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Abstract

In recent decades, at the same time as the quantitative growth in the industry
of serious games, its quality has also been the focus of investors, researchers,
and developers. Therefore, the purpose of this research is to design a
framework and validate a tool for evaluating the educational quality of serious
games (i.e., a questionnaire). Evaluation frameworks and questionnaires are
fundamental tools for designing and developing serious games. The method of
this research was meta-synthesis with a mixed approach. Based on this, 5807
articles were identified during the years 1995 to 2021, and finally, 29 articles
were selected for analysis. By analyzing these articles, basic dimensions,
components, and indicators were extracted and turned into an evaluation tool
using thematic analysis with the purpose of validation. First, the content
validity of this tool was obtained by purposive sampling technique with the
participation of 30 serious game experts. Then, for the validity of the
constructs, a sample equal to the community was assumed, and the tool was
sent to the members of the National Computer Games Foundation, and 537
people participated in completing the tool. Finally, the data were analyzed
using confirmatory factor analysis. The findings of first and second-order
factor analysis confirmed all dimensions, components, and indicators of the
tool with a factor load (above 0.40) and a significant coefficient (above 1.96).
Therefore, this meta-synthesis led to the design of the framework and the
validation of the educational quality evaluation tool of serious games with 4
dimensions, 25 components, and 138 indicators. We argue that the proposed
framework and tool are able to evaluate the educational quality of a serious
game and cover its design project end to end. We thus propose them as a
suitable resource for researchers and developers of serious games.
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1. Introduction

In recent years, the number of serious games and their users is increasing day by day [1], which
shows the high social influence of these games. For this reason, criticisms of the educational
quality of serious games have increased [2], [3], [4], [5]; Because most serious games are
evaluated based on graphical and technical quality, not in terms of content and design based
on their intention and market [6], [7], [8]. They are not just a simple type of software, as their
name suggests, they are considered a special and serious product that can have a deep impact
on many users in different fields. Hence, the evaluation of the educational quality of serious
games is different from other software and games [9]. The main difference between these
games is their non-technical (serious) aspect, which separates them from other software and
games. Therefore, to evaluate the educational quality of serious games, other dimensions,
components, and indicators are needed.

Parallel to quantitative development and increasing demand, serious games have been
accompanied by product and research in various fields such as military [10], health [11],
education [12], and business [13], where addressing educational quality and components has
become the main concern of investors, developers, and researchers. A concern that has been
investigated in several studies [e.g., 14-15-16], but each of them alone has not been able to
cover all factors and needs a comprehensive summary and classification.

Therefore, the current research is trying to design a framework and a tool for evaluating the
educational quality of serious games. In this research, with the meta-synthesis of the literature
on the evaluation of the educational quality of serious games, a framework and a tool for the
evaluation of serious games are introduced and presented. The purpose of designing the
framework and making the tool is to help the knowledge of serious games and the design and
evaluation of principles and to promote the development and use of these games.

11 Serious games

Serious games are a sub-branch of the family of digital, computer, and video games currently
of vital importance [17], [18], because they can be meant to achieve personal and organizational
goals. Initially, they were provided for training people to perform tasks in specific jobs, such
as training army personnel. Then, they evolved alongside the rapid expansion of other types of
games and new devices such as smartphones, tablets, and various consoles. For serious games,
different definitions have been presented by different authors [4]-[13]-[19], [20], [21], [22]. In
summarizing the definitions, it can be argued that the term "serious game" was introduced by
Abt [19], and it is considered a kind of digital game with different purposes, which primarily
focuses on learning and improving the skills and performance of learners rather than pure
entertainment, and ultimately provide many opportunities to connect training to learners’ daily
life experiences in a variety of markets.

Serious games “can be used as learning media because of several reasons, such as the ability
to support constructive, experiential, situated, and procedural learning; engage and motivate
players, and promote self-regulated learning” [23]. As learning media, serious games “need to
have ability to motivate its player in order to play the game until the end so the player can
finish the game while understanding learning materials given in the game” [23]. They are
promoting and opening new horizons for active learning and providing a learning-by-doing
experience [24]. Serious games also allow for multiple forms of evaluation, which can be part
of a well-structured research protocol [25].

Since the development of serious games is difficult and time-consuming, for the design of
these games, a comprehensive framework that includes all aspects of game development and a
tool that enables evaluation is needed to make the development process more targeted. Of
course, in many studies, serious game design and analytical guidelines are mentioned in the
best form [e.g., 26-27-28-29-30-31-32], but none of these studies have provided a framework
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or tool that can identify or evaluate dimensions, components, and indicators. Several studies
used this method of dimensions, components, and indicators to introduce and identify concepts
[e.g., 33-34-35]. The dimensions are the specifiable aspects of a concept [36] which are
obtained from the existing theories (foundations) about that subject. Components are the
elements or constituents of the dimensions without which we cannot analyze the dimensions.
Indicators are more concrete aspects of dimensions [36]. They are more specific and are often
what we observe in the world around us. Indicators are a tool for measuring and converting the
qualitative concept to a quantitative variable.

1.2 Educational quality evaluation

The term quality evaluation can be used for two purposes; to judge the quality and to improve
the quality. The first purpose is retrospective and formal and has a summative function. In
contrast, the second purpose is forward-looking and relatively informal and has a formative
function [37]. Cronbach [38] described Educational Evaluation as “Education evaluation is the
process of information gathering and treatment necessary to make a decision for an education
programme”. For the serious game, educational quality can be considered as a criterion that, if
used in certain conditions, must meet the specified and implied technical and non-technical
needs. Hence, the evaluation of the educational quality of serious games is the process of
gathering information that is done to judge the quality of serious games and improve (treat)
their quality.

The evaluation of serious games is different from the evaluation of leisure games (digital,
computer, and video) [39]. So far, great efforts have been made to evaluate the educational
quality of serious games, and resources have been spent on research and evaluation of these
games. As a result, the number and quality of serious game evaluations are growing, but there
are still considerable weaknesses, two of which are the lack of comprehensive and multipurpose
frameworks for comparative and longitudinal evaluation and the paucity of valid tools for
serious games [2]-[5]-[40], [41], [42]. Therefore, the current research aims to design a
framework and a tool that includes all dimensions, components, and indicators for evaluating
the educational quality of serious games. The main question “When examining the educational
quality of games, what dimensions, components, and indicators should be examined?” and the
following sub-questions are formulated to achieve the main goals of this research.

1. What are the dimensions, components, and indicators of the educational quality of serious
games?

2. What is the validity of the dimensions, components, and indicators of the educational quality
of serious games?

2. Methods

The current research was carried out with a practical purpose, Meta-synthesis method, and
sequential mixed approach (of qualitative and quantitative type). Meta-synthesis is a process
that identifies and evaluates relevant qualitative studies. Then, it combines the findings of these
studies to create a new interpretation [43]. In this research, the seven-step meta-synthesis
process of Sandelowski and Barroso [44] was used to design the framework and validate the
tool for evaluating the educational quality of serious games, because the process used by
Sandelowski and Barroso is one of the most prominent methods for meta-synthesis and
provides better results than other models (see Fig. 1).

International Journal of Serious Games | Volume 10, Issue 2, June 2023 63



Setting study questions

- What: Designing a framework and
validating a tool for evaluating the
educational quality of serious games

- Who: Scopus and Web of Science
database

- When: 1995-2021

- How: Inclusion and exclusion criteria

o

Systematic study of literature

- Systematic study of literature in ——>

Scopus and Web of Science databases
with relevant keywords during the
years 1995-2021

Selection of proper studies
- Review of 2321 articles
- Exclusion of duplicate articles

- Exclusion of unrelated articles after
applying the criteria

- Exclusion articles after their quality
appraisal

- Selection of 29 final publications

\%

Extracting information from the
studies

- Thematic and content analysis and
coding

- The intra-subject agreement method
of two coders

—

Analysis and synthesis of findings

- Repeated review of descriptive
themes

- Discovering common concepts,
reducing and categorizing dimensions,
components, and indicators

Quality control

- Validation of the tool (content
validity and CVR calculation) with a
sample size of 30

- Validation of the tool constructs
(confirmatory factor analysis) with a

- Converting dimensions,

5 sample size of 537
components, and indicators to tool

\
Presentation of finding

- Presenting 4 dimensions, 25
components, and 138 indicators for
evaluating the educational quality of
serious games

Figure 1. The seven-step meta-synthesis method [44] and the research implementation process

2.1  First step: setting study questions

The first step of setting the research question is to focus on "What". The main goal of this

research is to extract the dimensions, components, and evaluation indicators of the educational

quality of serious games, which is set by answering the following questions:

1. "Who", which defines the studied community. In this research, two databases, Scopus and
Web of Science, were examined Because these two databases are reliable and well-known
international reference databases with peer review. Their main focus is on mature research,
not conference papers, etc. These two databases also cover a wide range of different fields
and have published the majority of articles evaluating the educational quality of serious
games.

2. "When", which represents the time period. In this research, the time period was limited to
publications from 1995 to 2021, the period in which most of the research evaluating the
educational quality of serious games has been produced.

3. "How" indicates the type of method or criteria based on which sources are selected or
excluded from the meta-synthesis process. This research's inclusion and exclusion criteria
were applied in two steps (Tables 1 and 2).

Therefore, the main question of the research was raised as follows: When examining the
educational quality of games, what dimensions, components, and indicators should be
examined?

2.2 Second step: Systematic study of literature
The statistical population of this research was all published articles on the evaluation of the
educational quality of serious games. Keywords were searched in Scopus and Web of Science
databases on 13/10/2021.

{(Framework* OR Model* OR Pattern* OR Approach*) AND (Evaluat* OR Assess* OR
Measur* OR Analy* OR Design* OR Develop*) AND (“Education* qualit*” OR “Instruction*
qualit*” OR “Pedagog* qualit*” OR “Learn* qualit*” OR Qualit* OR Criteria OR Standard*
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OR Feature* OR Characteristic* OR Attribute* OR Mechanic* OR Dimension* OR
component* OR indicator*) AND (“Serious gam*” OR “Education* gam*” OR “Instruction*
gam*” OR “Pedagog* game*” OR “Learn* game*”)}

The search result was a significant list of various documents, including 5807 documents
related to relevant keywords.

2.3 Third step: Selection of proper studies

Considering that many documents obtained from Scopus and Web of Science databases only
contained search keywords and did not match the research criteria, it was necessary to identify
and select relevant documents from among the documents that fully cover the research criteria.
Hence, the inclusion and exclusion criteria of the research were applied in two steps. The first
step was at the very beginning of the search after the initial review of keywords when the
criteria were applied in both databases (Table 1). The second step was after removing the
duplicate articles, which were used both for the title and abstract, and for the full text (Table
2). In this section, EndNote X9 software was used to organize the review.

Table 1. The inclusion and exclusion criteria of the first step

Criteria Include Exclude

Language English Non-English

Date From 1995 upwards Before 1995

Type Peer reviewed journal  Books, Book chapters, Proceedings, Editorials, PhD dissertations, MSc thesis,
articles Commentaries, Conference, Others

Table 2. The inclusion and exclusion criteria of the second step

Criteria Include Exclude

Full-text Yes No

Relevance Covers topic variables Not relevant

Game type (Digital, Video, Computer) Serious Non-(Digital, Video, Computer) Serious games (Game,
Games Game-based learning, Educational game, Instructional

games, Learning games, Digital learning, Gamification,
Tabletop games, Board game, Digital game, Video
Game, Computer game)

Community and Normal and healthy individuals Abnormal and unhealthy individuals (Rehabilitation,

sample Intellectual disability, Cognitive disability, learning
disability, Autism spectrum disorder, Social anxiety
disorder, Dementia, Children with speech and language
delay, Neurorehabilitation, Visually impaired, Parkinson's

Disease)
Study design Conceptual / Theoretical / Non- Empirical
empirical / Non-experimental
Analysis Qualitative/Mixed Quantitative
Technology Mobile / PC / Console / Virtual -
(platform) Reality (VR)/Online / Offline
Educational level All levels -

The second coder was used to determine the reliability of the articles. This coder was with
the researcher in all steps of the review and selection of appropriate sources. Cohen's kappa
coefficient was used to calculate the agreement coefficient between the two coders. The result
of Cohen's kappa agreement coefficient between two coders in the first step (reviewing the title
and abstract of the articles) was 0.94 and in the second step (reviewing the full text of the
articles) it was 0.87.

For the validity review of all the primary articles (31 articles) prepared by the systematic
literature review, the tool used in the study of Theelen et al. [45] was used. This questionnaire
has separate criteria for both qualitative and quantitative studies. By means of this
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questionnaire, 2 articles were excluded from the research, and finally, 29 articles remained in

the final analysis (Table 3).

Table 3. Validity of the articles under review

0 1 2 3
no some good extensive
elaboration elaboration elaboration elaboration
Criteria for qualitative studies
Study methodologically is clear 6 15 10
Study theoretically substantiated 5 14 12
Ethical process transparent 8 19 4
Researcher(s) relation to participants are clear 7 10 11 3
Researchers(s) relation to the data are clear 3 20 8
Researcher(s) take a critical stance towards own 8 21 2
research
Congruence between methodology and methods 2 21 8
used for data collection, analysis, and
interpretation
Participant involvement in data interpretation 7 17 7
Limitations voiced 11 7 4 9
Criteria for quantitative studies
Is the source population or source area well 1 5 5
described?
Were interventions and comparisons well 1 4 6
described and appropriate?
Were outcome measures reliable? 1 9 1
Were outcomes relevant? 9 2
Were the analytical methods appropriate? 2 6 3
Are the study results internally valid (i.e. 2 7 2
unbiased)?
Are the findings generalizable to the source 2 7 2

population (i.e. externally valid)?

Figure 2 shows the process of reviewing and selecting sources in full and in summary.
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Figure 2. Algorithm of the third step of meta-synthesis

2.4 Fourth step: Extracting information from the studies

Before synthesis, first, the final articles (29 articles) were read and re-read to gain an initial
understanding. According to the first step of thematic and content analysis, all results and
findings were inductively coded line by line according to meaning and content. In the second
step, these codes were grouped to create descriptive themes in a pre-designed table, including
dimensions, components, and indicators. To help the transferability of the findings, the intra-
subject agreement method of two coders was used [46], and the second coder was requested to
code the final articles and carefully control and verify the process of creating themes. The intra-
subject agreement percentage was 96.98 (Table 4). Considering that this reliability rate is more
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than 0.70, it can be stated that the reliability percentage between the two coders in this study
is confirmed.

Table 4. Validity of the articles under review

Row  Studies The total number Number of Number of concepts  Coefficient of
of extracted concepts of disagreement agreement between
concepts agreed upon two coders

1 [14] 52 49 3 94.23

2 [47] 9 9 0 100

3 [15] 71 67 4 94.36

4 [48] 11 11 0 100

5 [27] 8 8 0 100

6 [49] 18 16 2 88.88

7 [50] 18 18 0 100

8 [51] 19 19 0 100

9 [16] 37 34 3 91.89

10 [52] 26 26 0 100

11 [28] 42 40 2 95.23

12 [53] 17 17 0 100

13 [54] 21 19 2 90.47

14 [55] 105 102 3 94.14

15 [56] 10 10 0 100

16 [57] 14 14 0 100

17 [1] 81 76 5 93.82

18 [58] 12 12 0 100

19 [29] 8 8 0 100

20 [59] 14 14 0 100

21 [60] 125 118 7 94.40

22 [30] 5 5 0 100

23 [61] 485 472 13 97.32

24 [31] 89 89 0 100

25 [3] 96 94 2 97.91

26 [62] 24 22 2 91.66

27 [63] 18 18 0 100

28 [32] 3 3 0 100

29 [64] 7 7 0 100

Total 1445 1397 48 96.98

2.5 Fifth step: Analysis and synthesis of finding

Qualitative meta-synthesis, like any qualitative analysis, requires the final synthesis of findings
[44]. At this step, the researcher carefully and considers the concept of each of the dimensions,
components, and indicators extracted in the fourth step has tried to discover the common
concepts between them. Descriptive themes were repeatedly reviewed and a comprehensive
framework and classification of the dimensions, components, and indicators of the educational
quality of serious games were identified. In this step, analytical findings were produced, which
provided key findings of studies and new perspectives of this field, and in this way, 4 main
dimensions, 25 components, and 139 indicators were determined and turned into a
guestionnaire. NVivo 12 software was used for better and more regular coding.

2.6 Sixth step: Quality control

2.6.1  Validation of the tool (content validity)

After extracting the dimensions, components, and indicators for evaluating the educational
quality of serious games and reaching the comprehensive framework, a tool (questionnaire)
was prepared. In order to determine the content validity, the prepared tool was sent to 30 experts
using a purposeful sampling method (judgment-type). 12 of these experts were female and 18
were male. Their education level was Ph.D. Their academic rank was a professor (2 people),
associate professor (11 people), assistant professor (15 people), doctoral student (2 people),
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and studied in the fields of software engineering (9 people), artificial intelligence (5 people),
educational technology (5 people), computer architecture (5 people), information technology
(4 people), computer engineering (1 person), curriculum studies (1 person).

The minimum acceptable value of the content validity ratio (CVR) for 30 experts is 0.33.
The CVR calculation of the content validity of the prepared tool items showed that only the
indicator (game structure) has a low validity (-0.33), which should be removed for the next
step, which is the confirmatory factor analysis, and the rest of the indicators had a good validity.

2.6.2 Validation of tool constructs (confirmatory factor analysis)

The confirmatory factor analysis method was used to validate the constructs obtained in the
previous section. In this research, 30 hypotheses (one hypothesis for dimensions, four
hypotheses for components, and twenty-five hypotheses for indicators) were proposed to
perform confirmatory factor analysis, and the relationship between dimensions (as independent
variables) with their sub-set components (as dependent variables) and with the indicators of
the sub-set of components (as observed variables) was examined. The necessary information
for this validation was obtained by means of a questionnaire from 537 experts in the field of
serious games (experts, researchers, university professors, and developers of serious games)
who work in the field of research and development of serious games. The questionnaires were
distributed in such a way that first, based on the database that Iran's National Computer Games
Foundation had (over 3000 people), an SMS with a link to the questionnaire was sent to experts
across the country. Then, in addition to the text message, the National Computer Games
Foundation shared the questionnaire on its Telegram channel (titled Game Research (link
t.me/gameresearch) and with more than 1400 followers). In addition, the researcher also shared
the questionnaire with relevant professors and experts, and channels related to the subject. It is
worth mentioning that in the text and introductions of the questionnaire, those who were
actively focused on the field of serious games for at least two years were requested to complete
the questionnaire.

It has been stated that in confirmatory factor analysis, the minimum sample size is
determined based on factors, not variables. Therefore, if confirmatory factor analysis is used,
about 20 samples are needed for each factor (latent variable) [65]. Another researcher
recommends the recommended sample size of confirmatory factor analysis for 10 factors
(hidden variable) equal to 200 people [66]. This research has taken the opinion of experts in
relation to the three sections of dimensions, components, and indicators, and therefore the
number of factors in each section was different. The dimensions section included 1 factor, the
components section included 4 factors, and the indicators section included 25 factors.
Therefore, a minimum of 250 and a maximum of 500 people were needed for the research
indicators section (25 factors), and this research was able to provide 537 people, which is the
maximum sample required, by placing the whole community as a basis. The overall reliability
of the tool was calculated using Cronbach's alpha method equal to 98.0.

2.6.3 Demographic information of the examined sample
By examining the information obtained from the questionnaire, the frequency of the subjects'
characteristics was obtained according to Table 5.

Table 5. Frequency distribution of subjects' characteristics

Variable Spectrum Frequency Frequency
percentage
Female 248 46.18
Gender Man 289 53.82
Ph.D 196 36.50
Level of Master's degree 212 39.48
education Bachelor's degree 129 24.02
Computer Engineering 147 27.37
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Information Technology 51 9.50

Field of Study Cognitive Sciences 38 7.07
Educational technology 36 6.70
Multimedia systems 29 5.40
Media management 25 4.65
Counseling 21 3.91
Educational Psychology 20 3.72
IT management 19 3.54
Education Management 16 2.98
Communication Sciences 16 2.98
Media and information management 14 2.61
Cognitive rehabilitation 11 2.05
Educational evaluation 11 2.05
Production of computer games 10 1.86
Architecture 1.67
Entrepreneurial management 1.67
Technology 1.30

9

9

7

Psychology 7 1.30

Information technology engineering 6 1.12

Cognitive psychology 6 1.12

Higher Education 6 1.12

Educational technology in medical sciences 5 0.93

Entrepreneurship 5 0.93
4
3
2
2
5

Health information technology 0.74
Curriculum 0.56
English language 0.37
Art 0.37
Full professor 0.93
Academic rank Associate Professor 37 6.89
Assistant Professor 78 14.52
Doctoral, Master's and Bachelor's degree student or 102 18.99
graduate
Developer, expert and researcher of serious games 315 58.66
10 to 15 years 81 15.08
Activity history 6 to 9 years 192 35.75
2to 5years 264 49.16

For the reliability of the measurement tool, the questionnaire was first given to a group of
30 people in a simple random manner, then it was collected and the overall Cronbach's alpha
coefficient was 0.98. Then, the questionnaire was made available to the participants for
confirmatory factor analysis by lIran's National Computer Games Foundation and the
researcher. SPSS 26 and LISREL 8.80 software were used for analysis.

Table 6. Factor loading values, significance coefficient, average variance extracted, Cronbach's alpha and
compositional reliability of dimensions, components, and indicators for evaluating the educational quality
of serious games

factors Hypothesis and items Standa  Signific Average Cronb Compos
rd ance variance ach's itional
coeffici  coeffici extracte alpha reliabilit
ent ent d (AVE) y
(factor
load)
Dimensio Hypothesis one: To evaluate the educational quality of serious games, four main variables (dimensions) {preparation
ns (A), pre-production (B), production (C), and post-production (D)} are used.
A Preparation 0.59 0.00 0.39 0.71 0.72
B Pre-production 0.57 9.14
C Production 0.69 9.95
D Post-production 0.64 9.75
compone Hypothesis two: To measure the preparation (A) dimension, five variables (components) Aal, Aa2, Aa3, Aa4, and
nts Aab5 are used for the technical (game) sub-dimension and five variables (components) Ab1, Ab2, Ab3, Ab4, and Ab5
are used for its non-technical (serious) sub-dimension.
Aal Game idea / Context 0.47 0.00 0.30 0.81 0.81
Aa2 Game aims 0.52 8.40
Aa3 Ludic game script 0.47 7.90
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Aad Planning and risks 0.53 8.55

Aab Resources, costs and budget estimate 0.43 7.44

Abl Problem 0.59 8.98

Ab2 Serious aims 0.61 9.14

Ab3 Target learner profile 0.66 9.49

Ab4 Fundamentals, domains and models or 0.58 8.95
theories

Ab5 Content and serious resources 0.59 9.03

Hypothesis three: Five variables (components) B1, B2, B3, B4, and B5 are used to measure the pre-production (B)

dimension.

B1 Choose name / engine / genre / technology or  0.59 0.00 0.43 0.79 0.79
platform

B2 Goals 0.63 11.18

B3 Concept development 0.69 11.92

B4 Content and activities 0.65 11.46

B5 Designing 0.70 12.00

Hypothesis four: ten variables (components) C1, C2, C3, C4, C5, C6, C7, C8, and C9 are used to measure the
production (C) dimension.

C1 Objectives 0.52 0.00 0.34 0.82 0.82

Cc2 Aesthetics and graphics 0.56 9.52

C3 Implementation of mechanics 0.61 10.00

C4 Experience and feeling 0.64 10.31

C5 Adaptivity 0.62 10.08

C6 Actions 0.61 10.05

Cc7 Tools 0.52 9.09

c8 Usability and function 0.58 9.76

c9 Prototype 0.61 10.01

Hypothesis five: A variable (component) D1 is used to measure the post-production (D) dimension.

D1 Implementation and evaluation 1.00 31.47 1.00 1.00 1.00
indicators ~ Hypothesis six: four variables (indicators) Aala, Aalb, Aalc, and Aald are used to measure the game idea/context

(Aal) component.

Aala New idea 0.57 0.00 0.42 0.74 0.74

Aalb Detailed explanation of the idea 0.72 11.07

Aalc Game world 0.58 9.76

Aald Game outline 0.71 10.95

Hypothesis seven: Two variables (indicators) Aa2a and Aa2b are used to measure the game aims (Aa2) component.

Aa2a Game goals 0.85 0.00 0.67 0.81 0.80

Aa2b Game objectives 0.79 11.60

Hypothesis eight: four variables (indicators) Aa3a, Aa3b, Aa3c, and Aa3d are used to measure the ludic game script

(Aa3) component.

Aa3a Narration / story (story line) 0.65 0.00 0.47 0.78 0.78

Aa3b The main roles and characters in the game 0.72 13.03

and their characteristics

Aa3c Gamification techniques 0.74 13.20

Aa3d Explain how to create flow in the game 0.64 12.01

Hypothesis nine: Two variables (indicators) Aa4a and Aadb are used to measure the planning and risks (Aa4)

component.

Aada Specify schedules and coordination 0.87 0.00 0.66 0.79 0.79

Aadb Identify risks 0.75 13.95

Hypothesis ten: Five variables (indicators) Aa5a, Aa5b, Aa5c, Aa5d, and Aa5e are used to measure the resources
costs, and budget estimate (Aa5) component.

Aa5a Identify resources (financial) according to the  0.65 0.00 0.40 0.82 0.83
goals of the game and how to obtain
resources
Aa5b Explain how the program handles and adapts 0.68 13.27
to resource loss and backlog
Aa5c Game development technical teammates 0.72 13.78
Aa5d Identify sponsors and estimate the required 0.74 14.06
costs and budget
Aab5e Market analysis and how the product is 0.70 13.47

delivered to the learner
Hypothesis eleven: four variables (indicators) Abla, Ablb, Ablc, and Abld are used to measure the problem (Ab1)

component.
Abla Problem identification and definition 0.59 0.00 0.47 0.78 0.78
Ablb Problem disciplines 0.72 12.01
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72

Ablc
Abld

Needs analysis based on target learners
Serious outline

0.71
0.72

11.96
12.02

Hypothesis twelve: four variables (indicators) Ab2a, Ab2b, Ab2c, and Ab2d are used to measure the serious aims

(Ab2) comp
Ab2a

Ab2b
Ab2c

Ab2d

onent.

Serious goals

Serious objectives

Cognitive, skill-oriented and emotional goal
setting

The answer to why the game is needed

0.73
0.75
0.77

0.80

0.00 0.58 0.84 0.85
16.28
16.67

17.31

Hypothesis thirteen: Three variables (indicators) Ab3a, Ab3b, and Ab3c are used to measure the target learner profile

(Ab3) comp!
Ab3a

Ab3b
Ab3c

onent.

Target learners and their gender, age,
nationality, culture, and geographical location
Previous experiences/skills

The answer to whether the game is played
alone or as a team

0.70

0.73
0.71

0.00 0.51 0.76 0.76

14.21
13.95

Hypothesis fourteen: Four variables (indicators) Ab4a, Ab4b, Ab4c, and Ab4d are used to measure the fundamentals
domains, and models or thearies (Ab4) component.

Abda

Ab4b

Ab4c
Ab4d

Philosophical,  cognitive,  psychological,
social, cultural, and religious foundations
Cognitive, emotional, and psychomotor
domains

Learning strategies

Learning theories (including activity theory,
empirical learning, flexible learning, or
constructivist theories)

0.68

0.69

0.75
0.75

0.00 0.51 0.81 0.81

13.59

14.57
14.52

Hypothesis fifteen: Six variables (indicators) Ab5a, Ab5b, Ab5c, Ab5d, Ab5e, and Ab5f are used to measure the
content and serious resources (Ab5) component.

Ab5a

Ab5b

Ab5c
Ab5d
Ab5e
Ab5f

Availability of pedagogical and learning
resources

Syllabus and clarity of content selection
criteria

Concept knowledge

Predict learning activities

Domain Expert teammates

Participants required to test prototypes

0.74

0.75

0.59
0.78
0.61
0.71

0.00 0.49 0.85 0.85

16.50

18.00
17.12
13.32
15.62

Hypothesis sixteen: Four variables (indicators) Bla, Blb, Blc, and B1ld are used to measure the choose

name/engine/genre/technology or platform (B1) component.

Bla
Bilb
Blc
Bild

Choosing a suitable name for the game
Choosing an engine that fits your goals
Choosing a genre that fits your goals
Choosing the right technology or platform for
your goals

0.68
0.77
0.74
0.74

0.00 0.54 0.82 0.82
15.13
14.74
14.74

Hypothesis seventeen: Five variables (indicators) B2a, B2b, B2c, B2d, and B2e are used to measure the goals (B2)

component.
B2a
B2b

B2c

B2d
B2e

Goals consistent with the right approach
Matching and linking game goals with serious
goals

Ethical, feasible (realistic), and adjustable
goals

Short, medium, and long-term goals
Determining and predicting scores, tasks, and
competitions

0.73
0.75

0.72

0.74
0.74

0.00 0.54 0.85 0.85
16.29

15.67

16.05
16.04

Hypothesis eighteen: Five variables (indicators) B3a, B3b, B3c, B3d, and B3e are used to measure the concept
development (B3) component.

B3a
B3b
B3c
B3d

B3e

Core (game idea)

Features (core amplifiers)

Description of the environment and the world
of the game

Pedagogical integration of context with the
needs of target learners

Learning and knowledge foundation

0.74
0.63
0.65
0.77

0.69

0.00 0.49 0.83 0.82
13.61
14.04
16.42

14.77

Hypothesis nineteen: Five variables (indicators) B4a, B4b, B4c, B4d, and B4e are used to measure the content and
activities (B4) component.

B4a

Linking of game content to serious content
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B4b Accuracy, clarity, and coherence of the 0.73 14.28
content

B4c The fun content of the domain 0.69 13.69

B4d Specific features of activities 0.73 14.28

B4e Identify  skills/behaviors that should be 0.72 14.20

represented/practiced through the game

Hypothesis twenty: Ten variables (indicators) B5a, B5b, B5c, B5d, B5e, B5f, B5g, B5h, B5i, and B5j are used to
measure the designing (B5) component.

B5a Turning ideas into product production 0.71 0.00 0.49 0.91 0.91
roadmaps along with pedagogical scenarios

B5b Ludic game script (gamification) 0.78 17.20

B5c Rules 0.68 15.09

B5d Link learning mechanics and game 0.67 14.83
mechanics

B5e Incentives and rewards 0.64 14.23

B5f Learners' interactions, interfaces, and 0.72 15.84
experiences

B5g Narrative/story events 0.72 18.96

B5h Protagonist and secondary characters 0.67 14.94

B5i Aesthetics 0.72 16.07

B5j The sequence of steps, game level difficulty 0.71 15.79

rating, and game guide
Hypothesis twenty-one: Two variables (indicators) Cla and C1b are used to measure the objectives (C1) component.

Cla Alignment of game objectives with serious 0.82 0.00 0.58 0.73 0.73
objectives
Cib The predetermination of short, medium, and 0.70 12.47

long-term objectives of the game

Hypothesis twenty-two: Three variables (indicators) C2a, C2b, and C2c are used to measure the aesthetics and

graphics (C2) component.

C2a Representations (including scenes, visual 0.69 0.00 0.48 0.73 0.73
appeal of the environment, characterization,
descriptions, roles, and similarity to reality)

C2b Action (including sound, animation, motion, 0.66 12.23
and graphic style)
C2c GUI indicators (including art, music, and 0.72 12.86
video)
Hypothesis twenty-three: A variable (indicator) C3a is used to measure the Implementation of mechanics (C3)
component.
C3a Alignment of learning mechanics (including 1.08 0.00 1.16 1.16 1.16
instructional, guidance, participation,

generalization / discrimination, observation,
explore, identify, plan, objectify, hypothesis,
motivation, ownership, responsibility,
accountability, incentive, discover,
competition,  repetition, = demonstration,
tutorial, action / task, feedback, question and
answer, experimentation, reflect / discuss,
analyze, imitation, shadowing, modelling,
simulation,  assessment) with  game
mechanics  (including fun, challenge,
behavioral momentum, rewards / penalties,
pavlovian interactions, urgent optimism,
communal discovery, strategy / planning,
story, cooperation, pareto optimal, feedback,
protege effects, mini-games, design / editing,
realism, ownership, role play, virality,
cascading information, collaboration,
competition, cut-scenes, action points, levels,
tokens, questions and answers, game turns,
selecting / collecting, resource management,
capture / eliminate — quick feedback, goods /
information, time pressure, tutorial, tiles /
grids, infinite gameplay, appointment,
movement, assessment, status, simulate /
response)
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Hypothesis twenty-four: Ten variables (indicators) C4a, C4b, C4c, C4d, C4de, C4f, C4g, C4h, C4i, and C4j are used
to measure the experience and feeling (C4) component.

Cda Engagement 0.66 0.00 0.50 0.91 0.91
C4b Motivation 0.65 13.84
C4c Immersion 0.74 14.85
C4ad Flow and Challenge 0.70 14.26
Cde Ease of use 0.69 14.12
C4f Affect and tension 0.73 14.76
C4g Feeling (Including a sense of self-control, 0.71 14.43

game control, camera look, animation and
particle, information clarity, standards, and
fluidity)

C4h Problem-solving/learning questioning and 0.75 15.05
decision-making (meaningful, meaningless,
overt, and blindly)

C4i Support for social interactions (including 0.72 14.66
personal skills, interpersonal skills, practical
ethics, and social awareness)

C4j Cognitive load (including effort rating, 0.71 14.41
difficulty rating, and response time)

Hypothesis twenty-five: Five variables (indicators) C5a, C5b, C5c, C5d, and C5e are used to measure the adaptivity

(C5) component.

Cba Cognitive adaptation 0.72 0.00 0.49 0.83 0.83
C5b Motivational adaptation 0.71 15.09

C5c Difficulty level 0.66 15.06

Csd Intervention 0.72 15.27

C5e Game pacing 0.69 14.77

Hypothesis twenty-six: Ten variables (indicators) Céa, Céb, Céc, Céd, C6e, C6f, C6g, C6h, C6i, and C6j are used to
measure the actions (C6) component.

Cé6a Tutoring 0.64 0.00 0.50 0.91 0.91

C6b Inform learner of objective 0.68 13.56

Céc Stimulate recall of prior learning 0.73 14.52

Céd Entity, movement, and demonstrate 0.71 14.18

Cée Present material, repetition, review and time- 0.73 14.39
related

Ccef Diversity of activities and information and info  0.72 14.25
chunking

Cég Qualitative  and quantitative  assess 0.71 14.05
performance

C6h Reward good performance and sanction bad 0.72 14.25
performance

C6i Scaffold 0.73 14.50

C6j Suggest improvements and support recovery  0.72 14.34

from errors

Hypothesis twenty-seven: Ten variables (indicators) C7a, C7b, C7c, C7d, C7e, C7f, C7g, C7h, C7i, and C7j are used
to measure the tools (C7) component.

C7a User interface (including color proportion, size  0.52 0.00 0.47 0.90 0.90
proportion)

C7b Rules (including interaction, scoring, rewards, 0.73 11.68
and penalties)

C7c Objects (including 2D/3D space, avatars, 0.71 11.50

cards, gifts, goods, grids, information,
modifiers, non-playing characters, tiles,
tokens, and virtual money)
C7d Feedback (including diagnostic, formative 0.71 11.52
and summative feedback, providing
appropriate, immediate, no-delay and careful
feedback on various aspects)

C7e Chance/randomness, deadlines, and choices  0.70 11.43

C7f Multimedia 0.67 11.12

C79 Textual and graphical information 0.73 11.69

C7h Questions & answers, practice, discussion, 0.65 10.99
and checklists

C6i Help text, help, warning messages, and 0.69 11.38

tips/assistance
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C7j Services (including chatting, ranking, and 0.69 11.33
leaderboard)
Hypothesis twenty-eight: Five variables (indicators) C8a, C8b, C8c, C8d, and C8e are used to measure the usability

and function (C8) component.

C8a Comprehensibility and Learnability 0.64 0.00 0.52 0.84 0.84
C8b Ability to operate and service 0.77 14.34
C8c Accuracy 0.73 13.77
cad Security 0.70 13.35
C8e Commands, motion sensor, keyboard, and 0.75 14.08
appearance
Hypothesis twenty-nine: Five variables (indicators) C9a, C9b, C9c, C9d, and C9e are used to measure the prototype
(C9) component.
C9a Assess the alignment of game design and 0.71 0.00 0.50 0.83 0.83

content elements with serious design and
content elements

C9b Design prototype 0.68 14.40
C9c Application prototype 0.71 14.90
cad Alpha test 0.75 15.69
C9e Beta test 0.68 14.33

Hypothesis thirty: Twenty variables (indicators) D1a, D1b, Dic, D1d, D1e, D1f, D1g, D1h, D1i, D1j, D1k, D1l, D1m,
D1n, Dlo, D1p, D1q, D1r, D1s, and D1t are used to measure the implementation and evaluation (D1) component.
Dla Start and introduction 0.60 0.00 0.27 0.88 0.88
Di1b Narrative/story (including reasonable game 0.52 10.21
narrative/story,  attractive  story/narrative
content, complete quest, complete side
quests, get acquainted with narration/story,
reach narrative/story end)
Dlc Concentration (including attract learner, 0.53 10.35
concentrated attention, deep engagement,
animations, color schemes, informative
screens, resource management, sound
effects and music, tactile response, and
virtual or augmented reality)
D1d Challenges (including adaptive difficulty, 0.56 10.85
difficulty curve, difficulty selection, number Of
attempts, artificial intelligence (automatic
challenges))
Dle Control (including error recovery features, 0.51 10.00
fluid animations, pause system, player
character  acknowledgment, responsive
sound effects, save and load system, tactile
feedback)
D1f Clarity of objective criteria (including 0.48 9.57
character dialog, easily accessible help
screen, in-game hints and tips, objective log,
maximize performance, maximize the score,
success level)
Dlg Social interaction (including communication 0.50 9.90
system, competitive and co-op mode
suggested elements In-game access to
official forum, player ranking and scoring,
resource exchange and sharing, discussions,
surveys, tests)
D1h Content and learning activities (including 0.57 10.93
content quality, balanced presentation of
ideas, content coherence and learning
activities, propaganda and information,
ethical, cultural, and social issues (Including
personal skills, interpersonal skills, practical
ethics, and social awareness), duration of in-
game activities, original assignments,
diversity of activities)
D1i Rules (including flexible rules, changing the 0.55 10.67
rules according to the circumstances of the
audience, complete information, incomplete
information, competition, game modes, game
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D1j

D1k

D1l

D1m

Dlo

master/referee, multiplayer, zero-sum / non-
zero-sum)

Scaffolding  (including info  chunking,
alternating turns, game period, meta-game,
puzzles, quest/problem, time of access,
complexity, the structure of game levels,
difficulty ~ adaptation, balancing and
challenging the learner, limitations, self-
assessment, guidance)

User experience and feeling (including
motivation (motivating and  stimulating
learning, encouraging play by embedding
challenges within the game), engagement
(including engaging the learner in analyzing,
interpreting and  simplifying  concepts,
engaging the learner in a variety of tasks),
flow, immersion (including animations and
visual effects, sound effects and music,
storytelling elements), affect, fun, tension,
confusion, frustration, anger, pleasure
(including establish an emotional connection,
competitiveness, excitement, sense of
control, providing control of the game and
freedom of action for the player), tools usage,
ease of use, competition (including first
person, last person), explore/navigation
(including emotion perception situations, self-
navigating situations, positions for finding new
opportunities), own, plan/strategy, tactical
maneuver, tasks (including collect resources,
management resources, collect information,
solve the puzzle, capture, design, destroy,
edit, eliminate, exchange, trade virtual items,
create, match, remove, select),
achievements)

Adaptation  (including  cognitive  and
motivational adaptation, difficulty level
adaptation, intervention, game pacing (role
play speed))

Usability (including learnability, operational
capability, serviceability, ease of use,
reusability, and security)

Interaction (including user interface, click
location, click speed, customize, active
participation, attention to the rules of
collaborative learning and the approximate
extent of learners' growth, attention to the in-
game discussion, movement (including avoid,
collide, move, evade, rotate, shoot, target,
teleport, visit), time (including manipulate
time, start/stop time, advance game period),
problem-solving (including problems, puzzles,
providing hypothetical opportunities, creating
ambiguous and questionable situations,
providing the necessary information to solve
the problem, situations for implementing
conjectural solutions))

Actions (including remembering (define,
describe, draw, find, identify, imitate, label,
list, locate, match, memorize, name, observe,
read, recall, recite, recognize, relate,
reproduce, select, state, write, tell),
understanding (compare, convert,
demonstrate, describe, discuss, distinguish,
explain, explore, find more information about,
generalize, interpret, objectify, outline,
paraphrase, predict, put into own words,
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Di1p

Dlq

D1r

Di1s

D1t

relate, restate, summarize, translate,
visualize), applying (apply, calculate, change,
choose, classify, complete goal, complete,
construct, examine, experiment, illustrate,
interpret, make, manipulate, modify, perform
action / task, produce, put into practice, put
together, show, solve, translate, use),
analyzing (advertise, analyze, categorize,
compare, contrast, deduce, differentiate,
discover, distinguish, examine, explain,
identify, investigate, separate, subdivide, take
apart), evaluating (argue, assess, choose,
critique, debate, decide, defend, determine,
discuss, estimate, evaluate, judge, justify,
prioritize, rate, recommend, review, select,
value, verify, weigh), creating (add to, build
model, combine, compose, construct, create,
design, devise, forecast, form goal, formulate,
hypothesize, imagine, invent, originate, plan,
predict, propose))

Presentation design (including feedback
(including diagnostic, formative, summative,
action, explanatory, practical, no-delay and
careful, learner ranking and scoring, progress
log, progress-related cutscenes, responsive
interactions, victory and defeat screens,
achievements, leaderboards, performance
meters, performance record, points, progress
bars, rewards, status levels, rewards
(including providing short, medium and long
term rewards), penalties), aesthetics
(including art, cartoons, environments and
characters, diagrams, displays, graphed
information, graphics, graphs, illustrations,
maps))

Fidelity (including physical fidelity (including
conditions, states, features, attributes,
phenomena, specifically, size, color, shape,
quality, temperature, and density), functional

fidelity (including information, functional
options, learning  content,  stimulus,
responses, feedback), sensory fidelity

(including visual, auditory, olfactory, tactile
effects, spatial and kinesthetic perception),
conceptual fidelity (including abstract
theories, knowledge, content, functions, rules,
relationships), emotional fidelity (from
including emotions of pleasant, excited,
stressful, anxious, nervous))

Internal support (including advice and
assistance, guide character, checklists/task
lists, tips, tutorials, warning messages,
facilitating, and various resources)

External support (including contact number,
email, and website)

Maintainability (including testability,
analyzability, changeability, stability, and
extensibility)

R. Bakhtiari and Z. Habibzadeh

0.55 10.61
0.51 9.95
0.57 11.01
0.51 9.97
0.52 10.22

*Note: All factor loadings are significant at the 95% confidence level: (p < 0.05) and (t > 1.96)

As the data in Table 6 shows, the factor loadings (standard coefficient) obtained for all
dimensions, components, and indicators are more than 0.40 and are at a significant level
(significance coefficient) of less than 0.05 (p < 0.05, all t values are greater than 1.96), we
conclude that the construct validity of all dimensions, components, and indicators are
confirmed. The value of compositional reliability and Cronbach's alpha of all dimensions,
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components, and indicators was more than 0.70, which means that they have good reliability.
The average variance extracted, which measures the convergent validity of each scale, was
obtained from a minimum of 0.27 to a maximum of 0.67, which in total are suitable values and
confirmed for convergent validity. Overall, the results show the reliability and validity of all
dimensions, components, and indicators.

Table 7. Fit indexes of confirmatory factor analysis of dimensions, components, and indicators for evaluating
the educational quality of serious games

Dimensions, components and indicators Fit indexes, processing range and calculated fit
X?/DF RMSEA GFl CFl NNFI  NFI  IFI
<5 <0.08 <0.05 >09 =09 >09 >09

The dimensions of evaluating the educational quality of 4.06 0.07 0.99 099 096 0.98 0.99

serious games

Components of preparation (A), pre-production (B), 2.81 0.06 0.90 097 096 094 0.97

production (C), and post-production (D) dimensions

Indicators of the preparation (A) dimension 1.78 0.38 0.90 0,99 098 0.97 0.99

Indicators of the pre-production (B) dimension 1.56 0.32 0.93 099 099 0.98 0.99

Indicators of the production (C) dimension 1.54 0.32 0.88 0.99 099 0.97 0.99

Indicators of the post-production (D) dimension 1.17 0.02 0.96 1 1 097 1

*Abbreviations: X?/DF, Normal theory weighted least squares chi-square/Degrees of freedom; RMSEA, Root mean square
error of approximation; GFl, Goodness of fit index; CFl, Comparative fit index; NNFI, Non-normed fit index; NFI, Normed fit
index; IFI, Incremental fit index.

Thus, as the fit indexes in Table 7 show, the data of this research has an ideal fit with the
factor constructs and the theoretical foundation of the research, and this indicates the high
reliability of the constructs.

2.7 Sixth step: Quality control

In the last step, the findings from the previous steps are presented, where the research literature
reflected 4 general dimensions that can be evaluated through 25 components and 138 indicators
(see Table 6).

3. Findings

In Table 6, the dimensions, components, and indicators extracted from the literature were
discussed. These components and indicators were classified and confirmed in 4 main
dimensions (1. preparation 2. pre-production 3. production 4. post-production).

The first dimension (step) of the proposed framework is preparation. The preparation
dimension contains two technical (game) and non-technical (serious) aspects, which are the
arms of serious game development. This step can be more or less overwhelming depending on
the size of the project. It is very creative and can be very time-consuming. The second
dimension identified in the framework for evaluating the educational quality of serious games
is pre-production. The main purpose of this dimension when developing a serious game is to
“technical (game) and non-technical (serious) link”. The third dimension of the proposed
framework is production. The goal of the production dimension in the development process of
a serious game is “technical (game) and non-technical (serious) alignment” [40]. In this
dimension, the developers try to align the technical and non-technical features so that the
learners are interested in the educational content of the game which leads to the improvement
of their learning results. The last dimension or step is after production. This step includes
implementation and evaluation. After the release of the game, it is necessary to evaluate the
final product with an appropriate methodology (appropriate research method, appropriate
community and sample, and implementation or integration of the game in the field to be used)
and data collection and analysis (appropriate collection methods and appropriate analysis
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methods). In Figure 3, the dimensions and components of the educational quality evaluation
framework of serious games (apart from the indicators) can be seen.

Step 1. Preparation

Non-technical (serious) Technical (game)
o Problem o Game idea / Context
o Serious aims o Game aims
o Target learner profile o Ludic game script
o Fundamentals, domains | o Planning and risks
and models or theories o Resources, costs and
o Content and serious budget estimate
resources

Step 4. Post-production — Step 2. Pre-production
o Implementation and evaluation Evaluating the “Technical (game) and non-technical
“Appropriate methodology (serious) link”
(appropriate  research method - H
appropriate community and sample - educatlonal o Choose name / engine / genre /
implementation or integration of the quality of technology or platform
game in the field to be used) - data o Goals
collection and analysis (appropriate serious games o Concept development
collection methods - appropriate o Content and activities
analysis methods)” _ o Designing
Step 3. Production
“Technical (game) and non-technical
(serious) alignment”

o Objectives

o Aesthetics and graphics

o Implementation of mechanics

o Experience and feeling

o Adaptivity

o Actions

o Tools

o Usability and function

o prototype

Figure 3. Dimensions and components of the educational quality evaluation framework of serious
games.

4. Discussion and conclusion

In order to design a framework for evaluating the educational quality of serious games, this
research first studies articles and examines the theoretical foundations and previous research,
and then uses the meta-synthesis method to identify dimensions, components, and indicators in
the field of serious games. The results of the fourth and fifth steps of meta-synthesis (extracting
information from the studies and analysis and synthesis of findings) during several steps of
coding led to the identification of 4 main dimensions of preparation, pre-production,
production, and post-production, 25 components and 139 indicators. In the continuation of the
research and the sixth step of meta-synthesis (quality control), the primary tool was designed
based on the data of the previous step and sent to experts, professors, and developers to measure
content validity. Content validity led to the removal of one indicator. Then, confirmatory factor
analysis was used to check the validity of the introduced constructs. In order to perform
confirmatory factor analysis, 30 hypotheses (one hypothesis for dimensions, four hypotheses
for components, and twenty-five hypotheses for indicators) were proposed in this research. The
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first and second-order factor analysis confirmed all factor loadings and significant coefficients.
Therefore, the proposed framework was approved with 4 dimensions, 25 components, and 138
indicators.

In relation to supporting the findings of this research, as all the dimensions, components,
and indicators have been obtained from the research literature, there is much research evidence
that confirms and supports the findings of the current research. The evidence in the dimensions
section, in accordance with the findings of the current research, shows that the dimensions of
the educational quality evaluation of serious games include preparation, pre-production,
production, and post-production [e.g., 1-3-14-55-59-63]. Also, research evidence [e.g., 1-3-15-
16-52-61] confirms and supports the findings related to the components and indicators section
of the current research.

The new achievement of our research is to resolve the gap created in the literature on the
educational quality of serious games. Our research, unlike the previous researches, each of
which pointed to some stages of educational quality evaluation in the development of serious
games, by presenting a new framework and tool, covers from the beginning to the end of a
serious game design project and its educational quality evaluation, in a way that may to some
extent guarantee the educational quality of serious games. In this way, all the development
steps of a serious game and its dimensions, components, and indicators have been identified
and presented. The evaluation of the preparation dimension affects pre-production, pre-
production on production, production on post-production, and post-production on preparation
and other steps. Therefore, we hope that the proposed framework and tool will encourage
investors, developers, and researchers to develop serious games with higher educational quality
in the future.
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