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ABSTRACT

Mobile phone ownership has grown exponentially over the years with the development of many forms
of mobile applications that replicate, if not replace, existing real-world technologies. The mobile
games market follows this trend, usurping the video games console and computer games market with
mobile game apps offering multiplayer and networked mobility. Educational mobile games have their
own niche, but at the same time many games made for self-entertainment can be re-purposed into
teaching and learning, provided the game dynamics and mechanics are sufficiently present for active
learning to take place. This paper is an early literature review and preliminary study on identifying
students’ perception of certain game dynamics and game mechanics so that in turn any decision in
introducing mobile game apps into learning is able to measure their relevance and appropriateness to
the target student user. The study employed factor analysis to construct a six-factor model that can be
used in measuring students’ preferences for, and aversions to, specific game dynamics and mechanics.
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INTRODUCTION

The use of digital games in education has become popular in recent years, and their forms of use
keep expanding based on the cognitive benefits that they potentially provide to students (Whitton,
2014). With this development, it is useful for educators and policymakers to determine the varied
ways that students interact with and are motivated by the use of games as a learning tool, which can
vary depending upon age, gender and social class (Gros, 2007).

One of the advantages of current digital games is that many have a massive reach due to their
being increasingly available and accessible via mobile devices and henceforth mobile game apps. A
large body of literature has already advocated that when used for digital games-based learning, games
have interesting dynamics and mechanics that pertain to effective learning environments including
but certainly not limited to elements of urgency, complexity, learning by trial-and-error, and scoring
points (Furi6 et al., 2015). Despite recognizing these benefits, it is important to understand that the
appropriate use of games within the learning environment involves access to the correct equipment
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and the appropriate technical training of the educators (Whitton, 2012), suggesting that games are
not always suitable or affordable for all educational settings (Godwin-Jones, 2014).

Regardless of these constraints, it is vital to remember that students who have access or ownership
to mobile devices consequently have access to a wide variety of educational games, including the
multiplayer games most commonly played by students both as a casual social part-time activity and
as a competitive sport (eSport). With these mobile games becoming increasingly ubiquitous, there is a
growing branch of education research that is dedicated to investigating the role of games in education
under the research areas of educational games, digital gamification, and digital games-based learning.
In tandem with these developing research trends, this research article presents a preliminary study
that has been conducted with the objective of unravelling students’ perceptions, including preferences
and aversions, towards various game mechanics and game dynamics based on students’ use of games
for casual and entertainment purposes, and in turn for educational purposes.

This study on identifying students’ dispositions toward the use of mobile games for education
is related to a larger on-going research project dedicated to profiling students based on their varied
dispositions towards learning and learning with technologies in general (Omarali, 2016; 2017a;
2017b; Omarali and Motteram, 2017), and most recently to the development of a framework called
REVAMP to leverage the knowledge gain from identifying students’ dispositions to create learning
ecosystems —including games-based learning — that are engaging, virtual-ready, adaptive, multimodal,
and personalized (Omarali, 2021). An on-going development in the virtual-ready front is the re-
embodiment of the term ‘metaverse’, that had been mentioned in preceding literature (Kemp and
Livingstone, 2006; Dionisio, Burns III and Gilbert, 2013; among others) including in the research on
learning using virtual worlds (Schafer, 2016; Nevelsteen, 2018; among others); an area of research
that is evocative of the mass multiplayer online (MMO) and social media games accessible via
mobile devices.

DIGITAL GAMES-BASED LEARNING RESEARCH

To research on the use of digital games in education, it is not enough to deep-dive into it as an
educator, academic researcher, or a psychologist. Researchers also would want to understand how
games work from a technology developer perspective, in particular from a game-designer perspective.
Research on digital games in education will benefit from having a multi-disciplinary perspective to
generate the whole picture of how games are able to engage students in learning. It is not enough to
shoe-horn education models such as Ruben Puentedura’s SAMR Model or the various Technology
Acceptance Models being used in educational research to understand games design. This is because
not all games are made for educational purposes, but there are educational digital games, and games
that can be adapted for use in learning.

Regardless of the intent of use, the core constituents of any digital game can be divided into
three parts, viz. Game Elements, Game Dynamics and Game Mechanics. Having a game-designer
perspective is thus useful to understanding a game’s dynamics and a game’s mechanics, and these
two constituents of games have been referred to by much research on digital games-based learning
(Suh, Wagner & Liu, 2015; Frost and Maclvor, 2011; Nadolny et al., 2017; Lameras et al., 2017;
Proulx, Romero & Arnab, 2017; among many others). However, the use of game dynamics and game
mechanics as indicators of students’ preferences of digital games for learning is underrepresented
in educational research. In addition, their roles in identifying educational games have hitherto been
inadequately defined.

For the purpose of this research, the three constituents of games are defined here with reference
to selected gaming contexts:

1.  Game Elements are defined by this research as the features that keep players engaged — or, at
the extreme end, overindulgent. Some players are drawn by the storyline, some others by being
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able to have teamwork with people from the other side of the world, some others like to be risk-
takers, and some others like taking chances.

2. Game Dynamics are defined by this research as the means or the way by which players achieve
the goal of the game. For a farming game, the goal is to build a successful farm, and the game
dynamic to achieving that goal is to constantly maintain the farm by making smart decisions to
prevent chaos. For a world creation game, the goal is to establish a successful civilization, and
the dynamic to achieving that goal is to strategise in collecting, mining, hunting, scavenging
resources to keep up with the game cycles of human revolutions and even industrial revolutions.
For a car racing game, the goal is the finishing line and winning, and the game dynamic is to
modify the car with the right engine, chassis, tyres, and other car parts while keeping in mind
the trade-offs of speed, stability and safety.

3. Game Mechanics are defined by this research as the rules and gameplay that dictate how the
game is meant to be normally played. For the farming game, they would be progression of the
farm and rewards of overcoming problems in livestock and produce. For the world creation
game, they would be overcoming the progression of time. For the car racing game, they would
be overcoming the obstacles of the racing circuit, of other cars in the race, or of which car parts
go with one another.

Certainly, different game dynamics and game mechanics create different game genres but this
effect can also be the other way around, whereby for a game to be more attractive in its genre, it has
to have interesting game dynamics and mechanics. The list of digital game genres is also extensive.
To name a few there are platform games, first-person shooters, fighting games, games that require
stealth movements, survival games, battle royale games, games about following rhythms, adventure
games, ‘metroidvania’ games like Super Mario and Sonic the Hedgehog, sandbox games to create
virtual worlds or items, construction simulation games, life simulation games, vehicle simulation
games, battle arena games, real-time strategy games, sports games, casual games that a person may
indulge in whenever there is time to spare while waiting the bus or the train or the interview, mixed
reality games, puzzle games, traditional board games but made digital, math education games, language
education games, general knowledge games, and other developing genres that are just impossible to
be replicated in real life.

These game genres initially started from console-based video games (Omarali, 2017c¢) but with
the advancements in smart mobile phones and devices with the capacity to house and run a variety of
different games, access to these games have become ubiquitous. According to Clement from Statista.
com, as of September 2021, there were more than 330,000 games in the Apple App Store (Clement,
2021a) and more than 470,000 games in the Google Play Store (Clement, 2021b). Although there is
no definite number, from the more than 800,000 mobile games available, a portion of these is bound
to be educational games or games that can be adapted for use in learning.

For those representing the education sector, whether as teachers or curriculum developers,
educational researchers or educational game developers, the opportunity for research is in addressing
the question — which of these mobile games are suitable for education? Games can push norms and
boundaries so that they become unsuitable for the younger audience. Games can be highly complex
and cognitively demanding, so they might be more appropriate for a specific student demographic,
such as college students who may have their own mobile devices (Gao et al, 2014; Mortazavi, 2011,
among others). However, there is already a large body of literature on both the negative and positive
impacts of mobile phone use among students from different levels of education, such as addiction,
sleep deprivation, self-esteem, nomophobia (fear of being separated from one’s phone), loneliness
and overall psychological health.

This educational research, and its scoping literature review, is primarily focused on a more
technology neutrality and design-thinking based scope, viz. college students’ use of mobile games
for learning based on their preferences of game dynamics and game mechanics.
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LITERATURE REVIEW

Mobile Learning (m-Learning)

To understand the role of mobile games in digital games-based learning is to firstly conceptualize
mobile learning in general, in that not all mobile learning is games-based learning, but certainly all
mobile games-based learning is mobile learning. Through comparing many definitions of m-learning,
m-learning is defined as “any e-learning application delivered on-demand via mobile digital device”
(Caudill, 2007, p. 3). Within the repositories of Apple Store and Android Play Store, mobile games
are universally accepted as applications. In the past, mobile phones were known to have been banned
in K-12 schools due to the perception that they are disruptive and contribute to procrastination.
However, a number of factors including, but not limited to, their increasing ubiquity, their ability to
provide students with anywhere learning opportunities, the growing BYOD (Bring Your Own Device)
movement, and mounting demands by parents, students, and school stakeholders, have resulted in
a gradual lifting of the ban. The increasing ubiquity and instructional features of these devices has
made mobile learning “one of the key current trends of educational applications for new technologies”
(Wu et al., 2012, p.818).

Developments in mobile device features and applications “have prompted educators and researchers
to take a pedagogical view toward developing educational applications for mobile devices to promote
teaching and learning, and (in tandem) research on mobile learning has expanded significantly” (Wu
et al., 2012, p. 817). Even in low-resource environments, mobile learning, or m-learning has been
on the rise. Michael Trucano, the World Bank’s Senior Education and Technology Policy Specialist,
points out that discussions of mobile learning in developing countries “previously often led (and even
dominated) by academics about the ‘potential’ ... had been overtaken by conversations with people
actually leading such efforts” from 2011 to 2016 (Trucano, 2016. para. 5).

The mobile phone is thus an example of appropriate technology, a device that is easily attainable,
reliable, sustainable and one that logically fits the user and the context (Batteau, 2010; Wicklein,
2005; Onguko, 2014; among others). Hence, based on the case studies of challenging landscapes,
mobile learning is a realistically viable learning approach for any country that has a stable and
comprehensive network coverage and infrastructure. In tandem with the increasing popularity of
mobile phone ownership, the use of digital games in education has become increasingly popular in
recent years, and their forms and modalities of use continue to expand based on the cognitive benefits
that they potentially provide to students (Whitton, 2014). Moreover, games can create motivating
learning environments by reducing anxiety, which helps students to express themselves more freely
(Thomas, 2012). It is thus not surprising that games have been successfully used as a tool for ‘learning
via play’ from schools up to governmental corporations. The transition of games from computers and
console-based platforms to mobile devices however became a pivotal turning point to the success of
mobile games developers over console games developers.

Mobile Game Apps in Education

From an educational standpoint, mobile games that are available today provide immediate feedback and
ludic human-computer interaction through their dynamics and mechanics. It is thus not surprising that
games have been successfully used as a tool for ‘learning via play’ from schools up to governmental
corporations (Furi6 et al., 2015). Games promote the development of social skills, such as teamwork
(Reinders & Wattana, 2015) which could keep students motivated to progress in their learning (Butler,
Someya & Fukuhara, 2014). In general, one study on multiplayer gaming found that players showed
a noticeable level of positive politeness in the way they communicate, with the incorporation of
humour, which in turn facilitates the development of relationships and teamwork (Peterson, 2012).
Similarly, recent research studies report that the use of games for educational purposes is becoming
more popular between parents and children as a family activity (Cornillie, Thorne & Desmet, 2012).
Further, if the use of games has adequate guidance, and is in moderation, it could also contribute
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to the development of the children’s imagination and creativity which would have a good impact
on behavior (Prensky, 2009). The new generation of students has drastically changed as they are
surrounded by digital games and mobile phones with digital games installed. The way they receive
and process information contrasts wildly to their predecessors (Prensky, 2009).

Game Dynamics and Game Mechanics in Education

To the benefit of students and educators, there is already an extensive range of games that are available
as potential tools in different learning areas. As a result, games can be used and adapted to teach a
wide variety of content and skills (Felicia, 2009). It is possible to categorise games by their genre:
adventure, platform, puzzle, quiz, role playing, shooter, strategy; and by their potential learning areas:
problem solving, creativity, planning, numeracy, logic, memory, empathy, social skills, spelling, time
management, decision-making, literacy (Whitton, 2014).

Good game dynamics and mechanics simulate elements that are also present in efforts to
promote technology-enhanced learning. For games to be educational, they would have mechanics and
dynamics that (i) provide virtual platforms for interactive teamwork and collaboration, (ii) introduce
the elements of healthy competition that requires knowledge to compete, (iii) inculcate the elements
of planning and strategizing, (iv) introduce the real-life probability element of chance and how to
rely on informed decision-making to increase probability, (v) present content as interactive designs
in game interface settings, (vi) support continuity through pervasive uses of underlying themes, (vii)
support context through pervasive uses of storylines, (viii) simulate limitation of resources (work-with-
what-you-have approach), (ix) simulate the elements of higher risks and better rewards, (x) simulate
the elements of scoring and levelling up that are prevalent in the real-world (e.g. appraisal, tests,
promotions, unlocking achievements), and (xi) inculcate the element of rules. Based on these criteria,
a preliminary research was conducted on a target student demographic to explore if considerations of
game dynamics and mechanics are indeed relevant to using mobile game apps for digital games-based
learning. Certainly, this research acknowledges that it is important to take on board the amount of
time that educators would spend in developing the technological know-how to appropriately select,
adapt or design games, as well as in creating activities to support the use of games (Prensky, 2009).
By identifying the appropriate game dynamics and mechanics for teaching and learning, teachers are
likely to be more informed of what elements are to be considered - if not prioritized - for designing
learning situations where games might actively engage students.

RESEARCH
Research Method

The research adapted an exploratory quantitative study design, abiding to an objectivist research
ontology and an empiricist epistemology. The research is the first half of an eventual mixed-method
research that employs pragmatism with a subjectivist-interpretivist research perspective. The data
analysis employed exploratory factor analysis to infer possible latent variables on each target
sample’s perception of game dynamics and mechanics. The sampling strategy is non-purposive
sampling with the data collection from students (n=133) conducted in 2017 as part of another study
investigating student dispositions. A further n=70 students were recruited via online public spheres
and WhatsApp in early 2018 to fulfill the requirements of multivariate factor analysis, making the
total sample n=203 from a target population of N=3,000 college students. The research ensured
anonymity and confidentiality of personal identifiable data through refraining from collecting any
form of demographic information (e.g. name, e-mail, age, gender, socio-economic status, college
the respondent is from, etc.). The self-constructed questionnaire instrument included 29 question
items informed by the reviewed literature of game dynamics and mechanics (Omarali, 2017c; 2019)
and enquired students’ responses on (a) preference of game dynamics, game mechanics and game
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elements measured via a 5-point Likert scale, and (b) personal opinions about the use of games for
learning via a 5-point Likert scale. The questionnaire was administered online using Lime Survey
to students from seven different colleges (names withheld). The method of data analysis involved
multiple cycles of Exploratory Factor Analyses supported by statistical due diligence procedures.

Results

Due diligence was performed prior to performing the factor analysis. Tests for normality found the
dataset to be non-normally distributed. The non-normality of the data posed a problem because factors
are commonly determined by Pearson correlation. The oversensitivity of Pearson’s R for non-normally
distributed data led to the use of Spearman’s rho as the correlation method of the analysis because it is
less sensitive to non-normally distributed data and to outliers compared to Pearson (Abdullah, 1990;
Balakrishnan & Lai, 2009). A Kaiser-Meyer-Olkin Measure of Sampling Adequacy and Bartlett’s
Test of Sphericity procedure was performed (see Table 1) that suggested the dataset to be favourable
for Exploratory Factor Analysis.

A first attempt at PCA Exploratory Factor Analysis using Spearman’s rho generated 13 factors
based on the 29 items which would not be a realistically viable model. Using alpha correlation
coefficient, six items with weak values were omitted as part of an item reduction process, which
consequently improved alpha correlation. A second Exploratory Factor Analysis using Spearman’s
rho was performed but for this cycle using Direct Oblimin Rotation to acknowledge the non-normality
of the data. The Extraction Method was Principal Component Analysis. The factor analysis generated
6 factors (see Table 2) with rotation converging in 18 iterations.

Two additional Exploratory Factor Analysis cycles were conducted using Varimax rotation and
Monte Carlo Parallel Component Analysis, and both attempts indicated from Factor loadings to scree
plots that there are 6 factors. The 6-factor model is thus accepted as the final result.

Several observations support the plausibility of this 6-factor model. Firstly, each factor at has at
least 3 question items, which is the rule of thumb for Factor analysis (Fabrigar et al., 1999). Secondly,
all the highest loading values are above .420, which is an acceptable threshold to the practice of
accepting values above 0.3 (Hair et al., 1998). Thirdly, from the 23 items, only 5 items had noticeable
cross-loadings based on the accepted .42 cut-off (i.e. Q06, Q11, Q15 and Q21). A majority are very
indicative of single loading. For example, the strongest value for Q01 is .957 in Factor 3, with its
values in the other five factors are less than .2.

Findings

Based on the Factor loadings and the meaning of each item, the research is suggestive that
considerations on using mobile games for learning may benefit from referring to six measures of
game dynamics and mechanics — hence a 6-factor model. For this 6-factor model, each factor is
regarded as a continuous spectrum with its extreme ends not a reflection of strength or weakness
but rather a representation of diversity. The model is suggestive of every student embodying these
six factors in varying degrees, and therefore it is the variances in these six factors that differentiate a
student’s preference toward certain mobile game genres, game dynamics and game mechanics from
other students’ preferences.

Table 1. KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy .605
Bartlett’s Test of Sphericity Approx. Chi-Square 5586.314
df 231

Sig. .000
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Table 2. Students’ preference of game dynamics, mechanics and elements based on Factor Analysis

Question items 1 2 3 4 5 6
Q01 The need for teamwork -.015 | -.090 | .957 .166 -.087 | -.014
Q02 Winning the competition in-game 758 | -.024 | .141 -272 | 178 | .089
Q03 How the game looks like (colours, animation) -.054 | .039 .068 -.861 | -.018 | .234
Q04 The idea of making resources to survive .622 172 .027 -.382 | .078 310
Q05 The idea of rewards after completing game parts 213 11 .881 -.042 | -.052 | -.067
Q06 The idea of achieving a high score 486 | -.182 | .403 .054 .000 571
Q07 The idea of levelling up and getting high ranks 379 | -.073 | 318 -423 | 233 270
Q08 Games will make me more interested in lessons -.109 | -954 | -.022 | -.013 | -.017 | .134
Q09 Games will make lessons significantly interactive .023 -902 | -.022 |-022 | .153 011
Q10 Games will make learning fun .058 | -908 | -.018 | .115 147 | -.064
Ql1 Games will make learning more competitive -.139 | -550 | -.166 | .115 293 546
Q12 Games will improve my vocabulary and language 162 | -274 | -012 | .094 | .812 | .119

Games will improve my understanding of numbers and

Q13 -.039 | -.034 | -201 | -214 | .827 .146

math
Q14 Games will improve my creativity and imagination A28 | -317 | .052 | .083 .802 | -.060
Ql5 Games will not affect my learning performance -.139 | .690 .038 .200 153 .075
Q16 Gaming improves my social skills -062 | -291 | .236 | -259 | .267 | -475
Q17 The game requiring strategy and thinking 850 | -.029 | .043 .027 -.063 | .005
QI8 The element of chance (e.g. opening a mystery box) .070 | -.001 | -.030 | -.173 | -.030 | .855
Q19 i—i?]vzet;z ,g;rcn.e): experience is (movement, life-like 116 | -054 | -027 | -888 | 046 | -017
Q20 The overall theme of the game -005 | .072 | -.168 | -891 | -.116 | -.086
Q21 The background story behind the game -557 | -234 | .640 | -261 | .108 .094
Q22 The element of time (time limit, countdown) 308 .077 647 .038 .086 -.067
Q3 The concept of good versus evil and one prevailing over 414 | 241 654 004 161 | 185

the other

Each of the six factors was labelled with a phrase that collectively depicts the items that it is
represented by. This research acknowledges that the naming of factors has always been regarded as
contentious. Yong and Pearce (2013) stated that “factor names may not accurately reflect variables
within the factor” (p. 81) and for many decades, the literature on the naming of factors from Factor
Analysis has been regarded as not having any exact science behind the process, regarding the process
as subjective (Eysenck, 1992). Taking consideration of the practice of labelling factors, the factors
that constitutes the resulting 6-factor model are described here in no particular order.

e Factor 1 is named ‘Risk and Rewards’. Represented by three items (Q02, Q04, Q17), it measures
a student’s perception towards risk-taking and incentivization. It involves the game constructs
of winning, survival, and strategizing. Some students are risk-takers while others avoid risks at
all cost, and then there are students in between these two ends of the spectrum with differing
levels of preferences.
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e Factor 2 is named ‘Impact of Games on Learning’. Represented by four items (Q08, Q09, Q10,
Ql11), it measures how games make lessons more interesting, interactive, fun and competitive.
Some students may relish ludic and fun learning while others may prefer games having subtle
impacts on learning.

e Factor 3 is named ‘Sentimentalism of the Game’. Represented by five items (QO1, QO05, Q21,
Q22, Q23), it measures the wanting to experience the game as a team, as a rewarding quest, as a
narrative discovery, as an experience worth investing time in, as prevailing over adversity such
as good versus evil. There are games that do have sentimental values to them, for example in
games where students forge in-game relationships through teamwork with individuals who they
might not forge relationships in real-life, such as going on game quests together, being immersed
in a fantasy narrative together — experiences that they likely will not have an opportunity to
experience in real-life. Even in one-player mode, a student can develop sentimentalism of the
game itself — being able to relate to the fictional game characters or the narratives.

e Factor 4 is named ‘Aesthetics’. Represented by four items (Q03, Q07, Q19, Q20), it reflects on
the visuals of games, how their experience is set and structured, and how there is an underlying
but apparent overall theme.

e Factor 5 is named ‘Development of Self’. Represented by four items (Q12, Q13, Q14, Q15), it
measures how the game influences the students’ preferences toward digital games-based learning
and of how a game may make lessons more interesting, improve understanding, improve creativity
and imagination, all without negatively affecting learning performance. Some students may prefer
games that they believe if they commit to them, invest in them, they get something in return,
such as the development of real-world skills through simulated skill games.

e Factor 6 is named ‘Simulated Real-life Factors’. Represented by three items (Q06, Q16, Q18),
it measures instances such as the process of achieving a desired outcome, the use of social skills
to reach to that outcome, and the element of chance that may play a part during the process of
achieving that outcome.

CONCLUSION

The 6-Factor model generated from the exploratory study suggests that game dynamics and
game mechanics certainly play influential roles in a student’s selection of and preference
for specific game types. Whether the game is an educational mobile game (e.g. Duolingo,
Scribblenauts, etc.), or an entertainment game that can be used for education if complemented
with creativity (e.g. Fortnite, Roblox, Clash of Clans, etc.), the ability in measuring a student’s
dispositions towards games with risk or rewards, games with attractive aesthetics, or games
within which sentimental experiences can be encountered, enables the educator to be more
decisive of which games or game genres work best for which student. With the potential of
digital games-based learning being influenced by the very recent developments of virtual reality
environments and digital worlds now referred to as the metaverse, it is imperative to understand
that game dynamics and game mechanics will likely evolve to be relevant and applicable in
the increasingly ‘metaphygital’ world; with the term ‘metaphygital’ firstly defined by this
research as human states, actions or reactions that manifest in a given virtual space as a result
of their translation from the physical to the digital, or from the digital to the physical, or from
both forms occurring in unison. In other words, the future of digital games-based learning
including the forms that involve the combinations of physical and digital (hence phygital)
human-computer interactions and simulations made possible by emerging mobile and wearable
technologies — that are not only limited to mobile phones but also mobile phone-based headsets
and virtual reality headsets — will bring into consideration phygital game dynamics and game
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mechanics. This research is thus an early proclamation on the study of metaphygital mobile
games and the concept of ‘metanetics’; which this research begins to define as the study and
science of metaverses, their technologies, and their concomitant constructs in the forms of
content, interaction and knowledge.
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