can meet the
needs of students to understand their own level, on the other hand, if the results are not
satisfactory, it will not feel too shameful. Or we can ask students to provide a “care list”
to provide students with the performance of their classmates they want to know.

The concept of situational learning can be introduced into the gamification design of
practical courses. One of the development directions of future gamification design is to
add situational stories, enhance the simulation learning experience, and endow themedal
design with professional roles. TVCamera is a professional course with strong practical-
ity. The experience of real situation will also be of great help to students’ understanding
of professional knowledge. Some scholars have explored this aspect. For example, the
educational gamification research team of Peking University has transformed the sit-
uation story of MOOC, which has achieved remarkable results. It may be used as a
reference for the gamification design of university courses in the next step [21, 22].

Designing and developing a digital tool to help the customizing of the gamification
components may also be a more feasible means. Displaying students’ achievements and
releasing competitions tasks through interactive software are measures taken under the
condition of limited manpower and time. If a gamification APP that can be embedded
in the learning platform, the efficiency of design can be improved.

About the research limitation, in terms of data analysis, firstly, in the application
effect research, although the teachers, curriculum syllabus, course content and students’
professional background are the same in the two semesters, the differences in students’
homogeneity can not be avoided. Second, restricted by the actual number of students,
the sample size is still relatively small, and the reference value of the results is relatively
limited. In terms of design and implementation, the design scheme only comes from
the researchers’ background knowledge, the matching with actual skills needs to be
improved. If professionals can be participated earlier in the design work, the effect will
be better.
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Abstract. Touchscreen devices have become commonplace in children’s lives,
and a popular activity among young children is the playing of educational games
on touchscreen devices. In these games, background music is used by most game
developers as an essential element in increasing player’s engagement and interest.
The limited researchon the effects of backgroundmusic in educational touchscreen
games on young children’s learning has yielded mixed results. In addition, past
studies have found that touchscreen experience has an impact on children’s fine
motor skills, which are needed formost touchscreen games. Therefore, the purpose
of this study was to explore whether backgroundmusic and children’s touchscreen
experience would influence the effect of playing a touchscreen time telling game
on children’s learning to tell time. Seventy two children aged 5–6 years were
randomly assigned to one of four experimental conditions created by crossing
two factors - background music while playing the game (Yes or No) and prior
touchscreen experience (Yes or No). The results showed that background music
promoted learning to tell time among children without touchscreen experience,
but had no effect on those who had prior experience. Participants in all conditions
were able to transfer the content of touchscreen learning (iPad) to other media
(paper clock). The findings have implications for educational game developers,
parents, and educators.

Keywords: Background music · Touchscreen experience · Touchscreen games ·
Learning

1 Introduction

According to a report by Common Sense Media in 2020, video game playing occupies
the second place in the proportion of children’s daily screen time, with children aged 0–8
spending an average of 23 min a day playing games; this has not significantly changed
from trends that were observed nine years ago (25 min per day) [1]. Similar to the
U.S., video games are popular among children in China [2]. With the rapid spread of
touchscreen devices, touchscreen media have become commonplace in children’s lives
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now, with about 97% of American homes with children under 8 owning at least one
mobile phone, and 75% of those households owning a tablet computer. As a result,
touchscreen games are becoming increasingly dominant in children’s lives as early as
2 years [1]. Meanwhile, educational applications based on touchscreen technology and
targeted at children are also developing rapidly. By the beginning of 2020, there were
more than 180,000 educational apps in the App Store [3]. As of August 2018, the number
of children’s education app users in China reached 59.13 million, and the total number
of children’s education apps was more than 40,000, accounting for 7% of the total app
market share in China [4].

As educational touchscreen games have becomemore popular among children, game
developers and researchers are beginning to pay attention to the effects of these games
on children’s development. Li et al. explored the impact of games on children’s anthro-
pomorphism, and found that after playing a touchscreen game, six-year-olds’ levels
of anthropomorphism increased and rated real trains as more human-like [5]. A recent
meta-analysis also found that touchscreen games promotedSTEM(Science, Technology,
Engineering, Mathematics) and vocabulary learning in young children [6]. At present,
the scholarship about the science of game learning is still in its infancy, and how to
develop educational applications designed to promote meaningful, active, engaged and
socially interactive learning in a context that supports learning goals is critical to chil-
dren’s learning through touchscreen games [7]. Therefore, the educational benefit and
effects of games need to be better understood. This understanding includes exploring
the factors, particularly related to game features, that could affect learning from games
[8].

An attractive technique for making games more interesting is the addition of back-
ground music, which is one of the elements present in most educational games [9, 10]. It
refers to using music as a secondary activity to improve people’s auditory environment
of current activities [11]. Its effects on games can be understood from two aspects: on the
one hand, according to arousal theory [12], music can make players more immersed in
a game and more focused because of emotional arousal, so as to promote their learning
[13, 14]; on the other hand, it seems plausible that adding music could have a negative
effect on learning through games. The theory of limited cognitive resources by Kah-
neman tells us that new auditory information requires additional processing resources
[15], leaving less resources for other cognitive tasks such as processing the game’s
educational content. In previous empirical studies, no consistent conclusions have been
drawn on the impact of background music on educational game learning [9, 16, 17].
Yang et al. explored the effects of in-game background music on video game learn-
ing among undergraduates with different cognitive styles such Holism and Serialism.
Holists tend to process information in a “whole-to-part” order and Serialists prefer to
process information in a “part-to-whole” sequence. The results demonstrated that the
learning of Holists was not affected by background music, while the learning of Serial-
ists was negatively affected [16]. Among primary school students, there is evidence that
background music in educational adventure games was effective at promoting children’s
learning motivation, but had no positive or negative impact on learning [9]. In contrast
to the negative results of the above studies, some researchers found that the presence
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of out-of-game background music had a positive effect on college students’ learning of
historical knowledge and recall accuracy through educational video games [17].

Previous studies on the impact of backgroundmusic in educational games hasmainly
focused on elementary school students and undergraduates. Studies examining the role
of background music in children’s educational game learning, especially with regard
touchscreen game learning is limited. Extant research with children has mainly investi-
gated the effects of background music on cognitive processes such as attention, working
memory and task transfer when children listen to music while completing a variety of
experimental tasks/activities [18–20]. Koolidge and Holmes found that children with an
average age of 4.77 years performed better with puremusic as general backgroundmusic
than without music when completing jigsaw activities [18]. And one study found that
5- to 6-year–old children can significantly improve their performance on task switching
with the presence of background music [19]. In addition, some researchers investigated
the effect of background music on children’s working memory [19, 20]. Kaniel and
Aram used a visual discrimination task that required participants to remember previous
stimuli and responses while solving new problems and found that children aged 5–6 per-
formed better in working memory when background music was played in experimental
settings than when no background music was played [20]. Overall, studies have mostly
provided positive evidence of the effect of backgroundmusic when completing activities
on children’s cognition; however findings to the contrary have also been obtained. Dartt
found that exposure to background music was detrimental to the concentration of 3- to
5-year-old children while playing [21]. Previous studies have shown a clear link between
music played during activities and young children’s cognitive performance. Therefore,
it is worth exploring whether background music has an impact on children’s touchscreen
learning.

Based on the widespread use of touchscreen devices by children, researchers have
explored the impact of touchscreen experience on children’s fine motor skills develop-
ment [22–25]. On the one hand, it was found that the earlier touchscreen devices were
used by children aged 19–36 months, the better their early fine motor level was [22].
On the other hand, some researchers found that compared to participants who received
24 weeks of fine motor activities plan using a touchscreen tablet, children who engaged
in amanual play activities programmade greater changes in the finemotor precision, fine
motor integration and manual dexterity, which meant the extensive use of touchscreen
might have negative impact on the fine motor development of preschool children [26].
Webster et al. also found that children aged 3–4 years old who spent more time in contact
with screens such as televisions and tablets had poorer performance in hand dexterity
[25]. Touchscreen technology provides a variety of touch functions, including clicking,
sliding, dragging and so on, which put demands on children’s fine motor skills [27].
Whether children without touchscreen experience will be affected by the lack of profi-
ciency in playing games, or whether the prior experience will affect children’s learning
through touchscreen games still remains to be seen.

The ability to transfer learning from one environment to another is an adaptive skill
developed in early childhood and is part of learning [28]. Studies have shown that chil-
dren between the ages of 4 and 6 can effectively transfer touchscreen learning knowledge.
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Some researchers found that children aged 4–6 can learn to solve the Hanoi tower prob-
lem through practical operation and touchscreen practice, and transfer their knowledge
in both directions [29, 30]. Similarly, preschoolers could successfully transfer skills
learned from touchscreen to real life such as measuring and telling time [31, 32]. Fur-
thermore, some researchers have explored the impact of embedded background music
on multimedia learning transfer, but the results are mixed [33, 34]. Moreno and Mayer
explored the transfer effect of multimedia learning in undergraduates with background
music and sound, and found that music and sound had a negative effect on the transfer
of knowledge. The researchers explained that background music occupies the partici-
pants’ limited cognitive resources, which reduces the cognitive resources available for
knowledge transfer, and thus may have a negative impact on transferring what they
learned [33]. Gong et al. also found that background music had no effect on the transfer
of mobile communication knowledge that undergraduates learned through multimedia.
They suggested that this may be due to the attention-adaptation effect, which means the
cyclic playing of background music makes the subjects quickly ignore the presence of
music and focus on knowledge learning [34].

In this study, a time telling game (Moji Clock from the Apple App Store) was
used to explore children’s learning through touchscreen games. The theme of learning
time was chosen because it was one of the themes in Chinese kindergarten curriculum.
Meanwhile, two studies have explored the clock learning of Chinese 5- to 6-year-olds
through touchscreen games and they considered that children in this age group, who had
limited knowledge of reading time, were appropriate participants for this experimental
task [32, 35]. Therefore, this study took children aged 5–6 years as participants and
selectedMoji Clock as a game learning material to discuss the role of background music
and touchscreen experience on children’s touchscreen learning.

2 Method

2.1 Participants

Seventy-eight children aged 5–6 years were recruited from a large kindergarten affiliated
to a university in Central China. All children were ethnically Chinese and from the
middle-class. Six children were recruited but not included in the analysis because they
were more than 72 months old or they refused to participate in the experiment midway
through. In total, data from 72 participants (M = 67.24 months, SD = 3.16; 36 boys)
were included in the study analysis.

2.2 Design

This study used a 2 (background music: with vs. without) × 2 (touchscreen experi-
ence: with or without) between-subjects design. Participants were first asked if they had
ever played a game on a mobile phone or tablet. Based on their answers, 72 children
were randomly assigned to groups with or without background music. There were four
experimental conditions in total, including background music-touchscreen experience
(n = 19, M = 66.32 months, SD = 3.54; 12 boys), background music-no touchscreen
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experience (n = 17, M = 67.35 months, SD = 3.39; 8 boys), without background
music-touchscreen experience (n= 19,M = 68.21 months, SD= 2.70; 8 boys), without
background music-no touchscreen experience (n = 17,M = 67.06 months, SD = 2.90;
8 boys).

2.3 Tools and Materials

In order to consider the suitability of game and avoid the influence of irrelevant sound
effects as much as possible, the study adopted the educational app “Moji clock” (see
Fig. 1) of Apple App Store as the pre-test and post-test material, which aimed to help
children tell time (including on the hour and the half hour) through an interactive touch-
screen interface. Children could adjust the clock in this game to match the target time by
turning the minute hand according to a voice command (for example, “adjust the time to
2:00”). When children finished the adjustment of the clock and pressed the “OK” button
in the lower right corner, the game provided feedback that varied depending on whether
the children answered correctly or not. When the answer was correct, the bird on the left
would add an ornament. When the answer was wrong, bird droppings would fall from
the top left of the game.

Fig. 1. Screenshot from the game “Moji clock”

Because the “Moji clock” lacked background music, Ye’s “Happy Time” [36] was
selected to be the music that played in the background while the child played the game
to simulate a touchscreen game with embedded background music. Eleven research
assistants were invited to rate the emotional valence and familiarity of music by using
a nine-point Likert scale. In order to control for the influence of volume and rhythm,
the background music was played at 60dB equal to the normal speech volume [37].
According to the MixMeister BPM analysis software, the beat of “Happy Time” was
105.60, whichwas in themedium speed level [38]. Additionally, the researchers adjusted
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the volume of the game instructions to be approximately 5 dBhigher than the background
music, so that the background music would not obscure the game’s voice commands.

To explore whether children can transfer what they learn from touchscreen to another
media, paper clocks (printed in black and white on A4 paper, see Fig. 2) were used as
the transfer test material in this study.

Fig. 2. The paper clock

2.4 Procedure

We adopted the research procedure of Wang et al. [32], whose study used a touchscreen
game similar to the material used in this study to explore how 5-to 6-year-olds learn
clocks through a game. Testing included the pre-test stage, the instruction stage, the
learning stage, and the post-test stage (including transfer test).

Pre-test stage: the researcher randomly presented 1–12 number cards to investigate
children’s number knowledge. Then these children were asked to read out the time
(six times, three times on the hour, three times on the half hour) which was randomly
demonstrated on the “Moji clock,” and scored one point for each correct answer. Children
who scored six points were excluded from the follow-up study as they seemed to be
proficient at reading a clock and might not benefit from playing the app game.

Instruction stage: the researcher taught children basic clock knowledge (to recognize
the hour hand and minute hand, recognized the hour and half hour) and basic operation
of the game (get voice instructions by pressing the horn shaped button, submit answers
by pressing “OK”, and adjust the clock time by turning theminute hand). The instruction
lasted approximately 10 min.

Learning stage: children operated the game alone for 10 min. The background music
group played “Happy Hour” on a loop in the background while playing the game. The
background music did not play for children in the no-background condition.

Post-test stage (also including transfer test): the researcher used the time presented
on the “Moji clock” and paper clock (in order to avoid errors caused by the order, the
game and paper were randomly arranged in order) to ask the question “What time is it
now?” (8 questions for each media, 4 were the times on the hour and 4 were the times on
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the half hour). If participants answered one question correctly, they would get one point.
In order to understand children’s subjective feelings towards the whole game operation
process, children had to make a subjective assessment (A four-point Likert scale was
used, “0” meant “no”, and “3” meant “a lot”) on their music awareness (“Did you hear
the music?”), music affection (“Do you think the music is noisy?”), music interest (“If
you play the game again, do you want to have music?”) and game interest (“Do you like
the music?”).

3 Results

All of the 72 children in this study knew numbers 1–12 and successfully played the
touchscreen game. An ANOVA confirmed that there were no significant differences in
the participants’ age as a function of condition, F(3, 68) = 1.35, p > 0.05. As for the
emotion and familiarity of background music, the analysis of the ratings from the 11
research assistants showed that the music was emotionally positive (M = 8.09, SD =
1.22; the higher the score, the more positive the mood), while the familiarity was low
(M = 2.00, SD = 2.05; the higher the score, the higher the familiarity). This suggests
that the music in the study was similar to the background music style of children’s
educational games in the market, while it also avoided potential threats to validity from
the possibility that a few of the participants’ would be familiar with the music.

The descriptive data of children’s scores on the pre-test, post-test and transfer test
are shown in Table 1. One-way ANOVAs revealed no significant differences across
four groups (background music-touchscreen experience, background music-without
touchscreen experience, no background music-touchscreen experience, no background
music-without touchscreen experience) in pre-test scores, F(3, 68) = 0.62, p > 0.05.

Table 1. Means and standard deviations of children’s post-test in four conditions

Background
music-touchscreen
experience

Background
music-without
touchscreen
experience

Without background
music-touchscreen
experience

Without
background
music-without
touchscreen
experience

Pre-test score 1.26 ± 1.91 1.53 ± 2.04 0.74 ± 1.24 1.18 ± 1.88

Post-test
score

6.11 ± 2.23 6.53 ± 1.91 6.16 ± 1.98 4.18 ± 2.79

Transfer test
score

6.00 ± 2.08 6.35 ± 2.18 6.00 ± 2.19 4.18 ± 3.03

An ANCOVA was conducted with background music and touchscreen experience
as the between-subjects variables, the post-test score as the dependent variable, and the
pre-test score controlled as the covariate. Results showed that the main effect of pre-
test score was significant, F(1, 67) = 6.68, p < 0.05, η2 p = 0.09, whereas the main
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effect of background music, F(1, 67) = 3.18, p > 0.05, η2 p = 0.05, and touchscreen
experience, F(1, 67) = 3.67, p > 0.05, η2 p = 0.05, was not significant. In addition,
the interaction between background music and touchscreen experience was statistically
significant, F(1, 67)= 5.88, p < 0.05, η2 p= 0.08. Further simple effect analysis found
that children without touchscreen experience in the background music group performed
better on post-test score than those in the no background music groups, F(1, 70) =
8.82, p < 0.01, η2 p = 0.12. However, there was no significant difference in post-test
performance among children with touchscreen experience whether or not background
music was available during the learning stage, F(1, 70)= 0.20, p > 0.05. This suggests
that background music can promote learning of clock knowledge among children who
had no touchscreen experience, but it had no significant effect on learning among children
who had prior touchscreen experience.

Then, with background music and touchscreen experience as the between-subjects
variables, an ANCOVA was conducted on transfer score with the post-test score as
the covariate. The results showed that the main effect of background music, F(1, 67)
= 0.10, p > 0.05, η2 p = 0.001, and touchscreen experience, F(1, 67) = 0.04, p >

0.05, η2 p= 0.001, was not significant. The interaction between background music and
touchscreen experience did not reach significance, too, F(1, 67) = 0.03, p > 0.05, η2 p
= 0.001. In other words, children were able to effectively transfer the learning content
of touchscreen to other media (paper), and the transfer was not affected by background
music and individual touchscreen experience.

Furthermore, the descriptive values of subjective answers are shown in Table 2. The
results of the ANOVA showed that there were no significant differences in the score of
music awareness, F(1, 34) = 1.19, p > 0.05, music liking, F(1, 34) = 0.15, p > 0.05,
music interest, F(1, 34) = 2.02, p > 0.05, and game liking, F(3, 68) = 0.53, p > 0.05,
among children in the different conditions.

Table 2. Means and standard deviations of children’s subjective assessment in four conditions

Background
music-touchscreen
experience

Background
music-without
touchscreen
experience

Without background
music-touchscreen
experience

Without
background
music-without
touchscreen
experience

Music
awareness

2.47 ± 0.84 2.12 ± 1.11 / /

Music
affection

0.37 ± 0.76 0.47 ± 0.80 / /

Music
interest

1.37 ± 1.26 0.82 ± 1.02 / /

Game
interest

2.53 ± 0.61 2.41 ± 0.94 2.68 ± 0.48 2.65 ± 0.79
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4 Discussion

We tested whether background music and touchscreen experience could affect touch-
screen learning of preschoolers using a two-factor, between-subject design. The results
suggested that music in the background can promote the learning in children without
touchscreen experience. This is consistent with previous research showing that back-
ground music promotes cognitive activity in young children [18, 20]. Based on arousal
theory, music can effectively improve the level of emotion and awareness of children,
so that young children can enjoy and focus more on their activities [39–41], and thus
have a positive impact on their cognitive performance [39, 42]. However, the study also
showed that the accelerating effect of music was only found in children who had no
experience with touchscreens, and there was no positive or negative effect on children
who had prior experience. In terms of subjective assessment, there were no significant
differences in music awareness, music emotional experience, music interest and game
learning interest between children with and without touchscreen experience. We infer
that children with touchscreen experience have been exposed to more games, and they
have become desensitized to the background music in games [43], which means that
music may be difficult to arouse their higher interest and promote their touchscreen
learning. On the contrary, children without touchscreen experience seemed to be full of
curiosity and curious about every detail of the game because they have no prior experi-
ence. Therefore, compared with the condition without music in the background, those
children’s learning effect was better with music.

In addition, the study found that children could successfully transfer the clock knowl-
edge they learned from touchscreen games to paper media, consistent with results of
Huber et al. [29], Tarasuik et al. [30], Aladé et al. [31] and Wang et al. [32], which indi-
cated that children over 4 years old can effectively complete the transfer task. Besides,
our findings showed that music and touchscreen experience would not affect the transfer
of children’s clock knowledge. This result is consistent with the findings of Gong et al.
[34], but not with those of Moreno andMayer [33]. The reason may be that the materials
selected in this study focused on touchscreen operation and interaction rather than sim-
ply watching videos, so background music takes up fewer resources [44]. Furthermore,
the transfer test of this study used a verbal measure, and did not need to move the clock’s
needles, which requires children’ fine motor skills. Previous studies have also shown
that touchscreen experience may affect children’s fine motor development [24, 26], but
its effect on children’s clock cognition is unclear.

Overall, the results of this study suggest that music in the background had a positive
effect on touchscreen learning in children without touchscreen experience, but not a sig-
nificant effect on childrenwith touchscreen experience. This result deserves the attention
of parents, educators and application developers. However, it should be pointed out that
this study only focused on the impact of medium-speed, active music (the most common
form of music embedded in games) on children’s touchscreen learning, whereas other
types of music may have different effects on children’s touchscreen learning. Note also
that to compensate for the limitations of the experimental material (Moji clock has no
background music), the music played in the background on the iPad in our study and
was not related to game elements, which was different from embedded game music.
Therefore, further studies can try to explore whether different music rhythms, different
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emotions or different music types and relation of game music to game elements may
have different impacts on children’s touchscreen learning.

Acknowledgments. This researchwas funded by theFundamentalResearchFunds for theCentral
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Abstract. The lack of engagement throughout a traditional education process
is a regular concern among all the educators. Gamification is the application of
game-like elements and game principles in non-game contexts. The purpose of
this study is to identify key steps to adopt a better gamification method in K-12
educational schools. According to a case study, this research presents a gamifi-
cation proposition that aims to promote learning engagement in K-12 education
with the use of Gamification methods. Six stages compose the method: under-
stand students; find resources; select right resources; students’ feedback; cluster
students; and customize gamification. To validate the method, we developed an
initial experiment in a high school environment. The results is successful.

Keywords: Gamification · Learning · K-12 education

1 Introduction

Gamification is the utilization of components of game playing, such as challenges, com-
petition with others, and leaderboards to any type of activity to encourage engagement
in participating in it. Along with increasing engagement, gamification helps users or
participants become more motivated in being more involved in the activity. The motiva-
tion concept of gamification stems from the rewards that come with it. These rewards
come in the form of points, badges, gifts, and any other types of achievements. The
purpose of gamification is to create a system where the players can gain a sense of
engagement in an activity that allows them to apply problem solving skills to a situation
while simultaneously having fun with doing so.

By establishing intrinsic reasons, gamification systems adopt heuristic design pat-
terns and dynamic game elements to enrich user satisfaction [1]. Characteristics of games
can better motivate and lead users’ interests and concentration, and generate excitement
with compelling and addictive experience. [2]. However, the success of a desired gami-
fication system depends on the planning and the in-depth analysis of the proposed aims
at the beginning of the gamification system implementation [3]. Even gamification sys-
tems were adopted in various areas of training and education, users in different scenarios
with different characteristics, such as personality and individual peculiarities, should be
treated differently by designing customized gamification systems [4].

The most recognized area where gamification is greatly used is the traditional edu-
cation, such as K-12. Many teachers struggle to keep their students engaged in class
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and motivated to learn outside of it. Students feel boring and tired while learning some
conceptual knowledge, such as Math, Physics, and Chemistry. Gamification is the gate-
way to increase students’ interests and engagement by allowing them to participate in
games that pertain to what is being taught in their classes. However, while a method of
gamification may seem to work when first implemented, its effect on the students may
begin to wear off after a while.

Given this context, we conduct a qualitative study in a K-12 education scenario to
explore more hidden patterns of gamified motivation in education. According to the
case study, we present a proposal of gamification system design to improve and keep
the engagement of students in K-12 education.

2 Literature Review

The quality of teaching is of increasingly significance for the success of educational
institutions. It is important for educational institutions to ensure that their students get
quality education at all levels. Teachers are expected to fulfill their obligations with
the utmost quality so that the students can be well prepared for the classes and jobs.
It is crucial that teachers motivate their students in learning. The use of gamification
could help provide a solution to the decline in learners’ motivation and engagement the
education system is facing today [5]. Many schools and teachers face the same problem
every day. Traditional schooling, is perceived as ineffective and boring bymany students,
has become ineffective as students tend to lack motivation and an interest in learning.
Plenty of teachers have in turn decided to use gamification techniques and methods to
engage their students [6].

Borrowing game elements and incorporating them into a classroom environment can
actually facilitate engagement among students. Students tend to be more motivated if
they’re introduced to game elements comparing to a boring classroom environment. Stu-
dents increase engagement,motivation andoverall performance through instant feedback
and collaboration when there are game elements added to the class.

The use of educational games as learning tools can enhance not only student knowl-
edge but also their ability to communicate and cooperate with the classmates in what
concerns the understanding of learning content. The use of games in the classroom may
help students acquire new study methods, while making them feel more motivated than
when they are exposed to more traditional teaching-learning processes [7].

Gamification actually provides the component of fun that helps transform students’
attitudes towards learning. Having fun in the classroom can result in more students’
willingness going to class, wanting to learn, and staying motivated in class. Video games
tend to produce an emotional state for its users with enjoyment [8]. This feeling of fun
is created in players through their feeling of achievement, reward for completing a level,
or simply winning a game [9]. If this element of play is incorporated into a learning
experience, an intrinsic interest in learning can follow. For many learners, the fun part of
a gamified environment is the product of solving problems and overcoming challenges
as they engage critical thinking skills.

Gamification utilizes the most effective components of video game elements without
committing to a specific game resulting in increased levels of motivation and engage-
ment in the learning experience. Gamification in education is an ongoing process that
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harvests the most engaging game components and applies them to increase motivation
and engagement among learners. Gamification creates a long-term effect as it works by
adding elements inspired from games to the classroom environment mainly to increase
motivation, engagement, and promote desired learning behaviors [10].

The main objective of utilizing gamification in education is to increase student
engagement and motivation to participate in the classroom. The point of applying these
game-like elements is to teach students that learning can be a fun experience. Whether
it is digital or non-digital, children experience feelings of joy and excitement when they
are playing a game, along with a feeling of determination to reach a certain goal while
doing so.

Gamification in education is a topic that many teachers, professors, and researchers
must contemplate on, in terms of its effectiveness. The use of gamification in the edu-
cation system has the ability to provide solutions to the decline in engagement and
motivation of students in schooling systems. The application of gamification “provides
some remedy for many students who find themselves alienated by traditional methods
of instruction” [5]. Furthermore, game-based learning is a great way for students to take
the mindset they have when playing video games and apply it to their learning environ-
ment. More schooling systems are starting to see this creative learning technique as an
innovative way to bring an incline to student motivation, emotional involvement, and
enjoyment of learning various topics [11].

Additionally, it is important that when gamification is used in education and class-
room environments, it should be designed to partial level of a challenge for the students
to maintain their engagement. If the gamification is of a complicated challenge, it could
have a reverse effect on engagement and end up causing a lack of interest. Failure in
a game setting can damage the student’s self-esteem and cause a lack of interest in re
engaging. If students are failing to complete these game-type challenges, they won’t stay
focused and will be less engaged.

If gamification methods are deemed difficult or frustrating, it will do the opposite of
what it intends to do. Instructors use gamification in education to grab student’s attention,
to keep them engaged and improve their motivation. If an instructor intends to create
engagement and a fun learning environment, the challenge should be doable but still
enough of a challenge to make the students work and think.

It is critical to understand the importance of using games in an educational context
but bearing in mind that it must satisfy students and instructors. The use of games
gives teachers a chance to create challenges that are suitable for the students’ level of
knowledge. Teachers can begin to give more difficult challenges as new information and
skills are acquired.

3 Research Method

To properly answer our research question regarding users’ education and training, we
adopted case study method to find hidden facts behind daily K-12 education. We have
used a combination of information from the reviewed literature and interview data in
two local high schools in southwest Florida. One of them is a private school with 328
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students and the other is a public school with over 1800 students. Semi-structured, in-
depth interviewswere adopted for data collection in the case study. The interview process
aimed to explore the subjective ideas/opinions of teachers working in the high school.

As part of the research process, a pair of interviews with teaching perspectives were
held with two teachers and 5 students in their classes from two different high schools.
The interviews were an exploratory interview of daily education at school. Information
was gathered concerning student learning and learning engagement in class. The teachers
in the high schools developed several gamified methods in class to encourage student
learning. They also adopted a game software to attract students in learning. Both teachers
got over 10 years of teaching experience in the high school.

For each teacher, there are two interviews completed. The first interview is an overall
exploratory of the teachers’ teaching experience. The second interview is more focused
on gamification applications adopted in their classrooms.

4 Case Study

4.1 Reward Systems

There are two gamification methods adopted in the two high schools. Both teachers
adopted a gamification method with reward systems. People by nature are most likely
to accept and interested in active interactions com-paring to passive interactions [12].
The methods to motivate students in gamification are to establish active interactions in
the learning process rather than passive instructions, such as lectures in class. Change
& Wei [13] identified categories of educational interactions in gamification:

• Learner-content interaction: includes self-expression, pattern recognition, time pres-
sure, and status;

• Leaner-instructor interaction: includes goal settings, instruction, and rewards;
• Learner-learner interaction: includes reputation points, peer tutoring, competition,
altruism, group identification, and peer appraisal.

In Learner-instructor interaction, reward is borrowed from game elements. It is a cru-
cial motivation factor that affects students’ perception of the benefits of the gamification
application [14–16].

With thismethods, three forms of rewardswere developed: points, badges, and levels.
Points are an incentivization tool that is used to motivate students to participate in class.
In most cases, a student receives a point for whenever they accomplish something in
class, such as giving the correct answer to a question or doing well on an assignment or
test. The way both teachers implemented points was by giving “bonus points” to each
student if the majority of the class receives an A on an exam.

Badges are similar to points, in that they are a symbolization of a student’s achieve-
ment in class. A certain number of badges can lead up to the student receiving a potential
reward for their accomplishments. Theway both teachers used badges in their classrooms
was by giving a badge to a student for every three times they voluntarily participated in
class. After earning ten badges, a student would receive a gift card to a restaurant such
as Chipotle, Starbucks, or Chili’s.
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The third reward offered by the two teachers was levels. Levels can be used in a
classroom as a series of learning stages in which students increase their levels each
time after they reach a certain goal. Students who are provided the reward method of
levels tend to receive higher grades than students who do not [17]. In both teachers’
classes, students would move up a level for every time they received a one hundred
percent on a homework assignment. By the time they reach the fifth level, they receive
a “free day,” where they can do whatever they please while in class. The teacher in the
private school had mentioned that three years ago, there was a teacher-faculty meeting
regarding gamification. The two principals of the high school and students felt that the
teachers should start using some forms of gamification to increase student engagement.
The public school teacher adopted this system a year ago after knowing the success of
the system from the private school. Along with points and badges, both teachers felt that
levels in particular would really motivate students into having their own free days. As a
result, the number of students receiving one-hundred percent scores on their homework
increased tremendously.

4.2 Software Game System

Most children of this generation truly enjoy playing video games during their free
time. One popular online game that many teachers and professors use to increase stu-
dent engagement is called ‘Kahoot!.’ Kahoot! is a game-based learning platform that
brings engagement and fun to students from elementary school to college. The concept
of Kahoot! is to make multiple choice quizzes for students to compete against their
classmates. Whoever answers the correct questions the fastest holds the title of first
place.

The private high school teacher used this game in his classes (unfortunately, it is
not adopted in the public high school yet). Many of his former students recalled the
experience of using Kahoot! in their ninth grade Human Geography class when it first
came out. All of them expressed howmuch they enjoyed the game andwished to continue
using it whenwe interviewed them. To this day, the teacher still uses it in all of his classes
as a way to make his students more engaged in his classes. Eventually, he started to add
prizes, such as a free pen or a piece of candy, to those who would finish in first place.
When asked how exactly he felt the use of gamification techniques have impacted his
students, this teacher spoke on the comparison of playing a game with learning. He felt
that adding game-like elements to his curriculum would take away the boredom that
students feel. He mentioned that the engagement from his students has increased after
adding them.

While certain subjects might be boring to a good amount of school students, it is
games like Kahoot! that take student engagement to a completely higher level. Kahoot!
is an online application that drives competition among students. Increasing competition
between a student and his/her classmates can help them become more involved in the
sense that he/she becomes more motivated to finish in first place and possibly win a
prize at the end. In addition, competition between children and teenagers can actually
help them become closer and form relationships with each other, and eventually learn
how to cooperate with one another. It has been stated that the activities gamified with
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the Kahoot application has a more positive impact on students who use it compared to
students who do not [18].

5 Discussion

Even both systems are very successful in two different high schools, there are still
problems need to be fixed. Both teachers admitted that, even they tried their best to
modify the reward systems and games, there are still some students never beenmotivated
by the gamification systems.

Both teachers have stated that they believe that reasons why students don’t feel as
motivated to apply themselves is because there aren’t enough resources thatmight pertain
to their interests. One student told us during the interview “High school students of our
generation today are so drawn to their laptops and smartphones, that anytime they need
to research a certain topic or play a game, they instantly turn to these devices.” This will
weaken the attractions of the gamification in learning. Therefore, finding enough, rich,
and various gamified resources is necessary to strength the gamification education to the
students.

Additionally, the teacher from the private school emphasizes that not all gamifica-
tion techniques ormethods are accepted by students. Certain gamification techniques and
methods can cause students to lose interest and then engagement. Certain students may
show dissatisfaction in the game design elements that are incorporated into the class-
room. Finding a medium is important when using gamification in education. During the
interview, this teacher was asked how students felt about his gamification methods used
in his classroom. Students still showed a lack of interest in the subject and topic and
even went as far as to say that they were disengaged in the topic.

Gamification won’t always engage all students. Students express different attitudes
towards the gamification techniques that their instructors may implement into a class-
room setting. It is up to the teachers to figure out what gamification techniques get the
most engagement out of their students. An easy way to figure that out is to try several
gamification methods and get feedback from students. Teachers can also take a look at
their students’ overall performance in the class as a result of gamification techniques
used to motivate students.

Kahoot! is one the gamification methods he used which is very popular among stu-
dents and teachers across the nation. However, not everyone may enjoy the gamification
education through this software. Some students may just not feel engaged due to the
topic they are being asked to focus on or they may prefer different game elements. Many
classes used to have Jeopardy trivia review games right before exams and offer extra
bonus points or rewards if a group won. That gamification method is another great way
to engage the whole class because it boosts competitive motivation and engagement. If
students are offered the opportunity to receive bonus points and they are divided into
groups, they will put together their knowledge and collaborate with one another because
they are motivated by game elements and rewards. Some students may prefer different
gamification methods. Some students may just be entirely disengaged and may not care
for any gamification methods.
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Therefore, according to the literature review and our interviews with teachers and
students, we propose a six-step gamification design guideline to help instructors develop
a better gamification education tool in their classes (Fig. 1).

• Step 1: teachers need to understand students’ needs and their interests. For example,
some students need to strengthen their logical or reasoning ability while some other
students may need tomemorizemore concepts or terms. Additionally, regarding to the
style of games, some students enjoy playing action or adventure games while some
other students may like animal or nature games.

• Step 2: teachers need to find appropriate resources according to students’ needs and
interests. For example, a teacher may adopt “Logo Quiz” app to help students who
likes nature games and need to memorize all the country trademarks or flags.

• Step 3: teachers want to adopt a few resources in the class for 2–3 weeks. This is the
testing period to exam the matching style between students and different resources.
For example, a teacher may use three different apps for three different sections and
summarize the results of learning among students.

• Step 4: after the testing period, teachers need to collect students’ feedback about the
resources adopted before.

• Step 5: according to students’ feedback, teachers’ perspectives, and learning outcomes
from the students during the testingperiod, teachers need to analyze the students’ needs
and their interests quantitively. Based on this analysis, teachers can identify groups
of students who have similar needs and interests.

• Step 6: for each clustered student group, teachers need to identify the best resource
and design the best gamification method in class.

1
•Understand students

2
•Find resources

3
•Select right resources

4
•Students' feedback

5
•Cluster students

6
•Customize gamifica�on

Fig. 1. Proposed gamification methods selection model.

To test this research model, we worked with the private school teacher and com-
pleted a simple initial experiment. First, he is well aware how much his students rely
on technology to go throughout their day. There are times where he asks them to take
out their laptops to complete an assignment. Taking note of this, he has decided he will
focus on the change with new technology or software in class.
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After thinking about which devices his students use themost, this teacher has decided
that itwould be good to try anduse some learning-basedmobile applications, as he always
sees his students walking around the halls with their phones in their hands.

Two mobile applications that he has decided to let his students use are called “Geog-
raphy: Quiz Game” and “Logo Quiz.” The Geography: Quiz application is a learning
app that helps students in Human Geography learn more about each country and how
their human cultures and economies differ from one another. As students are learning
they will eventually be quizzed on what they have learned through the app thus far. The
Logo Quiz application is a learning app where students must identify specific logos or
trademarks that pertain to a certain country. The graphics and the game-like elements of
both apps caught the students’ attention and increased their engagement and motivation
even more.

Since the teacher didn’t want to break the pre-defined curriculum, he found a simple
method to get students’ feedback toward these two new gamification packages. He had a
presentation in class about the games and let students play them in class. Every student in
each of his classes had expressed how much they all have enjoyed the mobiles and how
they felt much more engaged and motivated to learn more about the subject. The teacher
then went as far to relate these games with the video games that his students played in
their spare time. His logic was that if children can find immense pleasure in games such
as ‘Fortnite’ and ‘Mario Kart,’ they can find that same pleasure in the learning-based
education games.

We didn’t have time to cluster all the students in his class. However, after testing the
two mobile applications as new resources of gamification, the teacher has come to the
conclusion that the use of technology and mobile apps serves as a stronger form of gami-
fication for all of his students. While his original techniques of points, badges, and levels
were all good forms of gamification, it was the learning-based mobile applications that
really brought student engagement and learning motivation at their peaks. He believes
that mobile applications are modern forms of gamification, therefore students are more
likely to adopt to them. By taking advantage of this belief, he teaches his students that
the learning-based mobile applications can be as fun as playing actual video games.

Overall, the initial testing of our research model is successful! We are excited to
continue this experiment in the future, especially to see the results after clustering the
students in class.

6 Conclusions

In summary, gamification can promote behavioral change in a classroom. It helps make
learning experiencemore exciting to the studentswho show little or no interest in learning
or engaging in class. If students are being rewarded for learning and engaging in class, it
can help learning to be more effective and smoother. Engaging and entertaining students
by capturing their attention through game elements can be very beneficial to the teacher
and the students. If students are willing to learn and are engaged, it makes a teacher’s
job much easier to do. Students willingly engaged create a more productive classroom
which allows teachers to teach with much ease. Productivity will increase within the
classroom and it is a great teaching technique that allows for cognitive and physical
development among students depending on the gamification methods used.
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The aim of gamification is to support and motivate users to perform a given task
by engaging them in the activities and to foster their interest in a certain area that may
enhance learning. Gamification has a great potential to motivate students and make the
school environment more attractive so as to improve educational activities. Learning
shouldn’t be a dull experience for students. Learning experiences should be motivating
and pleasant. Gamifying education while rewarding effort and success have a great
impact on motivation, engagement, and learning experience. According to a case study
in two local high schools, we propose a gamification method design guideline to help
educators, not only the high school teachers, develop a better educational methods in
their classrooms to encourage students learning. We completed an initial test of this
design guideline and the results is successful.

Understanding the key steps influencing gamification design is crucial to the success
of K-12 education today. This study explores how teachers use gamification methods
in their classes to improve student learning outcomes. The proposed research model
presented in this study provides helpful guidelines to help educational game designers
better understand needs from both students and teachers in education and develop more
appropriate games for students. Additionally, the findings and the proposed research
model would be beneficial in the theoretical understanding of the adoption behavior of
both students and teachers. It may also help in driving the development and execution
of new theories in educational gamification research.
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Abstract. Archaeological sites represent an important dimension of history and
civilization. The aim of this work is to is to document the heritage buildings as
part of a preservation process of the heritage environment by creating a three-
dimensional model of one heritage site in Qatar including all the details of the site
using photogrammetry technique. Different techniques for constructing the 3D
model of the site has been explored and tested. The model then rendered in a game
engine to create interactive virtual reality (VR) experience. Artifacts integrated
with the VR environment, moreover, smart avatars that represent people’s life and
appearance during that period were created in order to bring the place back to life
again. Usability, game experience, and simulator sickness evaluation were carried
out to test the system.

Keywords: Virtual reality · Photogrammetry · Culture heritage · Serious games

1 Introduction

The new era of digital age and recent advancement in cutting-age immersive technology
have opened new opportunities for accessing and presenting cultural heritage in inter-
active and interesting style. Virtual reality provide a new medium to provide experience
and training for different application in education, medical, and industry [1–3]. VR can
provides an immersive experience for different cultural heritage sites [4] in contrast to
traditional methods of digitizing the heritage using basic storage medial such as video
and audio. This could be sufficient documentation and not for preservation. For heritage
preservation it is important to convey context and experience of the heritage community
[5]. Virtual environment (VE) enable participants to explore, interact, examine, and have
the sense of presence in the same atmosphere of old times. This work aims at capturing
the heritage sites and convert it to 3D models and create interactive virtual environment
of the site with animations, interaction, and avatars that can bring back the site to live.

Creating VR experience for many cultural heritage have been explored actively in
the recent years, especially with advancement of VR headsets in the recent years where
it becomes affordable and available to consumers and gamers. Fen et al. presented a
virtual experience of Han Chang’an City [6]. Häkkilä et al. developed a virtual reality
experience to visit the inaccessible Salla World War II graveyard where they created an
accurate simulation and atmosphere [4]. There are many applications In the context of
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introducing the concept of serious games to the culture sites such as a serious game for
learning Egyptian hieroglyphs where it uses immersive and interactive virtual learning
worlds to support transfer of knowledge [7]. A serious game for the ancient Agora of
Athens was presented in where it provided virtual tours of the area and a game quiz [8].
Eslam and his colleagues presented a cultural learning environment of heritage artifacts
for Young Museum [9].

Creating a realistic 3D models of the site is another challenge, especially if the
scale of the site is large. Many research papers had different approaches in order to
utilize photogrammetry to create highly immersive virtual reality experience. Vajak and
Livada [10] case study focuses on converting images of real time world captured using
photogrammetry to a 3D model. Photogrammetry was done by capturing eight hundred
images usingSamsungGalaxy s6 phone. The photoswere processed in different software
to get the generated textured 3D model. The generated model was imported to Unity3d
to create scripts, write code, add objects and mechanics to accomplish a high-quality
VR interface. Grun et al. [11] mentioned a workflow that combines photogrammetry
and virtual reality to restore cultural heritage. Photogrammetry and laser scanning were
used for the interior structure of the temple. A set of steps and different software were
used to construct a virtual reality interface with the help of photogrammetry. Yastikli
[12] has done experiments that involved using digital photogrammetry and terrestrial
laser scanning and concluded that using any of these methods can restore and document
cultural heritage. The experiments include the workflow for each method from acquiring
data, building of texture mesh to get the final product needed. Leonov et al. [13] had a
different approach as laser scanning methodology was used on Shukhoov Hyperboloid
tower inMoscow. It was mentioned that there are different techniques required to restore
cultural heritage sites. Their approach was to create a 3Dmodel of the tower and develop
a software application for public users. Nevertheless, many approaches in how a three-
dimensional model can be created and how it can be turned into an immersive interface
using different workflows and techniques.

The presented work combines the previous researches by mixing between historical
retrieval and creating an immersive and interactive scene by adding Game components,
avatars and scenarios with the usage of a modern interactive head mounted display
(HMD). The goal is to bring the historical sites to life by adding these elements together
using game engine as well as photogrammetry.

2 System Architecture

Photogrammetry technique was selected mainly because it is a low-cost and affordable
solution. The laser scanning has a smaller footprint and higher accuracy but very expen-
sive. Our main target is to provide the workflow for an affordable and cheap solution
with high accuracy. The first step is to capture the site using camera or drone, then will
create a 3Dmodel from the image using photogrammetry software. The 3Dmodel needs
cleaning to make it ready to export to the game engine. AgiSoft MetaShape was used to
convert images to 3D model and MeshLab was used to clean the model. Also, Blender
was used to remodel and re-sculpt some errors and finalize the final model and make it
ready for rendering in the game engine. Some textureswere damaged and needed editing,
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therefore, Paint3D fromMicrosoft was used to fix textures. Once the model and the tex-
tures are ready, it will be imported as a game components. In the game engine navigation
as well as scenarios and characters were added that allows the users to interact with in
the environment. Support for virtual reality is achieved by converting the system to VR
components and implemented interaction with controllers. HTCVive Cosmos were used
as an HMD where it allows freedom of interaction and walking in a room-scale mode.
This will make the interaction more intuitive by not restricting the user movement and
apply walkaround and natural interaction with ability to move around and grasp objects.
Figure 1 shows the overall system architecture.

Fig. 1. The overall system architecture.

3 User Interface Design

Our aim is to build a user-friendly interface where user interaction is not done by amouse
and a keyboard, instead the user will use a wand or controller and a headset instead of
a monitor to view the scene. The user can navigate and move freely in the scene. The
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interactivity in the system is what enhances the usability. The user has the ability to roam
freely on valid locations and has the option to teleport as shown in Fig. 2, the systemwill
show the teleportation in green as an indicator that it is a valid point. The user can point
at the button on the board where it will change color upon hovering to blue and red when
pressing. Once pressed the tour guide will walk towards the building and begin to speak
as shown in Fig. 3. The user has the ability to interact with the many objects in the scene
as they usually do in the real site. The user can interact with the well in the site, once he
walks up to the handle, it will be highlighted in yellow as shown in Fig. 4 and he can
rotate the handle which will produce a bucket of water. The user can also interact with
various artifacts in the scene as shown in Fig. 5 and have a closer inspection of what the
object looks like. This is provides a unique experience as it is usually not allowed in the
historical and museums to touch such artifacts.

Fig. 2. The user move freely using teleportation technique.

Fig. 3. Screenshots of the smart avatars to provide tour guidance.
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Fig. 4. The user can interact with virtual objects as he do in the real site to provide the same
experience in real life.

Fig. 5. The user can interact with many artifacts in the scene where usually are not allowed to
touch in the real site.

4 Evaluation

The system was evaluated based on different well established gaming questionnaires.
Ten subjects were recruited from different background and wide spread ages.

4.1 Game Experience Evaluation

According to IJsselstejin and his colleagues [14], there are three types of categories to
ask the users to get the best answers regarding the game experience of the system, so
the first section of the survey was divided to three categories, in-game, social presence
module, and post-game module.

In-Game Module
The objective of this test is to understand to what extent the users were immersed
and their sense of presence in the virtual world. Also, how interesting or boring was
their experience. The participants were asked while they are playing inside the virtual
environment to get instant answers about what they are feeling at this moment. This
is essential for such questions not to be postponed to after finish as they will try to
recall how was their feeling which might not be easy to recall. The results shows that
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over 70% found the simulation impressive, contended, and successful. Between 57%
to 62.6% found themselves absorbed and completely immersed in the simulation. Less
than 35% felt bored and only 20.4 felt frustrated as shown in Fig. 6.

Fig. 6. In-game questions chart.

Social Presence Module
Since the VE include human avatars walking around the scenes and some of them
approaching the participants to provide help and guidance, it was necessary to investigate
how users reacted to avatars and what was their impression and experience. Therefore,
the users were asked while they still testing the system a set of questions to investigates
their psychological and behavioral involvement with other social entities. The results
shows that 62.5% felt very delighted, 52.5% found the experience enjoyable, 50.1%
connected to the avatars, 47.6% paid close attention to others, and less than 25% did not
feel that they affected the other’s actions (see Fig. 7).

Post-game Module
Theobjective of this test is to assess how theusers felt after finished thewhole experiment.
Therefore, the users were asked after they had stopped completely and done with the
experiment. The results shows that 67.5% felt that they have had a sense that they had
returned from a journey which is very important and conclude the purpose of the whole
system. 45.4% felt revived and 40.2% felt energized. Meanwhile, less than 20% felt
exhausted or felt bad (see Fig. 8).
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Fig. 7. Social presence module chart

Fig. 8. Post-game module chart. x

4.2 Simulator Sickness Questionnaire

VR headset can cause dizziness and sickness (cybersickness or motion sickness) where
some users feel uncomfortable. This was a major issue with the old HMDs since the field
of view (FOV) and resolution were very limited, with the advancement of technology
the FOV and resolution is drastically improved and this side effect is reduced, however,
there are still low percent of people suffer easily experience motion sickness.

In recent study [15], it has been found that more than half the sample (57.8%) have
experienced motion sickness whilst 42.2% have never experienced it. For those who
experienced motion sickness, 13.7% of people experience VR sickness ‘frequently’,
19.1% experience it ‘sometimes’, and 24.9% experience it ‘rarely’. These figures
explains why we had some low figures in some of our evaluation criteria.
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After the subject finished their experience and the stopped completely, the users were
asked about their physical state such as general discomfort and vision (motion induced
sickness) based on simulator sickness questionnaire (SSQ) presented in [16]. The result
showed that 27.1% of the users felt some kind of discomfort which can be seen as
dizziness, blurred vision, and fatigue. About 10% extreme discomfort like sweating and
increased salivation as shown in Fig. 9. This is might be due to the fact that most of the
subject never experienced VR before and this is was there first trail. The other reason is
that the subjects who felt extreme discomfort were above 50 and had dizziness issues.
However, these figures fails withing the range of the above study where 13.7% of people
had a VR sickness ‘frequently’.

Fig. 9. Simulator sickness evaluation.

4.3 System Usability Scale

Measuring the overall system usability is essential to inspect the users perception of ease
of use and consistency. Systemusability scale (SUS)was used to have a low-cost, reliable
and ability to get a global assessment of the system [17]. The overall usability of the
simulation is above 82%, however, 27.5% felt that the systemwas not easy to use and this
is reflected on the fact that 37.% thinks that they need the support of a technical person
and also 32.8% needed to learn many things before being able to use it. Nevertheless,
55% think that they would like to use the system frequently. This evaluation clarified
some issues in the usability of the system that need to be addressed to further increase
the overall satisfaction (see Fig. 10).
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Fig. 10. The overall usability evaluation using SUS.

5 Conclusion

In this work, a workflow on how to create a virtual reality simulation for real world
heritage site were explored and successfully were able to create a 3D model using pho-
togrammetry on our targeted site. Many techniques were applied to capture the photos
and create the model. Cleaning and mesh editing techniques with different software to
make the 3D model ready for game engine rendering were applied. A virtual reality
environment based on the site we studied while taking into consideration the realism
and implementing immersion. Smart algorithm were implemented to control the avatar
motion and make it respondent to the user interaction. The overall result based on many
evaluation carried out demonstrated the high potential of such approach to create immer-
sive and enjoyable experience. Most importantly, over 62% felt that they forgot every-
thing around them which indicates that the system successfully achieved immersion.
Also, more than 67% felt that they have returned from a journey which demonstrate that
the system were able to induce the feeling of visiting and enjoying the virtual tour. With
the recent Covid-19 pandemic and restriction to visit many historical sites, this project
can provide a solution to have a virtual visit to many locations all around the world and
create a unique experience from the comfort of our homes.
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Abstract. This virtual classroom has created a lot of challenges for students with
limited access to the technology (computer or smartphone) or the Internet and
especially for the parents of children with developmental disabilities, including
children with autism spectrum disorder (ASD). ASD is a lifelong disorder and
characterized by difficulties in social communication skills and may exhibit a
restricted or repetitive set of behaviors. The number of children with ASD is
soaring worldwide. There are no platforms that facilitate remote and interactive
learning for children with ASD. In this paper, we describe the process of ideation,
and design of an interactive educational platform that utilizes the role of mixed-
reality (real-time teaching and virtual teaching) to enable remote learning for
children with ASD. This work is a product of our continuous collaboration with
special education and assistive technology centers based inQatar inwhichwe have
developed an augmented reality (AR) vocabulary learning application for children
with ASD in English and Arabic. The application provides the learning of letters
and words in an interactive environment. We plan to extend this app to a full-
educational platform using mixed-reality. The ideation and design processes were
conducted collaboratively with teachers and specialists. In this platform, the child
will be learning in a real-time environment when a teacher, child, and parents are
all online together at a given time; however, in the absence of a teacher, a robotic
talkative avatar would support a child and its parents in a virtual environment. The
teachers will also have the capability to communicate with the children and their
parents through the platform. It will also allow teachers, specialists, and parents
to monitor the child’s performance as well.

Keywords: Autism spectrum disorder (ASD) ·Mobile augmented reality (AR) ·
Language comprehension · Vocabulary · Smartphone · Tablet

1 Introduction

The term autistic psychopathology was coined by the Austrian pediatrician Hans
Asperger in 1938 in a lecture delivered in German (Asperger 1944). In English, the
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term was first used by Leo Kanner at John Hopkins Hospital in the United States. He
introduced the world autism that refers to a condition associated with significant impair-
ment in social, linguistic, and cognitive skills. In his paper, Kanner (1948) described
the symptoms that accompany autism. Since then, research has made great progress in
better understanding the disorder and in providing suitable interventions. Today, autism
is defined as being a spectrum disorder in which a set of different symptoms is apparent
during childhood and continues into adulthood. The symptoms of ASD may vary in
terms of behaviors and severity. These symptoms range from impaired social behavior
to communication and language deficits. Repetitive behavior and difficulty in processing
sensory inputs are often apparent (Diagnostic and statistical manual of mental disorders
[DSM-5®] 2013). According to the World Health Organization, 1 in 160 children in
the world has ASD. However, they stress that this estimate varies substantially across
the world (Elsabbagh et al. 2012). The United States reports an ASD prevalence rate
of approximately 1 in 59 children (Baio et al. 2018). In Qatar, the Qatar Biomedical
Research Institute recently revealed that ASD is prevalent in 1.14% or one in every 87
children (Alshaban et al. 2019). The causes of autism are attributed to both genetic and
environmental factors (Landrigan 2010; Lehmann and Murray 2005).

To date, ASD is being clinically diagnosed through behavioral assessment. The treat-
ment regime is tailored to the child’s needs, and it usually consists of a set of different
educational, behavioral, or medical interventions. The educational and behavioral inter-
ventions are the most studied and commonly used approaches with children with ASD.
Over the years, a number of approaches were developed and used to address the chal-
lenges associated with ASD (Sandbank et al. 2020). These approaches differ in their
theoretical background and execution methodology. Applied Behavior Analysis (ABA)
has been effective in supporting children with ASD in their daily life (Sulzer-Azaroff
and Mayer 1977). Even though it has been used for quite a long time, questions have
recently been raised about its effect on inclusive education (Shyman 2016). Other com-
mon approaches to support communication and behavioral skills in children with ASD
include the Picture Exchange Communication System (PECS) (Rubin et al. 2013) and
Social Communication, Emotional Regulation, and Transactional Support (SCERTS)
(Rubin et al. 2013). The medical intervention consists of taking specific medication that
helps with symptoms.

As a result of the need to support effective learning interventions for children
with ASD, the researchers have explored different technological interventions includ-
ing robotics (Shamsuddin et al. 2015; Tapus et al. 2012), computer-based interven-
tions (Aresti-Bartolome and Garcia-Zapirain 2014; Fletcher-Watson 2014; Khowaja and
Salim 2013; Khowaja et al. 2019; Ramdoss et al. 2010; Ramdoss et al. 2012; Ramdoss
et al. 2011; Silva et al. 2017), virtual reality (Didehbani et al. 2016; Lahiri et al. 2015;
Mesa-Gresa et al. 2018), and Tangible Interfaces (Alessandrini et al. 2016; Cullen and
Metatla 2019; Farr et al. 2010; Karanya et al. 2007; McGowan et al. 2017) in order
to support the needs of children with ASD. These interventions have been promising
and successful in providing effective learning techniques by presenting the educational
content in a form that is appealing to children with ASD. These technologies, however,
have rarely supported vocabulary learning.
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In recent years, augmented reality (AR) gained interest as a number of empirical-
based research should its ability to attract ASD children’s attention (Mesa-Gresa et al.
2018). Moreover, the research work in the applications of AR with children and adoles-
cents with ASD has been increasing all around the world (Khowaja et al. 2019; Khowaja
et al. 2020). However, none have focused on online education and learning for children
withASD. In this research, we build on our previous researchwork (Khowaja et al. 2020)
which focused on designing and developing the initial prototype of a mobile augmented
reality vocabulary learning application (MARVoc). The app supported vocabulary learn-
ing anytime and anywhere. In this work, we aim to enhance the novelty of MARVoc by
incorporating the concept of mixed reality in an attempt to support online teaching and
learning. Unlike typical students who can study and excel independently, children with
ASD can benefit from the app by connecting with their teachers in real-time regularly
and perform a set of tasks within the app environment. To the best of our knowledge,
there is no educational platform that caters to the needs of children with ASD. The plat-
form allows parents and teachers to view a child’s performance, and teachers can create
lesson plans according to the child’s needs. The use of the AR appwould benefit children
with ASD as it would allow them to become independent individuals and live a better
life. This paper presents the different stages of requirement, design, and evaluation. The
paper focuses on the stages that involved users.

2 Method

The aim of this work is to develop, co-design, and evaluate a mixed reality platform for
learning for children with ASD. To achieve this, we adopted human-centered empirical
methods in conjunction with participatory design techniques (Muller and Kuhn 1993).
We have divided the project into three main stages which involved requirement gather-
ing and evaluation. In all stages, we used semi-structured interviews and focus groups.
However, the questions varied in each stage depending on the objective of the stage.
Both semi-structured interviews and focus groups facilitated the generation of a multi-
disciplinary and variety of viewpoints to be discussed and explored. Our research team
consists of two human-computer interaction (HCI) experts, three graduate students, and
a software engineering expert. The interviews and focus groups included a group of
practitioners that work closely with children with ASD. This group included speech
and language therapists, special education teachers, assistive technology experts, and a
psychiatrist.

For the analysis of the research of both the semi-structured interviews and focus
groups, we adapted thematic analysis. Thematic analysis has been commonly used in the
field of HCI (Brown and Stockman 2013) as it is considered as a practical approachwhen
exploring the perspectives of different participants in a particular field and an effective
way to address commonalities whilst generating unanticipated insights.We usedNVIVO
12 to help us synthesize the interviews and focus groups results. As illustrated in Fig. 1,
the project startedwith the requirements gathering stagewhichwas reported in (Khowaja
et al. 2020). This stage shaped the development of MARVoc’s first version (MARvoc
V1). This stage was followed by an evaluation of the MARVoc V1 with teachers and
practitioners. This stage resulted in modifying the first version of MARVoc and we were
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able to add more features that resulted in developing a mixed reality platform. Lastly,
the research team was able to successfully evaluate the platform with the same experts
which resulted in the MARVoc V2.1.

Fig. 1. Stages of the research

2.1 Stage 1: Requirement Gathering for MARVoc V1

Semi-structured Interviews
The semi-structured interviews were conducted with the teaching staff working at two
centers located in Doha, Qatar to identify technologies used as a supporting tool for their
classroom teaching, instruction methods used, instructional content taught, performance
assessment, and the difficulties faced by the children with ASD. The two centers include
the Step by Step Center for Special Needs where the English language is used as a mode
of instruction, and Shafallah Center for Children with Special Needs where the Arabic
language is used as a mode of instruction. Both centers are referred to as CENTER1 and
CENTER2 respectively in the manuscript. The interviews conducted at CENTER1 were
transcribed in the English language only, while, the interviews conducted at CENTER2
were transcribed in the Arabic language and then translated into the English language.
The details of the semi-structured interviews can be read here (Khowaja et al. 2020).

Use Cases Development and Selection
The needs of the teachers working at both centers were analyzed from the transcrip-
tion of interviews conducted at CENTER1 and translation of interviews conducted at
CENTER2. A total of two use cases were created based on the analysis of the needs.
These use cases were discussed with the focal person working at both centers to reach a
consensus about the selection of one use case. The use case selected after discussionwith
a focal person at both centers was about the learning of the English alphabet (uppercase



Towards the Mixed-Reality Platform for the Learning of Children 333

and lowercase), construction of up to four-letter consonant, vowel, consonant (CVC)
words, and construction of short phrases/sentences of up to four words. The details of
the selected use case can be read here (Khowaja et al. 2020).

Functionalities
The MARVoc provides children with ASD an opportunity to learn and take part in the
activities. In the learning, childrenwith ASD can learnmixed-mode letters of the English
language, and those three-letter and four-letter CVCwords which start with a vowel (‘a’,
‘e’, ‘i’, ‘o’, ‘u’) and have visual representation so that children with ASD can see the
object and interact with it as well. The activities allow children with ASD to construct
words three-letter or four-letter words randomly based on their own choice, or three-
letter or four-letter words starting with, ending with, or contains any specific letter, The
details of all the mentioned functionalities in theMARVoc V1 from the selected use case
can be read here (Khowaja et al. 2020).

2.2 Stage 2: Evaluation of MARVoc V1

Stage 2 included evaluation of MARVoc V1 with teachers and language therapists. Dur-
ing stage 2, one focus group was conducted with 5 participants from CENTER1 in early
January 2020 and semi-structured interviews were conducted with 10 special education

Fig. 2. Stage 2: Evaluation of MARVoc V1 thematic map
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teachers and speech and language therapists from CENTER2. The main themes that
emerged from the interviews and focus groups can be illustrated in Fig. 2.

The main findings from stage 2 were revolving around the presentation of the app
and usability recommendations for the autistic population. Direct quotes and recom-
mendations related to the sub-themes: interface and scanning cards are shown in Table
1.

Table 1. Interface components feedback

Interface related feedback Scanning cards related feedback

Foreground and background color
“The black background is also good as it doesn’t cause
distraction”

Foreground and background color
“in general, the background should be simple and clear to
avoid distraction”

Icons
The icons are pretty small, the letters need to be maximized
in size and visible so that the child can see them clearly”

Texts and letters
“When scanning the letter, a relevant representative figure
of the object int the card connected to that letter i.e. (A
“ant”, p “pot” …etc.)

Text and font
“The one we are familiar with, maybe Calibra or Arial. Yes,
usually, these are the two interchangeably fonts we use”

Font face and typeface
The one we are familiar with, maybe Calibra or Arial. Yes,
usually, these are the two interchangeably fonts we use

Shape and size
“Its fine, not too big neither too small, its fine”

The experts highlighted the use of card scanning for severe children with ASD
is challenging. Research shows that children with ASD are frequently associated with
motor malfunctions presented in fine, motor, and gross stability, postural stability deficit,
gait, arm movement challenges (MacDonald et al. 2014). In the interviews and focus
groups, the participants argued that the scanning part of the app might be challenging for
some students given that some students have motor limitations. The MARVoc requires
series of fine and motor movements to scan the cards starting with placing the cards for
scanningmoving to the process of scanning the cards in order to get theAR representation
of the vocabulary. The first version of the app did not incorporate any sort of sound or
voice-over,which the experts easily pointed out to the research teamandwas successfully
incorporated in MARVoc V2.

Functionalities of MARVoc V2
MARVoc V1 evolved into an educational platform that consisted of:

• Parent View, which includes a performance dashboard of their child(ren) interaction,
list of teachers, list of children, access to child view and chat, and videoconferencing
with teacher feature.

• Teacher view, which includes an add and remove parent feature, child’s performance
dashboard, chat, and videoconferencing with parent feature.

• Child view, which includes the functionalities of MARVoc V1. However, different
modifications were applied. For example, different levels to support the learning of
letters and CVC words were included, and the design of the cards to be scanned was
also changed.
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We also amended the application in terms of the look and feel of the different applica-
tion components by applying the changes recommended by the participants. Educational
gameswere added to support the engagement of childrenwithASD.A robotic-like virtual
tutor was added to all screens to guide the child throughout the app.

2.3 Stage 3: Evaluation of MARVoc V2

In this stage, the intention was to evaluate the new enhancements. This stage included
three focus group sessions. All of the participants have already participated in the eval-
uation sessions of stage 2, except for the one assistive technology specialist who was
included in this stage. The first session involved one assistive technology specialist from
Mada assistive technologyCentre inQatar, whereas the participants in session 2 involved
6 special education teachers, 3 speech and language therapists, and 2 other language ther-
apists. Session 3 included speech and language therapists and one psychiatrist all from
Center 2. Due to the COVID-19 pandemic, all the sessions were conducted remotely.

Figure 3 illustrates the thematic map for the findings from the stage 3 evaluation.
According to the research in the field of child-computer interaction, the primary goal for
new interfaces for children is to be able to start exploring new technology with aminimal
range of instruction (Hourcade 2015). The reason being is that as children are less likely
to engage in learning activities or receive instructions related to using technologies,
the more likely they will learn and know technologies through exploration and play
(Hourcade 2015). Another significant finding that we had is related to the AR models
used to represent a particular object. The experts highlighted that there should be a clear
match between themodels used in the interface and the real-life context for generalization
purposes. They also highlighted that the technology should provide reasonable feedback
in verbal and written form with the use of rewarding and gamification features.

Fig. 3. Stage 3 evaluation of MARVoc V2 thematic map
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3 MARVoc Prototypes

3.1 MARVoc V1

The screenshots of MARVoc V1 are shown in Fig. 4 and Fig. 5. The details of each
screen can be read here (Khowaja et al. 2020).

Fig. 4. The first screen allows the user to choose an activity or learning. The second screen allows
the user to choose to learn alphabets or CVC words. The third screen allows the user to choose an
option to learn or take part in an activity (Khowaja et al. 2020).

Fig. 5. The fourth screen allows the user to select a letter to learn or for an activity. The fifth
screen allows the user to construct a three-letter CVC word as a part of the learning or activity.
The sixth screen shows an example of a marker used in the MARVoc (Khowaja et al. 2020)
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3.2 MARVoc V2

Drastic changes have been incorporated into the new version of the app in terms of
presentation as well as look and feel. As illustrated in Table 1, the new version is kept
simple as instructed by the experts. The MARVoc V1 of the app incorporated warm
colors which teachers described as “distracting” for a child with ASD as shown in
Fig. 4 and Fig. 5. Therefore, ASD-friendly cool colors were used and new features
were added to make the experience interactive and joyful for the child with ASD. A
robotic avatar was designed to represent the application. As shown in Fig. 6, Marfooq
is a new component in MARVoc V2 of the app which refers to and assembles kindness
in the Arabic language. Marfooq as illustrated in Fig. 6 will help children with ASD
learn vocabulary as it is supported with voice-over features. The robotic character was
developed using ASD-friendly colors by a local designer to help the child learn and
navigate through the app.

Fig. 6. The robotic character, avatar, and guide for children using the app. The robotic character
is called “Marfooq” that will assist the user by providing instructions

Similar to MARVoc V1, the home page components remind the same, but the names
were changed to “Learning and Activity” instead of “Activity and Training”. The left-
side of Fig. 7 shows the home page screens which allows the user to choose learning
or activity. The “Activity” allows the child to choose one of three types of activities
including creating a word that “Starts with” a certain letter or creating a word that “Ends
with” a chosen letter. Lastly, generating a word that “Contains” a letter. All the screens
in the app demonstrate the robot, Marfooq which will help children and provide them
with verbal instructions.

Figure 8 is an essential upgrade for our application which transformed our appli-
cation into a mixed-reality platform. An interactive dashboard was added to emphasize
inclusivity for parents and teachers of children with ASD during the critical times of
the 2020 global pandemic. The dashboard was designed as a communication platform
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Fig. 7. The screen on the left allows the user to choose learning or activity. The screen on the right
allows the user to choose the different activity types, such as starts with, ends with, and contains
a letter. Both screens show the robot, Marfooq

for teachers and parents to monitor the child’s progress and to assess the vocabulary
learning pattern for their children. There is a live-chatting and scoring log measuring the
number of attempts and misses for the child as well as a duration record (in minutes) for
how long the child spent in each activity (Fig. 9).

Fig. 8. The screen shows the dashboard of a parent. On the left column, the user can see the list of
teachers that can be selected to communicate with. The user can see a list of their children along
with activities they have completed in the column shown in the center. On the right column, the
user can chat with a teacher by sending text or voice messages
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Fig. 9. The screen shows the dashboard of a parent. The format of this figure is same as of format
of Fig. 8

The vocabulary learning and the augmented reality screens are shown in Fig. 10.
The scanning cards are illustrated on the right side in Fig. 10. The child will need to
use the back camera of the iPad to scan the letter to form a three-letter-word; or use the
keyboard as shown on the left side of Fig. 10.

Fig. 10. The screen on the left allows the user to select any letter to learn. The screen on the right
shows positioning a marker in front of the camera, the letter is then augmented
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Figure 11 is an example of a three-letter word. Figure 11 shows the AR models used
to represent a three-letter-word and demonstrates the essence of vocabulary learning. As
the child progresses in learning, various levels of hints will be demonstrated to help the
child master learning words to move to a more advanced level.

Fig. 11. The screen on the left allows the user to construct three-letter CVC words by dragging
a letter into the right location. The screen on the right shows the AR model in 3D once the user
constructs the word “Big”. The user can listen to the pronunciation of the word.

Figure 12 and Fig. 13 illustrates two types of games added to the new version of
the app which was added to the app as a suggestion from the experts in the interviews
to add entertainment or games to our platform. The first game as shown in Fig. 12 is
called “what am I feeling?” which is aimed to engage the child and communicate their
feelings using flip cards that assemble one feeling at a time. Whilst Fig. 13 represents
another game in the app called “know my colors” which is aimed to engage the child
by corresponding and recognizing colors. Both of the games have voice-over or text-to-
speech which the child can click on; hear and follow instructions. This approach was not
available in version 1 of the app and it was developed based on the recommendations
outlined in the thematic map in stage 2 Evaluation of MARVoc V1.

Fig. 12. The screen of the left allows the user to drag the emotion to its name. The screen on the
right allows the user to match the correct set of cards representing emotions
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Fig. 13. The screen allows the user to drag the color to its name. The eleventh screen allows the
user to select the correct color

4 Conclusion

This paper presents the ideation, design, and evaluation of amix-reality educational plat-
form for children with ASD. The human-centered approach followed in this research
has led to shaping the idea of this research project from merely building an augmented
reality app to support vocabulary learning to designing a mixed-reality education plat-
form. The paper presented three stages of design and evaluation. Stage 1 was mainly
focused on the requirement gathering and defining themain functionality of theMARVoc
application. Stage 2 involved conducting evaluation studies with users in an attempt to
enrich the design and functionalities. This phase results in adding major functionalities
such as the robotic-like tutor, the different stages of learning, and the specific views
for each category of users. The final stage aims to evaluate MARVoc V2 to fine-tune it
and prepare it for a longitude user study. The next stage of the project aims to conduct
a single-subject design study with the ASD children, and their parents and teachers.
A single-subject research design study involves repeated measures for the same par-
ticipants to understand the individual’s normal variability to evaluate the effect of the
proposed intervention on children with ASD.
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Perrugia: A First-Person Strategy Game
Studying Movement Patterns in Museums

Christian Y. Limsui(B)

Ateneo de Manila University, Quezon City, Metro Manila 1108, Philippines

Abstract. This paper shows the creation of a game focused on studying museum
visitor path movements. Using existing museumgoer path data collected and floor
plans from the Ateneo Art Gallery (AAG), the Philippines’ first museum of mod-
ern art, a game was created to best observe the way visitors interpret exhibition
space based on the concepts of spatial syntax analysis. The steps involved cleaning
the existing data to study points of interest in which visitors acted accordingly as
well as representing popular and deviated pathways in the game. Design choices
also included providing the player with maps and tools to track other NPCs as
they explored the museum spaces but only to the point where it provided enough
information for them to piece together the rest of the information. In terms of game-
play, the player is expected to look at the artworks and NPCs in order to progress
in-game. The study presents a method of employing technology for museums to
better understand their visitors, different from the current implementations used
for exhibit interaction. The game allows museum professionals to discover the
best configuration of artworks and exhibition space without needing to use the
physical resources. It also presents a possible tool in learning spatial and social
factors affecting the visitor’s experience when entering their spaces, providing
valuable insights for those in the field.

Keywords: Game and flow · Game immersion ·Museum visitorship · Spatial
syntax analysis

1 Introduction

Helping visitors understand the museum experience relies on other factors aside from
providing textual context. One’s understanding of the spatial environment they are in
plays an important role in weaving the story in their minds as they undergo the process of
meaning-making and narrative hermeneutics [1]. As visitors move through the exhibits’
spaces, the experience takes shape depending on the context and sequencing of exhibition
pieces [2]. This flow finds basis on the accessibility and visibility of one work towards
another, where its interconnectedness is permitted through the physical layout of the
exhibition [3]. This takes into consideration a spatial dimension of story-telling, different
from the curation andgiven explanationof the artworks themselves.Another factorwhich
impacts the viewer experience are choices made by both visitors and curators which is
explored through an informational dimension of artwork arrangements. This curatorial
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intent, as well as architectural layouts of museums, are the independent factors that help
determine visitor movement [4].

Tracking the circulation of museum visitors has been in practice since the early
20th century with focus on questionnaires and manual tracking to gleam information
on time spent on exhibits, where people stop, and popularity of exhibitions [5]. Recent
advancements in technology have allowed various methods of collecting data on move-
ment patterns such as Bluetooth, WLAN, RFID, video cameras, etc. [6]. While there is
a wealth of data that can be gathered from using these methods, there are still limitations
in observing visitor interactions. However, incorporating the findings from these studies
into another format may allow us to study more qualitative components such as human
interaction with the factors mentioned above.

In this paper, we present how a gamewas designed to better understand path decision
and engagement of visitors. By incorporating obtained visitor data from the Ateneo Art
Gallery (AAG), the game looks into how building design, exhibit layouts and naviga-
tional cues are used to examine possible variations in movement patterns. This allows
for a more holistic understanding of decisions that influence visitor behavior. As such,
integrating existing visitor traffic data and museum floor plans serve as controlled vari-
ables. From there, the study observes what behaviors and strategies translate in-game
relation to the phenomena which influences one’s museum visitorship.

2 Review of Related Literature

2.1 Spatial Syntax Analysis

The analysis of human interactionwith the spatial dimension inmuseums is better known
as “space syntax analysis” [3] which relates spaces in the context of the larger system
as compared to the more common study of metric distance between museum objects.
Space syntax can be further broken down into two types of links: connectivity, which
relates to an object to its physical neighbors, and integration, which relates an object to
the exhibition as a whole. The more links are apparent in a path, the more likely the path
themselves are to be used by people. In connection to this, visitor paths are more likely
to be varied if a space is highly accessible [2, 4].

Wineman et al. [4] utilized two science exhibitions created by the Carnegie Science
Center, each evaluated in the Great Lakes Science Center in Cleveland. The site was a
moderately-sized open plan area which allowed for randomized sequences of movement
and an unobstructed view of the exhibition for the visitors. The exhibitions used for the
tests were “ZAP Surgery”, which examined technology for medical operations, and
“Robotics”, focusing on the principles of robot design and function. Spatial context
was examined through spatial grouping and visual coordination (e.g. gamma rays, laser
beams, cryosurgery). It was noted that these groupings were documented and presented
to visitors of the space as well. The study got 100 participants involved to observe
their movement patterns within the space, classifying their actions as “contact”, being
in proximity to an exhibition piece and aware of its existence but nothing further, and
“engagement”, actively giving said exhibition piece attention.

Tsortzi [2] explored the museum layouts of the Sainsbury Wing, the extension to the
National Gallery, London, and the Castelvecchio Museum as one group study on when
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exhibit pieces were more of permanent fixtures in museums, thus containing spatial
designs specific to each area. Tsortzi then examined museums with common spatial
themes such as the Pompidou Centre, Paris, and two Tate galleries (Tate Modern and
Tate Britain). The framework constructed found that not only did the arrangement of
objects provided an “informational” dimension which helped interconnect them to one
another, but another factor of a social dimension among visitors is introduced as well
should the building layout promote it. Variations in the influence of these two dimensions
could exploit the spatial qualities to enhance objects and vice versa. While curators tend
to favor the spatial dimension of object distribution and categorization, insights of the
interaction provide valuable ideas in understanding underlying principles and howdesign
flow affects overall experience. In light of this study, new ways of handling spatial and
display considerations are encouraged.

A visitor’s activity can be processed as either moving through an exhibition or being
static in a single space (e.g. viewing an artwork) [2]. It should also be noted that a visitor
may choose not to view an object, although their path may pass by these said objects.
Studies have shown that spatial grouping of themes through integration have had a more
powerful draw to visitors over general connectivity, which shows that their behaviors
register and prioritize thematic labels.

This understanding of space formed the underlying principle of the game design
in this study. The game stage design and how NPCs interact with it in the game were
based on these phenomena. While it serves as a good foundation, the study of spatial
analysis syntax has mostly stayed in the realm of physical observations. This then serves
as an opportunity to study the phenomena in virtual space and pinpoint the similarities
of linking themes from real life to computer screen.

2.2 Navigation and Circulation

Navigation within museum spaces may also be broken down into physical determinants
which, if following proper guidelines, lead to effective circulation and wayfinding sys-
tems [7]. One’s navigation process can be broken down into two categories: 1.) patterns
of pedestrian movement and 2.) orientation (including conceptual). Unlike most activi-
ties, museum spaces require users to move around and engage with exhibitions. Various
points of entry coerce visitors to rely on previous patterns of movement they are used
to and make pathway choices. This becomes a critical aspect when these movement
patterns determine what visitors see or do, as well as help them choose which exhibits
to engage.

The study [7] showed how certain layouts could affect certain movement, such as
being on the right side of a pathway would give strong tendencies to turn right or go
straight unless certain conditions are provided to turn left. Crowd organization also
dictated the direction visitors would take, such as in self-organizing to stay on the right
in crowded conditions.

Patterns of search-approach-stop also form an important aspect of visitor movement.
Visitors are constantly looking for artworks that are of high interest or provocative in their
eyes.When a visitor finds an artwork that fits this criterion, theywill stop to approach and
engage with the subject. An example in a museum space would be to place an attractive
art piece at the center of the exhibition to increase the crowd and engagement.
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Other factors that determine navigation are patrol strategies to navigate through
areas. In most cases, a counter-clockwise movement is employed unless exhibits are
present on either side, which a zig-zag method may be utilized instead. The speed of
the visitor has an inverse correlation to their thoughtfulness when engaging in exhibits.
Engagement, or how long one stops at an artwork, is part of the navigation process as
well albeit stopping in front of an artwork does not necessarily mean one is engaging in
it.

This study took these factors into consideration when reconstructing the patterns of
visitor movement within the AAG. Some aspects such as visitor movement speed can
also be adjusted to see how players respond in navigating the space. A limitation of
the study is that there is no way to determine as of the moment which of these are to
be effective in translation. The layout of the AAG and the gameplay itself may present
results that move outside those presented in the study. Players would be encouraged to
explore the space within the game freely which may remove inhibitions of following
proper circulation.

2.3 Virtual Museum Interaction

The development of technology has not only allowed for the preservation of preserving
artifacts but has also expanded exhibit interaction to include the virtual space. Since
the first adoptions of the idea through static presentations of text and images [2, 3], the
avenues of immersing the visitor through technology has improved through methods
such as Augmented Reality (AR), Virtual Reality (VR), and web protocols (HTTP) in
addition to devices such as personal computers (PC), CD-ROMs, and personal digital
assistants (PDA) [9]. In application, museums have used this for recreating historical
events, increase visitor engagement, and for additional educational opportunities about
exhibits [10].

Klopfer et al. studied the effectiveness of guided tours and handhelds within the
museum space [6]. Aware of the benefits of mobile devices for learning experiences at
schools and other centers of learning, a game was designed for the Boston Museum of
Science with the goals of visitors to engage with the exhibits more deeply and across
one another, as well as engage with one another. The game Mystery at the Museum
was designed with past experience in mobile game design and on learning games of
the team in mind. Players were deeply engaged in museum exhibits, requiring to get
clues from different exhibits within the museum and examine each one closely to piece
information together. This combination of depth andbreadth of engagementwas effective
in encouraging participants in thinking about each exhibit in relation to the game’s story.
Collaboration among players and parent-child interactions received positive feedback
from the study as well.

However, games created in this space remain mostly as tools to increase visitor
engagement or as marketing tools by the museums [11]. The focus on these tools usually
falls under technical aspects of the technology and points for improvement or studying
if the visitor’s experience with the artworks were heightened through the technology’s
employment [12]. This current work aims to study utilizing games through a different
approach of it being a tool to study the visitors and spatial engagement as a priority aside
from the exhibition itself.
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3 Game Development

3.1 Bluetooth Beacon Incorporation

Bluetooth Low-Energy (BLE) beacon data gathered in the Ateneo Art Gallery (AAG),
the Philippines’ first modern art museum, by Casano et al. [13] was used as a controlled
variable in-game. The data was collected through the use of phones with a Unity appli-
cation allowing the conversion of radio signals from BLE beacons into Received Signal
Strength Indicator values (RSSI). This provided data on where they stopped by, paths
they took, and time spent navigating the exhibit. Testing was conducted with sixty-six
(66) participants, many of whom were first-time visitors of the AAG [3]. The study was
able to determine the most popular path starting from the first floor to the third floor,
increased engagement in interactive exhibits, and the tendency to only explore certain
sections only. As they mentioned, it serves as a proof of concept on the utilization and
possible limitations of BLE technology [3].

In the game development phase, AAG visitor data was processed to visualize the
pathways and points of interest per guest. To ensure playability, the game utilized data
from seventeen (17) visitors only who have complete data from the 1st to 3rd floors. To
provide a closer estimate to which artworks visitors engaged in, the pathways generated
focused on beacons detecting their immediate proximity (1–2 m away from an artwork).
Figure 1 shows a generated pathway based on the data from one of the guests.

Fig. 1. Orthogonal view of the floor map with a visitor’s pathway visualized. Light blue dots
indicate the path they took in which they were 1–2 m away from a beacon. The rings around the
beacons indicate the engagement of the visitor with how long they stayed in the beacon’s radius.

The visualizationswere crosscheckedwith their time logs to verify artwork interest or
locate any path deviations. These were then translated into navigation paths in Unity3D.
The level design was constructed emulating the AAG’s exhibition layout. NPCs were
each assigned a path to follow, with configurations for dialogue and to stop at artworks
they “enjoyed”.
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3.2 Recreating the Space

With the inclusion of visitor data from a previous study and the need to be faithful
to it, the level design and artworks were made to be accommodating to the data. This
meant adjusting artwork placement to align with beacons and, so players would emulate
movements by NPCs, refraining from placing artwork in areas that did not correspond
with the beacons. The level designwas also designed in replicating thewall placements of
the floor maps from the visitor pathways. Due to legal constraints of accessing artworks
from the Ateneo Art Gallery for the game, there was a need to make custom exhibits and
artworks which were arranged into themes and NPC insights adjusted to relate to them.
In the game, the story was adapted to a museum-wide curation for the recently deceased
artist Gaspar Sousa, whose work mainly focused on religious themes. To correspond
to the three floors, the exhibitions were divided into themes of 1.) the timeline of his
work, 2.) differences among religions, and 3.) thoughts of religion on death. The figure
below showcases the recreated level design, with artworks placed where the beacons
were located (Fig. 2).

Fig. 2. In-game screenshot of the player exploring the museum. The image provided is that of
the third floor, with the theme of religion, death, and the afterlife.

3.3 Game Design

The game itself focuses on the study of visitor movement patterns and in order to encour-
age this form of study, the in-game tools should equip players to rationalize the patterns
but not spoon-feed them. The game provides the player with tangible and abstract clues
for them to piece together information and deduce the best course of action to progress.

As a foundation to better engage with participants, there must be a narrative which
encourages exploration. The story is that the Peruggia, a criminal syndicate specializing
in museum heists, has been planning to steal from the exhibit. The player, a detective,
must find a double agent, the artwork, and the thief in order to successfully catch them.
In order to identify these three, the player is given hints based on the interests and
movement patterns of NPCs. Aside from hints, players are also provided with a museum
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map which has descriptions for each exhibition to tie the themes of the artworks in those
spaces. A figure showing an in-game screenshot of the map is shown below (Fig. 3).

Fig. 3. In-game screenshot of a map as part of the player’s tools. The map showcases the layout
and brief explanation of the first floor’s exhibit.

The player as a detective also has a notebook containing images of each of the NPCs
roaming the museum. The player may select any of these images for an arrow to pop
up which points to the location of the selected NPC as the building layout spans three
floors. An outline also appears over the NPC when they are in the player’s field of view.
Another figure is provided below showing this feature (Fig. 4).

Fig. 4. In-game screenshot of tracking a selected NPC. Selected NPCs are outlined when seen
and an arrow is shown pointing at whatever direction the NPC is. This arrow disappears when
interacting with NPCs and artworks.

The player can interact with both artworks, which have fixed descriptions onwhat the
artwork represents, and NPCs, whose dialogues change depending on their location and
which artworks they are interested in. Knowing what each NPC is interested in requires
the player to have seen the NPC’s action and/or have spoken to the NPC to connect their
actions to the hints provided. The first-person player also has a constrained field of view
to encourage the NPC movement and layout to have influence on the player’s actions
and to better examine their movements based on what they are looking at. The figure
below is a screenshot of the player interacting with an NPC (Fig. 5).
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Fig. 5. In-game screenshot of a interacting with an NPC. The NPC was stopped while interacting
with an artwork talking about religious tourism.

The player is given 30 min to examine their clues and explore the space and its
NPCs. As it is a psychological detective game which studies how the player interacts
with the space, the tools provided are designed to encourage players to come up with
their own interpretations (which influence their movement) in addition to easing certain
tasks, such as tracking visitors, to focus on the game’s goals.

4 Discussion

The usage of a game to study visitor behavior in terms of movement patterns shows
promise. As a game, it provides another layer of engagement with players through the
introduction of actively observing other character’s actions as means of gameplay. In
turn, there forms an introspection for players and those in arts-related fields to understand
psychological influences in the museum experience.

According to Lanir et al., observing the patterns of museum visitors have been
an increasingly popular area of study. Museums today are shifting towards a consumer-
oriented experience, recognizing each visitor as an active interpreter of the space. Studies
conducted in this area help museums allocate their resources more effectively, thus over-
all improving their exhibits [3]. Architects andmuseum curators can formulate structural
and placement layouts which best serve the narratives they aim to tell in these spaces.
This then leads to better audience engagement from the community in their respective
museums. In addition, the game itself can be adjusted to study other ways of manipu-
lating visitor engagements in spatial context as compared to a curatorial perspective. As
most implements of interactive technology for museums focus on immersion to exhi-
bition pieces, it falls short in focusing on exhibition flow and social interaction [10]. If
museums incorporate their own artwork catalogs and floor plans, the game gives muse-
ums the opportunity to study the usage of the space with their curatorial intent and look
into visitor behavior while cutting the need for physical space and other resources.

There are limitations to the extent of the study as of the creation of this paper,
mainly in terms of NPC behavior which could be fleshed out further and expanding the
artwork curation process which was had been adjusted in this case. Possible areas of
future study through changing the in-game elements to include other factors of visitor
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interactions (e.g., hypercongestion in museum spaces and established groups that visit
can influence one to avoid moving to certain spaces) [14, 15] and the incorporation of
spatial dimensions in the digital museum experience.

5 Conclusion

This study presents a different way for museums to learn more about their visitors
through means of gameplay. Given that museums have already been tracking visitor
patterns in the past and the advance of technology, there are newer, various methods
in which they can study how best understand museumgoers to eventually curate their
spaces for the most engagement. The method provided through this game is qualitative
in nature, presented through the visitor’s eyes with the ability to see what they see and
interact with. Through the game design, the choices made to have conditions conducive
of studying movement patterns were in including paths and points of interest generated
by previous visitors in the form of NPCs, recreating exhibition spaces and grouping of
exhibit artworks, the addition maps and artwork descriptions supplementing the visitor’s
understanding, and other tracking tools to have some ease in gameplay. Other than these
elements, the game was designed for the player to explore the space for themselves.
Further refinements and of in-game elements will help increase the depth of information
gathered by museums if done so in future iterations of the game.

6 Future Work

Game testing and deployment will be conducted through functional testing and will be
followed with interviews about the experience. The goals of testing are to see if the inte-
gration of visitor data and introducing movement patterns as a focus of the game were
successful. Participants from the architectural field, arts-related professions, and unaf-
filiated groups will be invited to collect various insights on the gameplay. Recruitment
of testers will be done through online means of communication with screening surveys
that asks them about demographics, their professions, and if they have the equipment
necessary for testing. Each participant will have a personal session with the researcher
who will brief them about the study and what the session will cover. After briefing and if
given consent to continue, they will play the game while the researcher observes player
input. Once completed, participants will be interviewed about thoughts on the game and
certain actions theymay have done in-game. Debriefing forms will be given out focusing
on additional thoughts on the game and inquiring other points for improvement.
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Abstract. Cybersickness is a symptom that is common among game players.
Although each player has a different level of symptom, this feeling will occur
during the long-term experience of video games. Studies have shown that cyber-
sickness is caused by many factors, including display hardware, screen content,
and human factors.

With the development of VR game platforms over the years, cybersickness
has become a high-priority in the virtual reality industry, and cybersickness has
also been called VR sickness. There have been many different studies on how to
alleviateVR sickness, such as adding a virtual nosemodel to the content, providing
Dynamic Gaussian Blur, using Dynamic FOV, etc. These studies are focused on
reducing VR sickness by improving the displayed content.

Not like previous studies, in this paper, we looked forward to discussing the
VR sickness that was caused by different interaction. In this study, the researchers
designed severalVR interactions based on different hardware. Then they organized
user tests that asked testers to complete several goals in the sameVR environment.
After comparingmultiple sets of test data, the researchers discussed the possibility
of an interaction method that will reduce VR sickness and how it looked like.
Through this work, we tried to give an insight into the current research findings of
alleviatingVR sickness and discussing the possibility of long-termVR interaction.
In this context, this study aimed to explore a virtual reality interaction method that
allows players to alleviate VR sickness during gaming.

Keywords: VR sickness · VR interaction · Self-motion simulation

1 Introduction

In recent years, the VR market has gradually expanded and developed. On March 23,
2020, Valve released “Half-Life: Alyx” with high-quality content to let players once
again feel the charm of VR games. The experience of current VR devices has been
significantly improved due to the increase in display quality and frame rate.

Although the experience problems caused by hardware has been gradually improved,
the inconsistency of the player’s body and eyes’ view is the main cause of VR sickness.
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Can we improve this problem through game interaction design? There are similar solu-
tions we found, such as “teleportation”, “jogging”. However, these solutions all have the
problem of not being able to fully restore the freedom of movement control.

The purpose of this research is to reduce cybersickness by interaction design. We
try to design an approach that can map all movement commands and allow players to
generate self-motion. Through user experiment tests, we will discuss the performance
of this interaction method compared with the existing method.

2 Related Work

2.1 Causes of VR Sickness

Many previous studies suggest that VR sickness causes players to develop symptoms
similar to motion sickness (Kolasinski 1995). In such studies, the specific biological
causes of VR sickness cannot be fully determined at this time. The relatively common
theoretical frameworks and hypotheses in this field are Sensory Conflict (Sensory mis-
match) theory and postural instability theory. Sensory Conflict theory (SCM) provides
a very important interpretive framework. The scholars argue that the user’s self-motion
perception is based on the visual system, the vestibular system and non-vestibular pro-
prioceptors. If these inputs and these receptors are not coordinated, symptoms of motion
sickness are likely to occur. Conversely, VR sickness is unlikely to arise when the user’s
self-motion and perceptual inputs match each other.

Hardware
Hardware plays a very important role in demonstrating virtual content. At present, the
VR content created by developers is basically displayed to users through virtual reality
headsets and other hardware devices, so the hardware will largely affect the quality
of VR content. For example, VR sickness often occurs when the screen refresh rate
is not high enough, when the speed of the screen refresh is slower than the brain’s
expected processing, so the brain’s expected screen and the actual presentation of the
screen inconsistency will arise. In other words, when the computer-generated picture
does not match the speed of movement in the user’s brain, motion sickness symptoms
will occur. (Rebentisch 2015) (Norman 2017). Another trigger for VR sickness is the
mismatch between visual and motor signals obtained from vestibular stimuli. (Groen
and Bos 2008). When the eye receives a stimulus and the stimulus transmitted to the
vestibule through the inner ear do not match. Therefore, the hardware needs to make the
information transmitted from the visual and auditory organs into the brain as consistent
as possible.

Since screen display is the most important information transmission channel in the
VR system, many current studies have tried to verify the relationship between display-
related factors and VR Sickness. A number of studies have shown that the display type
and mode are related to the severity of VR sickness symptoms (Benzeroual and Allison
2013; Häkkinen et al. 2002; Sharples et al. 2008). For example, HMD, desktop devices,
and real-life theaters have different impacts on VR sickness. (Sharples 2008). Vlad et al.
found through experiments that compared with 3D TV, 3D glasses are more likely to
cause symptoms of VR sickness to users. Different display modes used by different
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devices can induce VR diseases to different degrees (Dennison et al. 2016). From this
series of studies, users who use HMD show higher scores in VR sickness tests. At the
same time, users who watch stereoscopic content are also more likely to have symptoms
of VR disease than users who watch monoscopic content (Dennison et al. 2016; Naqvi
2015). Another factor that affects visual presentation is FOV (Field of Vision), which is
what the player can perceive visually. Various experimental studies have concluded that
reducing the FOV range is one of the effective ways to alleviate VR sickness (Harvey
and Howarth 2007).

Content
While most studies have focused on the impact of device-related factors on VR illness,
there are still some studies focusing on other factors. Various factors related to VR
content, for example, (Fernandes and Feiner 2016), these studies have come to the
relatively clear conclusion that narrowing the content FOV can effectively reduce users’
VR illness symptoms,which can be verified fromboth objective and subjective indicators
(Fernandes and Feiner 2016; Kobayashi et al. 2015). Therefore, the solution of reducing
content FOV while ensuring user immersion is feasible to reduce user motion sickness
symptoms and enhance user experience. Human motion sickness symptoms are caused
by the mismatch of apparent motion signals, which occurs when the stimulus signals
received by the eyes and inner ear are not aligned. Optical flow plays a very important
role in this process, so many studies have focused on which characteristics of optical
flow can cause VR symptoms in users, including the degree of the speed and the number
of moving signals in VR content. Some findings find that the speed of the scene in VR
content is positively correlated with the severity of VR symptoms (Chardonnet et al.
2015; Liu and Uang 2012; Lo and So 2001), and the symptoms of VR disorder are
exacerbated when there is more rotational motion in the scene (Bonato et al. 2009;
Keshavarz and Hecht 2011; Lo and So 2001). Nevertheless, there are previous studies
that attempt to investigate the relationship between VR picture quality and VR sickness
(Golding et al. 2012; Carnegie and Rhee 2015; Davis et al. 2015) to verify that a high
quality, high realistic VR experience and immersion will reduce users’ VR sickness
symptoms. However, the results showed that the increase in VR quality does not alleviate
the symptoms of VR sickness among users.

Human Factors
Many experiments find that different people in the same experiment will have different
manifestations of VR sickness, so it is suggested that individual factors such as gender,
BMI, and susceptibility to motion sickness can affect the onset and severity of VR
sickness in users (Stanney 2003). In general, women are thought to be more likely to
experience motion sickness symptoms than men (Freitag et al. 2016), but some scholars
argue that there is insufficient evidence for this conclusion (Lawson 2014). Second,
the findings on how age affects VR sickness are unclear. Some studies show that older
age appears to be associated with a higher susceptibility to VR sickness. However, in
a recent study by Saredakis et al. (2020), individuals under 35 years of age show more
apparent motion sickness symptoms than older age groups. Since users who receive VR
sickness tend to develop motion sickness symptoms, the user’s previous motion sickness
susceptibility can also help us to predict whether the user will have an uncomfortable
experience during theVR experience. TheMotion Sickness SusceptibilityQuestionnaire
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(MSSQ) can quantify the motion sickness susceptibility of experimental participants.
From the results of some experiments, it can be seen that people with higher motion
sickness susceptibility tend to have higher SSQ scores when experiencing VR (Stanney
2003).

2.2 Solutions for VR Sickness

In a broad sense, VR sickness actually includes a variety of uncomfortable symptoms
caused by the VR experience, such as Physical Fatigue, Eye strain, Motion sickness and
so on. This study focuses on Motion sickness, because it is a crucial factor that prevents
many players from using VR for a long time. We have discussed the causes of Motion
sickness, and below we will explore some of the solutions that currently exist.

Hardware
The visual performance of VR display has a great impact on the dizziness. Refresh
rate, field of view size, and afterglow, etc. Can all become effective factors (Chang et al.
2013). Latency in VR is one of the biggest contributing factors to motion sickness. There
are now headsets available that offer faster displays, such as the Valve Index that allows
users to adjust between 80 Hz, 90 Hz, 120 Hz and 144 Hz. As the industry develops, the
speed of latency will likely decrease, which will significantly help with the problem of
motion sickness.

In addition to improving the monitor frame rate and display, some other physical
devices can also be used to reduce dizziness and improve the comfort of experience.

Amores and his team designed a necklace to relieve VR sickness by releasing odors.
The subjective perception of relaxation increased by 26.1%when using a VRHMDwith
the olfactory necklace, compared to not being exposed to any stimulus (Amores et al.
2018) (Fig. 1).

Fig. 1. The prototype of essence necklace made by Amores.

Reliefband is a wearable device that relieves the symptoms by generating electrical
signals to stimulate nerves (David Lachowicz 2017). The signals have a rebalancing
effect, normalizing nervemessages from the brain to the stomach and reducing symptoms
of nausea, retching and vomiting. The Reliefband has also been used in medical research
and has been shown to have an effect on symptoms such as vomiting (Habib et al. 2006).
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Similar to this solution, Taro Maeda has experimentally demonstrated that the use of
Galvanic vestibular stimulation can directly produce the sensation of vection and thus
dizziness can be relieved (Maeda et al. 2005).

To sum up, there are two main ways to mitigate dizziness by hardware, which is
improving the display effect and soothing nerves. Improving the display does have a
significant effect on relieving dizziness, which can be verified in the development of VR
headsets in the past few years. However, this method of releasing odor or weak current
to relieve dizziness has not been widely used, and it is still a direction worthy of research
and improvement.

Display Contents
In fact, to eliminate motion sickness is to help the brain understand that the body is
not really moving. Through the processing of the display contents and some auxiliary
display system, we can create the illusion that the player is not in motion.

Wienrich, Carolin, et al. attempted to simulate real-life visual perception using the
addition of a virtual nose, which is based on the principle of creating a visual reference
point that allows the human brain to perceive its own movement (Wienrich et al. 2018).
Their study could replicate the results in a very dynamic jump’n’run game and added
evidence regarding the effects of a virtual nose on game experience. This approach has
also been practiced by other people and has worked to some extent (Fig. 2).

Fig. 2. Left: The model of virtual nose; Right: Nguyen-Vo’s frame cave

ThinhNguyen-Vo and his team tried to reduce player’smotion sickness when turning
their view by adding a virtual frame cube to the field of view (Nguyen-Vo et al. 2018).
This cube follows, and rotates along with the user to simulate a cave automatic virtual
environment. EH Chang’s research has also shown that rest frames can help reduce
motion sickness and increase the sense of presence in VR.

To sum up, most of the approaches to reduce dizziness through screen content are
to enhance the player’s perception of movement by adding visual references, because
the contradictory feeling of no body movement can be alleviated to a certain extent, if
players are provided with a relatively static frame of reference visually.

Control Approach
When moving in a real environment, we naturally perceive and believe the fact that we
are actually moving. In a virtual environment, however, it is difficult to create this sense
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of real movement. To connect the virtual with the real and counteract this illusion, we
can make it more real through interaction and feedback.

Simulate real movement
This type of solution mainly relies on walking simulators or VR shoes to capture the
player’s leg movements, thus mapping the player’s real physical movement to the virtual
character. Such devices are generally large in size, such as virtuix omni’s treadmill, and
the fully rollable VR motion platform – Eight 360 Nova – developed by Terry Miller
and his team (‘Omni by Virtuix – The leading and most popular VR motion platform’
2021; Loz Blain 2020) (Fig. 3).

Fig. 3. First: The picture of Omni; Second: The Eight 360 Nova; Third: Cybershoes

In order to improve the portability and reduce the cost of the device, solutions that
use wireless wearable shoes to capture leg movements have emerged in recent years.
Micheal Bieglmayer and his team have been developing a VR wearable device called
Cybershoes since 2015 (Cybershoes 2021). This set of equipment is a pair of shoes with
roller soles, through which the player slides back and forth to complete the forward and
backward movement orders. When using this device, players need to sit on a rotating
seat, through the rotation of the seat to control the direction of the virtual character.

In addition to controlling virtual character movement through assisted hardware,
there are also studies that attempt to use the up and down vibration of a person walking
as a control signal through an algorithm (Huge Robot 2021). In these studies, the player
manipulates the character by running in place. The frequency and amplitude of the up
and down shaking generated by running in place is used to control the speed of the
virtual character’s movement (Slater et al. 1995). However, this scheme also has some
drawbacks, for example, it does not achieve backward movement well and requires the
use of a controller pointing to control the direction of movement.

To summarize, the core principle of this type of solution is to make the body move so
as to eliminate the incongruity between visual and physical senses. Theway to control the
movement of the character through the motion device is more expensive to implement,
while the player is easily fatigued by prolonged movement. Running in place still has
problems in the control. The cybershoes sitting solution, on the other hand, is optimized
in both aspects, thus far it is a better solution.
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Reduce the player’s sense of movement
In addition to enhancing the player’s body’s perception of movement, the opposite app-
roach is to reduce the player’s visual perception of movement, so that the visual per-
ception is consistent with the body’s feeling of stillness. Teleportation is the current
mainstream game practice, where the player is projected to the target location through
the ray emitted from the controller, and then the perspective is switched directly to the
target location. This avoids the process of moving in between, so there is no dizziness.

There are also some other practices, such as switching by blinking when turning the
view instead of smooth continuous screen rotation. This solution reduces the dizziness,
but it can also bring the feeling of unreality. The second approach is to create a relatively
static environment, such as placing the player in the cockpit (VR Interactions 2017).
In addition, the third-person view can also effectively alleviate the symptoms of VR
sickness (Kim et al. 2018), because the movement of objects in the third-person view
will be smaller.

By designing the way players interact in virtual reality, it is possible to enhance
immersion while mitigating dizziness. However, the current research solutions all still
have their own limitations, whichmakes it themore worthwhile to study and think about.

3 Design Considerations

Through literature review, we can basically understand the causes of VR sickness, which
mainly comes from the unsynchronized visual movement perception and body percep-
tion. We also did a lot of investigation on current VR technologies and product forms, as
this will determine how we should choose the appropriate hardware and algorithms to
complete the solution design. Finally, by researching and comparing the current solutions
that have a mitigating effect on VR sickness, we clarified our design direction, trying
to mitigate the perception of asynchrony between player reality and virtual through
interaction design.

In the process of design, we try to solve two problems:

1. How to correspond the way of moving in reality to the control of the virtual character
one by one, so as to achieve the same degree of freedom as in real movement.

2. How to make players’ bodies feel like moving through interactive movements, and
at the same time reduce the fatigue of the player in the process of interaction.

3.1 How People Move in Reality

Franck Multon, in his 1999 study of virtual human walking, summarized that the human
body has a total of 30 degrees of freedom (Multon et al. 1999). Based on his research
and the observation of people walking in life, it is easy to find that the three main degrees
of freedom in movement are:

1. The head controls the viewpoint.
2. The waist controls the orientation of the body.
3. The legs control the direction of human movement (Fig. 4).
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Fig. 4. First: Degrees of freedom that human body has; Second: Body facing and the direction of
forward is the same; Third: The three main degrees of freedom in movement control.

By studying the movement control of first person/third person games on the current
market, it can also be found that the main character movement control is the move
direction and body facing, while the direction of perspective and body facing is to
maintain the same. Therefore, we can often see the character’s head always facing the
body directly in front in the match game.

In the VR game, we want to restore the perception of real movement as much
as possible. Therefore, we need to design three degrees of freedom control for head
movement, body orientation, and character movement, respectively.

Among them, with the use of 6DOF head-mounted display, the problem of vision
control can already be well solved. While the body orientation control, and movement
control requires more attempts and research.

3.2 How to Generate Motor Perception

It is well established that the visual, vestibular, and somatosensory modalities provide
position and rate (e.g., velocity, acceleration) information for estimation of body dynam-
ics (Jeka et al. 2004). When the body perceives imbalance or shaking, the sensation of
motion is created. By simulating this sensation, the player’s physical senses can be
synchronized with visual perception, thus reducing the symptoms of dizziness (Maeda
et al. 2005). Keirl J M, in his study of the Motion seat, found that human motor percep-
tion comes not only from vestibular judgments, but also from the pressure on skin, and
changes in body forces (Keirl et al. 1995). When the body perceives a greater pressure
on one side of the skin, the acceleration is felt in the opposite direction. Similarly, when
the force on the human body changes, the corresponding sense of movement will be
generated. This is how a 6DOF motion seat simulates the driving feeling.

Therefore, to mitigate the player’s motion sickness response, it is necessary to allow
the player to move visually while the physical forces produce corresponding changes.
Bernhard E. Riecke, in his study of Self-Motion Simulation applications in virtual reality,
found that providing consistent cues about self-motion to multiple sensory modalities
can enhance vection, even if physical motion cues are absent (Riecke et al. 2005; Riecke
and Feuereissen 2012).

The design principle of motion seat is to change both the angle of the player’s body
and gravity, thus producing a corresponding force and skin pressure in the direction of
visual movement. This is a solution worth trying and exploring. It tries to change the
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player’s center of gravity in the interactive operation of the motion control, so as to
produce a corresponding sense of force.

4 Design

After several attempts and experiments, we designed a relatively feasible interaction
scheme. This movement control system is based on the existing VR hardware, so that it
will be more universal. The solution adopts a VIVE head-mounted display, two 6DOF
controllers, and a Vive Tracker. In order to make the Vive Tracker work properly, two
base stations and a signal receiver are required, all of which can be viewed in the official
Vive Tracker description (VIVE™ | VIVE Tracker 2021).

4.1 Hardware Setup and Control Rules

First, players need to follow the official guide to set up the VIVE environment, then
wear the Vive Tracker on their waist and calibrate it to the front (Fig. 5).

Fig. 5. Left: The schematic diagram of Vive settings; Right: How to wear the devices.

In this system, we implement three independent control: head tracking, orientation
recognition, and movement control:

1. The 6DOF system on the head-mounted display is used to capture player’s visual
changes.

2. The pointing of theViveTracker is utilized to determine the player’s bodyorientation.
3. By calculating the position of the head-mounted display and Vive Tracker, we can

obtain the state of the player’s body tilt, then through the player’s body tilt amplitude
and direction, to control the direction and speed of the virtual character movement.

The benefits of this implementation are as follows:

1. It can achieve complete movement control without the need for players to wear
additional complex equipment.

2. The player is able to control the visual movement, character’s orientation and
movement independently, without the limitations found in traditional schemes.
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3. The player’s hand operation is not affected when controlling movement, and the
player is able to move once and perform other operational tasks.

4. While controlling the movement, the player will produce self-motion due to the
change of body center of gravity caused by the lateral tilt of the body. Through our
previous theoretical analysis, this can reduce the inconsistency between the player’s
visual movement and body perception, thus reducing VR sickness.

5. There is no need for the player to perform walking actions, so the fatigue will be
greatly reduced, which can allow the player to control the character movement for a
long time.

4.2 Interaction Design

We designed a solution that allows players to control virtual character movement, like
walking, running, jumping and other operations, which can basically meet the needs of
character movement control in most games today.

Movement
Movement is divided into two cases. In the first case, the player moves by walking
freely, and only the position of the head-mounted display is needed to locate the player’s
position. In this case, the player’s body perception is identical to the visual perception,
and no dizziness will occur. In the second case, the player needs to control the character
movement by tilting the body sideways due to the actual space limitation.

In the side-tilt mode, the player controls the movement of the character in a certain
direction by tilting the body in the same direction. By turning the upper body, the
player can change the direction of the character’s movement. In our experience, we
recommend that players stand with their feet forward and backward, which can be more
comfortable for turning and tilting operations. The shift of one’s own center of gravity
can be clearly perceived during the operation, thus generating self-motion (Warren and
Wertheim 2014).

The player switches between the two movement control modes by clicking the but-
tons on the controller. This allows for both closer to realistic movement in a small area
and more freedom and comfort when the character needs to be controlled to move over
long distances (Fig. 6).

Walking and Running switch
The speed of character is proportional to the player’s side tilt, and when the side tilt
exceeds a certain angle, the speed no longer increases. We found that the front and back
side tilt will be greater than the left and right-side tilt, therefore the angle corresponding
to the maximum speed needs to be changed according to the side tilt direction.

Jumping and Squatting
We observed how people jump in the real world: before jumping, people need to lower
their center of gravity and then jump upside.When designing this interaction, we adopted
the action of crouching with the legs and then standing up to trigger it. This can simulate
the real-world body perception, and will not conflict with the directional control.

The crouch operation is triggered by the player’s legs crouching down and then
staying at that height. When the player stands up, the character becomes upright.
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Fig. 6. Upper right: Lean to control move speed; Upper left: Side shift movement; Lower right:
Turning movement; Lower left: Jumping gesture.

Summary
Using gesture interaction in VR can improve the player’s immersion, but gesture oper-
ation is more likely to cause fatigue than joystick and keyboard. Therefore, using self-
motion simulation can bring physical sensation to the player while reducing the fatigue
caused by gestures. In the design of player movement operation, it is not necessary for
players to perform jogging or walking action but by tilting the body to produce the
feeling of movement.

5 Evaluation

In order to verify whether different operation methods will affect the player’s vertigo, we
create a demo containing two different operation methods using Unity. The first method
is somatosensory control designed by us, which controls the movement by tilting the
body. The second method directly uses the joystick on the controller to control the
movement.

5.1 Methodology

The experimental equipment and tools used are as follows:

1. Hardware: HTC VIVE, A PC with SteamVR.
2. Demo build by using Unity.
3. SSQ (Kennedy et al. 1993) and questionnaires.
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Participants will be asked to use two movement control methods to complete the
same tasks. There will be two rounds of testing for each participant (one time using
motion control, the other time using joystick control). Firstly, we inform the participants
that the experiment may cause cybersickness (such as dizziness, nausea), and then assist
the participants to fill out the MSSQ-short questionnaire, record their susceptibility to
dizziness, and fill in the SSQ (pre-test). After each round of test, a short interview will
be conducted and SSQ (post-test) will be filled in to record their experience. In order to
eliminate potential interference, the order of the tests is random for each participant.

5.2 Participants

This study recruited 10 adults with healthy physical conditions. Among them, 6 are
women and 4 are men. Their average age was 26.2 years old (mean age: 26.2 years-old,
SD = 2.7). All participants had no history of headaches and vestibular system disorder.
Participants in the experiment are all voluntary, and all of them sign the consent before
testing.

5.3 Design Tasks

This evaluation experiment is a within subject test, which means that each participant
will test both control systems. The purpose of the experiment is to compare the effects of
different interaction modes on VR sickness, and whether the interaction mode with self-
motion simulation can reduce the player’s dizziness. The reason for choosing a within
test is that it can automatically control individual variability, which reduces the deviation
caused by user differences. In this experiment, the participant’s vertigo sensitivity needs
to be controlled. Therefore, intra-group testing is appropriate in this experiment.

In this study, there are three tasks:

1. Learn how to move, and complete the basic movements of forward, turn, and back.
2. To move around a large object.
3. Avoid obstacles (Fig. 7).

The first task is an easy one that allows players to adapt the VR experience and learn
how to control movement. The second task is to test the player’s dizziness when doing
circular motion. The third task is more difficult, requiring the player to move forward
while avoiding obstacles. The lateral movement will be more intense in the third task.
In addition, we provide two operating postures, standing and sitting, which participants
can experience during the test.

During the test, more details including body movements, language, interaction, etc.
can be recorded for later analysis.

5.4 Results

Interaction & Cybersickness
We subtract SSQ (pre-test) from SSQ (post-test) to get the difference in SSQ score.

The table is as follows (Table 1):
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Fig. 7. Upper right: Large object; Upper left: Linear obstacles; Lower right: Sitting operation;
Lower left: Standing operation.

Table 1. The SSQ difference of each participant.

Participants The SSQ difference of somatosensory
operation

The SSQ difference of joystick
operation

No. 1 12 18

No. 2 14 21

No. 3 2 7

No. 4 1 4

No. 5 5 7

No. 6 9 5

No. 7 − 1 0

No. 8 1 4

No. 9 − 1 24

No. 10 4 11

Then, we use boxplot function in R to visualize the data, and the result is as follows
(Fig. 8):

Finally, we use ANOVA to find whether there is a significant difference in the SSQ
between two experiments. We get F = 3.1831, num df = 1, denom df = 18, p-value =
0.09127. According to p-value < 0.1, it can be shown that the interactive mode has an
impact on cybersickness, and it is not surprising for us to see this in the boxplots.
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Fig. 8. The Boxplots of SSQ Difference (A represents Somatosensory Operation, B represents
Joystick Operation)

Through the interview, we have reached the same conclusion. Most participants
thought that the joystick operation is more dizzy than somatosensory operation. At the
same time, we also found that participants are more likely to feel dizzy when there is
sudden speed change and sideways movements. In addition, when participants collide
with an object, or move around closely to an object, they will have a heavy dizziness.

Experiments have also proved that self-motion simulation can reduce the conflict
between vision and somatosensory, thereby alleviating cybersickness. But we also found
that the relationship between the movement speed and the body slope is the key to make
the simulation more real (Table 2 and Fig. 9).

Experience Evaluation

Table 2. Scoring questions

Number Question Score

No. 1 It feels real when I was moving 1–5

No. 2 I think the operation is easy to learn 1–5

No. 3 I find it easy to operate 1–5

No. 4 I think the operation is in line with my intuition 1–5

No. 5 I like this operation method 1–5

Fig. 9. Average experience score of each question

From the subjective evaluation of participants, the somatosensory interactive expe-
rience is better, which can give players a stronger sense of immersion. Participants said
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that this control method can produce the feeling of moving due to my body actions (self-
motion simulation). Secondly, most of the participants also said that sitting operations
would be much easier. Some descriptions of the participants are summarized below:

“My body feels more comfortable, and the way of operation and movement is more
matched.”

“I can imagine myself surfing during somatosensory operation, so I won’t be so
dizzy.”

“The joystick is not very comfortable to control the speed.”
“Standing operation is difficult to balance, sitting operation will be much easier and

more secure.”
There are also a few participants who prefer joystick control. These participants

are not sensitive to the dizziness of both scenarios, and they have more FPS gaming
experience. After being familiar with the joystick control, this part of the participants
can be very accustomed to the control method, and will not feel obvious dizziness. But
they also think that the joystick operation is not immersion.

For participants who are very susceptible to vertigo, they said that neither method
is comfortable and they had a strong sense of nausea during the test. Especially at the
beginning and end of movement, there will be obvious discomfort.

6 Conclusion and Future Work

Through this research, we believe that the control method of VR has an impact on
cybersickness. Secondly, the control method with self-motion simulation can reduce
the feeling of dizziness during movement, and create a more realistic experience. In
our research, we also found that players are extremely sensitive to speed in VR. Many
players desire to control the movement speed, and believed that if they could control the
speed in a better way, the vertigo would be much weaker. We have also obtained similar
conclusions as other studies, that the player feels less dizzy when moving forward, but
is stronger when moving sideways. Last but not least, reducing the fatigue of the player
can make them feel more comfortable, especially during long periods of movement.

Cybersickness is one of themain factors that hinder us frommoving in the VRworld.
Many engineers and designers are trying to solve this problem. With the development of
hardware, the VR experience is getting better and better. But cybersickness also comes
from software experience and interaction. Future research can pay more attention to the
influence of players’ movement speed on cybersickness, and how to let players control
their speed easily.
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Abstract. According to theWorldHealthOrganization (WHO), acute cerebrovas-
cular diseases represent the third cause of death in the Western world. Access to
rehabilitation therapies is very limited and often not very personalized due to its
high cost. In recent decades, the use of information and communication technolo-
gies (ICT) has become popular as a solution to extend the use of complementary
therapies in people with stroke. Particularly, the use of systems that use exercise
videogames (Exergames) with motion capture sensors (e.g., Kinect) and virtual
reality (VR) headsets has proven to be a feasible and efficient option to promote
greater interactivity with the participants and progress quantification. Although
the cost of this type of motion capture sensors is low, the type of analysis car-
ried out is often limited to isolated joints and determined by time-series analysis.
This paper explores the use of non-linear analysis techniques to investigate the
patterns of motor coordination recorded during the interaction with Exergames. A
methodology to create phase plane and relative phase diagrams from data captured
with the Kinect sensor using both off-the-shelf and VR Exergames is presented.
We expose two different rehabilitation scenarios where the coordination analysis
could be potentially useful, detailing the multi-joint analysis carried out as well
as showing the diagrams and their interpretation. We conclude by reinforcing the
need for a more comprehensive and extended analysis of human-body coordi-
nation as an important mechanism to validate the use of interactive and virtual
technologies in rehabilitation.

Keywords: Phase plane diagram · Relative phase · Coordination · Dynamic
system theory · Virtual reality · Exergames

1 Introduction

According to the World Health Organization (WHO), acute cerebrovascular diseases
represent the third cause of death in the Western world [1]. Despite efforts to expand
the coverage of physical rehabilitation services, access is still very limited [2]. The
creation of novel interactive technologies based on gaming systems has been proposed
as a feasible and highly motivating method to encourage physical activity and to aid
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the achievement of multiple repetitions of specific movements needed in the rehabilita-
tion process [3]. Research has shown the appropriateness of using exercise videogames
(Exergames) as a way to engage older adults in physical activity [4], combat child-
hood obesity [5], improve mental and social well-being in older adults [6] and affect
the cognitive functioning positively in clinical and non-clinical populations [7]. Despite
positive aspects, the quantification of the effectiveness of using Exergames as physi-
cal therapy still faces many challenges in terms of valid and understandable outcome
measurements [8]. Although it has been shown that the understanding of motor patterns
associated with the performed movements during Exergaming sessions is a key element
to facilitate technology adoption [9], little has been done to further explore this issue.
Previous work fromBernstein and colleagues has highlighted underlying biomechanical
mechanisms for phase synchronization as key concepts to study the dynamics of human
movement [10]. Joint coordination has been explored as one of the biomechanical mech-
anisms that reveal the quality of the movement; that is why clinicians and researchers
put a lot of effort to assess it. The main clinical techniques to measure interlimb coor-
dination are indirect and subjective measurements based on the effects of coordination
impairments on patients’ function. To this end, most clinical assessments evaluate activ-
ities of daily living, and convey a degree of the patients’ (in)dependence and the quality
of their movement performance [11]. On the other hand, neuroscientist and rehabilita-
tion engineers have focused on the evaluation of motor control witch evidence interlimb
coordination throughmotor patterns. They have proposed measurements motion capture
and robotic devices, to extract variables that reflect motor coordination, for instance, an
angular representation called relative phase or a time variable called relative reaction
time [11].

Therefore, the main goal of this paper is to explore coordination patterns that can
be analyzed by plotting angular representations of different coordinative structures after
performing specificmovements.We design a proof of conceptwhich covers two different
scenarios of interactive virtual rehabilitation using Exergames [12].We use an immersive
VR system and off-the-shelf exergames [13] as illustrative examples. We hypothesize
that the angular diagrams could reflect the joint coordination changes that participants
exhibit while playing Exergames in virtual environments. We provide a comprehensive
methodology that uses accessible technology and easy-to-replicate methods to illustrate
how these sophisticated biomechanical techniques can be integrated into novel gaming-
based rehabilitation therapies.

1.1 Measuring Coordination Patterns with Dynamic Systems Theory

The relationship between human movement and the coordination phase is modeled
using coupling angles or sinusoidal identity Euler (Euler angle) in the complex number
world. This mathematical concept establishes the relationship of cycles or frequencies
of human rhythmic movement in each limb with a particular movement or as a coordi-
nate exercising such as walking, dancing, swimming, etc., [14]. In order to study motor
coordination in the human body, accurate capture of data from movements is necessary.
One of the best disciplines to study human movement coordination is human biome-
chanics, not only to describe changes in movement but also to understand why those
changes happen [15]. In biomechanical terms, motor coordination is generally defined
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as the spatiotemporal relationships that exist between different body segments [16]. The
phase plane (PPD) and relative phase (RPD) diagrams are two useful techniques for the
analysis of coordination patterns since they are qualitative representations of the relation-
ship between displacement and angular velocity, considering one or more segments of
the body during the entire movement [17]. These techniques generate diagrams whose
trajectories indicate how the different segments are coordinated (e.g., in phase-equal
direction or counter-phase-alternating direction) during the movement. These diagrams
are themost commonly used concept for simultaneous and congruent interlimb activities
[18], widely used by rehabilitation engineers and neuroscientists. Moreover, PPD and
RPD has been used to describe stroke patients’ coordination during gait, and represent
an objective assessment of the motor coordination, alternative to those measurements
often developed by clinicians [11].

Phase Plane Diagrams (PPD)
Following the idea of human joints as coordinative structures, the coordination between
joints can be described as functional relationships between important anatomical parts
of the human body while performing an activity [15]. An initial approach for looking
at how human movement is coordinated, is to search for inter-relationships between
joints. Phase diagrams have been proposed based on the concept that a system can be
graphed as a diagram of two variables called angular position and angular velocity [19].
The phase diagram description is made in a counterclock-wise sense since flexion is a
decrement of angle and extension an increment of angle [15, 17].

Figure 1 shows the over-imposed phase diagrams of one running stride that consider
the hip and knee for the analysis. On the contrary of angle-angle diagrams, PPD are
representations of just one joint; nevertheless, the superimposition of multiple joints
is typically carried out to evaluate the coordination between the joints. A phase angle
is mathematically defined as the arctan [angular position / angular velocity] for time
series respectively [15] which can be seen in Fig. 1 as the angle (seen anticlockwise)
of the vector formed from the center of the diagram [0,0] and a point formed by the
instantaneous angular position (AP); and the angular velocity (AV). As shown in Fig. 1,
the phase angle of the knee “pak” is formed by the vector “vk”, and the phase angle of
the hip “pah” is formed by the vector “vh”. Furthermore, using those two phase angles
the relative phase (RP) is defined as the subtraction of the phase angles from both joints
at the same instant (RP = PAh − PAk) [15, 16]. Thus, the RP can be seen as the angle
of the dot product between the vectors “vh” and “vk”. The RP as a time series is known
as a coordination pattern called “continuous relative phase” (CRP).

Continuous Relative Phase (CRP) and Interpretation
The CRP is a representation of the temporal relationship of two systems; particularly
in the body movement analysis, this technique is used to analyze the phase relationship
between two body segments [11, 20]. As mentioned in the previous section, the CRP is
defined as the difference between the phase angle of the distal segment and the phase
angle of the proximal segment at each moment:

RP = [PA]d − [PA]p (1)
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Fig. 1. Superimpose PPD of hip and knee made from non-real data of a gait movement. Gray
line: hip phase plane. Black line: Knee phase plane.

Where RP is the relative phase, PAd is the phase angle of the distal segment and PAp
is the phase angle of the proximal segment.

The values of the RP allow determining the type of coordination. We define coor-
dination in-phase (0º) if the two segments or joints are moving synchronously. On the
contrary, the coordination is counter-phase (180º) if the segments or articulations move
on opposite directions [20]. In addition, we can find multiple intermediate coordination
modes, called out of phase, between in-phase or counter-phase coordination. On the
other hand, the positive or negative sign in the values of the RP, express that a specific
segment precedes the other in the coordination of movement. If the values are positive,
the distal segment performs the movement before the proximal and if the values are
negative, the proximal segment precedes the distal segment.

The CRP, as a movement analysis technique, allows summarizing the coordination,
having a strong potential to be a good descriptor of the movement efficiency carried
out by the performer [16]. Variability in the CRP reflects the stability of the system
as a whole. Motor learning implies that the individual modifies the coordination of the
involved segments to adapt to the objective of the task and perform it more efficiently and
effectively. Therefore, changes in the values of theCRPbetween attempts reflect different
coordination and are an indicator of the reorganization of the system that normally occurs
in the motor learning process [21]. A very structured and well-learned movement shows
consistent and very similar CRP curves among attempts, reflecting the neuromuscular
control developed to using that specific movement [21].
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1.2 Creating and Understanding Phase Plane Diagrams and Continuous Relative
Phase Using the Kinect Sensor

Human movement analysis through the PPD diagrams and the CRP involves the under-
standing of functional relationships between joints’ movements that are actively par-
ticipating in a specific gesture (also called coordinative structures) [22, 23]. Although
mathematically simple, the use of such biomechanical techniques required the use of
specialized software and hardware that are not always available, mostly due to the asso-
ciated costs. The definitions and description of how to develop PPD and CRP has been
already proposed [15, 17]; nevertheless, we propose a comprehensive and replicable
method to create both the PPD and the CRP by using the affordable Kinect sensor and
custom-made toolbox. To successfully obtain the curves, the following steps should be
carried out:

1. The movement under analysis should be ideally cyclical, aiding the analysis of
multiple repetitions of the same gesture.

2. The coordinative structure under analysis should be defined by choosing both the
joints and the anatomical planes (e.g., frontal, sagittal, rotational) that will be under
analysis.

3. Individual angle-time plots have to be understood in terms of the movements carried
out in each anatomical plane (e.g., flexions, extensions, adductions, abductions).

4. Normalization and filtering the time-series might end up being useful in reducing
the shakiness of the motion capture data from the Kinect sensor. We develop a
normalization to zero mean, and we have used 30-order median filters to remove
signal noise from motion capture data of the Kinect sensor [24].

5. Segment the motion capture data, guaranteeing that every segment has a complete
repetition of the movement.

6. In the case of PPD: Extract the angular position of each joint and select the plane of
interest. A derivative should be applied to the angular position to find the angu-
lar velocity information. For each articulation, plot the angular position as an
independent variable with the angular velocity as the dependent variable.

7. In the case of the CRP: Once the angular position and angular velocity information
of both joints are extracted, a matrix for each joint should be created. The matrix is
compound by two rows: i) the angular position and ii) the angular velocity. Finally,
it should be extracted the angle of the dot product between these matrices, which
should be transformed from radians to degrees, representing the continuous relative
phase angle.

2 Methodology

To study coordination patterns with both the PPD and CRP, we decided to use the Kinect
sensor. The sensorwas used due to its portability and feasibility of being easily integrated
into clinical environments as well as the accuracy to capture movement from both upper
and lower limbs [25]. Two different scenarios and setups were used considering the
current technological advancement of interactive rehabilitation systems: immersive VR
and an off-the-shelf Exergaming console.
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2.1 Subjects

Five healthy subjects (ages 24.2± 5.63), students of Engineering at the local university,
were recruited for testing both scenarios in a controlled laboratory environment. The
subjects were informed of the experimental protocol using a consent form. The testing
procedure was developed in one session; subjects first performed 10 min warm out of
joint movements and then played in both scenarios.

2.2 Upper Limb Rehabilitation Using Immersive VR

The HTC Vive VR system was used to immerse the subject in a single-player snowball
fight game1 in a winter wonderland. The subject creates and throws snowballs with the
goal to hit targets and score in the game while being under attack from a moving enemy
snowman. During the gameplay, several motion recordings were carried out while the
subject was learning how to perform the movements that required flexion-extensions
of the right arm while throwing the snowball. Although the movement involved several
joints, recordings were analyzed using the coordinative structure defined by the elbow
and shoulder of the arm associated with the throwing (right arm in this case).

An external Kinect sensor was used to record the motion capture data by using
the Brekel Kinect software2. Finally, we carried out the steps described in Sect. 1.2
for getting both the PPD and CRP for the flexion-extension of the right shoulder and
right elbow. To extract the angular position of the shoulder and the elbow we used a
custom-made software tool [20]. Figure 2 shows images of the setup and the VR game
used.

2.3 Gait Rehabilitation Using Off-the-Shelf Exergames

In this second scenario, we used one of the most widely explored Exergaming consoles
for exercise therapy: the XBOX 360 with Kinect. The Kinect Sports Exergame was used
to record users marching in place, a frequently used activity for gait rehabilitation [24].
The Athletics minigame proposes the player a simulation of a competitive race against
non-player characters. Repetitions of pronounced and gradually accelerated march in
a steady-state were recorded in which the subject performed movements with flexion-
extension of the legs while marching rapidly. The right hip-knee coordinative structure
was analyzed considering the involvement of these joints in the gait analysis [15].

The recording and processing of motion data were identically carried out as in the
first immersive VR scenario. Figure 3 shows images of the setup and the Exergame used
in this scenario.

1 https://store.steampowered.com/app/579080/Snow_Games_VR/.
2 https://brekel.com/kinect-3d-scanner/.

https://store.steampowered.com/app/579080/Snow_Games_VR/
https://brekel.com/kinect-3d-scanner/
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Fig. 2. Upper limb rehabilitation set up. Left: Snow games, the VR game use to the mocap. Right:
Kinect position to carry out the mocap, and user position configuration to play the VR game.

Fig. 3. Gait rehabilitation set up. Left: “Athletics Kinect sports” Xbox 360 videogame. Right:
Kinect configuration to develop the MoCap, and user position to play the videogame.

3 Results and Discussion

For both scenarios, we carried out the biomechanical analysis considering the PPD and
CRP. Although in the previous section the PPD showed the combination of two joints
to explain the relative phase measurement, next section shows joints being analyzed
separately to avoid the superimposition of excessive information, and also aid graph
interpretation. The PPDs were obtained from all sessions, however, we show the best
repetitions based on visual inspections from biomechanical researchers. Moreover, con-
tinuous relative phases were also computed and plotted. Results and interpretations are
presented as follows:
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3.1 Upper Limb Rehabilitation Set Analysis

A repetition of the movements performed by subject number 1 was chosen to be rep-
resented in the PPD. The phase diagram of the right shoulder in the upper-limb VR
scenario is shown in Fig. 4. The graph should be interpreted following a clockwise
direction, meaning that extensions are increases of the angle values, and the flexions are
decreases of the same.

Fig. 4. PPD of the right shoulder for the upper limb rehabilitation scenario using immersive VR.
The diagram is divided into letters that represent the segments of the movement. The Extension
arrow shows an increase in the angle value while the Flexion arrow shows a decrease.

The complete movement can be described in sub-segments from points A to G. The
movement started at point A with an angle of 13° and it had an increase of extension
velocity to B until reaching 32°. The segment B-C presented a decrease in the extension’s
velocity and little oscillations until reaching 60°. From point C toD there was an increase
of the angular velocity of 17°/frames in the extension until reaching a peak of 119°,
followed by a velocity decrease, to finally get almost a complete shoulder extension
of 158° in the D-E segment. The second half of the movement is the shoulder flexion
starting at point E, reaching a velocity of flexion of 9°/frames at 75°. Finally, in the
segment F-G, a decrease of the shoulder flexion is presented until reaching again a 13°
angle.

The PPD of the right elbow is shown in Fig. 5 for the same VR scenario. In this case,
the diagram is interpreted anticlockwise direction indicating that flexion movements
manifest increases of angle whereas the extensions are decreasing. The movement of
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throwing the snowballs will be described from point A to F. The elbow in point A started
with a flexion degree of 29°. From A to B it can be seen an increase and a posterior
decrease of flexion angular velocity with a continuous increase of flexion angle until 51°.
Then, from B to C a similar behavior was found, and the angle reaches the maximum
flexion at 79°. The elbow extension started in the segment C-D with the player’s elbow
extension to throw the snowball, that is why in the phase plane can be seen a peek in
the extension angular velocity that reaches the 17°/frames at an angle of 41° and it is
immediately stabilized. In segment D-E the elbow ended the extension at an angle of
15° reaching the 0° extension velocity. Finally, from E to F, the players try to flex the
elbow again preparing himself for the next snowball, although immediately extended it
to correct the position.

Fig. 5. PPD of the right elbow for the upper limb rehabilitation scenario using immersive VR.
The diagram is divided into letters that represent the segments of the movement. The Extension
arrow shows a decrease in the angle value while the Flexion arrow shows an increase.

Furthermore, the CRP diagram of each subject that considers both the right shoulder
and the right elbow is depicted in Fig. 6. The four different repetitions are superimposed
to aid the visualization of motor learning among repetitions. Following the recommen-
dations posed by Barlett and colleagues [15, 17], the CRP was computed by subtracting
the phase angle of the distal joint (elbow) from the proximal joint (shoulder). In contin-
uous relative phases, abrupt changes of direction represent poor motor control. While
performing multiple repetitions, users naturally learn how to carry out more refined and
controlled movements to score in the game.
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Fig. 6. The CRP diagram of four different repetitions of each subject (S1: subject 1. S2: subject
2. S3: subject 3. S4 subject 4. S5: subject 5) recorded from the upper limb rehabilitation scenario
using immersive VR. The continuous black line represents the first repetition, the continuous grey
line represents the second repetition, the dashed grey line represents the third repetition, and the
dashed black line represents the fourth and last repetition.

For instance, in Fig. 6, the continuous black line represents the relative phase of
the first repetition, while the black dashed line represents the relative phase of the last
repetition. When compared, the curves show differences that reflect better motor control
represented by a smother behavior throughout the task, specifically in subjects 1, 4 and 5
(S1, S4 and S5). Particularly, the throwingmovement visualized in CRPs is characterized
by two peaks, one more pronounced than the other. Moreover, in the CRP diagram of
subject 3 (S3) the first peak is higher than the second one, while in the CRP diagram
of subject 4 (S4) the second peak is higher than the first one. In general, changes in the
angle values are less pronounced in the last repetition once compared with the first one;
thus, indicating a smooth and fine control in the movement.

3.2 Gait Rehabilitation Using Set Analysis

The diagrams of the phase planes in Fig. 7 and Fig. 8 were extracted from the movement
performed by subject 1. This diagram should be interpreted clockwise. As shown in the
graph, the flexion is an angular increase while the extension is a decrease. Themovement
started at point A at an angle of 2° and it has an increase in the speed of extension to
B until it reaches 3°. The segment B-C shows a decrease in the flexion angular velocity
to almost zero, and then in section C-D the angular velocity reaches a peek 6°/frames
with a stabilization until reaching the 16° of flexion. From point D to point E, there is
a decrease in the flexion angular velocity when the hip flexion reaches the maximum
angle of 21°. The second half of the movement started with the hip extension at point E
reaching an extension angular velocity of 5°/frames at a maximum angle of 15°. Finally,
in the segment F-G, the last part of the movement completes the cycle with a significant
decrease of angle extension until 3°.



382 M. F. Montoya et al.

Fig. 7. Phase plane diagram of the left hip for the gait rehabilitation scenario using the “Kinect
sports” videogame of Xbox-360. The diagram is divided into letters that represent the segments
of the movement.

The PPD in Fig. 8 is interpreted clockwise since the flexion represents an increase in
angle and extensions are decreases in angle. The movement began at point A at an angle
of 7° and had an increase in the flexion angular velocity to B until it reaches 16°. The
segment B-C shows a decrease in the flexion angular velocity to almost 2°/frames finding
an angle of 21°. In segment C-D there is a significant increase in the angular velocity
until reaching its peak at 38° flexion. From point D to point E, the movement reaches
the maximum knee flexion at 38°. The extension of the knee started in the segment E-F
reaching an extension angular velocity of 7°/frames at an angle of 30°. Finally, the last
part of the movement to close the cycle is given from point F to point G, where there is
a significant decrease in the extension to reach 11°.

The CRP between the hip and the knee was calculated from four repetitions of each
subject and they are represented in Fig. 9. Following the recommendations in [15] the
relative phasewas calculated by subtracting the phase angle of the distal joint (knee) from
the proximal joint (hip). This continuous relative shows how coordination is improved
through repetitions notoriously in subjects 1, 2 and 4 (S1, S2 and S4). The decrease of
sudden changes while the movement is repeated, evidences better performance. As can
be seen in Fig. 9, specifically for subjects 1, 2 and 4 (S1, S2 and S4), the discontinuous
black line (last repetition) is smoother than the continuous black line one (first repetition),
and the changes of angles in the discontinuous black line are not as pronounced as in the
continuous black line. This behavior exposes a smooth movement in the last repetition.
In general, the same shape pattern for the CRP was accomplished for all the subjects.
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Fig. 8. PPDof the left knee for the gait rehabilitation scenario using the “Kinect sports” videogame
from Xbox-360. The diagram is divided into letters that represent the segments of the movement

Fig. 9. The CRP of four different repetitions of each subject (S1: subject 1. S2: subject 2. S3:
subject 3. S4 subject 4. S5: subject 5) recorded from the gait rehabilitation scenario with the
Exergames. The continuous black line represents the first repetition, the continuous grey line
represents the second repetition, the dashed grey line represents the third repetition, and the
dashed black line represents the fourth and last repetition.
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4 Conclusion

This work explored PPD and DRP diagrams aiming to investigate coordination patterns
between the principal joints involved in two different movements. Based on the results,
the CRP diagram can be seen as a useful tool to analyze intra-joint coordination since
it provides a graphical representation of the movement performed by two joints at-a-
glance, facilitating the distinction between controlled or non-controlled repetitions of
the same action. Our proposal of the superposition of CRP diagrams from different
repetitions of the same movement can show how is the progress within sessions in
terms of coordination between the interested joints. Therefore, sudden changes in their
values are interpreted as a lack of coordination, while smother changes represent a more
coordinated and controlled movement [16]. Despite the fact that our data collection
was developed with the Kinect sensor in two different scenarios (immersive and non-
immersive) these results are consistent with similar results found in previous research
showing that the CRP could be used as an objective assessment in VR environment for
rehabilitation. Moreover, the superposition of CRP diagrams that we proposed in this
work has not been presented before.

Comparing the CRP of the movements performed in the two scenarios proposed, we
can deconstruct and de-escalate complex motor actions. The CRP of the first scenario
reveals that the throwing movement involving the shoulder and the elbow can have
several variations between subjects. On the other hand, a simple movement as the gait
showed the same pattern for all the subjects. Furthermore, PPD is also a powerful tool to
understand the movement, as proven in the results, these diagrams showed where are the
key stages of each joint movement. As the PPD is a compound of the angle position and
angular velocity values, it provides valuable information about the acceleration stages
of the joint in the entire movement. Angular velocity changes provide information about
movement control; for instance, slower movements can be associated with restrictions
to perform the movement, which can be caused by pain or muscular fatigue [20, 26].
Furthermore, the PPD provides important angular information often used to determine
the correct range of movement of each joint [15, 20, 22]. Although the sample for
this study was limited, our results suggest that the CRP could be a useful tool to reflect
player’s coordination changes presentwhile interacting in aVRenvironment as a possible
scenario for physical rehabilitation therapy.

Finally, we want to highlight the use of the Kinect sensor and specialized software
as tools for affordable biomechanical analysis, optimizing the recording and analysis of
user’s movement and allowing capturing data within a reliable range of measurements
for rehabilitation purposes [24, 27]. Therefore, the system that we propose is a low-cost
solution to assess joints’ coordination compared to others previously proposed [28, 29].
On the other hand, we showed how sophisticated biomechanical analysis techniques
of coordination analysis could be used in Exergaming scenarios, reinforcing the idea
that measurable and quantifiable benefits can be key in revealing the real benefits of
interactive games for health. Future work includes the development of novel kinematic
adaptive techniques able to use coordination patterns (e.g., PPD and CRP) to create
real-time adaptations of gameplay in real-time [30].
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4.1 Limitations

This proof of concept paper has multiple limitations. First, the sample size is small, and
it does not allow to reach generalizable conclusions. However, we have provided and
comprehensive methodological protocol that shows the feasibility of using the Kinect
sensor to explore coordination patterns. The measurement protocol and the described
steps for getting the PPD and CRP curves can be easily replicated and extended to other
application scenarios.

Second, although the proposed solution can be considered as low-cost, the use of the
Kinect as an external sensor especially in clinical settings, can be problematic because
in order to capture the movement, an extra computer with specialized and custom-
made software to process the data is required. Finally, both the PPD and CRP diagrams
require a preliminary and certainly time-consuming analysis and understanding of the
angular curves extracted from each joint to ensure they are physiologically correct in
their magnitudes.
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Abstract. While loneliness in our real lives is increasingly recognized as having
dire physical, mental and emotional consequences, cooperative games have also
been shown to build empathy and provide positive social impact. In this paper,
we present ‘The Woods’, a local cooperative mixed reality game that provides
players with face-to-face interactions in pursuit of a shared goal using augmented
reality and 4-channel audio spatialization panning. This paper discusses the tech-
nical aspects of the game, the design rationale and development process, and the
resulting player experience. The goal of this research is to develop a narrative
driven AR game that provides social benefits by prompting players to problem-
solve collaboratively, and to leverage the physical and digital experience as fully
as possible.

Keywords: Collaborative gaming ·Mixed reality · Sonic experience

1 Introduction

‘The Woods’ is a mixed-reality multiplayer cooperative game that addresses the perils
of social isolation by promoting connections between people and actively engaging
them through play. Using Augmented Reality (AR) and 4-channel audio spatialization
panning, players choreograph their movement in real-world space, while interacting
with birds, clouds and other objects in virtual space. In pursuit of a shared goal, players
experience an immersive sonic narrative of rumbling storm clouds and disconnected
voices that culminate in stories of hope and reconciliation. ‘TheWoods’ provides positive
social impact by illuminating our connections to one another and inspiring us to respond
through collaboration [1, 2].

Since the 1980’s the percentage of American adults who say they’re lonely has
doubled from 20% to 40%. Research has also indicated that an increase in mobile
phone use and online networking (in contrast to face-to-face interactions) in general has
had a negative impact on children’s health, citing screen time, “phone addiction” and
lack of physical activities as potential health-related challenges. These same challenges
can be detrimental to a young person’s mental and social wellbeing, lead to isolation
and depression, cyberbullying, and even contribute to increased suicide rates. While
loneliness in our real lives is increasingly recognized as having dire physical, mental and
emotional consequences, our goal is to examine through creative inquiry how the same
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technology can be reimagined to strengthen connections between isolated populations
through play and collaboration, and to create a dialog at the intersection of the arts,
humanities, and human-centered technology [3–5].

‘The Woods’ was designed to inspire a discourse of contemporary life and explore
how technology can cultivate presence and promote positive societal change within
it. It is expressive, playful, collaborative and physical. It is designed for people and
illuminates our connections to one another. It communicates the importance of fostering
mental health through face-to-face engagement, the power of the human voice, and
purposefully “combines the strengths of different people from different perspectives”
as it examines how technology that is often criticized for inducing isolation can be
reimagined to mitigate it (Fig. 1).

Fig. 1. Playing ‘The Woods’ at Urban Arts Space Gallery, Columbus, OH., USA

2 Narrative

The narrative of ‘The Woods’ is built upon broken relationships and the hope for their
reconciliation. The first narrative follows two adult brothers who have been separated
and out of contact with each other for several years. One of the brothers, desperate to
reach out and reconcile with the other, is heard leaving a voicemail in an attempt to
reconnect. In the beginning, players hear only fragments and distorted chunks of the
message, unable to decipher meaning or intent. As the game progresses through player
collaboration, the message becomes clearer. Ultimately, players hear the message in its
entirety, revealing that although the two brothers haven’t spoken in years, there is a
palpable yearning to mend their severed ties.

The second narrative follows an aging mother reaching out to her child whom she
has not connected with for some time. Similar to the brothers, she also left a voicemail
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describing her own struggles grapplingwith an aging parentwho had become cognitively
disabled. Like the first narrative, this too unfolds as players make progress in the game,
concluding with a plea for connection.

These two narratives of reconciliation between these estranged brothers and amother
and a child echoes loudly through the mechanics of the game itself, as the players
coordinate their efforts with one another in pursuit of a common goal. The game is
designed in a way that it is not enough for one player to do all the work, but rather
success can only be achieved through the work of all the players. As players engage one
another and contribute to the goal together, the game rewards them with the unfolding
narrative of the brothers reconnecting with one another. Furthermore, even if players fail
to find success during the game, the mechanics reinforce that they are still connected.

3 Mechanics

What makes ‘TheWoods’ unique is how it enables players to physically collaborate with
their whole bodies. Using AR markers and the Master-Client architecture of the Photon
Unity Network (PUN), we track the positions of players through their smartphones as
they move about the 12x12-foot game space. By tracking the positions of the phones,
we connect the players to one another by placing a virtual branch at their mid-point. As
players move themselves and their phones through physical space, the branch moves in
virtual space. As such, players must choreograph their movement (and the branch by
extension) to provide the virtual birds a perch to land on. To accomplish this, the game
checks for collisions between the branch and two other virtual objects. If a collision
occurs between the branch and a bird, the bird will land on it and a fragment of the
aforementioned voicemail will play. By contrast, if a collision occurs between the branch
and a storm cloud, a crash of thunder erupts and any birds that were caught scatter and
fly away. The mechanics are designed to echo the narrative of the isolated brothers
navigating their own obstacles to reconnect with one another.

Players begin by launching the game on their iPhones (assuming a server has already
been established on a server located on the same network). Both players/clients must
select ‘START’ to begin the game. See Fig. 2. After doing so, a short cut scene plays
that provides the players with an ‘in-game’ tutorial in the form of an animation. The
beginning of the animation shows four birds perching upon a branch. Through secondary
movement, we see gusts of wind causing the birds to rebalance themselves so as not to
fall off the branch. Dark clouds soon follow as the birds quickly scatter away from the
approaching path of the impending storm. At this point, the animation stops, and the
game begins.
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Fig. 2. Three frames from the intro animation

The animation (in-game tutorial) is important in that it reveals a few key points about
the game. First, it shows the goal, or the object of the game: to get the birds in flight
back onto the branch. Second, this also reveals the total number of birds that the players
must catch: four. Third, we learn that storm clouds are objects meant to be avoided. If
not, any birds that happen to be perched will scatter again and the players will have to
start once more from the beginning.

Once both players have entered the game, they find their phones attached to either end
of an (AR) branch, connected to it by a tether. As players move their phones throughout
the gaming environment, the branch responds in turn. In a way, you can think of each
player manipulating one of the end points of the branch. This actually provides the
players with a high degree of freedom in how they interact with the branch and one
another in real-time.

A virtual (AR) bird is then spawned into the game and begins flying to random
waypoints that it picks throughout the environment. We designed the experience to have
only one bird at a time to let the players fully experience each voicemail message that
plays after the bird perches on the branch. As the players choreograph their movement
to manipulate the branch which serves as a perch for the spawned bird, the game also
introduces a virtual (AR) cloud, a threat that randomly moves across the game space.
The cloud serves as an obstacle that the players must avoid as they pursue their shared
goal – collect all four birds. If the branch with birds on it intersects this virtual cloud,
the phones will vibrate, and the birds will scatter and fly away. If there are no birds on
the branch, the phone will simply vibrate. See Fig. 3.
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Fig. 3. In-game screenshots from both players’ perspectives

4 Audio

While research has shown both physiological and emotional connections drawn through
the power of the human voice, ‘The Woods’ employs it as a mechanism for expressing
motivation and intention in its narrative. The immersive real-time audio of ‘The Woods’
is arrived at with 4-channel audio, using point-source spatialization and amplitude pan-
ning. We accomplish this with an embeddable version of the open-source graphical
programming environment, Pure Data (PD), that we interface with Unity3D (our game
engine). PD is installed on the computer where the server is located and is connected to
speakers through an audio interface. We are using the MOTU M4. See Fig. 4 below.

Figure 4, shows main.pd, an array of sound controls created in Pure Data, that was
designed to correspond to the mechanics to reflect and magnify the experience of the
overall gameplay through sound. In main.pd, ‘Tension’ blocks indicate there are three
levels of intensity to the sound and illustrates that asmore birds are collected, the intensity
increases. To the left there are levels for ‘Birds’, ‘Ambience’, ‘Rain’ and ‘Background’.
Their current low levels correspond to the low tension above. As a second and third bird
land on the branch, Unity sends messages of these state changes to Pure Data which
responds by increasing the tension. Increases in tension are reflected in the ‘Birds’,
‘Ambience’, ‘Rain’ and ‘Background’ as their volume and intensity are programmed
to increase in response. As birds on the branch are lost during gameplay, the tension
and the levels of the corresponding sounds also drop. ‘Flapping’ is played whenever the
branch (with birds or without) penetrates a cloud and represents the birds taking flight.
‘CLOUD’ is also played whenever the branch penetrates a cloud but emits a clap of
thunder instead. ‘Melody’ and ‘Notes’ play during the intro and ending animations that
bookend the entire experience.

At the bottom of Fig. 4, there are controls for ‘All speakers and master level’ which
enables anyone sitting at the server to set the levels for all of the speakers independently,
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Fig. 4. Sound design using PD interface

in addition to a subwoofer (if connected). Using Pure Data in this way, in addition to
all the individual controls above, allows our audio designer to have significantly more
control over the experience, and the ability to fine-tune it in real-time on a per-user basis.

Our audio setup is designed to expand virtual space beyond the phone screen, mak-
ing the storm clouds perceptible as sonic experiences as they drift by the players. As a
metaphor, the storm clouds symbolize obstacles that make connecting with others diffi-
cult. In contrast to the global sounds of the storm, the voicemails (delivered by the birds
after they have perched on the branch) is played only through the phones’ speakers to
provide a more intimate and private experience for the players.

While ‘The Woods’ speaks to concepts of isolation and loneliness in our own lives,
the distinction made between global and local audio (i.e., the 4-speaker setup and the
phones) motivated the creation of a juxtaposed sonic narrative for the players. The phone
speakers provide a more intimate exchange simply by being a localized sonic experience
compared to the 4-speaker surround sound setup. But it also takes the same device that
the players are using to play the game and uses it as a multimodal device. In addition
to expanding virtual space beyond the screen through the use of sound, our goal is also
to encourage players to consider how the same technology that is so often criticized for
isolating individuals can be reimagined to bring us closer together.

5 Benefits of Collaborative Play

The strength of cooperative games is that they promote social interaction and improve
personal relationships by encouraging players to work together to achieve a common
goal [9]. And while loneliness in our real lives is increasingly recognized as having dire
physical, mental and emotional consequences, cooperative games have also been shown
to build empathy and provide positive social impact [10].



394 K. Swearingen and S. Swearingen

Shared activities with peers provide players of all ages with opportunities to learn,
practice, and develop their communicative, interactive, and social skills. Because work-
ing with a peer can motivate players to attempt difficult and intimidating problems
and provide new knowledge about problems and problem-solving strategies by observ-
ing one another and imitating their actions. Additionally, cooperative problem solving
allows players to discuss their perspectives on a problem, which often leads to conflict,
negotiation, and co-construction [3–5].

Computer gaming has often been considered a social affair, and in recent years many
video game titles have been accompanied bymultiplayermodes to extend their lifecycles
in the hands of the consumer. However, multiplayer modes on PC and console games
are typically confined to onscreen interactions and lack any real physical collaboration.
By contrast, the collaboration that exists in tabletop gaming promotes deep social inter-
actions that stem from verbal communication, and face-to-face problem solving that
amplify social connections between the players. ‘The Woods’ was designed to provide
players with a similar sense of community building and promote social connections
with their partners as they accomplish a variety of tasks throughout the game as they
collaborate with one another.

6 Benefits of Merging Digital and Physical Play

While the social aspects of traditional tabletop games render them interesting enough
in their own right, the static nature of their physical media limits the scope of realizable
games. Complimentarily, many claim that the drawback to traditional computer games
is the lack of social interaction in a face-to-face setting, which tabletop games provide.
Therefore, it is only a natural evolution to combine the benefits of computer and tabletop
games to provide new and engaging gaming experiences [6].

Physical play offers many opportunities to enhance and stimulate face-to-face inter-
actions and promote active lifestyles that can benefit everyone’s quality of life. The
innovative mechanics of pervasive games (games that mix the real and virtual worlds)
can further motivate its players, both young and old, to increase their levels of social
interaction and physical activity. While there are several definitions of pervasive games,
in general, their mechanics (or rules) blur aspects of the real world with the ‘world of
the game’. As an example, since the Global Positioning System (GPS) became available
for public use in 2000, many pervasive games have incorporated physical location into
their mechanics. ‘Pokémon Go!’ being one of the most popular [7, 8]. For ‘The Woods’,
it is the physical, collaborative and inclusive affordances of analog games existing in the
real world that has inspired it in so many ways.
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7 Comparison to Other Cooperative AR Games

The benefits of pervasive games (and especially cooperative ones) are far-reaching as
they anchor themselves to physicality, mobility and social interaction. Despite all of
its successes, ‘Pokémon Go!’s greatest critique was how it suffered from its lack of
social interaction, forcing its developer, Niantic, to release a multiplayer version which
unfortunately did little to stimulate social interaction between players in the real world
– it’s most valuable asset! ‘The Woods’, on the other hand, cannot be played without a
real-life partner to choreograph your moves with in-person, and most definitely cannot
be won without collaborating with them.

What makes ‘The Woods’ unique as a cooperative AR game is that it promotes
face-to-face interactions over screen-based interactions. While games like ‘Codename
Neon’ and the more recent ‘Secret Oops!’ have helped to redefine AR games as physical
experiences, interactions with other players are still primarily on-screen.

Other games like ‘Swift Shot’ and ‘Real Tag’ do support team dynamics, but at
the same time lack any narrative component that would otherwise expand Huizinga’s
‘magic circle’ and create space formoremeaningful social interactions [11]. By contrast,
‘TheWoods’ was designed as an examination of human connectivity through the lens of
contemporary technology. It doesn’t come with a non-AR mode, and cannot be played
alone. It requires a real, physical coordinated effort between its players which echoes
loudly throughout its narrative of reconciliation.

8 Conclusion

The strength of cooperative games is that they promote social interaction, build empathy
and improve personal relationships by encouraging players to work together to achieve a
common goal. ‘The Woods’ further expands upon this by promoting real-world physical
interactions over screen-based interactions that are made possible through our unique
design of AR and audio spatialization.Much of what inspired the digital/analog play that
we see in ‘TheWoods’ were observations made of more traditional tabletop and physical
games in general. In addition to the affordances of their physical characteristics and the
benefits of having real face-to-face interactions with others, there is also an inclusive
quality to analog games that is defined by the ‘table’ that they are played around, and
its timeless ability of binding those seated around it in a shared, group activity. By
highlighting the importance of physical interaction told through a digital narrative, our
goal is to provide positive social impact by illuminating our connections to one another
and provoking us to respond through collaboration (Fig. 5 and 6).



396 K. Swearingen and S. Swearingen

Fig. 5. Players collaborating with one another in-game

Fig. 6. POV of a player in-game
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