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ABSTRACT Fuzzy Analytic Hierarchy Process (Fuzzy AHP), a multi-

The rapid advancement of technology has led to a surge in
popularity for digital games, prompting training and
educational institutions to incorporate them into their
curriculums as educational games, commonly referred to as
"serious games". These games provide learners with the
opportunity to develop knowledge and skills in a fun and
interactive manner by virtually recreating learning situations.
However, in order to effectively adopt serious games, it is
essential to obtain solid evidence of their quality. To address
this issue, an evaluation system for serious games is proposed,
based on four essential dimensions that a game must satisfy to
effectively fulfill its intended purpose. These dimensions have
been validated and weighted according to the context of use
using the fuzzy AHP method. The system was tested on a
serious game called "ROBOCODE," which was validated by
an educational commission and used by first-year students at
Hassan Il University. The results showed the usefulness and
relevance of the proposed evaluation system in assessing the
adaptability of Serious Games.
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1. INTRODUCTION

Over the years, educators have often overlooked the potential
of games as an educational tool. However, with the rapid
growth of the gaming industry and the unique characteristics of
the current generation, there has been a growing interest in the
use of Serious Games for educational purposes. According to
[1] and [2], Serious Games offer several advantages, including
engaging and motivating learners, providing immediate
feedback, promoting the development of critical thinking and
problem-solving skills, and facilitating active learning.

These Serious games vary widely in content and quality, and
evaluating their pedagogical, technical, and ludic aspects is
essential to ensure their effectiveness and appropriateness for
specific educational contexts [3]. Unfortunately, there is
currently no consensus on a model or tool for evaluating
Serious Games specifically for learning purposes [4]. This lack
of consensus makes it difficult to determine the effectiveness
and appropriateness of Serious Games in different learning
contexts.

Therefore, the objective of this article is to propose a system
for evaluating Serious Games based on four necessary
dimensions that a Serious Game must meet to fulfill its
intended purpose.

These dimensions include pedagogical, technical, ludic, and
behavioural dimensions, are weighted and validated using the

criteria  decision-making method that ensures internal
consistency when evaluating the Serious Game based on its
intended context, providing a reliable evaluation system.

2. STATE OF THE ART

Since the creation of Serious Games, several researchers have
attempted to address the various challenges associated with
them. Among these challenges is the issue of evaluation, as
without proper evaluation, it would not be possible to integrate
Serious Games into learning situations effectively. To this end,
numerous researchers have focused their efforts on this subject
and have developed frameworks and approaches aimed at
providing practical solutions. These approaches can be
classified as follows:

Approaches based on player performance: These
approaches measure player performance based on the game's
objectives (skills, knowledge acquisition, etc.) [5] [6].

User experience-centered approaches: These approaches
evaluate the player's interaction with the game, including
smoothness, usability, and design appeal [7] [8].

Engagement and motivation evaluation: Player engagement
and motivation are essential to determine whether the game has
successfully captured attention and maintained interest
(Engagement surveys and behavioral studies) [9] [10].

Educational and learning approaches: This approach
evaluates the effects of a Serious Game on players' knowledge,
skills, or attitudes (Pre-test/post-test, case studies,
questionnaires on learning outcomes, etc.) [11] [12].

Evaluation of social and community impact: This approach
evaluates the impact of the game on behavioral or social
changes within the target community [13] [14].

Approaches based on qualitative feedback (qualitative
analysis): Qualitative evaluation explores players' perceptions
and gathers their opinions, emotions, and reflections on the
game [15] [16].

Experimental and quasi-experimental approaches: These
approaches compare the effects of a Serious Game with a
control group to evaluate its effectiveness. [17] [18]

Approaches based on the validation of theoretical models:
This approach aims to validate a theoretical model of learning,
engagement, or motivation through Serious Games

(SDT — Self-Determination Theory) [19].

Approaches based on technology and data analysis: Use of
advanced analytical tools to study how players interact with the
game, often within a Big Data framework (Analysis of game
data logs, player progression and choices, analysis of player
behaviors in virtual worlds) [20] [21].

32



Approaches based on heuristic evaluation: Experts evaluate
the game based on predefined criteria, such as playability,
interface clarity, and pedagogical consistency [22] [23].

In this paper, the focus is on works and studies that have
concentrated on evaluating the quality and effectiveness of
Serious Games, as well as those that have presented a holistic
evaluation.

2.1 Quality evaluation of a Serious Game
Since the emergence of Serious Games, evaluation has been a
critical issue that needs to be addressed to ensure their effective
adoption in learning situations. A variety of evaluation
frameworks and methodologies have been proposed by
researchers to address this challenge. One critical aspect of
evaluating Serious Games is their quality, and several
researchers have proposed evaluation approaches that provide
solid evidence of their quality from different perspectives.

An evaluation and analysis grid was proposed to assess the
quality of Serious Games for educational purposes [24]. The
grid consists of four sections: Identification of the Serious
Game, Pedagogical specifications, Fun specifications, and
Technical specifications. The evaluation results revealed that
each Serious Game possesses unique strengths and weaknesses,
yet they all exhibit unmet requirements within the educational
sphere, especially concerning the monitoring of learners'
progress.

In addition, [25] proposed a methodological evaluation tool
named MEDGE for integrating Serious Games in education.
This tool is a simplified version of an evaluation framework
that uses different data collection techniques, such as surveys,
examinations, observation and reflection, to identify the
different parameters influencing the qualitative integration of
Serious Games in the classroom. More than 62 teachers in
different countries have tested the methodology, but the results
were inconclusive about its ability to lead to appropriate
evaluations between the Serious Game and its educational
objectives.

Similarly, [26] proposed quality indicators to analyze the
quality of Serious Games under design from different angles,
including pedagogical quality, playful potential and usefulness
in a formative context. These indicators are inspired by
previous work [27] and [28] but are also homogenized and
granularized to make them easier for designers to quantify.
However, the author did not specify how to validate these
indicators, which could create confusion when using this tool
for evaluating Serious Games.

An evaluation framework was identified for evaluating the
various quality characteristics of Serious Games [29]. This
framework categorizes quality characteristics into primary and
secondary dimensions based on their literature usage and
assesses multiple aspects of Serious Games, including
usability, comprehensibility, motivation, commitment, and
user experience. The findings of the study highlighted an issue
with comprehensibility, and it was suggested that the use of
tutors or the addition of tutorials could assist users in
understanding the objectives, concepts, and procedures of
Serious Games.

Finally, [30] developed a model named MEEGA+ that provides
comprehensive support for quality evaluation of Serious
Games. The model was validated following a reliability and
validity analysis based on the data collected from case studies
involving a population of 1048 computer science students, as
well as on the perspectives of 19 experts in educational games.
The study indicates that MEEGA+ is a valid and reliable
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method that provides systematic support for quality evaluations
of Serious Games.

2.2 Efficiency evaluation of a Serious

Game

There is a consensus that Serious Games have significant
potential as a teaching tool, but their effectiveness in terms of
learning outcomes is still being studied due to the complexity
of evaluating intangible measures. However, some researchers
have proposed reliable and automated solutions to measure
their efficiency [31].

One such solution is a methodology that uses integrated non-
disruptive monitoring to evaluate the effectiveness of Serious
Games. This methodology facilitates the measurement of
learning outcomes by using automated evaluations instead of
traditional questionnaires outside the Serious Games.
Additionally, it provides a systematic means of evaluation
analysis, which can complement formal experiments to
measure the effectiveness of Serious Games [32].

For her part, an evaluation-based design framework was
presented [33], which provides guidance for planning and
conducting a Serious Game evaluation. This framework
highlights the role of assessing the effectiveness of Serious
Games in terms of their objectives, rather than just simple
usability tests. While this framework does not measure whether
the Serious Game is effective in relation to its designated
objective, it provides a basis for constructive discussion and
draws attention to the fact that the intended impact should be at
the center of the design process of a Serious Game.

In addition, a framework called the serious game stakeholder
experience assessment method (SGSEAM) was described [34],
which uses the strategy of simultaneous triangulation of mixed
methods of collection and analysis of quantitative and
qualitative data [35]. SGSEAM does not judge a Serious Game
according to one standard or compare it against another, but
instead identifies the main strengths and weaknesses of a
Serious Game from the perspective of the main stakeholders,
including players, system administrators, game designers,
game managers, and developers. For each stakeholder, a set of
questions and approaches are proposed.

The SGSEAM evaluation case study on the Serious Game
dedicated to sustainability (Makahiki) provides concrete
indications on how to improve this Serious Game for
stakeholders. However, the study's small sample size limits the
confidence in the data obtained, which is a disadvantage.

2.3 Holistic evaluation of a Serious Game

Recognizing the complexity of evaluating Serious Games,
researchers have developed initial frameworks for their holistic
evaluation, many of which provide observations on the generic
way to evaluate them. One such framework was proposed by
[36], who developed a toolkit for evaluating Serious Games by
defining generic criteria for evaluation and analysis. The
criteria are presented under a list of features that group together
(Scripting, Game Theory, Pedagogy), which are essential for a
good methodological evaluation of Serious Games. The
methodology was tested on several Serious Games available on
the web, and the results were satisfactory in terms of the
information needed for the adoption of a Serious Game in a
learning process. However, the methodology needs to be
refined to rank Serious Games according to the skills and
knowledge offered and the priority in a given learning situation.
Another framework was developed by [37], which includes a
generic evaluation methodology for Serious Games that
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resolves the dilemma between generality and standardization
necessary for comparative research based on theory,
specificity, and flexibility necessary for the evaluation of
singular cases. The framework consists of eight essential steps
and provides the most comprehensive evaluation
recommendations for Serious Games. However, it is limited to
the extent that learning outcomes are given the highest priority
in assessment, with relatively less attention to Serious Game
systems considerations. A Serious Games evaluation
framework was proposed [38], emphasizing baseline
evaluation in each of the four key conceptual areas: theoretical,
technical, empirical, and external. This framework provides
guidelines that highlight the importance of anchoring an
evaluation strategy in each of the four conceptual areas, making
it valuable for future researchers and practitioners interested in
leveraging Serious Games as an effective training tool.
Although there is a range of evaluation criteria addressed in
different frameworks and methodologies dedicated to the
evaluation of Serious Games, there is no consensus on a very
specific evaluation approach because each evaluation approach
has strengths and weaknesses. While the methodology
proposed by [37] is positioned as the most comprehensive
approach [39], no information on its applicability and validity
has been found. On the other hand, the Serious Game
evaluation model named MEEGA+ proposed by [30] is the
most applied and evaluated Serious Game evaluation model in
the scientific literature, but it cannot generally evaluate all
Serious Games, requiring other specific criteria [40]. Thus, a
more consistent and uniform approach is needed to
systematically evaluate Serious Games not as a training tool but
as the culmination of a project to develop a tool dedicated to
use in a formative context.

3. SERIOUS GAMES EVALUATION
SYSTEM DIMENSIONS

Building on the state of the art presented earlier, it is concluded
that a more coherent and unified approach is needed to
systematically evaluate Serious Games, not only as a training
tool but also as a project focused on developing tools
specifically designed for use in training environments. To
address this need, the proposed Serious Game evaluation
system is based on four main dimensions: pedagogical,
technological, ludic, and behavioural. Each dimension will be
measured according to well-defined criteria.

3.1 Pedagogical dimension (PD)

The objective of this dimension is to evaluate the pedagogical
content provided by a Serious Game. It is essential that the
pedagogical content of a Serious Game is well balanced to
create harmony between gameplay and learning objectives. The
following table (Table 1) describes the criteria used to evaluate
this dimension.

Table 1. Pedagogical Dimension (PD)
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Which refers to the educational content provided
by a Serious Game. It is essential that the
educational content of a Serious Game is well
adjusted and balanced. According to [43], the
Serious Game must be designed appropriately to
create harmony between the game and the
learning objectives.

(9d) uolesapISu0d
|ea1bobepad

Learning outcomes are the knowledge and skills
that users acquire through their interaction with
a Serious Game. Many studies first evaluate the
learning outcomes of a Serious Game before
examining other dimensions or characteristics.
Analysis of these learning outcomes is often
done using both qualitative and quantitative
methods [44-45].

In some studies, learning outcomes have been
categorized into different types such as
cognitive, motor, affective, and communicative.
For example [46] divided learning outcomes
into these four categories.

(471) ynsau Bulutea]

Serious Games must allow learners to make
mistakes so that they become aware of the
consequences of their actions [47]. The game
should then suggest the appropriate solution to
guide learners back to the right path of learning.
In Serious Games, errors are considered a source
of learning and should not be eliminated or
denied, but rather used to enhance the learning
experience [48].

(w3)
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3.2 Technological dimension (TD)

This dimension is important, because a Serious Game must be
very attractive and benefit in its design from the technological
advances of the video game industry. These criteria are
described in the following table (Table 2):

Table 2. Technological Dimension (PD)
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@
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Description

Players need to realize that their skills are at a
level where it is possible to overcome the
challenges of the game. As the difficulty
increases, challenges should require the player
to develop skills to progress in the game and
have fun simultaneously [41-42].

(s1)
SIS paefiel

Criteria Description
The design of a Serious Game refers to its
© | visually appealing and artistic appearance. It is
) 3 | an important factor that can influence user
& 2 | satisfaction and engagement with the game [47-
&' | 49]. The design of the game has been measured
= | and evaluated in various studies.
What can be described as the functioning and
@ | efficiency of a Serious Game is referred to as its
S | performance characteristic. This characteristic
3 | has been measured in studies evaluating the
3 | functionality of the Serious Game [50]. It has
2| also been used to evaluate a Serious Game during
Z it development process [51].
Referring to the interaction that occurs between
C | a user and a Serious Game, it is essential to
@ | design user interfaces for maximum accessibility
(= S | and usability [52]. Researchers have indicated
= £ | that Serious Games are unlikely to succeed
& | without an appropriate and well-designed user
@D .
interface [53].
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Usability has been defined by the international
standard "ISO 9241-11" as "the extent to which
a product can be used by specific users to achieve
specific objectives effectively, efficiently, and
satisfactorily in a given use context [54]."
According to this definition, usability is a
construct that has three  dimensions:
effectiveness, efficiency, and satisfaction.
Similarly, [55] stated that ease of use is
associated with five attributes: learning ability,
efficiency, memorization,  errors, and
satisfaction. Numerous studies have measured
the usability characteristic of Serious Games,
such as [56-57].

(n) Aupgesn
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Table 4. Behavioural Dimension (PD)

Criteria Description

3.3 Ludic dimension (LD)

This dimension encompasses all interactive components of a
Serious Game, aiming to ensure and sustain the learner/player's
motivation throughout the learning process. Its main
measurement criteria are presented in the following table 3:

Table 3. Ludic Dimension (PD)

This refers to the ability of a Serious Game to
impact the user's motivation and encourage its
usage. According to [62], Serious Games
stimulate students' intrinsic motivation by
encouraging curiosity and a desire for challenge.
Additionally [63], in their analysis of previous
studies on the effectiveness of Serious Games,
found that motivational factors were key to the
successful use of Serious Games. The
characteristic of motivation has been measured
and studied in several research works such as
[62-45].

() uonreAnoN

When it comes to involving students in the use
of a Serious Game, engagement sis a complex
issue, as indicated by [64], where the study
considers motivation as the root of commitment.

(E)]
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Criteria Description

The challenge of a Serious Game refers to the
balance between the difficulty level and the
player's competence. It is essential that the
challenges are stimulating enough to maintain
the player's interest, but not so difficult as to
cause frustration. The increase in difficulty must
be gradual and occur at appropriate times to
ensure a smooth learning curve. Introducing new
obstacles and situations throughout the game can
also help minimize fatigue and maintain student
engagement [41].

(D) 8busjreyd

This refers to the emotions, perceptions, and
attitudes of learners towards the use of a
particular Serious Game [65].

(en)
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To improving motivation and engagement,
incorporating elements of fun in a Serious Game
can also promote learning by inducing a positive
emotional state that can enhance memory
retention and knowledge acquisition. Emotions
are known to be a significant factor in the
learning process, and research has demonstrated
that positive emotions can lead to improved
learning outcomes [58]. Fun, in this context, can
be defined as a sensation of pleasure, happiness,
relaxation, and diversion [59].

(4) ung

This dimension encompasses all the experiences
and interactions that a player has while engaging
with a Serious Game [60].

(9)
Kejdawreo

The concept of immersion in a Serious Game
refers to the player's ability to become deeply
engaged and involved in the game, creating a
sense of challenge that is centered on the game
world and causing the player to forget about the
outside world while playing [61].

(1) uoisiawiwi

3.4 Behavioural dimension (BD)

Behaviour is a dimension that encompasses the involvement
and attitude of players/learners towards the Serious Game. The
description of these criteria is provided in Table 4.

The numerous criteria associated with the selected evaluation
dimensions make it challenging for evaluators to determine
their appropriate weighting. This task is further complicated by
the requirement for the weighting to be both objective and
contextually aligned with the use of Serious Games.
Consequently, it was determined that a multi-criteria decision-
making approach would be appropriate for weighting the
dimensions and criteria involved in the evaluation process.

4. CRITERIAWEIGHTING METHOD

Due to the complexity and multitude of criteria involved in the
evaluation of Serious Games, it is essential to weight these
criteria appropriately. To achieve this, a multi-attribute
decision support method (MADM) [66] was considered
necessary. MADM methods have been successfully applied in
various domains, including logistics, education, and
technology, to facilitate informed decision-making by
structuring complex problems and explicitly considering
multiple criteria. However, incomplete and vague information
often requires the inclusion of the theory of fuzzy sets. Fuzzy
sets were first introduced by [67] to mathematically represent
imprecision relative to certain classes of objects. A fuzzy set
consists of values that belong to a particular class with a degree
of certainty. Fuzzy sets are wuseful in modeling
uncertain or ambiguous data commonly encountered in
real-life scenarios and allows for considerable flexibility in
reasoning, making it possible to consider inaccuracies and
uncertainties [67-68]. The combination of fuzzy sets and
MADM methods has been well-suited to manage ambiguity
encountered in multi-attribute decision-making problems. This
combination allows decision-makers to describe the problem
environment and its properties more realistically, thereby
building a rational decision-making model [68]. Since the
evaluation space is discrete, the Fuzzy Analytic Hierarchy
Process (Fuzzy AHP) described by [69] has been chosen for
implementation in the proposed Serious Game evaluation
system. The Fuzzy AHP method utilizes language variables
represented by triangular fuzzy numbers to calculate relative
weights for each measurement of the evaluation dimensions. A
triangular fuzzy number is represented by a triplet (a, b, c) that
respectively gives the lower bound, the modal value, and the
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upper bound of the fuzzy set, as shown in Figure 1.

The height of the set M, denoted as h(M), corresponds to the
upper limit of the membership function of M, which is defined
as h(M) = sup{U_M(x) | x € X}.

The support of M is the set of elements in X that have a nonzero
degree of membership in M. In other words, it is the set
supp(M) = {x € X | U_M(x) > 0}.

The core of M is the set of elements in X that have a maximum
degree of membership in M. In other words, it is the set
noy(M) = {x € X | U_M(x) = 1}.

Un
1 h(v)

noy(M)

0 | m u
' supp(M}

Fig 1: Triangular fuzzy number [68]

Using the fuzzy AHP method, evaluation criteria can be
grouped into different levels and categories based on similar
characteristics by constructing a hierarchical structure. This
ensures logical consistency in the judgments used to determine
the priorities of our evaluation criteria while taking into account
the vagueness and uncertainty in the evaluator's judgments.

5. FUNCTIONAL PRINCIPLE

To use the proposed evaluation tool, the evaluator first defines
the context in which the Serious Game will be used. This
involves assigning weights to the relevant evaluation
dimensions. The validity of these weights is then assessed using
the fuzzy AHP method, which ensures logical consistency and
accounts for any vagueness or uncertainty in the evaluator's
judgments. The evaluation process employs four dimensions
to assess the Serious Game, and the resulting feedback provides
the evaluator with insight into the extent to which the Serious
Game aligns with the intended context of use.

5.1 Evaluation process

The evaluation process for the proposed Serious Game begins
with the evaluator comparing the criteria using linguistic
values. The comparison is then processed to obtain an
appropriate weighting for each criterion in the evaluator's
decision, while maintaining a consistency ratio that does not
exceed 0.10, as required by the Fuzzy AHP method.

Afterwards, students are invited to use the selected Serious
Game and complete a predefined questionnaire provided by the
evaluator. The results are then generated from the analysis of
the questionnaire.

The assessment process is illustrated in Figure 2, which
includes three main blocks:

»  SG: represents the Serious Game to be evaluated.
»  Serious Game Evaluation Tool: consists of several
sub-blocks including:
v/ Linguistic evaluation scale: where the
evaluator expresses pairwise comparisons
between all criteria using linguistic variables.
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v Triangular fuzzy number: where the expressed
language variables are translated into triangular
fuzzy numbers.

v' FMADM: where the fuzzy AHP method is
used.

v MCQ extraction: where a questionnaire is
extracted to evaluate the selected Serious

Game.

v" Presentation of the MCQ: where obtained
questionnaire is presented to students to
evaluate the selected Serious Game.

» Results: includes the evaluation results obtained.

if CR»0.10

) ifCR=<0.10

Fig 2: Serious Games Evaluation Process

6. APPLICATION OF THE
EVALUATION SYSTEM

To test our proposed evaluation system, the Pedagogical
Commission of the Department of Mathematics and
Informatics at the University Hassan 11 of Casablanca approved
an experiment to evaluate the Serious Game "ROBOCODE."
This experiment aims to assess the effectiveness and suitability
of our evaluation system for Serious Games.

6.1 Criteria weighting process

The seven steps involved in the weighting process for Serious
Game evaluation criteria using the fuzzy AHP method are as
follows:

Step 1: Pair Comparison between Criteria

As an evaluator, the first step is to compare the evaluation
dimensions by pairs, assigning a linguistic value to each
comparison. As shown in Table 5, PD was prioritized over all
other dimensions, given that the context is purely formative.
Additionally, the target population is academic and scientific,
and therefore, familiar with new information technologies,
leading us to favor TD over BD and LD. Furthermore, the use
of Serious Game in an educational activity has led us to
prioritize BD over LD. These linguistic values will be then
translated into triangular fuzzy numbersﬁj.
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Table 5. Language Value Mapping — Triangular Fuzzy

Number
- L . Triangular
Pairwise Linguistic Relative fuzzy
comparison value importance number P
high -
(PD, D) importance > [45.6]
high B
(PD. BD) importance > [456]
Very high ~
(P, LD) importance ? [8.9.9]
Moderate 5
(TD, BD) importance 3 [2:34]
high B
(TD, LD) importance > [456]
Equal ~
(BD.LD) importance 1 [1.0.1]

Step 2: Construction of the fuzzy judgment matrix M
The fuzzy judgment matrix, composed of triangular fuzzy
numbers, is defined by aggregating all the triangular fuzzy
numbers P}j, represented as {l;j, mj, uj;}-

(1'111) ﬁU
M=| :
Py - (1LY
With: P.=p=1and P-1 = (L,L,i)
vy U\ my "y

Thus, our fuzzy judgment matrix M :

(1,1,1) (4,5,6) (899 (4,5,6)

111
(—,—,—) A1) (456) (234)
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Step 3: Calculate the consistency ratio

At this stage, the evaluation system may suggest revisiting the
initial comparisons to ensure a consistency ratio of no more
than 0.10, as recommended by [70], to validate the selections
made. The consistency ratio is defined as the ratio between the
consistency index (Cl) of the evaluation matrix and the
consistency index of a randomly generated matrix (RI).

Aax — N Ccl
(] =—————and CR=—<10.10
n—1 RI
With Amax is the eigenvalue and n is the number of criteria.
The value of Rl is 0.90.

In our case, we obtained Amax= 4.185, n =4 and CI = 0.061,
resulting in a CR of 0.0685<0.10. This indicates that the pair
comparisons made is consistent and valid.

Step 4: Calculate the geometric mean
The system computes the fuzzy geometric mean for each
criterion using the following equation:

Step 5: Fuzzy weight calculation

The fuzzy weight of each criterion (W;) is calculated by
multiplying each fuzzy geometric mean by the inverse of its
vector, using the equation below.

W =7, ) i=1.2,....... ,n

Step 6: Defuzzification of the fuzzy weights
The defuzzification of the fuzzy weights is done by applying
the equation below:

lwi+mw;+uw; .
%; 1=1,2,.....,n

Mi =
Step 7: Normalization of fuzzy weights
The normalized fuzzy weights are obtained using the equation
below:

N, = MWL .n

i=1Mi

After applying the steps mentioned on all the criteria, the
following results are obtained:

_ 6’54
M = (1 1 1) (1 1 1) A1) (111)
9 ’ 9 ) 8 6 ’ 5 ) 4 ) ) J )
(1 1 1) (1 1 1) A1) (111)
6 ) 5 ) 4 4 ) 3 ) 2 ) ) ) )
Table 6. Language weightings of the criteria
Dimension Criterion T; \\'A M; N; priority
DP Ts
(3.364 ,3.873 ,4.243) (0.493,0.637 ,0.807) 0.645 0.631 0.398
(0,631) Pe
(1.075,1.316 ,1.565) (0.157 ,0.216 ,0.298) 0.224 0.219 0.138
L
r (0.452 ,0.508 ,0.595) (0.066 ,0.084 ,0.113) 0.088 0.086 0.054
Em
(0.369 ,0.386 ,0.420) (0.054 ,0.063 ,0.080) 0.066 0.064 0.040
TD Gd
(1.075 ,1.316 ,1.565) (0.157 ,0.216 ,0.298) 0.224 0.219 0.048
(0,219) P
(0.452 ,0.508 ,0.595) (0.066 ,0.084 ,0.113) 0.088 0.086 0.019

37



International Journal of Computer Applications (0975 — 8887)
Volume 186 — No.75, March 2025

Ui
(0.369 ,0.386 ,0.420) (0.054 ,0.063 ,0.080) 0.066 0.064 0.014
U
(3.364 ,3.873 ,4.243) (0.493 ,0.637 ,0.807) 0.645 0.631 0.138
LD C
(1.075 ,1.316 ,1.565) (0.157 ,0.216 ,0.298) 0.224 0.219 0.014
(0,064) F
(0.452 ,0.508 ,0.595) (0.066 ,0.084 ,0.113) 0.088 0.086 0.006
G
(3.364 ,3.873 ,4.243) (0.493 ,0.637 ,0.807) 0.645 0.631 0.041
I
(0.369 ,0.386 ,0.420) (0.054 ,0.063 ,0.080) 0.066 0.064 0.004
BD M 0.072 0.070 0.006
(0.369 ,0.386 ,0.420) (0.059 ,0.069 ,0.087)
(0,086) E 0.706 0.690 0.059
(3.364 ,3.873 ,4.243) (0.540 ,0.695 ,0.883)
Ue 0.245 0.239 0.020
(1.075 ,1.316 ,1.565) (0.173 ,0.236 ,0.326)

After completing the priority calculation for each criterion, the
following hierarchy is obtained (Figure 3).

D

e
4

111 L
EEEE
EEE

ey
i

Fig 3: Serious Game Rating System (ROBOCODE)
weightings

The figure represents a hierarchical structure of the evaluator's
decisions regarding the selected criteria.

6.2 The Serious Game chosen

A pedagogical commission from the Department of
Mathematics and Computer Science at the University Hassan
I of Casablanca confirmed the selection of the Serious Game
"ROBOCODE", for an experimental study. The objective of
this Serious Game is to teach the basics of object-oriented
programming (OOP). This Serious Game, "ROBOCODE," is a
free educational programming video game created and
distributed by IBM. It is specifically designed to teach the Java
programming language (as shown in Table 7).

Table 7. Identification of the Serious Game (ROBOCODE)

Name of the game | ROBOCODE
Game developer | Flemming N. Larsen (IBM)
Game genre Action (combat simulation)
Game type programming game
Gaming beginner
experience
required
Description Programming game, where the goal
is to develop a robotic battle tank to
fight against other tanks in Java or
.NET.
language English

The player programs the robot by giving it commands to
respond to events on the battlefield. Therefore, ROBOCODE
provides a platform for students and learners to learn and apply
their knowledge of OOP, which includes tasks such as writing,
reading, analyzing and using existing code, event management
and message transmission for robots to engage in automated
battles on a rectangular battlefield. The robots are capable of
movement, searching, and shooting at each other.

6.3 Data collection instrument

To gather information about the test of the evaluation system
conducted with students from the University Hassan Il of
Casablanca, a questionnaire based on the Likert scale was
created. The Likert scale is a psychometric scale commonly
used in research to measure respondents' attitudes by asking
them to what extent they agree or disagree with a particular
statement or question [71]. Due to its simplicity and popularity,
the traditional Likert scale has been extended to many variants,
including the 4-point Likert scale, which is a forced Likert scale
[72]. This means that users are required to form an opinion,
with no neutral option available in the choices [73]. The
questionnaire was designed based on the adopted Serious Game
evaluation criteria to measure learners' attitudes toward the
Serious Game "ROBOCODE" after completing its "hot
evaluation" sequence.
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7. RESULTS AND DISCUSSION

After playing the Serious Game "ROBOCODE", the students
were invited to evaluate it by answering our questionnaire. The
consistency of the internal reliability was measured through
this evaluation, based on the correlations between the different
elements of the questionnaire. This measurement was made
using an index called "Cronbach’s Alpha," which is a popular
method for assessing the reliability of a questionnaire [74].
Generally, Cronbach Alpha values between 0.70 and 0.95 are
considered acceptable [75]. In our study, the total Cronbach
Alpha value was calculated to be 0.938, indicating acceptable
internal coherence not only in the students' reactions to the
Serious Game but also inter-coherence between the items
related to each of the aspects (Pedagogical, Ludic,
Technological, and Behavioural). This implies that the answers
between the items are consistent and accurate, indicating the
reliability of the standardized elements of the questionnaire.

Based on the results obtained (Figure 4), the Serious Game
"ROBOCODE" appears to be more suitable for use in a purely
educational context, as confirmed by the strong value achieved
in the pedagogical dimension.. Note also that this Serious Game
has excellent operability and also it facilitates the learning of
programming including the notion of POO. Thus, it has clear
and relevant rules for the interests of students and offers
excellent focused attention so as not to have monotonous
activities. For the technological dimension, this Serious Game
presents a very attractive design that allows easy and fluid
interaction, avatars of excellent quality, as well as
performances that allow students fluidity and flexibility during
the game. Regarding the playful dimension, this Serious Game
offers a strong interaction and produces playful moments for
players, challenges that arouse the interest of players to interact
with the Serious Game. Concerning the behavioural dimension,
this Serious Game presents a medium attention to the players,
even if the students do not forget their environment. Thus, this
Serious Game also provides feelings of trust and satisfaction
between players and moments of conviviality and pleasure
between players.

100.00%
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80.00%
70.00% Lr u ' e
60.00%
50.00% - Ui G
40.00% =
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Fig 4: Serious Game ""ROBOCODE" analysis results

Overall, this Serious Game was beneficial for the students, as
they learned many concepts about programming and in
particular about the object-oriented programming concept.
Thus, they enjoyed the introduction of this Serious Game
during the class session by discovering a new and playful way
of learning.

8. CONCLUSION

This article presents the implementation of a Serious Games
evaluation system designed to consider four dimensions:
pedagogical, technological, behavioral, and ludic. The multi-
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criteria fuzzy decision support method "Fuzzy AHP" was
utilized and integrated into a program developed using Matlab
to weight and to validate these dimensions. The results of the
experimentation have shown that the Fuzzy AHP method can
be effectively employed to weight the criteria, leading to an
evaluation system that is flexible and well-suited to the specific
context of Serious Games. Furthermore, the results obtained
have demonstrated the usefulness and effectiveness of the
evaluation system in practice.

In the future works, the application of the proposed evaluation
system will be extended to various Serious Games to gain a
deeper understanding of its effectiveness across different
contexts and game types.
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