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Abstract: Gamification has emerged as a promising strategy for engaging students and enhanc-
ing learning outcomes across various disciplines, including education. It involves incorporating
game-like elements into non-game contexts to motivate and engage users. Extensive research has
demonstrated the positive impact of gamification on student engagement, motivation, and learning
outcomes in diverse subjects, including mathematics. Nevertheless, there is a paucity of research on
the effectiveness of gamification in mathematics education. To bridge this gap, we investigated the
effects of gamification in college mathematics education, with a specific emphasis on students from
liberal arts backgrounds who may lack foundational mathematical knowledge. In this work, we de-
signed and implemented a gamified mathematics course tailored for liberal arts students in a Korean
university. Leveraging digital twin technology for game and gamification, we created an immersive
learning environment that allows students to visualize mathematical concepts through games, pair
gamification factors on physical and virtual worlds, and engage in interactive problem-solving activi-
ties. The effectiveness of this gamified course in improving students” engagement, motivation, and
learning outcomes was thoroughly evaluated. Digital twin technology, in conjunction with gamifica-
tion, holds immense potential to revolutionize the way mathematics is taught and learned, making it
more accessible, interactive, and engaging for students from diverse educational backgrounds.

Keywords: digital twin; math education; game-based learning; gamification; higher education

1. Introduction

Mathematics education has always been a challenge for educators, as many students
often struggle to engage with the subject matter and apply the knowledge they have gained.
In Korean universities, the challenge is compounded by the unique structure of high-
school education, where liberal arts students often miss important courses such as calculus,
which are essential for learning discrete mathematics at the university level. This lack of
foundational knowledge can make it difficult for students to succeed in their university
courses, leading to frustration and disengagement with the subject.

Sustainability in university convergence courses is crucial to ensure that students are
adequately prepared to meet the demands of the modern workforce [1]. As technology
advances and industries become more interconnected, students are expected to have a
broad range of skills and knowledge in various fields, including mathematics. However, the
traditional lecture-based approach to teaching mathematics often fails to engage students
and inadequately prepares them for real-world problem-solving challenges [2].

This study was motivated by the need to create a digital model that can personal-
ize and facilitate students” mathematics learning. Test scores typically measure student
performance; however, this alone does not quantify what students are interested in and
their engagement level in class. Digital twins are a way to create a manipulable simulation
system for physical or virtual reality [3]. The first goal of our project was to capture the
various student engagements that take place in class, quizzes, tests, group work, etc., into a
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gamification model that can be improved and reused as a system to motivate students and
improve their academic performance.

In recent years, gamification has emerged as a promising approach to engage students
and enhance learning outcomes in various fields, including education [4]. Gamification
refers to using game-like elements, such as points, badges, leaderboards, and rewards,
in non-game contexts, to motivate and engage users [5]. Several studies have shown
that gamification can effectively improve student engagement, motivation, and learning
outcomes in various subjects, including mathematics [4-7].

However, research on the effectiveness of gamification in mathematics education is
limited, particularly in the context of higher education. In this study, we aim to fill this
gap by examining the effects of gamification in college mathematics education in Korea,
specifically focusing on students from liberal arts backgrounds who may lack founda-
tional knowledge in mathematics. We hypothesized that by introducing gamification
elements into mathematics courses, we could improve students’ engagement, motivation,
and learning outcomes, particularly for those without a strong foundation in mathematics.
Furthermore, by providing students with a fun and engaging way to experience mathemat-
ics, we hope to increase their interest and motivation to learn, leading to sustained learning
outcomes in the long run.

This study also led to using mathematical principles at work through various board
games in the classroom; for example, how probability works in a board game such as
Rummikub. Game-based and gamification-based learning were implemented as a digital
twin of the math educational learning management system in part. Professors played the
actual game with their students, lectured on the mathematical principles inherent in the
game, took a quiz to learn those mathematical principles, and then played the game again
to learn the mathematical principles that allow them to play it more effectively. With this
kind of game-based learning, games can become a teaching tool that can make the content
of a class more interesting [8]. This game-based and gamification-based learning approach
distinguishes it from other studies that have utilized gamification or games only.

In this study, we conducted a systematic literature review to examine the current state
of research on gamification in mathematics education. We also designed and implemented a
gamified mathematics course for liberal arts students at a Korean university and evaluated
its effectiveness in improving students’ engagement, motivation, and learning outcomes.
This study shows that a model using gamification can be utilized in university education
based on the systematic modeling of learning assessment methods.

2. Literature Review

Even before the concept of gamification was introduced, games were utilized as
learning tools [9]. Goal-setting systems that games have, such as missions and quests, have
become a great way to motivate players [10]. Gee argued that well-designed video games
can be powerful learning machines [11]. Educational games can provide students with a
motivating and stimulating environment and immediate feedback to promote learning [12].
However, since the 2000s, gamification, the practice of extracting characteristics from games
and applying them to non-game environments or digital applications to engage users and
provide numerical measures of their achievement, has gained increasing attention [13].

Csikszentmihalyi proposed the flow theory, which states that the right level of dif-
ficulty, combined with the user’s skills, can lead to engagement [14]. This engagement
and motivation are influenced by self-determination theory, which states that fulfilling
basic human needs for autonomy, competence, and relatedness can increase motivation
and engagement [15]. This is an important theoretical framework used to explain the
effectiveness of gamification.

Gamification has gained popularity and increases motivation and engagement in
various educational settings. While there is a growing body of research on gamification
in math education, it has mostly been utilized in schooling below K-12 in the U.S. [16-18].
This is because younger students are more likely to be interested in game-like elements, and
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virtual digital twin systems work more effectively in this environment [19]. Most of these
studies have summarized that gamification can increase student motivation, engagement,
and achievement. However, the question remains whether this motivation is consistent
across all grade levels and whether engagement and achievement increase regardless of
math problem-solving ability. Furthermore, whether gamification works in math education
for college students, who are typically adults, also needs to be validated.

Several studies of game-based learning that apply already released digital games show
that games are developed based on mathematical principles and can be applied to students’
math education. Advanced mathematical topics such as probability theory and modular
arithmetic can be introduced to students at middle or pre-college schools to cultivate their
capacity for logical thinking and problem-solving skills [20,21]. In some cases, researchers
have been sponsored by the government to develop applications and apply them to math
education. Through these applications, students are guided to learn basic mathematical
concepts with the goal of improving their knowledge, awareness, and attitudes towards
geometry [22]. There are also examples of gamification and game-based learning, where
the roles of professor and student are reversed by incorporating new teaching methods
such as flipped teaching. In this study, researchers present a conceptual interpretation
of amalgamating inquiry-based learning and the flipped classroom model with gamifica-
tion/game processes as a means to strengthen and improve the way mathematics learning
and teaching content, strategies, and approaches are enacted in primary, secondary, and
tertiary education [23]. However, there is also a disadvantage in that the effects of gam-
ification and educational methodologies overlap, making it challenging to examine the
effectiveness of each method in the overall educational effect.

At the university level, students are not as easily motivated by the tools used in
gamification because the factors that drive adults to learn are more complex and personal-
ized [24]. Despite the availability of literature reviews on gamification and its effects, no
work to date has focused exclusively on higher education [25]. Of course, it was neces-
sary to narrow the scope of the study by combining studies that showed the effectiveness
of game-based learning at the college level [12], those that showed the effectiveness of
gamification in math education at the K-12 level, and others [16-18]. Therefore, it is nec-
essary to see if the gamification model works universally well in higher education for
university-level students.

3. Teaching and Learning Model

It is generally accepted that matching student-centered instruction to learners with
higher conceptual levels and teacher-centered instruction to learners with lower conceptual
levels improves student achievement and motivation in the classroom [26]. Educational
gamification can be considered student-centered because of its high user engagement rate.

In 2016, Soon-Chun-Hyang University (SCHU) was selected for the PRIME Project
of the Ministry of Education of Korea, so SCHU established a convergence college named
Media Labs. Media Labs is an integrated college for liberal arts and natural sciences and
consists of 11 convergent departments, such as the Department of Cultural Contents, New
Media, Big Data, Internet of Things, and Smart Car.

In the curriculum of this college, there are mandatory general courses for students from
11 departments. Because these courses are common to 11 departments, students from the
11 departments can make a group and enroll together. These five courses are “Convergence
and Infinite Imagination,” “Story Making,” “Yummy Mathematics,” “Industry Inside,”
and “Media Inside.” To prepare for the Fourth Industrial Revolution, convergence colleges
must incorporate mathematical problem-solving and logical thinking capabilities into their
curriculum. Therefore, a mathematical course as a mandatory general course was planned
for all college students.

Most of the students in Media Labs College are middle- and high-class students who
constitute the top 25% of the College Scholastic Aptitude Test in Korea. However, many
students have lost interest in mathematics. A basic mathematical course was required for
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these students so that they could review mathematics about the high-school curriculum
and trigger interests and provide motivation for mathematics courses at the college level,
such as “Discrete Mathematics.”

From this viewpoint, “Yummy Mathematics” was opened as a mandatory general
course for the freshmen of the convergence college, “Media Labs.” It opened for the first
time in the fall semester of 2017. The next spring semester in 2018 was opened to students in
the liberal arts, and the upcoming fall semester was open to students in the natural sciences.

In the fall semester of 2017, the first course was opened as a game-based course. It
followed the previous curriculum, where students were educated about the embedded
mathematical content after playing games such as Katan, Mafia 42, and Rummikub. In
the case of the previous game-based course, we found that it is possible to raise interest
in mathematics during game-playing. However, their interests rapidly decreased while
students learned mathematical content. A gamification model is required to provide
motivation and provoke interest for the whole course. Gamification is an effective method to
provide various tools such as a mission, badge, progress chart of learning, and leaderboard
to encourage the interests of learners.

It was necessary to overcome the difficulties of the previous course. The first course
in the fall semester of 2017 was open to all students, regardless of liberal arts or natural
sciences backgrounds. It was evaluated as failing to satisfy both student groups. Students
in liberal arts were repulsed by and scared of unfamiliar content such as physics, vector,
matrix, etc., which are not in the high-school curriculum, whereas students from the natural
sciences regarded game-based content as somewhat easy.

Because this course is a mandatory general course for the college for continued im-
provement, we intend to introduce various game-based materials and develop the curricu-
lum by focusing on students in natural sciences for the next semester.

3.1. Gamification Model

We introduced various gamification models to evaluate the learning status of learners
based on the Analysis, Design, Development, Implementation, and Evaluation (ADDIE)
model that is used for the design of the education learning model. We designed a cyclical
development model that induces intrinsic motivation in learners, analyzed the effectiveness
of the processes, and applied the analysis results for further improvement of the course.
Four gamification components, mission, leaderboards, progress bars, and badges, were
used in the motivation stage.

The ADDIE model is a methodology for designing an education model in five stages:
Analysis, Design, Development, Implementation, and Evaluation. It is most frequently
used for the design of instructional systems and often used as a methodology for education
gamification. The details are shown in Table 1.

Table 1. Lecture methodology with ADDIE model.

Analysis

Requirement analysis
Learners’ analysis
Environment analysis
Tasks and
assignment analysis

Design Development Implementation Evaluation
Specification of objectives
of missions Development of Implementation and
Design of evaluation tools education materials installation Evaluation of the results of
Structuration Pilot test and modification Maintenance and education training
Selection of education Development management

strategies and media

According to this model, liberal arts students in SCHU Media Labs did not have much
interest in mathematics in their high school (Analysis). Therefore, we designed an ADDIE
model for studying fundamental mathematics that is necessary for the enrollment of conver-
gent courses. In this model, we studied mathematics by gamification components (Design),
developed teaching material that reflect these components (Development), carried out pilot
education (Implementation), and performed an effectiveness verification (Evaluation). All
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gamification components are built in the learning management system to implement the
digital twin for math education.

° Mission

Four games were used in this course. Each game was composed of three modules:
playing a game, mathematics lectures related to the game, and evaluation of the form of the
quiz. As one game had one mission, there were a total of six missions over the course. It
took two weeks to accomplish one mission. Therefore, the course was 15 weeks, including
orientation, midterm, and final term for one week each.

e Leaderboards

In each mission, the best student, who achieved the highest game score or the high-
est quiz results, was selected and displayed on the leaderboards on the bulletin of the
online class.

e  Progress Charts

The results of the mission of each student were transferred through the learning
management system (LMS) system on campus. Thus, each student could check their
learning progress using SMS messages.

e Badges

There were various badges for presenters: high-ranking students in quizzes, leadership
in a team, outstanding teams in assignments, and students of full attendance. This led
learners to collect more badges, which could be reflected in their grades. Badges were
produced as a sticker using Formtec and distributed in every class and recorded and
presented in the math education digital twin. Table 2 lists the type of badges and their roles.

Table 2. Types of badges and their roles.

Type of Badge Explanation

Badges for a presenter. This badge is given to a learner who

Voice Controller
presents well.

Badges for a questioner. This badge is given to an outstanding

Question Leader . .
questioner in each class.

Badges for a student of full attendance. They are given to a

Time Keeper learner who attends the whole course throughout the semester.

Badges for high-ranking students. They are given to a team or a

Problem Solver person who achieves high-level quiz results

Badges for the outstanding teams in assignments. They are given

Paper Handler to an outstanding team in an assignment.

3.2. Game-Based Learning

In this course, four games, Katan, Rummikub, Mafia 42, and Pocketball were played,
and the embedded mathematical principles and useful applications in the games were
educated. Katan and Rummikub are board games. Mafia 42 is a mobile game, and Pocketball
is an arcade game. Only Mafia is played in a virtual world; the other games are played in
the physical world.

In addition to the game module, “Matrix and simultaneous equations” and “Statistics
in life” modules were inserted to add objects to be compared in effectiveness verification
and led to learning practical mathematics. The module of “Matrix and simultaneous
equations” was composed of frequently asked questions in a personality test of company
employment tests so that it could help students with company employment. The “Statistics
in life” module was composed of statistical information in daily life based on the frequently
used statistics terminologies in newspapers. About the teaching and learning model, 100%
of the planning was implemented.
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3.3. Instruction for Teaching and Learning Model

e A development plan for instruction for teaching and learning model

The “Yummy Mathematics” curriculum was made by a committee for convergence
mathematics, composed of faculties of education gamification and lecturers of engineering
departments. The committee supplemented the previous curriculum conducted in the fall
semester of 2017. They combined gamification contents to fit students of liberal arts by
lowering the level of difficulty and improving the design of presentation files.

e A detailed plan for instruction for teaching and learning model

We prepared four games, Mafia 42, Rummikub, Katan, and Pocketball, for the training
aids separately and distributed manuals for each game in advance. The professor who
developed the teaching instructions taught directly; the instructions were unnecessary.
However, all teaching materials, such as presentation files, activity sheets, quizzes, and
gamification manuals, were packaged for future lecturers. The previous game-based
learning teaching instructions were revised, and their level of difficulty was improved. The
entire course was designed as one game by the gamification model, which used four games:
missions, leaderboards, progress bars, and badges. All presentation files of lectures were
improved in design and unified in format by a professional design company. Regarding
instruction for the teaching and learning model, 100% of the planning was implemented.

3.4. Digital Twin Implementation

A digital twin is defined as a virtual model of a process, product, or service. In 2002,
Michael Grieves introduced the concept and model of the digital twin for the first Society
of Manufacturing Engineers conference. He introduced the digital twin as the conceptual
modeling of product lifecycle management [27]. After that, the digital twin has been
adopted as a conceptual basis in the aerospace domain in 2010 [28].

A digital twin is defined as the form of a cyber—physical system, such as a smart factory
where a physical factory and a digital twin coexist in the same cyberspace [29]. It has been
mainly studied in the manufacturing domain. Then, it was further expanded into the
digital city, healthcare, etc. The main characteristic of a digital twin is to emulate the actual
system.” In addition, the digital twin can be further characterized as a digital technology
that is both the consequence and an enabler of the homogenization of data [30]. The digital
twin has strength through the pairing of the virtual and physical worlds, resulting in
achieving analysis of data and monitoring of systems.

While the digital twin has been implemented and studied extensively in manufac-
turing, the education domain still needs to be included. Education can be regarded as
a process or service so that the digital twin can be applicable. In this work, we imple-
mented the physical gamification factors in the virtual learning management system. The
mission accomplishment and the number of badges obtained during the classes are in-
stantly updated to leaderboards, progress charts, and the number of badges in the digital
learning management system. This pairing of physical systems and virtual systems is the
implementation of digital twins in gamification-based math education.

All learning processes were performed in the physical world. Students participated
in the classroom and participated in the game with classmates under the guidelines of
gamification. The achievement of gamification factors in the classroom was paired with
the virtual system and thus enabled the data collection and monitoring of the learning
process. We designed only a digital game, Mafia, for game-based learning, but other
games were played in the physical world. Even though we did not align all math learning
processes virtually and physically simultaneously, we could boost the learning performance
by implementing the digital twin for gamification factors.
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4. Effectiveness Analysis
4.1. Data Collection

SCHU Media Labs held a pilot operation on the course for first-year students in college.
Four sections and 218 students were enrolled in the spring semester of 2019. This number
is large compared to other previous works. The age of the students ranges between 19~24.
Their gender distribution is skewed toward females, as shown in Table 3. This is because
their majors were categorized into art and media, and literature. The student participants
were distributed according to their departments, as shown in Table 3. Six faculty members
from SCHU College were involved in the class. Regarding the pilot operation, 100% of the
planning was implemented.

Table 3. The number of student participants and their gender distribution according to their departments.

Division Department Nur.nl.)er of Female, % Male, %
Participants
Department of Performing Arts 25 50.00% 50.00%
Department of o o
Art and media Digital Animation 20 85.71% 14.29%
Department of Media 52 64.81% 35.19%
and Communications
Department of English Studies 47 74.00% 26.00%
Literature Department of Chinese Studies 43 74.42% 25.58%
Department of Korean Culture 31 75.76% 24.24%
and Contents
Total 218 70.46% 29.54%

We designed three tests: a prior survey, an effective analysis of game and gamification
education, and an effective analysis of participant characteristics.

4.2. Prior Survey for Participant Assessment

A preliminary survey was conducted at the beginning of the semester to gain insight
on the students before the course commenced. The purpose of this preliminary survey was
to analyze students’ interest in mathematics and their perception of its effectiveness. Table 4
presents the selected questions related to their interest in mathematics and recognition of
its effectiveness, along with the corresponding averages and deviations.

Table 4. The questions about math interests and learning skills and survey response results.

Survey . Standard
Category No. Question Average Deviation
5 I like mathematics. 2.23 1.13
6 I think mathejmapcs is used in 36 1.0
daily life.

Math interests and

leatning skills I'have the experience of giving

mathematics up throughout my

? school years because it 3.21 1.34
is difficult.
18 My average grade for 414 L3

mathematics in high school is ()

In the results of the prior survey, we found that the percentage of students who
strongly liked mathematics was relatively small, and half of the students considered giving
up mathematics during their school years. South Korea has an education policy that assigns
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both school records and CSAT scores using nine grades, with 1 being the highest and 9
being the lowest grade. Regarding the mathematics grades of high-school students, the
average grade was the 4th level, with the maximum being the 6th level. The 4th level
corresponds to the top 23-40% of students based on their grades, representing a middle to
high level. It was found that students are aware of the necessity of mathematics in general
but find it challenging to learn and often lose interest. There was no significant difference
between departments regarding interest and grades in mathematics.

The survey was conducted at the beginning of the semester to assess students’ per-
ceptions of games and gamification before the course began. The results are presented in
Table 5.

Table 5. The questions about the interest in games and gamification and survey response results.

Survey . Standard
Category No. Question Average Deviation
1 I'like to play games 3.49 1.17
2 My. life or my stuche.s have been 1.99 112
Games and disturbed by playing games
amification
g 3 I play games for () hours per 111 134
day on average
4 I have heard about the concept 1.85 037

of gamification

Students usually answered positively according to their preference for games. How-
ever, it was found that the average time spent playing games was limited to one hour, but
there was a higher standard deviation. Furthermore, the recognition of gamification is
generally low. We investigated the differences between departments and divisions regard-
ing mathematics interests, learning skills, and game/gamification interests using Sheffe
analysis. Sheffe analysis is a statistical method used to identify significant differences
in means.

We could not conclude whether there was a difference between departments regarding
preferences for games and gamification. However, we can confidently state that there were
no significant differences between departments in mathematics learning skills. Table 6
shows that all departments belonged to the same group, and the statistical result was
significant, with an alpha of 0.05 for mathematics learning skills.

Table 6. Sheffe analysis of game/gamification awareness and math learning skill.

Game and Gamification Awareness Math Learning Skill
Department Standard Standard
Mean Deviation Group Mean Deviation Group

Performing Arts 2.56 1.21 a 292 1.15 a

Digital Animation 247 1.22 a 2.90 1.18 a

Media and 2.44 1.21 a 3.10 113 a
Communications

English Studies 2.43 1.29 a 3.02 1.09 a

Chinese Studies 2.35 1.13 a 3.13 1.12 a

Korean Culture 5, 1.25 a 3.06 1.14 a

and Contents

p-Value 0.858 0.0473 **
< 0.05.
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4.3. Post-Survey to Assess the Effectiveness of Yummy Mathematics

For perceived outcomes, we measured the perceived outcome of games and gamifica-

tion, the overall evaluation, and compared the perceived outcomes before and after taking
the Yummy Mathematics course.

4.3.1. Perceived Effectiveness

After the courses ended, Yummy Mathematics evaluated four components of the class,

the mission, badge, leaderboard, and progress bar, from the perspectives of gamification
and game-based learning (GBL). We developed questionnaires focusing on whether the
gamification components were implemented as planned, their effectiveness in generat-
ing interest in math, and the perceived usefulness of Yummy Mathematics. Responses

regarding the effectiveness of gamification are shown in Table 7.

Table 7. The questions about the effectiveness of gamification and their averages and deviations.

Gamification Component  No. Question Average Standard Deviation
1 Missions are renewed every two weeks. 4.31 0.75
Learning by mission raises interest in learning
2 . . 2.71 1.19
mathematics more than usual learning.
Related to mission 3 Learning by mission is more useful to learn 057 117
mathematics than usual learning. ' '
4 I did my best to get higher scores in missions. 3.72 1.08
Subtotal 3.33 1.04
1 Badges are awarded in every class. 3.87 0.86
Learning by badges raises interest in learning
2 : . 2.97 1.12
mathematics more than usual learning.
Related to badges L ine bv badees i ful for 1 .
earning by badges is useful for learning
3 . 2.61 1.15
mathematics.
4 I did my best to get badges. 3.74 1.05
Subtotal 3.3 1.05
Current awarding states of badges are displayed on
1 LMS (or papers attached by badges) every 291 0.97
two weeks.
Related to leaderboards or 2 It can motivate students’ willingness to do better to 267 1.05
papers attached to badges see the current awarding states of badges on LMS. ) '
3 Learning through lead.erboards is useful to 269 1.02
participate in classes.
Subtotal 2.76 1.01
1 Mission scores are informed by SMS every 207 11
two weeks.
I was stimulated to do better by being informed
2 . 2.33 1.09
Progress bar about progress or learning.
3 Notices about the progress of learning are useful to 233 11
participate in classes. ’ ’
Subtotal 2.24 1.1
Total 3.0 1.05




Electronics 2023, 12, 3207

10 of 19

Among the four gamification components (mission, badges, leaderboards, and progress
bars), participants rated the effectiveness of missions the highest (3.33/5), followed by
badges (3.3/5). However, the effectiveness of leaderboards and learning progress was
rated lower. Therefore, it can be concluded that leaderboards and badges are significantly
useful for motivating course participants. The results are visually shown in Figure 1. Our
finding supports Gibson et al.’s findings that explain that badges when used with points
and leaderboards can be a powerful means of achievement. However, our results do not
match the following works. Santos et al. [31] reported that the badge was recognized as the
most important aspect of gamification. O’Donovon et al. [32] reported leaderboards rank
highest in motivating learners.

Perceived Effectiveness of gamification
components on math education

w T

T
|
|
'
i
|

T A e o

o)

™~

S S S S— ——
-— —

T T T T

Mission Badge Leaderboard Progress
Bar

Figure 1. Evaluation of gamification components.

In addition, these two components establish immediate goals and provide rewards for
achievement, whereas leaderboards and progress bars are associated with long-term goals.
This suggests that participants were more effectively engaged when focusing on short-term
goals and rewards rather than long-term ones. This was supported by Kapp’s [6] and
Raymer’s [33] work, which details that feedback’s frequency, intensity, and immediacy are
also important for sustaining engagement throughout the learning processes.

Not every class module introduces a game. Generally, class modules with games, such
as Katan, Rummikub, Mafia 42, and Pocketball, received higher interest from participants.
However, other courses without games, such as matrix, sequence of numbers, and simulta-
neous equations, received lower evaluation scores. Regarding effectiveness, there was no
significant difference between classes with and without games. However, the effectiveness
is slightly higher in modules with games.

Regarding interest levels, there was a slightly more significant difference between
the modules. In particular, Rummikub and Katan seemed to be motivating for participants.
We found that interest levels were significantly different across modules. Table 8 shows
the order of interest levels. Therefore, it is necessary to consider replacing modules with-
out games, such as matrices, simultaneous equations, and statistics, with modules that
incorporate games.
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Table 8. Interest levels and efficiency according to the class modules.

Education Modules Interest Perc'e ived Total
Level Effectiveness
Katan (chlghng anfi strategic 378 314 3.46
decision-making)
Rummikub (sets and probability) 4.08 3.32 3.7
Game and gamification module - — -

Mafia game (proposition and reasoning) 3.46 2.79 3.13

Pocketball (space and change) 3.32 291 3.12

Subtotal 3.66 3.04 3.35

Statistics (statistics in life) 2.84 2.8 2.82

Gamification-only module Sequence of numbers and 312 3.08 31

simultaneous equations
Subtotal 3.24 2.96 3.10

We emphasize the importance of games in math education using the graph shown
in Figure 2. Modules that incorporate gamification exhibit low interest levels and effi-
ciency. Overall, interest levels were higher than perceived effectiveness when games were
introduced in math class modules. Previous works found that game-based learning is
effective in education. Park et al. found that game methods are effective in as much as
58% (learning outcomes) and 21% (enjoyment) of vocabulary learning [34]. All et al. found
that game-based learning is more effective (15.8%) than lecture-based learning in fight
safety education in their study of pre-test influences on the effectiveness of digital-game-
based learning [35]. In our case, interest level and perceived effectiveness for game-based
modules are (3.66-3.24)/3.24 = 13% higher than non-game-based modules. However, the
perceived effectiveness for game-based modules is (3.04-2.96)/2.96 = 2.8% higher than the
non-game-based modules. The effectiveness of game-based math learning was minimal
compared with the previous two works.

Katan

Non-game module:
Rummiikub "~ Sequence of numbers
simultaneous equations

No-game
module:

Mafia42 Statistics

Black: Interest level
Pocketball Red: Perceived
effectiveness

Figure 2. Evaluation of perceived effectiveness of game on math education.

We designed a survey to measure personal accomplishments and perceived effec-
tiveness in two stages. The first stage measured the level of engagement, and the second
stage measured the perceived effectiveness of Yummy Mathematics in math education. We
established various metrics for perceived effectiveness, such as increased interest, perceived
importance of math education, and decreased repulsion toward math.
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Table 9 shows that student participation in the classes was high. However, they still
found mathematics classes challenging. Moreover, because the students were all in liberal
arts, they struggled to study mathematics, even though they participated passionately.
Conversely, the rate of students who liked mathematics or were interested in mathematics
was still evaluated as low. In conclusion, students somewhat appreciated the new approach
of the “Yummy Mathematics” class but did not enjoy the mathematics class itself and
felt stressed.

Table 9. Questions related to engagement and perceived effectiveness.

Category Question Average  Standard Deviation
I participated in the “Yummy Mathematics” class passionately. 3.58 1.02
I felt difficulty in the “Yummy Mathematics” class. 3.58 1.06
Engagement - - -
I think the “Yummy Mathematics” class is fun. 2.61 1.15

The new challenge of the “Yummy Mathematics” class

. . 3.1 1.3
was interesting.

“Yummy Mathematics” class was useful to me. 2.61 1.13

“Yummy Mathematics” class helped me to understand 274 119
new mathematics. ’ )

I came to like mathematics by “Yummy Mathematics” class. 2.17 1.13

Perceived effectiveness I realized mathematics is used in daily life through the “Yummy 329 114
Mathematics” class. ’ )

I realized the importance of mathematics through the “Yummy 267 117
Mathematics” class. ’ ’

The “Yummy Mathematics” class reduces my repulsion 247 114
toward mathematics. ’ ’

Total 2.88 1.14

Compared with the previous work of Berkling and Thomas [36], where it was reported
that student feedback score was not even half of 5 points, our result exceeds half of 5 points
(2.65) for perceived effectiveness. When combined with engagement, the evaluation average
was 2.88, as shown in Table 9.

Next, we compared the pre- and post-perceived outcomes as follows. The new ap-
proach in “Yummy Mathematics” improved the favor of math, perceived importance, and
perceived usefulness. Hence, it could be considered successful in evoking the necessity of
mathematics. Generally, the post-evaluation was better than the pre-evaluation. However,
the increase in interest in mathematics was minimal. Furthermore, the perception that
mathematics is difficult was not improved, and the expected fun factor of this class was not
met. The details of the comparison results are listed in Table 10.

Finally, we investigated the relationship between achievement and other perceived
effectiveness on game and gamification factors and achievement on gamification factors.
Figure 3 shows the results. As we can see, the number of badges is mainly correlated to
the final test score. The perceived effectiveness on mission points is ranked second. This is
somewhat different from our previous finding that perceived effectiveness on badges was
lower than on mission points.
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Table 10. Questions related to pre-to-post-effectiveness analysis.

Topic Question Average Increment
I like mathematics. 2.23
I enjoy studying mathematics. 2.34
subtotal 2.29
i . . . +0.035
Mathematics favor I came to like mathematics through “Yummy Mathematics” class. 217
The “Yummy Mathematics” class reduces my repulsion 247
about mathematics. ’
subtotal 2.32
Ineed to study mathematics related to my major. 2.42
Importance I realized the importance of mathematics through the “Yummy 67 +0.25
Mathematics” class. ’
Ineed to study mathematics related to my major. 2.42
Usefulness +0.19
“Yummy Mathematics” class was useful to me. 2.61
Mathematics is difficult for me. 3.69
Difficulty - — —0.11
“Yummy Mathematics” class was difficult for me. 3.58
) This course seems to be fun. 3.00
Expectation for fun — -0.39
“Yummy Mathematics” is fun for me. 2.61
I expect that studying math using games will make it easier. 2.86
Expectation for effectiveness - - - +0.24
The new attempts of “Yummy Mathematics” were interesting. 3.10
Perceived effectiveness
< > ° 2
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i w9000 - Q000000
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wi: @@ O 000000 0O
(=¥
Statistics () . C NN ) . @ . ‘ L 00
Pocket ball . . . . . ... .
+ -0.2
i Sequence .. 0 .......
Self reported |
Engagement .. . . ’ . . . . .. 04
Number of badges
Qo000

Mission score ‘ . .
Final test score . . . -0.8
Final grade . . . .

Figure 3. Evaluation of the component of gamification according to the math learning skill grades.

4.3.2. Effect Analysis of Students” Characteristics

In this section, we evaluated the control effect of student characteristics on the effec-
tiveness of Yummy Mathematics. First, we investigated the effect of favor of game playing
on the perceived effectiveness of each game. We divided participants into three groups
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according to how much they like to play games, as shown in Table 11. We found that the
difference between the middle and low groups is insignificant. Still, the difference between
the high and middle groups is significant even though the statistical test results indicate
that there is no significance between groups. Table 12 shows the differences of the interest
level and perceived effectiveness on each game between groups.

Table 11. Grouping of participants according to favor of game playing.

Group Range (5 Point Scale) Number of Participants
High 4<a<=5 48

Middle 2<a<=4 126
Low l<=a<=2 44

Table 12. Perceived effectiveness of the game toward the math education according to levels of favor

of game playing.
Level of Favor of Game Playing Val
Game Question F Ratio -Value
High Middle Low b
I\féizolrr‘iel?eiian 4.07 3.68 3.66 252 0.08
Katan (modeling &
and strategic Missions in Katan were useful 335 3.09 205 150 023

decision-making)

in math learning

Subtotal 3.71 3.36 3.30

Missions in Rummikub

. . 411 3.98 411 0.49 0.62
were interesting
Rummikub (sets .. . .
and probability) Missions in Rummikub were 3.52 325 3.09 1.66 0.19
useful in math interesting
Subtotal 3.82 3.73 3.60
Missions in Mafia 3.63 3.38 3.25 1.35 0.26
Mafia game were interesting
(propositign and Mlsspns in M'afla were useful 3.04 269 259 207 013
reasoning) in math interesting
Subtotal 3.34 3.14 2.92
Missions in Pocketball 3.57 3.18 3.32 2.06 0.13
were interesting
Pocketball (space .
and change) Missions in Pocketball were 3.11 2.78 2.82 1.35 0.26
useful in math learning
Subtotal 3.34 3.21 3.07
Total 3.54 3.39 3.23

Next, we investigated the characteristics of the students in terms of their math learning
skills and self-motivation.

We analyzed the relationship between the evaluation of gamification and pre-mathematics
grades among the four classes. There is a slight difference between the grades, but it is not
statistically significant enough to be fairly applied to students of all levels. In contrast to
the evaluation of gamification components, it was found that students’ grade achievements
were significantly affected by their ability to study. In particular, higher-level students
favor the “Yummy Mathematics” class. For students at high levels (A and B), gamification
is very useful to motivate them. The results are shown in Figure 4. The components of
gamification, such as badges, leaderboards, the progress of learning, mission, etc., are gears
to encourage students who have been doing well. However, many students who hardly
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earn badges gave up the courses after the 5th or 6th week. More tools should be designed
for lower-level students to participate in the class to solve this problem. These supplements
will be reflected in the gamification methodology for teaching instructions for the next
academic year.

5.0 .
45 .
4.0 -

3.5 -

3.0 -

25 -

Evaluation on gamification

2.0 -

15 -

1.0 -

A B C D
Prior math learning skill grades

Figure 4. Evaluation of the component of gamification according to the math learning skill grades.

Next, we evaluated the effect of interest in math on personal achievement. Students
were divided into high-, middle-, and low-interest groups based on their responses to
questions related to interest in mathematics in the pre-survey. The classification criteria for
the high, middle, and low groups were determined by calculating each student’s average
math study-related questions and classifying them based on the minimum, 1st quartile,
2nd quartile, 3rd quartile, and maximum values. We selected the following questions to
divide the students into interest groups as shown in Table 13.

Table 13. Question related to self-motivation.

Division Question
I'like mathematics.
Favor
I enjoy studying mathematics.
I think mathematics is used in daily life.
Usefulness

I need to study mathematics related to my major.

The interest group was defined based on the average of the answers to the four
questions as follows: high (>3, 67), middle (>2, 101), and low (otherwise, 50). We found that
high motivation (interest) results in high perceived effectiveness. The differences between
the groups were significant for all variables. The results of the differences in engagement
and perceived effectiveness level according to groups divided by interest level in math are
shown in Table 14.
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Table 14. Correlation analysis between motivation level and evaluation of personal achievement.

Area Question High Middle Low F-Statistics ~ p-Value

I participated in the “Yummy ok

Mathematics” class passionately. 398 36 3:34 548
I felt difficulty in t}r’le Yummy 3.08 355 4 11.33 s

Engagement Mathematics” class.
I think the Yurrqny Mathematics” class 31 254 235 6.41 e
is fun.
The new ghallllenge of th'e Yummy 3.46 3.01 2.87 3.03 *
Mathematics” class was interesting.
Yummy Mathematics” class was useful 315 25 231 8.67 s
to me.
Yummy Mathematics” class helped me 333 270 226 1231 e
to understand new mathematics.
I came to like mathe'ma},tlcs by “Yummy 208 207 173 8.66 -
Perceived effectiveness Mathematics” class.

I realize mathematics is used in daily life _

by the “Yummy Mathematics” class. 363 315 2.98 451
I realized the importance of mathematics e

by the “Yummy Mathematics” class. 3.27 265 221 122
Yummy Mathematics” class reduces my 31 247 1.98 1450 .

repulsion about mathematics.

*p <0.1,%*p < 0.001.

Even though students recognize the effectiveness of the course, there is a definite
difference in personal achievement based on their ability to study and motivation levels.
Gamification is a useful tool to motivate students at a high level. The components of
gamification, such as badges, leaderboards, learning progress, and missions, serve as gears
to encourage students who have been performing well [22]. Therefore, there are many
cases where students earn badges occasionally or cannot distinguish themselves and drop
the courses in the 5th or 6th week. More tools should be designed for lower-level students
to actively participate in class and address this issue. These supplements will be reflected
in the gamification methodology for teaching instructions in the next academic year.

5. Conclusions

In this work, we designed and implemented a gamified mathematics course tailored
for liberal arts students in a Korean university. Leveraging digital twin technology, we
created an immersive learning environment that allows students to visualize mathematical
concepts through games, manipulate physical and virtual objects, and engage in interactive
problem-solving activities such as missions and badges. The effectiveness of this gami-
fied course in improving students’ engagement, motivation, and learning outcomes was
thoroughly evaluated.

Initially, a preliminary survey was conducted to gather information about students’
interest in math and their perception of its effectiveness. The results showed that only a
small proportion of the students liked mathematics, and many had experienced difficulties
and lost interest in the subject. The different departments had no significant differences
in math interests and grades. A post-survey was conducted to evaluate the perceived
effectiveness of “Yummy Mathematics.” Participants rated the effectiveness of gamification
components, such as missions, badges, leaderboards, and progress bars. The missions and
badges were considered the most effective, while the leaderboards and progress bars were
rated lower. Participants showed a higher interest in classes incorporating games, and there
was a slight improvement in perceived effectiveness when games were included. However,
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the increase in interest in mathematics was minimal, and participants did not find the class
as fun as they expected. The study also examined the effects of student characteristics on
the effectiveness of Yummy Mathematics. It was found that students’ math learning skills
and self-motivation affected their evaluation of gamification. Students with higher math
grades showed a stronger preference for the class, while this course was less effective for
students at lower levels.

As we initially hypothesized, we can see that students who were originally high
achievers in math courses were also better motivated by gamification. This shows that gam-
ification is not a one-size-fits-all methodology in higher education. While high-achieving
students are highly motivated by earning badges and climbing leaderboards, these find-
ings suggest that a more complex motivational mechanism is needed for lower-achieving
college students.

Through this research, we aimed to contribute to advancing mathematics education
not only in Korea but also beyond its borders. The utilization of digital twin technology
in conjunction with gamification holds immense potential to revolutionize mathematics
education, making it more accessible, interactive, and engaging for students from diverse
educational backgrounds.

This study aimed to investigate the viability of integrating gamification into higher
mathematics education, encompassing university-level and beyond. However, concerning
motivation, the impact of gamification elements such as badges and leaderboards on adults
exhibited certain distinctions compared to the effects observed in prior studies conducted
on elementary or secondary level students by other researchers. Although the underlying
reasons for these disparities may be multifaceted, it is primarily attributed to the potential
divergence in psychological motivation between adults and minors. Nevertheless, this
study did not explicitly identify the precise psychological factors contributing to these
differences. Future research endeavors should focus on conducting more interdisciplinary
studies to devise more sophisticated gamification tools capable of effectively stimulating
adult motivation.
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