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ARTICLE INFO ABSTRACT

Keywords: Introduction: Serious educational games are digital games designed to support teaching or learning
Vid.eo games objectives that have become popular among children. However, a set of principles is needed to
Serious games develop a successful educational game. Therefore, this study aimed to provide a comprehensive
Children . - . s . .

Education and valid framework for designing children’s serious educational games.

Learning Methods: The conceptual framework is developed in two phases. First, a scoping review was
Framework conducted in PubMed, Ovid (APA PsycInfo), EMBASE, Scopus, Web of Science, ProQuest, and

gray literature on August 1, 2022. Papers in English that reported the serious educational games’
principles for children were included. Second, the extracted data from the previous step was
reviewed and discussed by the research team to develop the initial framework. Then, it was
distributed to 20 experts with relevant knowledge and experience in two rounds to validate and
apply their comments within the framework.

Results: Of the 12916 papers identified, 15 were included in this study. In the proposed framework
named CoDHP, the results were classified into four topics, including (a) content aspects, (b)
design requirements, (c) highlighted attributes, and (d) children’s preferences. Content aspects
comprise four classes (goals and limits, child learning content, learning context, and a long-term
program) with 16 principles. Design requirements contain 11 classes (stories and storylines,
player characters, game mechanics, interactivity, game challenge, game rules, game help,
entertaining games, user interface, accessibility, and setting) with 47 principles, of which 15 are
highlighted. Regarding children’s preferences for the game elements, various similarities and
differences were extracted. For instance, both girls and boys prefer fun and popular games. Based
on experts’ comments, 21 supplementary principles were recommended to complete the content
and design requirements.

Conclusion: Game designers or researchers can use the proposed framework as a formative guide
to design successful serious games or evaluate children’s digital games.
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1. Introduction

Video games (VGs) refer to digital or electronic games involving interaction with various platforms, such as computers, mobile
phones, joysticks, arcades, consoles, and video display devices (e.g., virtual reality (VR) and mixed reality (MR) headsets) [1].
Nowadays, they are identified as one of the most engaging forms of entertainment and have an essential contribution to the digital
future [2]. VGs can be classified into eight genres, namely action, adventure, fighting, puzzle, role-playing, simulation, sport, and
strategy games, which often overlap [1]. Serious Games (SGs), among other forms of VGs, are designed for serious purposes besides
pure entertainment and can be applied to a broad spectrum of areas, such as the military, business, art, sport, government, healthcare,
and education [3].

Using SGs has gained popularity in education and training topics because of three main needs: a new paradigm for learning,
innovative interactive technologies to engage learners in problem-solving and capture their attention, and involving them in the
curricular content [4,5]. The several advantages of SGs for instructional purposes, such as enhancing the engagement and motivation
of the players, achieving optimal attention, improving learners’ skills in an enjoyable way, providing an interactive environment,
giving quick feedback and progress records, and affording teamwork among learners, led to their popularity in the educational fields
[6-8]. Accordingly, many studies have been conducted to show the positive effect of SGs on education and learning [9-11]. For
instance, Tubelo et al. revealed that the SGs were an effective tool for improving the students’ knowledge of primary healthcare
content [10]. Nascimento et al. concluded in their systematic review that SGs can be used as an effective technology for nursing
learning compared to other teaching methods [11].

As reported by several researchers, children and young people are increasingly involved in digital games as a normative leisure
activity [12-17]. Demonstrating the potential of serious educational games (SEGs) or video game-based learning for children is a
timely topic that permeates a lot of educational literature nowadays [1,18,19]. However, these studies focused more on what players
learned from digital games or the effectiveness of SGs on learning than on how these games should be designed. For example, Beh-
namnia et al. reported that the use of digital games in education can have a positive effect on learning and thinking skills, such as
critical thinking, creativity, and problem-solving in childhood [18].

The design of SEGs for children faces various challenges, such as developing a fun environment, engaging/motivating players, and
achieving the main objective, which must be addressed [20]. To respond to these challenges and design an effective educational game
for pedagogical benefits, a wide range of knowledge and skills are required [21]. In other words, understanding the characteristics of
game design can lead to the development of a successful game [22]. There are various papers to help researchers in designing SGs; for
example, Avila-Pesantez et al. carried out a systematic literature review to investigate SG design approaches, with an emphasis on
phases/stages, pedagogical aspects, and factors [23]. The theoretical model presented by Baptista and Oliveira offers a more concise
view of gamification factors [24]. Lameras et al. examined the planning, designing, and implementation of learning design features and
game properties by university teachers who are interested in using games for teaching and learning in higher education [25]. Braad
et al. outlined different methods, models, and frameworks that can aid in the design and development of serious games [26]. Mayer
provided a set of requirements, a conceptual research model that can be used in quasi-experimental study designs, and an evaluation
model for game-based learning in specific cases and contexts [27]. Yusoff et al. defined a conceptual framework for SG based on
learning theory [28]. However, these studies did not specifically focus on children, nor did they focus on different aspects of SEGs from
the viewpoint of related experts, and some of these papers didn’t develop a comprehensive framework for designing SGs. There are
currently a number of models or frameworks to support the design of SGs for patient children (e.g., children with type 1 diabetes,
learning disabilities, and autism spectrum disorder) [29-31], but game requirements for healthy children are different from those for
patient children. Conducting a study to show what principles should be considered in designing SEGs for children can help researchers
and game developers design successful SEGs. According to the authors’ opinions, in addition to the existing literature, the knowledge
and experiences of related experts (i.e., game developers, educational experts, and psychologists to comment on design requirements,
content aspects, and children’s preferences, respectively) can help enrich the principles required for SEGs. Therefore, this work aimed
to develop a comprehensive and valid framework for designing children’s SEGs in accordance with existing evidence and the
knowledge of the mentioned experts, who have at least 7 years of job experience in this field.

2. Materials and methods
2.1. Ethics statement

The study is a part of a Ph.D. thesis and the Child Abuse & Trauma Research (CHATR) project, which was performed with the
approval of the Tabriz University of Medical Sciences Ethics Committee (Numbers: IR.TBZMED.REC.1401.465 and IR.TBZMED.
REC.1395.1182).

2.2. An overview of the methods’ steps

The methodology for this study included two phases. First, a scoping review was carried out to extract principles considered in
designing children’s SEGs based on the registered and approved proposal of the Ph.D. thesis at Tabriz University of Medical Sciences.
Second, an initial conceptual framework was provided based on the results of the previous step. Then it was sent to 20 experts for
validation and completion.

Phase 1. Scoping review.



A. Asadzadeh et al. Heliyon 10 (2024) 28108

2.3. Databases and search strategy

The Preferred Reporting Items for Systematic Reviews and Meta-analyses extension for Scoping Reviews (PRISMA-ScR) [32] guided
the review process of this study. The completed PRISMA-ScR checklist is available in Appendix 1. The confirmed search strategy by a
librarian expert was conducted in PubMed (Medline and PMC), Ovid (APA PsycInfo), EMBASE, Web of Science, Scopus, ProQuest
(Dissertation & Thesis Global Databases), and gray literature (i.e., opengrey.eu, Google Scholar, and manual search) on August 1,
2022. For instance, Table 1 shows the search details in PubMed.

2.4. Study eligibility criteria

The eligibility criteria for inclusion in this study were as follows: (a) papers published in English; (b) studies that presented the
factors or principles for designing SEGs; (c) studies that aimed at children aged 3-12 years old; (d) studies that reported the children’s
preferences for SEGs; and (e) peer-reviewed papers. The studies were excluded if (a) they investigated non-digital games; (b) they were
focused on patients’ children or those with non-typical development, such as exceptional children; (c) they were research protocols; (d)
their full texts were not available; and (e) they were letters to the editor.

2.5. Study selection and data extraction

The EndNote X8 software was used to manage (i.e., import, screen, and remove papers) the identified references. Three steps were
used for the screening of papers: (1) title, (2) abstract, and (3) full text through two authors (AA and PRH). The third author
contributed to resolving the disagreements through consultation. After including the eligible papers, the main characteristics were
extracted as follows: authors (year), aim, study design, and main findings (see Table 2).

Phase 2. Proposed comprehensive framework and validation.

This phase consisted of two steps, which are described in detail below. In both steps, experts provided written informed consent via
Gmail or social networks (i.e., Telegram and WhatsApp) to participate in this study. The consent form included information about the
study’s purpose and methodology, their role in enhancing and completing the framework, and their right to join or withdraw from the
study at any time.

Step 1. Determination of the main classes and attributes of the framework.

After conducting a literature review, requirement attributes for SEGs were identified from the included studies. After the initial and
independent screening of attributes by the research team with expertise in digital game development (N = 2), psychology (N = 2), and
medical education (N = 1), each having more than 8 years of job experience, duplicated principles were eliminated. Subsequently, the
main findings from the included studies (see Table 2) were categorized into three primary topics based on the study’s objectives:
content requirements, design requirements, and children’s preferences. Finally, Table 2 and the determined topics, along with their
classes and principles, were sent to eight experts for a secondary screening of the extracted data to receive their opinions.

The criteria for selecting experts included having a relevant academic degree (e.g., medical informatics, health information
management, information technology, medical education, and psychology) and having at least 7 years of work experience in the SEGs
field. The experts were selected using a purposeful sampling method. It is important to note that in Iran, there is no specific academic
degree for SGs; therefore, individuals from some fields, such as Health Information Technology/Management (HIT/HIM), Information
Technology (IT), multimedia, and medical informatics, work in this area. After receiving the experts’ comments, the final principles
were retained and entered the validation phase (step 2).

Step 2. Validation of the proposed framework

The initial framework, based on the determined topics and attributes, was sent to 20 experts with Ph.D. degrees in related fields,
including medical informatics (N = 4), HIM (N = 6), IT (N = 2), medical education (N = 4), and psychology (N = 4) via Gmail to take
part in this study. Additionally, a questionnaire consisting of four sections: a brief introduction explaining the study’s objectives and its
necessity, a guide on how to complete the form, a list of the framework’s components (i.e., 3 topics and 105 principles), and a section

Table 1
The search strategy in PubMed.

ID  Search

1 “Video Games"[MeSH Terms] OR “video game"[Title/Abstract] OR “video games"[Title/Abstract] OR “digital game"[Title/Abstract] OR “digital
games"[Title/Abstract] OR “serious game"[Title/Abstract] OR “serious games"[Title/Abstract] OR “computer game"[Title/Abstract] OR “computer
games"[Title/Abstract] OR “gamification"[Title/Abstract] OR “exergame"[Title/Abstract] OR “Software-based game"[Title/Abstract] OR “software-based
games"[Title/Abstract] OR “Mobile game"[Title/Abstract] OR “mobile games"[Title/Abstract]OR “Mobile-based game"[Title/Abstract] OR “mobile-based
games"[Title/Abstract] OR “Video-based game"[Title/Abstract] OR “video-based games"[Title/Abstract] OR “Application-based game"[Title/Abstract] OR
“application-based games"[Title/Abstract] OR “app-based game"[Title/Abstract] OR “app-based games"[Title/Abstract] OR “Videogames" [Title/Abstract]
OR “online game"[Title/Abstract] OR “Computer-based game"[Title/Abstract] OR “computer-based games"[Title/Abstract]

2 “Child"[MeSH Terms] OR child*[Title/Abstract] OR “school aged"[Title/Abstract] OR “pre-school"[Title/Abstract] OR “preschool"[Title/Abstract]

3 “Education"[Mesh] OR “Training Programs” [Title/Abstract] OR Education*[Title/Abstract] OR “Learning"[Mesh] OR Learn*[Title/Abstract] OR train*
[Title/Abstract]

4 #1 AND #2 AND #3



https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0280965

Table 2

Main characteristics of the included studies.

Cluster Authors (year)

Aim

Study design

Main findings

Serious educational
games [33]
requirements

Alfadhli and
Alsumait [34]

Kemble [35]

Zarraonandia et al.

[36]

Ahmad and Jaafar

[371

Miller and Kocurek

This study presented a set of principles for designing
and developing educational games for children.

This paper proposed a set of game-based learning
requirements for children.

A model was proposed for designing children’s SEGs

This work presented the design method to develop an

educational game for helping children

This paper discussed the principles for designing
computer game-based learning

Data collection: literature review and
authors’ opinions

Data collection: A literature review and
authors’ and experts’ experiences

Step 1 + 2: Twelve existing models were
selected, analyzed, and synthesized.

Step 3: Items were assigned clusters of
similar items and non-duplicate items.
Step 4: Clustered criteria were synthesized
and defined in the new model for health-
focused SGs

Step 5: The resulting set of criteria was
applied to five games.

Data collection: A literature review and
authors’ knowledge

Data collection: literature review

Create developmentally appropriate content
Integrate the theoretical frameworks from the learning science
field

Embed learning in socially rich contexts
Develop diverse content

Create a balance between play and real-world learning
opportunities

Player characters

Storylines and setting

Game rules

e Game challenge

Game mechanics and movements

Game resources

Game help and support

User interface

Define objectives

Provide achievable challenges

Facilitate flow

Balance challenges and achievement
Consider time and culture

Improve children’s experience

Provide clear feedback

Provide custom content

Encourages players to construct reasoning and comprehension
Use realistic metaphors for transfer.
Push players to problem solving.

Direct constructed knowledge
Map health behavioral objectives into demonstrations, character
interactions, and game environments.

Provide flexible direction for players

Boost players’ confidence and competency
Establish a decision guide for scoring
Game rules model: reward, feedback, goals, debriefing,

persistence, mechanics, and socialization
Game scenario model: interface, scenes, character, interaction,
context, and services.

Educational game design process (i.e., initial design, refinement
and completion, game composition, game profiles definition,
game implementation, and reuse and game variant production).
The development of a good computer game includes 16 learning
principles:

o The players should represent their own characters.

e The game must provide interactive features.

Actions performed by children must be in accordance with the
storyline.

The game must prepare children in risks taking.

Games must have different levels

The players are able to feel the roles

Problems prepared in an orderly manner

(continued on next page)
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Table 2 (continued)

Cluster Authors (year)

Aim

Study design

Main findings

Annetta [38].

Wang et al. [39]

Lieberman et al.
[40]

Khine and Shalleh
[41]

This article described lessons learned in designing
SEGs for children and presented a framework for
designers

This study determined how to design characters in
role-playing games (RPG) educational games

This study examined how digital games could be
designed for young children

This study investigated the core attributes of
interactive digital games and adaptive use for
edutainment

Data collection: literature review and
authors’ knowledge

Data collection: authors’ knowledge

Data collection: literature review and
authors’ knowledge

Data collection: literature review and
authors’ knowledge

e A good game offers a set of challenges and reinforcement

e A good game offers suitable time and demands

o Games should provide meaningful situations

Providing losing but entertaining features in the game leads to
improving the skills of players.

Games should encourage players to think

Equipment used in the games is considered smart equipment
Games should encourage players to explore lateral thinking and
think of the objective

Games should provide multitasking groups.

The games allow players to participate using pre-competent
achievements

Six elements of educational game design:

The players identify (e.g., avatar)

Immersion (e.g., through individual identification)
Interactivity (e.g., social communicators)

Increased Complexity

Informed teaching as the feedback and embedded assessments
within SEGs

e Instructional

RPG characters should be designed according to:

e The educational goals

e The learning content and game plot

e Learners’ characteristics

o The characteristics of the times and culture

e Combinations of “education” and “entertainment”

Educational digital games for young children should provide:
Clear, repeatable verbal descriptions and visual presentations of
content.

Good stories to engage the child in thinking and maintain their
interest.

Characters (role models), who are similar to the child.

Choice and building on success.

Learning in a familiar context.

Adaptive learning through leveled activities and the right amount
of challenge.

Provide interactive questioning.

Provide challenges through contests, races, mysteries, problem-
solving, simulations, and other goal-oriented activities
Repetition and rehearsal of skills.

Interactive encouragement and help.

Performance feedback.

Social interaction.

Personalization by appearing the child’s name and artwork on the
screen

Fun, humor, fantasy, and entertainment.

Capturing learner’s interest

Anchoring content to reality

Creating learner puzzlement

Providing generous choices

(continued on next page)
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Table 2 (continued)

Cluster

Authors (year)

Aim

Study design

Main findings

Children’s
preferences

de Vette et al. [42]
Arbianingsih et al.

[43]

Osunde [44]

Nand et al. [45]

Nousiainen and

Kankaanranta [46]

Kinzie and Joseph
[47]

This study investigated the game preferences of
children and translate these into game design.

This study provided a comprehensive picture of what
children prefer in computer game for using in health
education

This study investigated some successful digital
entertainment games to create educational games for
learning.

This research extracted the dynamics of popular
commercial and motivational games and apply the
findings’ characteristics to develop engaging
educational SGs for children.

This study explored the preferences of elementary
school children in the design of learning
environments.

This study investigated the game activity preferences
of children.

Data collection: questionnaire

Samples: 65 children (girls: N = 29,
boys: N = 36)

Data collection: a descriptive qualitative
approach

Samples: 7 children

An exploratory study
Samples: 32 children (girls: N = 24,
boys: N = 8)

e Data collection: questionnaire
e Samples: 120 children

Data collection: authors studied the
development processes of three game-
based learning environments or websites
for children

Data collection: questionnaire

Focusing on the flow (i.e., balancing the challenge of task and skill
of learner)

Encouraging collaboration

Promoting creativity

All participants prefer high dedication and novelty contents.
Significant differences were found between boys and girls in the
following domains: discord, rivalry, social, intensity and threat.
e Children prefer an animated and fantasy main character with an
attractive appearance.

Bright colors are interesting for children in the game environment.
The types of games selected by children are as follows: activities,
rewards and in-game variety.

e Girls’ preferences for SEGs are as follows:

Cartoon graphics, moderate control, many fun, using any device,
involving player interaction, providing progression rewards,
including a definite storyline, using for all ages, not based on
character mission, no violence, very popular, bright colour, a human
with real scenarios, and game with levels.

e Boys’ preferences for SEGs are as follows:

Photographs graphics, many fun, full control, using specialized
devices, single player, providing points rewards, may or may not
include a storyline, teenage games-suited for age group, based on
character mission, very violent, popular games, dark colors, animals

in fantasy scenarios, and lots of action.

The following game attributes were most appealing:

Different levels in the game (challenges)

How many points were scored (feedback)

Realistic graphics: colorful images, real-life characters, and high
definition

Use familiar UI conventions without risking game-likeness
Visible controls at all times

Visible Game status at all times

Content-rich layouts, little empty space

Realistic appearance

Themes related to real life

Great variety of themes

Much freedom of choice in functionality to allow exploration
Possibility to create something

A main character (a game character or a guiding “mascot”)
Children prefer an explorative mode of play

There are gender differences in children’s preferences and
attitudes toward active, strategic, and creative play modes
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for providing further comments from experts, was sent to them. The selection of expert participants was based on the same inclusion
criteria used in the first step. In the initial survey, the experts expressed their general viewpoints on the importance of each principle by
selecting from three options: “I disagree," “I have no opinion," and “I agree." Furthermore, they assigned independent scores ranging
from 1 to 9 to each principle (1-4 = disagree, 5 = no opinion, 6-9 = agree). They also included their additional suggestions in the final
paragraph of the form to complete the identified principles. Some experts requested a face-to-face meeting before submitting their
comments. Principles with a final mean score of more than seven were selected; those with a mean score of four to seven were retained
for the second round; and principles with a mean score of less than four were excluded. In the second round, the framework along with
aresponse letter, was sent to the 15 experts who participated in the first round for final validation. In each round, experts were given 7
days to submit their comments.

3. Results

The initial search yielded 12916 papers from databases and gray literature. A total number of 9468 records remained after
removing duplicates in the screening process. The reviewers excluded 9423 records after screening the titles and abstracts. Then, a
total number of 45 articles were eligible to be included in the full-text review, of which 30 did not meet the inclusion criteria. Finally,
15 studies were included in the final review (see Fig. 1). Table 2 presents the basic characteristics of the included papers that reported
the requirements of SEG development for children based on game design principles and children’s preferences.

Phase 2. The proposed framework for children’s SEGs.

Step 1. Determined classes and attributes

Based on the findings of the literature review, 110 attributes were identified from 15 studies for the development of children’s SEGs
(see Table 2). A total of 105 principles remained after removing duplicate and similar items during the screening process conducted by
the research team. After a secondary screening by eight experts, the same number of principles remained. These 105 principles were
categorized into three main classes.

1. Content requirements with 19 attributes.
2. Design requirements with 47 attributes.
3. Children’s preferences with 39 attributes.

Step 2. Validated framework

To complete and validate the proposed framework, 15 out of the 20 invited experts participated in this process in two rounds.
Table 3 displays the characteristics of the participating experts. In the first round, all items were scored higher than 7 and selected as
final principles for designing SEGs. The experts also provided additional suggestions to enhance the content and design aspects of the
framework, as follows.

Devote a separate section within the framework to show the highlighted attributes in designing SGs based on existing literature. In
other words, the framework should clearly present the minimum requirements for designing SGs.

Present the further comments of experts within the framework or in a separate Table to show supplementary principles that were
not found in the literature.

Include some examples in the “Game types" class for activities.

Specify the more highlighted girls’ and boys’ preferences in SEGs within the framework.

Incorporate quantitative findings into the children’s preferences section (Topic D)

Enhance the readability of the framework by employing numbering (i.e., numerical, alphabetical, or Roman) for classes and
attributes.

Include subsets of “performance feedback” (i.e., immediate feedback, seeing and comparing progress, providing text, audio, and
video feedback) in the “Interactivity".

Provide some examples for the “game challenges" class.

Include an example for the “player character” class.

After incorporating the experts’ minor comments into the framework, they confirmed the updated framework in the second round.
Figs. 2-4 illustrate the proposed framework, named CoDHP, based on its four major topics: A) Content aspects; B) Design requirements;
C) Highlighted attributes; and D) Children’s preferences. Descriptions of these topics are provided below.

According to the framework, four classes were identified for content aspects, including goals and limits, child learning content,
child learning context (i.e., the context where the games should be inserted), and a long-term program. Before designing SEGs, ob-
jectives and limitations must be clearly mapped by the designer or the research team. The class of child learning contents comprises 14
principles: considering all developmental aspects of children (e.g., physical, motor, social, cognitive, and emotional domains), illus-
trating abstract concepts, using simple words and commands, mirroring the language of target children, providing custom contents for
players, anchoring content to reality, providing content according to the times and culture, using utility/applicable resources for
learning contents, presenting sufficient information based on the main goal, developing diverse content based on the complexity of
learning contents, and integrating the theoretical frameworks from the learning field (i.e., some learning theories can be used for
educational games), demonstrating clear descriptions, providing repeatable descriptions, and visual presentations as much as possible.
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Child learning contexts consist of (1) providing the content in familiar settings (e.g., family and school) and (2) embedding the
learning content in socially rich contexts (i.e., enhancing and facilitating the interaction between someone (e.g., peers, parents, or
teachers) and a child, especially parent-child interactions). The last class of content aspects is dedicated to long-term programs. It
means that the game content must be completed over a period of several weeks. For instance, based on the learning objective, the game
content should be divided into chapters and provided over a period of at least one or two weeks.

B) Design requirements for SEGs.

As shown in Figs. 3 and 11 classes with their defined principles were allocated to the design of SEGs: (1) stories and storylines with
seven principles, (2) player characters with eight principles, (3) game mechanics and movements with six principles, (4) interactivity
features with four principles, (5) game challenges with six principles, (6) game rules with four principles, (7) game help with three
principles, (8) fun, humor, fantasy, and entertainment games, (9) user interface (UI) with four principles, (10) accessibility with two
principles, and (11) setting with three principles.

C) Highlighted attributes in designing SEGs.

Based on the findings of literature review and experts’ opinions, 15 out of the 47 identified principles are highlighted in designing
SEGs for children, as follows: (1) having an engaging, clear, and fast-paced storyline, (2) relating the story to the real-world players’
experiences, (3) having social interaction (i.e., children can interact with someone, such as peers, parents, or teachers, while engaging
in game-based learning), (4) giving feedback on performance (i.e., immediate feedback, seeing and comparing the progress, and
providing text, audio, or video feedback), (5) considering learners’ characteristics, (6) considering the player’s interests, (7) providing

R

(&

ecords identified through database searching Additional
(n=12916) records
EMBASE (n=1484), identified
PubMed (n=1439), through other
= Scopus (n=4890), sources
'E ProQuest (n=668), (n=100)
S Web of Science (n=3601),
= Psycinfo (n=834)
g \L J\ y,
=
. . Records excluded, with reasons
(n =9423):
Records after duplicates removed ) ) ) o
(n =9468) e Did not investigate digital
games
e Did not study educational
l intentions
e Not peer-reviewed papers
[ Records screened (n = 9468) e Investigated patients or
| abnormal children
1= e Papers in non-English
E e Research protocols
80 l e Letters to the editor
=
Full-text articles assessed for eligibility (n = 45) _l Pyill-text articles excluded, with
reasons (n = 30):
e Not focused on children
e Not focused on serious
games
e Not available full text
Studies included in qualitative synthesis e Not focused on SEG
(n=15) principles/ characteristics

Fig. 1. Flowchart for the selection process of the included studies.
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personalization options (e.g., the child’s avatar, name, and artwork can appear on the screen to stimulate interest and help the child
feel special), (8) allowing the players to discover the game storyline, (9) providing achievable challenges, (10) granting rewards (e.g.,
scores, prizes, and game progress), (11) limiting the player’s actions through the game rules, (12) using the minimum amount of
mechanics, (13) designing a fun game, (14) considering hardware limitations (accessibility), (15) considering children with disabil-
ities, and (16) culture.

D) Children’s preferences in SEGs.

Children’s preferences are another part of the proposed framework that is presented according to children’s interests in digital
games (see Figs. 2-4 for details). For instance, boys and girls prefer high dedication and novelty games. These domains are displayed in
the range from 0 to 100 at two extremes in the framework. Dedication refers to the appreciation of a game that requires low self-
discipline versus a game that is achievement-oriented, and novelty means the preference for conventional, routine, or real-world
versus fantasy, curiosity, and variation in the game’s contents. In addition, there are other similarities between girls’ and boys’
preferences in user interface (UI) navigation, characteristics of the main character, Ul appearance, color, content functionality, type of
games, content mode, and content theme. However, there are various differences in gender-based preferences among SEGs. For
example, girls and boys prefer non-violent and very violent games, respectively. Moreover, there are significant differences between
boys and girls in the following domains for content: discord (i.e., peaceful versus violent content), rivalry (i.e., cooperation versus
competition), social (i.e., the opposition of the amount of interaction with others between solitary and multiplayer), intensity (i.e.,
slow and relaxed against fast, intense, and time-pressured), and threat (i.e., stressful game against calm).

4. Experts’ recommendations

Finally, experts recommended three and eighteen principles based on their knowledge and experiences, respectively, to comple-
ment the content aspects and design requirements of SEG (see Table 4 for details).

5. Discussion

Serious game applications, particularly for children, have increased in the educational field. In this study, a comprehensive
framework was developed based on valid and scientific methods (i.e., a scoping review and the knowledge and experiences of relevant
experts) to illustrate what principles are needed in developing SEGs for children.

Determining the content of games is recognized as one of the important aspects of SGs design for children [34,40]. The studies
indicated that learning content is identified as a universal attribute in SEGs and plays a crucial contribution in constructing good
instructional games [48-50]. These results show the important role of learning content in children’s games. In other words, proper
integrated learning content can enable children to gain knowledge and enhance their learning performance by playing [51]. Our

Table 3

Experts’ Demographic characteristics (n = 15).
Variables No (%)
Gender
Male 9 (60)
Female 6 (40)
Field of education in MSc degrees
Health Information Technology (HIT) 4(26.7)
Medical Informatics 2(13.3)
Multimedia® 4 (26.7)
Psychology 2(13.3)
Medical education 3 (20)
Field of education in PhD degrees
Health Information Managementb (HIM) 6 (40)
Medical Informatics 4(26.7)
Medical Education 2(13.3)
Psychology 2(13.3)
Information Technology 1 (0.67)
Occupation
Professor 4 (26.7)
Game developer 4(26.7)
Psychologist 2(13.3)
Researcher in educational game 5(33)
Job experiences
7-10 6 (40)
10-15 6 (40)
>15 3(20)

@ . There is no Ph.D. degree for multimedia field in Iran.
Y In Ph.D. degree, the name of HIT was changed to HIM.
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proposed framework shows the principles that should be considered in determining the game content for healthy children. In other
words, the content requirements for healthy children must be distinguished from those designed for exceptional children because the
content aspects are determined by considering the physical and psychological characteristics of children. For instance, Sparapani et al.
[29], Shaban and Pearson [30], and Khowaja and Salim [31] developed a specific framework for children with type 1 diabetes,
learning disabilities, and autism spectrum disorder, respectively. Content requirements also play an important role in other frame-
works that are not focused on children [52,53].For example, Darwesh [52] reported that the concepts of SGs in education consist of six
main categories, including scenario, enthusiasm, interactivity, user’s traces, scoring, and learning. In his model, content aspects were
embedded in the learning layer, but they did not mention the content principles. It should be noted that children’s learning must begin
with a basic understanding of the fundamentals that they require. Indeed, to design any successful digital game, designers of children’s
SEGs must first consider the principles of learning content. The content requirements identified in this study can differ based on game
goals and user characteristics like age and gender. Based on experts’ comments, before designing SEGs, the psychological charac-
teristics of children should be investigated from existing guidelines in this area (e.g., UNESCO and WHO). Additionally, the determined
content requires validation through quantitative methods (e.g., standard questionnaires) or qualitative methods (e.g., interviews and
expert panels). In other words, using verified and appropriate content can play a crucial role in enhancing the effectiveness of games.
Furthermore, to create rich and suitable content for children in educational games, parents’ opinions should be taken into consid-
eration because they are more attuned to their children’s needs.

A total number of 47 principles have been reported for designing children’s SEGs, among which a total number of 15 attributes are
highlighted [33-41]. Some of these principles are also mentioned in frameworks that are not created exclusively for children [54,55].
For example, Kalmpourtzis [54] reported five basic elements for a game, i.e., mechanics, aesthetics, story, technology, and pedagogy,
which designers should consider at the beginning of the design process. According to Moradi et al. findings, six components, including:
educational elements, mechanics, story, aesthetics, dynamic, and proportionality, needs to be used in educational game design [56].
Cheng et al. indicated that SG-assisted learning has been strongly impacted by five key factors: backstory and production, realism,
artificial intelligence and adaptivity, interaction, and feedback and debriefing [57].Moreover, Kucher [55] noted that there are five
main principles to facilitate the effectiveness of digital game-based learning: (1) interactivity, (2) immersiveness, (3) adaptive problem
solving, (4) feedback, and (5) freedom of exploration [58]. Applying design requirements to SEGs can lead to a positive effects through
player-motivated interactions. Therefore, game developers should pay attention to them. For instance, the immersive features of VR
can be combined with SGs to create games that are more engaging for players [59]. Accordingly, Cheng et al. showed that an
immersive SG had a positive correlation with the performance of learning [57]. However, it is difficult to develop SGs that are both
entertaining and educational due to the lack of standards on how to design SEGs [60]. Indeed, game designers can provide effective or
successful SGs in educational fields when they are familiar with the design aspects. As a result of our findings, a set of game design
principles with highlighted items was presented to guide game designers or researchers in developing high-quality SEGs. However,
game developers sometimes cannot apply all the design principles due to some existing limitations or challenges; therefore, the
highlighted attributes in the proposed framework are useful in identifying the minimum requirements that should be addressed in the
design of SGs. For example, using the immersion features of VR-based serious games can face the following challenges: expensive
hardware and difficulty using or controlling VR-based SGs, especially in multiplayer games. According to the experts’ comments, other
principles (see Table 4) should be considered in the design of children’s games. These items can help game designers in determining
games’ characters and stories and enhancing the game features. However, these items are variable based on the game’s objectives,

Q Content aspects of SEGs /

I. Goals and Limits Il. Child Learning Context

1. Provide in familiar context
2. Embed learning in socially rich contexts in
particular child-parent interaction

lll. Long-term Programs

IV. Child Learning Content

1. Consider all developmental aspects 8. Ultility recourses

2. Abstract 9. Sufficient information

3. Simple words 10. Clear descriptions

4. Custom content 11. Repeatable verbal descriptions

5. Mirror the language of child 12. Visual presentations

6. Anchoring content to reality 13. Develop diverse content

7. According to the times and culture 14. Closely align with the field of learning sciences

Fig. 2. A framework for designing children’s serious educational games: Content aspects.
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Topic B

Design Requirements for Serious Educational Games (SEGs)

Heliyon 10 (2024) e28108

|. Stories and Storyline

1. Design an engaging, clear, and
fast-paced storyline

2. Design an understandable
storyline

3. Relate the story to the real-world
players' experiences

4. Reveal game characters through
the storyline

5. Engage the child in thinking

6. Maintain interest for the end of
story

7. End the story with a pro-social or

constructive resolution

Il. Game Mechanics and Movements

1. The natural and correct weight
and momentum

2. Match basic mechanics

3. Use the minimum amount of
mechanics

4. Create clear and visible effects

5. Implement mechanics and

controller actions

6. Easyto learn, intuitive, and follow
the standard conventions of
similar games.

VI. Game Rules

Limit player actions

Explicit and unambiguous
Fix, bind, and repeat the rules
Clear and easily accessible

BN

IX. Accessibility

1. Consider hardware limitations
(e.g., cost)
Consider children with disability

. TopicC )

Il. Player Characters

1. Consider player’s interests

2. Ethical

3. Control the characters’
interactions/movements

4. Involve players emotionally

5. Allow characters to advance in
level

6. Involve players in thinking about
possible story outcomes

7. Appealing characters, who are
similar to the child (role model)

8. Provide personalization option

IV. Interactivity
1. Interactive questioning
2. Interactive encouragement and

help
3. Social interaction
Performance Feedback:

+ Immediate feedback

« See and compare the progress

« Provide text, audio, and video
feedbacks

VII. Game help

1. Easily accessed and searchable
Highlight the default choices
Provide additional online help

X. Setting

1. Provide changeable settings, e.g.,
voice

Clearly and logically

According to the target audience,
preferences and age group

Highlighted attributes in SEGs

Characters Design in Role-
Playing Games

« According to the educational

goals

« According to the learning
content

« According to learners’
characteristic

« Combinations of “education”
and “entertainment

+  According to the
characteristics of the times and
culture

V. Game Challenge

1. Provides achievable challenges
Provide new challenges at an
appropriate pace

Provide reward

Create memorable meaning
Provides expected outcomes
Allow the players to discover the
game storyline

N

Rion By

Example: Contests, Races, Mysteries
Problem solving

VIIl. User interface

Visual representation
Adaptive Ul
Consistency
Usability

o

XI. Develop fun, humor,
fantasy, and entertainment
game

///|

1. Design an engaging, clear, and
fast-paced storyline

Relate the story to the real-world
players' experiences

Social interaction

Immediate Feedback

Consider player’s interests

— e o e
H N

6. Provide text or audio, or video
feedbacks

7. Provide personalization option
(e.g., child’s name and avatar)

8. Provides achievable challenges

9. Provide rewards

10. Fix, bind, and repeat the rules

11
12

I

Fun game
Visual representation in Ul and !
game content 1
13. Platform accessibility I

14.

I
I
I

15.

Consider children with disability
Culture

B o e e e e o o S S e e S S SEE SEE B B BEE BEE BEE GEe GEE G S S SEe SEe Sae Sae S e e e

Fig. 3. A framework for designing children’s serious educational games: Design aspects and Highlighted attributes.
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<

Gender-Based Preferences oi*
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Similar Preferences of both Boys and Girls in SEGs

I. Ul Navigation

Il. Characteristics of the Main Character

1s
2
3.

Using familiar Ul conventions without risking game-likeness

Controls clearly visible at all times
Game status and standings clearly visible at all times

1. A creature or moving object: Animals, people
2. Contain elements of fantasy
3. Have an attractive appearance

Ill. Ul Appearance

IV. Selected Colour

Realistic appearance, for example, photographs

Bright colour: primary colors and a mix of basic colors
(Girls: Pink, Purple. Boys: Red, Yellow, Blue, Green)

V. Content Mode

VI. Content Theme

VII. Content Functionality

The explorative mode of play

1. Themes related to real life
2. Great variety in themes

2. Possibility to create something

1. Much freedom of choice in functionality

VIil. Game Type

IX. Dedication

1. Activities (Coloring, Shooting, drawing, object matching, taking ordrer, nursing or caring the X. Novelty
main character), 2. Gifts (Rewards), 3. In-game variety
Different Preferences of Boys and Girls in SEGs
‘ ’ ~ Game Characteristics Genders Mean
Girls Boys contents
a Peaceful °|  Girls: 19
i 43
Graphics Cartoon Photographs Discord <
Violent ‘L Boys: 62
Fun Lot of fun Lot of fun 100
0
C i Girls: 31
Control Moderate Full : ROpE o LS
Rivalry vs. 43
Number of player  Player interaction ~ Single player Competition ‘L Boys: 53
100
Rewards Progression Points Cagnial 0 Girls: 65
Storyline Include a definite  May or may not Dedication < Vs 70
include storyline Devoted 1oo‘L Boys: 74
Age appropriate All ages Teenage games- g
suited for age Real world Boys: 60
Novelty vs. 63
Game mission Not based on Based on F L -
character mission ~ character mission aniasy oy Cirls: 66
0
Violence No violence Very violent Solitary Boys: 51
" Social vs. 58
Popularity Very popular Popular
Multiplayer 100‘L Girls: 66
Colour Bright colour Dark colour o
Slow-paced Girls: 27
) ) Intensity vs. 45
Character Human with real ~ Animals in L
scenario fantasy scenarios Exiting (fast) oY Boys: 60
Action = Lots of action 0
} Calm Girls: 25
Gameplay levels ~ Games with - Threat vs. 47
levels
Stressful L Boys: 64
100Y
— e —
——
More highlighted items More highlighted items Highest Significant differences between boys
among girls among boys scores and girls
Number of player, fun, 3 q PN « Discord e  Social
Violence, age ISHREUIES, CSRSn : ﬁed'ﬁftm" « Rivary e Intensy ° Tnreat
appropriateness s ovelly

Fig. 4. A framework for designing children’s serious educational games: Children’s preferences.

A) Content aspect of SEGs.
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Table 4
Experts’ recommendations to complete the identified principles in designing SEGs.
Items D Principles/attributes
Content 1 Use the validated content for the game
Aspects 2 Engage parents to receive their needs

3 Select the game content based on children’s psychological characteristics

Design requirement 1 Use age-appropriate interaction time
2 Prefer recognizing than remembering
3 Use the meaningful icons as a replacement or help to texts
4 Fit the game to the user’s level of experience
5 Use narrative and short stories to attract players
6 Use popular stories to attract players
7 Use popular game characters
8 Assessment/evaluation the developed SEGs
9 Obtain ideas from existing learning environments
10 Pay attention to the availability of game platforms
11 Present information to player according to their level of development
12 Hide features of advanced levels
13 Easily control of the game by children
14 Use the modular design for the game
15 Use principles that both girls and boys prefer/consider gender-based preferences if possible
16 Use immersion feature of virtual reality if possible
17 Use features of augmented reality if possible
18 Allow players to undo and correct mistakes if possible

users, available facilities, and resources. Understanding user preferences is essential for designing effective SGs [42]. Based on the
literature, existing frameworks or models in the field of serious educational games have not taken into account the preferences of
players, while paying attention to the interests of users can be very helpful in attracting them to the game [26,61]. Accordingly,
Gonzdlez et al. discovered gender and age differences in preferences for device or platform type and game elements [62]. Moreover,
Manero et al. indicated that gaming preferences can influence the effectiveness of learning approaches [63]. Indeed, considering the
interests or preferences of children has played an important role in designing SEGs. Based on our findings, a number of studies have
reported children’s preferences in SEGs [42-46]. For example, Osunde stated that both girls and boys like fun and popular games, but
their interests are different in terms of the number of players, rewards, storyline, age-appropriate, game mission, violence, color,
character, action, and gameplay levels [44]. As demonstrated in the proposed framework, a separate section is dedicated to girls’ and
boys’ preferences in SEGs. According to psychologists’ opinions in this study, the extracted preferences of children from the included
papers can be used for the majority of children. However, it is undeniable that the interests of all boys and girls may not be the same. In
some cases, boys’ interests are similar to girls, and vice versa. As shown in Fig. 4, the interests of girls and boys regarding game items
are not always absolute zero or 100, but mostly include the range of zero to 100 (e.g., on the scale of discord (peaceful vs. violent), boys
give a high score and girls a low score). Researchers of educational video games should consider gender-based preferences to obtain a
more accurate insight into their populations. Moreover, preferences can be provided as options for the players. Although following
these principles can help in developing effective and successful games, all players’ preferences for any purpose cannot be applied due
to technical, time, and cost limitations.

6. Conclusion

The framework presented here brings together a set of principles for SEGs that are oriented toward designing for children.
Educational game designers or researchers can use it as a formative guide to design successful games or evaluate children’s SGs. In
other words, the proposed framework can help game developers understand the content aspects, design requirements, highlighted
principles, gender-based preferences, and helpful recommendations of relevant experts for providing effective children’s SEGs. The
strengths of this study are its mixture method (i.e., a scoping review and expert knowledge), comprehensive scope, and search of
multiple information sources. The major limitation of this paper is that only studies in English-language have been included; therefore,
it is recommended that a multilingual research team carry out this work. For future works, the framework can be improved or
customized based on more specific factors, such as cultural differences, specific educational topics, specific educational theory,
different age groups of children (i.e., children’s grades), or the psychological aspects of learners. To respond to the framework cus-
tomization, researchers should conduct different original articles on how to design SEG for children due to the paucity of studies on
these topics.
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