JOIV : Int. J. Inform. Visualization, 9(5) - September 2025 2112-2122

INTERNATIONAL
JOURNALON
INFORMATICS
VISUALIZATION

INTERNATIONAL JOURNAL
\ ON INFORMATICS VISUALIZATION

journal homepage : www.joiv.org/index.php/joiv

Lecopelese - a Novel Evaluation Model for Measuring Educational
Aspects of Game-based Learning

Hanif Al Fatta®", Zulisman Maksom ®, Mohd Hafiz Zakaria "

“ Faculty of Computer Science, Universitas AMIKOM Yogyakarta, Sleman, Yogyakarta, Indonesia
b Faculty of Information and Communication Technology, Universiti Teknikal Malaysia Melaka, Hang Tuah Jaya Durian Tunggal, Malaysia

Corresponding author: "hanif.a@amikom.ac.id

Abstract—This study aimed to establish a model for assessing the pedagogical quality of mobile game-based learning (GBL), which
seeks to convey educational content to users. Evaluating the educational effectiveness of GBL necessitates a robust model tailored for
this purpose. Current models can be improved to better address various educational challenges associated with mobile GBL. The
LECOPELESE (LEarning COntent, PEdagogy and LEarning StyLE) model was developed by integrating relevant constructs
identified in existing literature. To validate this model, a qualitative research approach was employed, drawing a sample from 270
undergraduate students. The analysis utilized Structural Equation Modeling (SEM) and resulted in a final model based on rigorous
factor analysis. The findings indicated that the proposed model effectively measures educational quality in game-based learning. This
new model includes more comprehensive constructs and items, addressing the educational aspects of game-based learning. Specifically,
the model introduces a pedagogy construct to evaluate game-based learning quality, reflecting criteria for outstanding educational
content and delivery through mobile applications. It assesses how effectively GBL provides real-world learning experiences.
Additionally, the research highlights that the quality of pedagogy is influenced by two key factors: the GBL's ability to accommodate
learners' unique characteristics (learning styles) and the quality of the learning content that adapts to learners' needs. Ultimately, the
study demonstrates that both learning content and style significantly impact the pedagogy construct, suggesting that enhancing these
areas can improve the overall pedagogical quality of game-based learning.
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models to assess usability evaluation has been proposed by
I. INTRODUCTION several researchers [13], [14], [15], [16].

However, determining the correct dimensions to measure
aspects of education from educational games continues to be
a challenge for researchers in this field. This study aims to
examine several dimensions of educational measurement
models that have been carried out and compile a new model
to enhance the existing models. Some measurement
dimensions are proposed to address more usability issues
related to the pedagogical aspect.

Research on measuring educational elements is relatively
limited. Research by [17], proposed a dimension to measure

Usability Evaluation is widely used to measure the user educational element called pedagogy dimension. The

experience quality of a game-based learning, serious games or litera.ture review alsol reveal.ed that res.earch fgcused on
educational games [91,[10], [11],[12] . learning or pedagogical dngenswps is r.elatlvely 1e§s
compared to research on other dimensions. This research will

put more emphasis on the measurement of this pedagogical
aspect of mobile game-based learning (m-GBL).

Educational games or seriuos games has been widely used
as a learning media in many areas of modern life. Educational
games can be utilized to teach formal knowledge [1], health
simulation and learning tools for person with disabilities [2],
[3], [3], [4] as well as training [5], [6]. Quality improvement
is always a priority for application developers to meet the
needs of their users. This trend also occurred in the
development of educational game applications. One method
that can be chosen to measure the quality of product
applications is by conducting a usability evaluation [7], [8].

However, determining suitable dimensions to measure the
user experience of the educational games continues to be a
challenge for researcher in usability evaluation topic. Several
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Several previous types of research have already discussed
the significance of measuring learning or pedagogical aspects
of m-GBL. Even though m-GBL is a game, it has special
purposes, delivering learning content. Because of that, the
evaluation of the learning dimension would be critical to
improving the quality of learning content delivery. This study
identified several papers that proposed methods, models, or
frameworks to measure pedagogical aspects of m-GBL.

MEGUX, a UX model proposed by[16], declared that to
measure the user experience quality of an educational games,
six key components can be measured: Flow, Immersion,
Game Usability, Player Context, Mobility, and Learning.
Earlier research, proposed E-GUESS [18] introduced a
measurement model to handle bipolarity between fun and
educational, by accomodating “pedagogical issues and
educational content” into the final usability aspect in E-
GUESS model. In addition, research by [19]utilized
Computer System Usability Questionnaire (IBM-CSUQ),
focusing on three key dimensions: interface quality
(INTERQUIAL), information quality (INFOQUIAL), and
system usability (SYSUSE) to measure educational quality
providing significant findings that the model can be used to
measure educational experience and cognitive load.
Furthermore, EDUGXQ model proposed by [20] declaring a
User Experience (UX) framework for educational games
(EDUGX) based on UX elements. This model proposed six
UX elements: Flow, Immersion, Player Context, Game
Usability, Game System and adding Learnability as a
dimension to measure educational aspect of the educational
games.

Research conducted by [21]suggested a framework for
game-based learning comprising four critical aspects of a
serious game: context, learner specification, representation,
and pedagogical approach used. This framework is known as
the four-dimensional framework. The context of the game and
its utilization are significant to the practical usage of a serious
game. This contextual factor may consist of the location
where the game is employed inside a classroom or outside, the
availability of technical support, and environmental support
to guarantee a conducive learning environment. This aspect
significantly influences the creation of a game, determining
the most suitable game type.

The second aspect focused on the attributes of a specific
learner or learner group. For example, factors such as age,
level of expertise in using the game, learning background,
learning style, and how they learned. Another aspect is the
internal representation world, which emphasizes presentation
mode, degree of immersion, interactivity, and fidelity within
serious games or simulations. Ultimately, the pedagogical
approach use aspect underlines the significance of learning
theory, model, and framework. Moreover, these aspects also
suggest the learning content is embedded and personalized
regarding different learning approaches, and the game will
take place.

Another interesting research is conducted by [22], which
suggests that there is a tight relationship between learning
objectives and the selection of appropriate game types. For
example, if the learning outcome that will be achieved is
memorization or retention, according to this study, the
suitable game type is a puzzle or a drill and practice quiz.
Besides, if the learning outcome is motoric, suitable game

2113

types include shoot 'em up/beat 'em up games, fighting games,
or driving/flight simulator games.

In addition, [23]proposed a framework based on the
enhancement of a four-dimensional framework. This
framework consists of 5 dimensions as follows: learner
performance, motivation, perceptions, attitudes, and
preferences. Moreover, for evaluation purposes, [23] suggests
a GBL environment category along with its measurement
criteria: environment, scaffolding, usability, level of social
presence, and deployment. While [23]claimed that the
framework is designed to be focused on the pedagogy of GBL.

Furthermore,[24] suggested learning content measurement
for m-GBL comprising four components: ease of the learning
content, learning content should be provided, achievement of
learning outcome is assured, and the user understands the
content delivered via m-GBL.

Some research [25], [26],[27], [28], particularly described
learning style as one of the pedagogical aspects worth
measuring. The research by [25] stated that learning style is
recognized as an essential human factor affecting students'
learning performance. Previous studies have shown that, by
taking learning styles into account, learning systems can be of
more significant benefit to students owing to the provision of
personalized learning content presentation that matches the
information-perceiving and processing styles of individuals.
This research also proposed a personalized game-based
learning approach based on the sequential/global dimension
of the learning style by Felder and Silverman. Moreover, the
results show that the personalized educational computer game
not only promotes learning motivation but also improves the
learning achievements of the students.

Another research by [29]stated the relationship between
Game Genres, Learning Techniques, and Learning Styles in
Educational Computer Games. Furthermore,[29] argued that
developing an effective educational computer game, different
game genres, learning activities and techniques, and learning
styles are important issues for consideration. Rapeepisarn [29]
suggests that the learning style of the learner will affect the
choice of their behavior while playing a game as well as using
the computer. Learning style influences the most suitable
learning activities and leads to a preference for a game type
that suits the learner.

In the research proposed by [26], learning dimensions also
become an essential part of the m-GBL evaluation. [10]
suggested that learning dimensions should be a specialty in
games with educational purposes. It comprises (1) Learner:
the consideration of age, level of the learner, how they learn,
learning style, background, and their learning preference. (2)
Curriculum: An m-GBL should contain subject content, the
scope of learning defined by the curriculum, and teacher
customization allowing the adaptation of learners' needs. (3)
Feedback: it is used to inform the gap between the current
knowledge the learner acquired and the mandatory learning
content they should master. (4) Context: The specific area
where the learning occurred should be an essential factor that
supports the learner, or on the other hand, hinders the learning.
(5) Direct experience: m-GBL should deliver the direct
experience that engages and motivates players during the
learning process.



II. MATERIALS AND METHOD

During the development of the model to evaluate
pedagogical aspects, two essential activities are defined: (1)
model construction and (2) Model Testing, as seen in Fig. 1.

A. Stage 1: Model Development

To ensure the evaluation model's acceptability in terms of
research methodology, this step defines methods to generate
a new model, building on the method proposed by [30] and
augmented by [31]. The model construction can be divided
into three steps:

1 Model Development
Construct Definition for Educational Aspect.

Establishing Measurement Items for each
Construct

Designing Measurement Tool

2 Model Validation
Item refinement and purification.

Final Model definition

N,

Fig. 1 Method for generating an indicator for measuring educational aspects
of m-GBL

1) Constructs definition for educational aspects: During
the process of proposing a new model, this research argued
that a suitable model for evaluating educational aspects of m-
GBL should comprise measurements on some constructs or
latent variables. During the literature review, the suitable
constructs for measuring educational aspects of m-GBL are
extracted and analyzed.

2) Establishing measurement items for each construct:
After the process of defining the constructs is completed, the
next activities are to define suitable items/heuristics according
to possible constructs. Each construct can have a different
number of criteria, based on supporting literature. At the end
of these activities, every construct is equipped with its suitable
indicator/heuristics. The first part of the new model is ready.

3) Designing the Measurement Tools: This research
employed the GQM model [32], [33], [34] as a reference for
designing measurement metrics/questionnaires based on the
dimensions obtained from stage A.1 and A.2. Based on the
literature, the most critical constructs along with their criteria
are selected. This list of criteria will not provide many benefits
if it lacks the mechanism to measure them. Therefore, it is
necessary to provide measurement metrics for each dimension,
including all its criteria. If this activity is completed, the first
version of the measurement metrics/questionnaire is ready to
validate.

B. Stage 2: Model Validation

Following literature from [35], validation for proposed
criteria for usability evaluation can be done in two
consecutive steps: (1) item refinement and purification: in this
round all items for initial version of the model is refined by
analyzing its reliability and validity. This round may result in
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deletion of several items that did not meet the reliability and
validity requirements. (2) Final model definition: final items
that fulfilled the reliability and validity test will be defined as
the final items for the proposed model.

According to [17] suitable dimensions to measure usability
for m-GBL are mobility, playability, interface usability, and
pedagogy. The proposed model will explore the pedagogical
aspects of m-GBL and provide measurement metrics for the
usability evaluation system. This section will focus on the
pedagogy dimension. The pedagogy dimension is regarded as
a unique dimension since it will measure the most significant
objective of an educational game, which is delivering
educational content. The proposed model comprised two main
aspects of educational usability measurement comprising
Learning Style and Learning Content. Each aspect will be
divided into several items as described in Error! Reference
source not found. The rationale of each construct is also
described in table 1. After defining the aspect and its related
items, the next step is to create attributes/items for each
construct. In the next section, all constructs for the proposed
model are described as follows:

1) Pedagogy construct:

Pedagogy is a significant aspect to measure, as proposed by
[36]. Pedagogy constructs represent the degree to which an
application contains educational content and performs
appropriate tasks to deliver educational content by following
the concept of learning in the real world. The essence of
creating GBL is delivering learning content. According to
[23], pedagogy reflected the criteria of excellence in learning
content as well as learning delivery formatted in a mobile
application. This construct measures how well a GBL can
present a real-world learning experience within the game. As
stated by [23], in real-world learning, the learning style of the
learner should be accommodated like the GBL and should be
evaluated during the assessment of GBL quality. And
according to [37], learning content is also a significant aspect
to measure during GBL. This proposed model employed the
learning style and learning content in the pedagogy construct.

TABLEI
RATIONALES FOR PEDAGOGICAL ASPECTS DEFINITION
. Literature
Construct and Rationale
Resources

Pedagogy Construct: The essence of creating GBL [23]
is delivering learning content. This construct

reflected the criteria of excellent learning content as

well as learning deliverance formatted in a mobile
application. This construct measure how well a

GBL is able to present real world learning

experience within the game.

Learning Style Construct: Learning style represent the ability
of the game-based learning to accommodate the spesial
characteristic of their learner. Learning style constructs is
proposed as a Hierarchical Component Model served as higher
order component. The lower order component consist of several
constructs as follows:

Learner: The personal characteristics of learner [21]
comprising: age, particular methods how they [26]
learn, learning background, learning style and [38]

learning preferences influenced the learning process

using GBL.

Preferences: During GBL intervention, learner and [23]
instructor preference should be considered. [36]




Construct and Rationale Literature
Resources

According to [17], there are various learning styles; [25]

therefore, different learner will need different [29]

preference, for example, preferences on educational
medium. This construct also deals with
personalized  learning, where  personalized
educational games that met the learning style of
learner significantly benefited the students
compared with the educational games that did not
meet their learning style.
Learning Content Construct: Learning style construct represent
the degree of the learning content quality and how flexible
learning content serve their variative learner. Learning content
served as higher order construct consist of some lower order
constructs as follows:
Content Quality: To ensure the quality of the
learning content, m-GBL should meet several
requirements for their content:
1. The learning content should be available within
the game.
2. Learning the content should be an easy process.
3. The learning objective of the game is achieved.
4. The content is understandable.
System Adaptation: Learning deliverance could be
accommodated into the gameplay in several ways.
First, the mode that customizes the game according
to the student's learning style is identified by using
a learning style questionnaire, and a mode that has
an in-game adaptive system that dynamically and
continuously adapts its content according to the
student's interactions in the game.

[37]

(23]

2) Learning style construct:

The second aspect of the pedagogic dimension is Learning
style. Learning style is divided into three attributes: Learner,
Preferences, and Personalized Learning. This attribute is
proposed to facilitate the development of items for learning
style. The description and items for each attribute are
presented below:

o Learner

According to[21], a significant aspect of evaluating m-
GBL is learner specification. The successful game should
consider several key factors, including demographics,
personal knowledge of Information and Communication
Technology, and users' gaming experience. An m-GBL
should integrate those issues into its game development to
enhance the efficiency of delivering learning content.
Research by [26], support the use of learner dimensions and
propose that, on the demographic item, age is a factor that
should be considered during the development of game-based
learning. Very similar aspects are also proposed by [38],
suggesting three constructs for game-based learning
evaluation: pre-game, in-game, and post-game constructs. It
defined socio-demographics, including sex, nationality, age,
previous experience, and skills associated with computer,
game, and digital learning environments, as attributes for
measurement.

e Preferences

According to [23], an evaluation framework for active
GBL should consider seven categories of evaluations. They
are Learner Performance, Perceptions, Preferences, GBL
environment, motivation, attitude, and collaboration.
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Particularly in the preference category, [23]proposed that the
personal preference of learners has an impact on the
effectiveness of learning, for example, the preference for the
educational medium used to deliver educational content. Thus,
if game-based learning is used, it should be checked whether
this medium is suitable for the preferences of the learner. A
study by [39] proposed the significance of personal preference,
where a user can choose the difficulty level provided by the
game setting. A good game requires providing this option to
make sure the user has the degree of freedom to play based on
their level of understanding.

Preference also covers a personalized game-based learning
package. Personalized educational games that met the
learning style of the learners significantly benefited the
students compared to the educational games that did not meet
their learning style. Research conducted by [25] supports this
theory. [25] developed personalized game-based learning that
suits the learner's learning style according to the learning style
by Felder and Silverman. The research results showed that
personalized games increased learning motivation and
improved learner achievement. [29] supported the previous
study by suggesting the relationship between Game Genres,
Learning Techniques, and Learning Styles. Research by [29]
has shown that a learner's learning style, as defined by Honey
and Mumford, influences the most suitable game genre for
that individual. For example, an "Activist " learner is more
suited to playing multiplayer, action, or role-playing games
than adventure or simulation games, which are more suitable
for a "Reflector" student. From the results of this research, it
is essential to design and select the genre that matches the
learner's learning style to give maximum advantages during
learning activities [see Table 2 for the references]. In addition,
[39] explained that a good educational game should be
equipped with self-learning process support. By
implementing this self-learning support, users can learn the
game's content independently.

TABLEII
POSSIBLE GAME GENRE-BASED ON USER'S LEARNING STYLE BASED ON [29]

Learning Possible Game Genre

Style

Activists Multiplayer interaction, action game, role-
playing game

Reflectors Concentration game,
adventure game, a simulation game

Theorists Strategies game, a simulation game
Puzzle

Pragmatists Puzzle game, building game, constructing

game, reality testing game, detective game

3) Learning Content Construct

The third aspect of the pedagogic dimension is Learning
Content. This aspect deals with the quality of the learning
content to meet the primary objective of game-based learning.
Learning content aspect is divided into two attributes: Content
Quality and Game Genre. The description of each attribute,
along with its items, is described below:

o Content Quality

According to [37], the learning content aspect may consist
of 4 items, they are : (1) the availability of learning content in
the game, to fulfill the definition of game-based learning, it a
must that intended learning content is available within the



game-based learning, (2) Learning the content should be an
easy process, for its intended users, learning the content using
the game should be an easy activity, it means the utilization
of game-based learning provide more opportunity for the
intended user to learn easily, (3) The learning objective from
the game is achieved, utilization of game-based learning
should not change the learning objective that should be
accomplished as the learning took place in the real world, and
finally (4) The content is understandable, the process of
formatting learning content into game-based learning form,
should guarantee that the content is still understandable to its
intended user.

o System Adaptation

According to [28], to accommodate the learner's learning
style, two approaches can be taken: adaptability and adaptivity.
In the Adaptability mode, the game-based learning from the
beginning of the development is explicitly customized
according to a particular selected learning style [40]. Therefore,
the game-based learning in this adaptability mode is equipped
with an option that allows the user to customize the game
according to their preference. On the contrary, adaptivity leads
the game-based learning into the concept of a user adaptive
system, that, through the characteristic of interaction performed
by the user, the system can detect and define the learning style
and set the system preference to suit that user preference, which
means the user implicitly influences the system preference [41].
Finally, game genre also plays an essential role in giving user
adaptation flexibility. According to [42], to deliver a particular
game objective, it is necessary to select an appropriate game
genre. For example, if the learning objective is about decision-
making skills, then a role-playing game or a strategy game
genre is suitable. On the other hand, if the learning objective is
classified as memory or repetition skill, the puzzle or quiz
games are appropriate [see Table 3 for reference].

TABLE III

THE RELATIONSHIP BETWEEN LEARNING OBJECTIVES AND GAMES
GENRE/TYPOLOGY [22]

Learning Objective g:;z(s,/l:;?grogy Number of players
Memory/ repetition/ Drill and practice, One vs. PC
retention Quiz games, Puzzle

games
Dexterity/ spread/ Shoot’em up Beat’em One or one vs. one
precision/ motoric up

(Combat/fight games)

Driving games

Simulation games
Applying Sport games One vs. PC
concepts/rules Action games

Driving games
Drill and practice

utilized. GQM is the goal-driven method to develop and
maintain useful metrics, comprising three parts: Goals,
Questions, and Metrics [32]. The initial step from GQM is to
identify the goals of the measurement. All attributes shown in
Table 1 will be the goals of our GQM model. From there, the
question is carefully constructed, and it is necessary to ensure
that all questions are measurable. Furthermore, metrics
containing the essential information to answer the question is
described. Following the work presented by [43], the attribute
from Table | serves as quality characteristics, and from there,
the goal and guideline can be constructed as seen in Table 4.

TABLE IV

COMPLETE GQM MODEL TO EVALUATE EDUCATIONAL DIMENSION

Quality

Characteristic

Goal

Guidelines

Pedagogy

educational content
availability and
appropriate content
delivery

It is easy to learn using
this game, based on your
level of ICT skill. Enjoy
learning with a game-
based learning format. It
is easy to learn using this
game, based on your level
of ICT skill.

Learning Style

Learner

Age compatibility

The game-based learning
is developed for a
particular age group. The
game-based learning is
developed with
consideration of this age
group's characteristics

Familiarity with ICT

The game-based learning
accommodates the level
of ICT familiarity of the
particular user.

Gaming Experience

The game-based learning
accommodates the level
of gaming experience of
the particular user

Preference

Desirable medium
for delivering
educational content

Game-based learning is a
desirable medium based
on the user’s choice.

Game-based
eLearning meets
user preferences in
choosing the
learning media

User is comfortable with
the game-based learning
as a learning medium

Level of difficulty
selection

The game-based learning
provides an option for
difficulty level selection.

Game genre
compatibility with
the learner’s
learning style

The genre is chosen
according to the user’s
learning style based on
tables from [14]

Decision making
(strategy + problem
solving)

Strategic games
Adventure Games
Role play games
Simulation Games

One in connection
with other players/
opponents

Social interaction/
values Cultures

Strategic games
Role play games
Simulation Games

the game provides
facilities to learn
educational content
independently.

The game-based learning
enables users to learn the
content independently
when tutors are
unavailable.

many players

Learning Content

Content

Ability to learn/self-
assessment

Role-play games
Simulation Games

one Quality

After completing the items for each construct as depicted

Availability The learning content
should be available in the
game

Easiness Learning through the

game should be an easy
process

in Table 1, the next step is creating the measurement metrics.
To create the measurement metric easily, the GQM model is
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Quality Goal Guidelines cont_1 Is the educational content available in the game?
Characteristic cont 2 Is it easy to learn educational content through the game?
Achievability It is possible to achieve cont_3 Does the user achieve the learning objective by playing
the learning objective by the game?
employing the game cont 4  Does the user understand the learning content formatted
Understandability The learning content is in game-based learning?
still understandable, System Adaptation
though it was converted adapt 1  Does the game offer customization options to align its
into the game format behavior with the user's learning style?
System Adaptability The game shows some adapt 2 Is the game capable of detecting the user's learning style
Adaptation level of customization and automatically adjusting the game settings to match
according to the it?
appropriate learner's adapt 3  Is the game genre chosen according to the appropriate
learning style learning objective based on tables from Dondi and
Adaptivity The game is capable of Moretti, as:

detecting user's learning
style and automatically
change the game setting
into a suitable learning
style

game genre chosen
according to the
appropriate learning
objective based on tables
from.

Game Genre

The guideline from Table 4 is significant in constructing
the question measuring each attribute. Complete question for
all measurement items is presented in Table V below:

TABLE V
LIST OF QUESTIONS BASED ON PROPOSED MODEL
Pedagogy Constructs
Code Question detail
ped_1 Can you understand the learning content easily through
the games?
ped_2 Are you enjoying learning with a game-based learning
format?
ped_3 Is it easy to learn using this game based on your level of
ICT skill?
Learning Style Constructs
Learner
learn 1 Is there any information about the user's age restriction?
learn 2 Does the game accommodate the "look" and " feel" of the
game based on its users' age category?
learn 3 Is the low ICT skill sufficient to play the game?
learn_4  Is the low Gaming experience sufficient to play the
game?
Preferences
pref 1 Do users prefer game-based learning as a medium for
delivering teaching material?
pref 2 Does the game-based learning medium convince the
users to deliver teaching material?
pref 3 Does the game provide the option for the user to select
the level of difficulty?
pref 4 Is the game genre chosen according to the user's learning
style based on tables from [14], for example:
a)  Multiplayer interaction, action game, and role-
playing game for an active learner.
b) Concentration game, adventure game, a simulation
game for reflective learners
c) Strategies game, a simulation game, a Puzzle for the
Theorist Learner
d) Puzzle game, building game, constructing game,
reality testing game, detective game for a pragmatist
learner
pref 5 Does game-based learning enable users to learn content

independently when tutors are unavailable?
Learning Content Construct
Content quality
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a) Shoot them up games, beat them up games,
combat/fighting games

b) Driving games, Simulation games to train
motoric/dexterity/spread/decision skills.

c) Sport Games, driving games, drill and practice games
to train or learn to apply concepts/rules.

d) Strategic games, adventure games, RPG (Role

Playing Games), Simulation Games to train or learn
Decision Making (Strategy and Problem solving)
Skill.

III. RESULTS AND DISCUSSION

A. Construct of the Proposed Model

During the construction of the proposed model, the
learning style construct and the learning content construct
employed the Hierarchical Component Model (HCM)
concept, in which they served as higher-order components
(HOC) summarizing their respective lower-order component
(LOC) as depicted in Figure 2. In this case, this research
employed a hybrid approach by [44]and [45] to determine an
indicator for the HOC. The hybrid approach suggests
randomly splitting the lower-order indicators in half, using
them as items or indicators for the higher-order constructs.

Lﬁwur Order

R Higﬁer Order
Construct I Construct
1
1
Leamer 1
]
1
1
1 Leaming
Style
]
1
Preference :
1
1
¥
18 Pedagogy
]
]
]
Content '
Quality
]
Leamning
I Content
]
]
System i
Adaptation I
]
1
Lower Order I Higher Order
Construct 1 Construct
]

Fig.2 Constructs for the proposed model



Following the Hybrid Approach, the items from the Lower
Order Construct are split in half and added as items for the
higher-order constructs. Hence, the Learning Style construct
took learn 2, learn 3, pref 4, pref 5 as its items, while the
Learning Content construct took cont_1, cont 4, adapt_3. The
complete model showing all indicators for every construct is
depicted in Figure 4. From this model, six hypotheses can be
drawn:

H1: Learner positively affects Learning Style

H2: Preference positively affects Learning Style

H3: Content Quality positively affects Learning
Content

H4: System Adaptation positively affects Learning
Content.

H5: Learning style positively affects usability on the
pedagogy aspect.

H6: Learning Content positively affects usability on the
pedagogy aspect.

Before sending the questionnaire to the subjects, a
scenario was created to get the best result:

e To deal with order bias, two versions of the

questionnaire were made with different random orders
of 19 items.
To tackle the reliability, boost from unnatural high
correlations where participants answered consecutive
questions using adjustment or anchoring, some items
are displayed separately from their correlating
constructs.

learn_2

learn_1
learn_4

Learner

pref_1
pref 2

pref 3
Preference

cont_2

—
k’______._—

cont 3

Content Quality

adapt_1

adapt_2

adapt_3

System Adaptation

cont_1

Learning Style

farningl Content

e And for the measurement scoring, a five-point Likert
scale (1= strongly disagree, 2=disagree, 3= neutral,
4=agree, S=strongly agree) is employed

B. Subjects of Questionnaire

This measurement instrument was purified by analyzing its
validity and reliability. Following [46], the initial version
contains 16 questions and a rule of thumb for factor analysis
requires a minimum observation of five times the number of
question items in the questionnaire, so that the number of
subjects needed is at least 80 participants. Data were collected
from 270 undergraduate students from the Faculty of
Computer. The undergraduate students are selected for
subjects for two main reasons: they are familiar with game-
based learning and have insight into pedagogy concepts. The
demography of the participants is depicted in Figure 3. All
participant is instructed to play the selected game-based
learning named “Toon Math: Endless Run and Math Games”,
an endless running game to learn basic operations in math,
installed on their phone, and then started to complete the
questionnaire.

Subjects Gender Distribution Age Distribution

less then
20
29%

Female
36%

Male
64%

Fig. 3 Distribution of participants based on gender and age

ped_1

ped.2

Pedagogy
H6

cont 4

Fig. 4 Initial version of LECOPELESE model

To conduct model validation, Confirmatory Factor
Analysis (CFA) is utilized to calculate the construct validity
of the questionnaire. CFA indicated how well the underlying
indicators explained the related construct. It means whenever
the correlation of the items is relatively high, it can be
concluded that the construct validity is assured [46].
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1) Face validity: According to [47], every item used to
measure proposed constructs is required to show the ability to
measure the underlying construct, which is called face validity.
This research provided validity by ensuring the subjects
chosen were familiar with game-based learning and
knowledgeable about the learning approach. The selected



subjects are students in a computer science program, familiar
with different kinds of learning media, and have been exposed
to pedagogy insights from their curriculum.

2) Item validity: This research utilized factor loading as
an item validity indicator. Factor loading is an indicator
showing how much particular items weigh on underlying
constructs. By multiplying the factor loading times the
observed variable score, the factor loading can serve as a
validity coefficient, indicating how much of the score
variance of observed constructs is valid [48]. According to
[46], standard loading calculation should be above 0.50 and

ideally is 0.70 or higher. This high loading would indicate that
the items converge on the underlying constructs and show
high convergent validity. Ideally, items showing a loading
value of less than 0.7 would be deleted. This resulted in three
items: learn 2, pref 4, and adapt 3 being deleted. However,
there are some items with loading values less than 0.7 that are
not deleted. These items (marked with *) were retained
because the Composite Reliability (CR) and AVE (Average
Variance Extracted) values for the construct of these items are
high enough for the underlying items (CR> 0.7 and AVE>
0.5) [34], as seen in Table 8.

TABLE VI
INDICATORS WITH ACCEPTED LOADING VALUES

Content Quality Learner  Learning Content

Learning Style

Pedagogy Preference System Adaptation

adapt_1
adapt 2
cont 1
cont 2
cont 3
cont 4
learn_1
learn 3
learn_4
ped 1
ped 2
ped 3
pref 1
pref 2
pref 3
pref 5

0.789
0.826
0.812
0.841
0.944

0.76

0.962
0.554*

0.943

0.714

0.785

0.621*
0.838
0.852
0.57

0.598*

3) Composite reliability: This research used Composite
Reliability (CR) to determine internal consistency reliability of
the constructs' items. CR value is an indicator that shows how
well items/indicators describe their underlying constructs. And
according to [48], the threshold value for this CR is 0.7, and the
value above 0.7 is required to show how a construct is well
described by its respective indicators. This research did not
utilize Cronbach's alpha for two particular reasons: (1) CR does
not assume that all indicator loadings are equal in the
population. It is by the PLS-SEM algorithm principle, where
indicators are prioritized based on their reliability during the
model estimation. (2) Cronbach's alpha is sensitive to the
number of items and generally underestimates internal
consistency reliability [46] ,[48] . As presented in Table 8, the
composite reliability for all observed constructs is assured by
the value of the composite reliability greater than 0.7.

TABLE VII
COMPOSITE RELIABILITY AND AVE FOR ALL OBSERVED CONSTRUCTS

Composite Average Variance
Reliability Extracted (AVE)
Content 0.803 0.67
Quality
Learner 0.845 0.734
Learning 0.799 0.665
Content
Learning 0.759 0.623
Style*
Pedagogy* 0.751 0.504
Preference 0.804 0.584
System 0.75 0.616
Adaptation*
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4) Convergent validity

Another measurement can be calculated to measure how
closely two constructs are related to each other. This
measurement showed how two constructs relate or converge.
This is called convergent validity and is established by
comparing the observed score of one indicator in a particular
construct with that of other indicators within the same
construct. Convergent validity would reflect the high
correlation between values of these indicators [46].

To confirm convergent validity, the Average Variance
Extracted (AVE) score is established. [46] defined AVE as:” the
average squared completely standardized factor loading or
average communality” and is calculated for all latent variables in
the measurement model. And an AVE greater than or equal to
0.5 is acceptable since a value less than 0.5 indicates more error
remains, on average, in the items than the variance explained by
the factor structure that was measured. This research calculated
the AVE value as seen in Table 8, and the result showed that all
constructs performed with an AVE value greater than 0.5,
indicating all indicators for the underlying constructs are highly
correlated or converged to their respective constructs.

5) Discriminant validity

On the other hand, discriminant validity showed opposite
measurement. Discriminant validity indicates how a
construction discriminates or differentiates from other
constructs that it is not supposed to correlate with.
Discriminant validity is defined by showing that items or
indicators of a construct perform low correlation with or are
“dissimilar” from other constructs [47].



TABLE VIII
DISCRIMINANT VALIDITY BASED ON THE FORNELL-LARCKER CRITERION FOR ALL OBSERVED CONSTRUCT

Content Quality  Learner  Learning Content Learning Style Pedagogy Preferences System Adaptation
Content Quality 0.819
Learner 0.31 0.857
Learning Content 0.566 0.304 0.815
Learning Style 0.384 0.857 0.354 0.789
Pedagogy 0.575 0.591 0.912 0.65 0.71
Preference 0.325 0.259 0.445 0.299 0.472 0.764
System Adaptation 0.256 0.114 0.294 0.177 0.299 0.246 0.785

Usually, convergent validity and discriminant validity are
assessed jointly for a set of related constructs. Discriminant
validity was evaluated according to the Fornell-Larcher
Criterion. It is at a satisfactory level if the square root of the
AVE from the constructs is greater than the correlation shared
between the construct and other constructs in the model [48].

Table 6 indicates that in all observed constructs, discriminant
validity is assured and recognized.

C. Analysis

From the previous sections, it is shown that the model has
met the reliability and validity requirements. The next step is
to test the proposed hypothesis, as follows:

TABLE VII
PATH COEFFICIENT FOR THE PROPOSED MODEL

(Si);:ng;:ll:l( 0) I%’?;I;EIFM) Standard Deviation (STDEYV) 5(?/?’?35310 P Values
Content Quality -> Learning Content 0.525 0.528 0.051 10.346 0
Learner -> Learning Style 0.836 0.839 0.045 18.672 0
Learning Content -> Pedagogy 0.779 0.78 0.048 16.156 0
Learning Style -> Pedagogy 0.375 0.372 0.046 8.111 0
Preference -> Learning Style 0.083 0.084 0.054 1.52 0.129
System Adaptation -> Learning Content 0.16 0.164 0.057 2.795 0.005

1) Path Coefficient: By conducting a bootstrap
calculation on smartPLS, the path coefficient for the proposed
model is shown in Table 7. From this table, it is demonstrated
that respective path coefficient values for learning content—
pedagogy and learning style — pedagogy are 0.77 and 0.37,
and all constructs showed significance, indicated by their P
values. A low significant value is demonstrated by the
preference — learning style relationship, with a 0.083 path
coefficient value and a 0.129 P value (above 0.05). See Figure
5 for a complete path coefficient representation.

TABLE VIII
COLLINEARITY AMONG VARIABLES
- g

E g B g
8 &) ©n o <
ot on o ) g <
=] 3 .8 .g °) 15 =
= = = = g &8 2
& 8 8 8 T 2 2
O — — — o =9 n

Content Quality 1.07

Learner 1.072

Learning Content 1.143

Learning Style 1.143

Pedagogy

Preference 1.072

System Adaptation 1.07

2) Variance Inflation Factor (VIF): To identify
multicollinearity issues within the proposed model, the VIF
value is calculated. As shown in Table 8, all values presented
are below 5, indicating that all values are accepted (no
collinearity issues found). As shown in Table 9, R-Square
(coefficient of determination) for the relevant construct is
presented; consecutively, the values for Learning Content,
Learning Style, and Pedagogy are 0.344, 0.741, and 0.941.
Strong results are found on Learning Style and Pedagogy,

while Learning Content obtains weaker results. Since the
model uses multiple independent variables, it is necessary to
evaluate the value of Adjusted R Square. The consecutive
values for Learning Content, Learning Style, and Pedagogy
are 0.339, 0.739, and 0.953. The values indicate a strong
emphasis on Learning Style and Pedagogy; however, they
show a weak/low value on Learning Content.

TABLE IX
COEFFICIENT OF DETERMINATION
R Square R Square Adjusted
Learning Content 0.344 0.339
Learning Style 0.741 0.739
Pedagogy 0.954 0.953

3) Final model: By analyzing the path coefficient and P
values of the proposed model, as seen in Table 7 and Figure
6, the conclusion regarding the hypothesis can be drawn as
follows:

The hypotheses showing the high impacts are:

o HI: Learner positively affects Learning Style

e H3: Content Quality positively affects Learning
Content

o H6: Learning Content positively affects usability on the
pedagogy aspect.

o While lower impacts are found on the following
hypotheses:

o H4: System Adaptation positively affects Learning
Content.

o HS5: Learning style positively affects usability on the
pedagogy aspect.

And finally, with 5% confidence level, H2 showed no
significance, indicated by its P values and T-statistics, so H2
is rejected. This research utilized data from university
students. To collect more precise data, this research suggests



that future studies can be conducted by collecting data from
several respondent groups: schoolteachers, parents, and
students who are the direct users of the selected game-based
learning. By completing the subject from those particular
groups, the validation model may result in a more accurate
statistical analysis. Furthermore, the game used in data
collection is a game with an endless run mode and delivers
math for elementary students. It only has simple display and

learn_1

¥-150.896
13.313
learn_d4 4
0.836 (0.000)
Learner
pref_1 0.083 (0.123)
. 14.048
pref 2 4—16.809 —
—
5.220
pref_3
Preference
con
2 23641
25482
cont_3 4
0.525 (0.000)
Content Quality
0.160 {0.007)
adapt_1
P 29252
3706
adapt_2 —

System Adaptation

learn_3

X

B0.104

Learning Style

gameplay. More complex game-based learning can be used to
measure more usability issues and produce more in-depth and
complex data analysis. And finally, since there are no exact
rules on how many indicators should appear on each
construct, indicators for the proposed model vary from only
two items to four items. The development of the next model
can add up to five indicators in each construct, to create more
flexibility during the validity and reliability testing process.

pref_5

g

74

/

0.375 (0.000)
ped_1

ped_2

ped_3

Pedagogy
0.779 (0.000)

Learning| ConteRgt
237247 38515

cont_1 cont_4

Fig. 5 Path Coefficient and P-Value for the proposed Model

Figure 5 depicts the final version of the lecopelese model.
This figure showed two values for connecting constructs. The
first value indicates the path coefficient, and the second value
indicates the p-value. For example, the values for learning
content to pedagogy and learning style to pedagogy are 0.779
(0.000) and 0.375 (0.000), respectively. The table indicates
that the path coefficients for learning content to pedagogy and
learning style to pedagogy are 0.77 and 0.37, respectively,
with all constructs demonstrating significance as reflected in
their P values. The preference for learning style shows a lower
importance, with a path coefficient of 0.083 and a P value of
0.129, which is above the 0.05 threshold.

IV.CONCLUSION

This research proposes a model that utilizes a pedagogy
construct to determine the quality of game-based learning.
This construct reflected the criteria of excellent learning
content as well as learning delivery formatted in a mobile
application. This construct measures how well a GBL can
present a real-world learning experience within the game.
This research also suggests that the pedagogy degree is
influenced by two significant factors: the ability of the
game-based learning to accommodate the special
characteristic of their learner (learning style) and the degree
of the learning content quality and how flexible learning
content serves their variative learner (learning content).
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Furthermore, this research showed that the learning
content and learning style do have significant effects on the
pedagogy construct. Enhancing or increasing the quality of
learning content and learning style will improve the quality
of the pedagogy element of game-based learning. In
addition, this research has developed the LECOPELESE
measurement scale, which can be used to measure the
pedagogy factor and assess the quality of game-based
learning from a pedagogy perspective.
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