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Abstract: In the past two decades, a considerable amount of research has focused on digital games as
part of media education. Digital game-based learning (DGBL) is identified as a potential pedagogical
approach to enhance learning in the digital era. In light of the increased number of academic
articles on educational games, this study considers the development and the factors that influence
learning performance among children by providing a thematic review of the literature available
on DGBL. Findings show that despite following developmental standard procedures, a distinct
perspective between the game designer and the educator is essential. Three major approaches have
been identified, namely the learner-centered, the game-centered and the model approaches. Learning
processes that use digital games show empirically positive results as well as the great influence in
terms of intrinsic motivation, game features and overall learning experience.

Keywords: media education; digital game-based learning; digital games; game design approach;
learning performance

1. Introduction

Digital games are known to be used for popular entertainment and educational media
by the current generation (Gen-Z) [1]. The influence of technological development on
media instruction increases the accessibility of digital games for various ages. Through
digital games, specific integrated learning content can be provided during play. In the
21st century education, digital games have been identified as potential tools to improve
learning [2], allowing people to train themselves as thinkers and providing an adequate
environment to increase the required set of skills. Depending on the type, games can also
stimulate the player to formulate tactics, use ‘second-guessing’ techniques, and commit
to the planned strategy [3]. Even though most young people are literate in information
technology and able to play digital games, designing a game is not an easy task. Several
processes and people are needed to develop a complete playable digital game for learning.

Digital games can be played either by a single player (targeted individual learning) or
by multiple players (targeted collaborative learning). Commercially, multiplayer games
are more about social interaction, where it requires a certain number of players to work
as a team in order to complete the gaming task. However, for educational digital games,
most games are made for individual players. A survey study from MIDiA in 2022 indicates
that 57% of gamers prefer single-player games instead of multiplayer games [4]. Since
individual learning outcome is more important compared to social interaction, research
on educational digital game design and development rarely design multiplayer games, as
they require online platform programming [5] and a large amount of teamwork, time and
money [6].

The development of games for educational purposes differs from those for common
entertainment [3]. For designers, games for children are the most challenging. The reason
is that the technology and gameplay tend to be limited, especially for young children [7].
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Moreover, no single type of game is appropriate for all children due to their motor and
cognitive skills changing throughout childhood. Fisher [7] stated that game designers
need to understand the developmental milestones that cover the cognitive, physical, and
emotional development of children. Based on Piaget’s theory of child development, most
game designers classify children into four age ranges, as follows: babies and toddlers
(ages 0–2), preschoolers (ages 3–5), early elementary kids (ages 6–8) and tweens (ages 9–12).
Each group has its own interests and abilities, reflecting that their brains and physiology
differ from those of adults. In the educational context, game designers need to identify the
target audience for the game to provide playable and engaging experiences for both boys
and girls [7,8].

Historically, games have been designed and developed for both genders. However,
when playing together with the same game, boys and girls differ in their enjoyment of the
game [7,9]. This situation occurs in the tweens group, where girls and boys start to mature,
and their puberty occurs at the age of 10 onwards. Their ways of thinking and interests
often enter dimensions where boys prefer masculine games while girls prefer feminine
ones. In game preferences, boys prefer racing games and first-person shooters while girls
prefer to choose more social and caregiving games [7]. The issue on gender preferences in
games has been discussed and agreed with gender inclusiveness in games, aiming to make
games that can interest both sexes. The most appropriate example of a successful game
design is physics-based, that is, Angry Birds, which has become popular among children
not only of both genders but also of various ages. Other games such as Plants vs. Zombies,
Candy Crush, SimCity, and Minecraft are also popular among children within the ages that
are suited for learning.

Educational digital games can also provide learning experiences in virtual worlds [6,8,10].
James Paul Gee [11–13] is one of the major contributors in digital game-based learning
(DGBL) research and discusses a deeper understanding of using games in education. His
works in 2005 indicates that learning is effective in a good game with a good design [11–13].
Given that games are related to problem solving structured by specific goals, Gee believes
that good game design provides better learning experiences in virtual worlds where people
(players) use skills for learning and problem solving, and mastery for engagement and
pleasure. Humans think and learn not through abstract calculation and generalization but
primarily through experiences, which are stored in the memory and used to determine
simulations to apply problem solving in new situations [14].

The objective of playing is to pass all the obstacles set up for the player and win the
game [6,15,16]. In the learning context, mastery of certain knowledge or concepts is the
goal of learning [17]. When game designers combine the educational content into game
design, the game itself becomes a powerful tool to develop understanding and concepts
for the player [18]; it is not merely creating a fun environment but also helping students to
enhance their learning of subjects that have been intelligently constructed in game format.
Moreover, in the recent technological world, people become familiar with games due to the
increasing number of gadgets and devices produced each year [19]. People gain access to
free downloads of games that they find most attractive and play it for certain periods [20].
By contrast, game development plays an important role for DGBL. The game must be able
to attract people to play, otherwise the play period may be short. However, if players reach
the highest level, then they can construct and understand the interaction of subjects inside
the game.

Various studies discuss how to develop a good game that can be played by children
in general. This epistemology of theoretical and practical research in games for education
provides a clear picture and guidance in designing a good game. Most scholars publish their
ideas and models for designing digital educational games that cover various distribution
platforms such as web- and mobile-based games. In the era of mobile technology, the
gaming scenario has switched to mobile gaming. This situation encourages people to play
games through their smartphones and tablets by using game applications (apps). With their
widely and firmly established platform infrastructure, mobile games differ mainly through



Educ. Sci. 2023, 13, 102 3 of 20

design [21]. However, at present, many game apps are available on app stores, but their
quality is decreasing [22]. This issue is reflected in the review by Neil [23], which indicates
that most game designers have difficulties in referring and applying the theoretical aspect
of good game design. In fact, most of the mobile game apps produced nowadays are only
created for economic purposes, and do not emphasize successful educational content as
long as the game is popular and generates a high income.

Therefore, this study reviews the recent research on digital games to examine the input
for designing games and the factors influencing learning performance, particularly in games
for children. Given the many models of designing digital games for educational purposes,
this study considers recent works on game development with results that indicate positive
learning performance. All inputs in game design and its effects on learning performance
are examined. Thus, findings show the comprehensive and current research trends in
media education, to examine how digital games are designed and developed to improve
learning performance.

2. Designing Games for DGBL

Designing and developing games in education is complicated due to the incorporation
of educational content, game elements, and entertainment [6,18,24,25]. The purpose is to
engage players to the game play and enhance learning. At this stage, the game designer
plays an important role in conceiving a framework for a series of interesting challenges
in the form of a ‘game’ [18]. No specific process to design a good educational game has
been identified. In most literature, scholars, academics and game designers discuss the
input process of developing good games for educational purposes (Table 1). However, the
latest review and conceptualization on digital games for education indicates six universal
attributes that contribute to a good game design, as follows: theory, learning strategy,
pedagogy, learning content, game elements and game principle design [24,25].

Table 1. Components for developing games for DGBL.

Construct Indicator Description Sources

Game
Development for

Learning

Learning Theory

Learning theories are used to underpin educational digital
game design. In determining the engagement and type of
gameplay, it helps game designers and game developers to
produce specific learning outcomes depicting the design.

[26–29]

Instructional
Design/Content

Instructional design is a systematic approach to design
instruction/content that facilitates knowledge transfer. Content
is an important part of educational digital games. The
identified/selected learning content should be integrated into
the specific game mechanics.

[26,29–34]

Pedagogy Element

The approach in promoting and ensuring the target learning
may affect the learning of the player while interacting with the
digital games. The pedagogical elements help the player to
trigger the use of their set of learning styles to complete the
gaming task.

[26,35]

Game Design
Elements/

Characteristics

Game design elements are game components that make up a
digital game with the purpose of making the games more
engaging and k appealing.

[26,30–33,36–39]

Learners’
Needs/Preferences

Specific needs to provide
individualization of game elements is important when it comes
to design digital games for children’s levels. Their cognitive
ability must be central to the designer’s
careful design of a playable game for specific targeted users.

[30,34,36]

The basic model of game design consists of several iteration stages, namely, conception,
prototype, playtest, analysis and modifications [18,40]. However, designers noticeably
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spend more time on conception before moving on to the next stage, which is the more
technical part of development. The game repeats this cycle until the target audience is
satisfied. Given that games have been identified as significant tools in teaching and learning,
the literature mainly focuses on game development and its significant impact on learning
performance [26,32,36,40–49].

The above focus on game development highlights the fundamentality of the design
model underlying each process. However, the models differ in the conception stage. Here,
the designer and educator critically identify the concept of the game to be created. Based
on recent research, this conception can be categorized into the model approach, learner-
centered, and game-centered. The model approach is commonly used by designers by
applying the most relevant model in designing games for educational purposes. The
learner-centered approach uses personalized or individual preferences in the game, and
thus is rarely preferred by designers due to its process of collecting survey data among
learners. However, this approach is useful in enhancing the specific learning outcomes to
be carried out for research purposes. However, literature on learner-centered approaches is
still limited. Finally, the game-centered approach first uses the content to conceptualize the
game design. This idea is usually proposed by game designers or developers based on their
inspirations. Hence, a critical gap remains between theoretical and practical perspectives
when discussing digital game development.

Most educational digital games (games made for educational purposes) have targeted
groups among children. Scholars believe digital games made with proper integrated
learning content will help children to enhance knowledge and learning performance. In
the past 20 years, studies have been trying to discover the potential use of digital games
in education. However, since digital and gaming technology is developing rapidly in
the 21st century, more digital games have been made for research purposes. Most of the
targeted respondents are adults, but studies on developing educational games for children
are still limited. The core design for both targeted users, children or adults, is the same,
where the game itself must be able to deliver learning content, and be appealing and
playable. But, for children’s games, the player’s cognitive ability, layout design, and the
avoidance of sexual and violent content should be considered [50].

Based on the selected studies, the approach or design method used to create edu-
cational digital games can be grouped into three types, which are the model approach,
learner-centered approach, and game-centered approach. In this review, each approach has
its own specific criteria. We define those approaches to fit into these three classifications.
The model approach requires each game designer to examine and choose the best model
from existing literature sources that emphasize the input, process and output of the desired
digital game. The learner-centered approach, on the other hand, requires each designer to
use the specific targeted user’s need and requirement. The requirement involves the user’s
cognitive ability, design factor, and the desired learning outcome to increase playability.
Finally, the game-centered approach is most popular among game industries where the
design is centralized on game elements that potentially increase the level of engagement
regardless of the learning outcome.

2.1. Model Approach

In digital game development, approaches are applied as a method of developing
another good digital game for better learning and performance. Different approaches
provide better outputs and suit the learners’ needs while implementing games into the
game-based learning (GBL) environment. The use of approaches originally started in early
1980s to teach games for understanding models. Different versions of approaches are
introduced based on scholars’ analogous ideas [51,52]. To develop good digital games that
are suitable for the GBL environment, most experts, scholars, and educators in related
fields introduce and use different approaches to achieve better learning outcomes and
performance [29,31,32,34–36,39,53]. This approach is also known as the model approach,
where researchers and designers will refer and apply the existing design and development
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framework from the literature. They use and adapt the framework to suit their desired
outcome needs for the digital game design. The framework may demonstrate unique
benefits. It may be important in planning which configuration of mechanics may be most
likely to drive the desired learning outcomes.

Designing digital games that incorporate educational approaches require systematic
planning [24]. The developed game must allow learners to create their own knowledge and
understanding as a result of playing games. As mentioned earlier, a considerable amount of
research has focused on game development with educational content that enhances learning.
Several approaches which have been used and introduced include the IDDTI model, the
game-based learning model (GBLm), the learner’s cognitive style, question prompts and
feedback types, problem-based gaming and learning anxiety, game-based mathematics,
GBL with scaffolding, computer-based narrative games, and narrative-centered learning
perspective [32,36,40–45,47,54]. Table 2 summarizes the empirical evidence from previous
literature on developing games for GBL.

Table 2. Empirical study on approaches used in game development for DGBL.

Author Educational Content Process Involved

Kuk et al. [41] Computer engineering. GBLm

Ross et al. [54] System engineering concept. Game-based system
engineering framework.

Hussain at al. [40] Remedial mathematics game. IDDTI model.

Lester et al. [47] Science education. Narrative-centered learning
perspective.

Waiyakoon et al. [45] Mathematics’ learning
disability student. GBL with scaffolding.

Ku et al. [36]
Customized game-based
learning system and
personalized GBL system.

Learner’s cognitive style.

Law and Chen [42] Science learning.

Question prompts
(knowledge vs. application
prompts) and feedback types
(knowledge of correct
response vs. elaborated
response).

Pedersen et al. [44] Learning physics. Game-based mathematics.

Pilegard and Mayer [32] Improved academic
learning.

Computer-based narrative
games.

Hwang et al. [43] English language student Problem-based gaming and
learning anxiety.

The combination of interactive multimedia simulations and computer game elements
can be the most effective, and represents the latest advance in educational resources for
today’s digital generation. Kuk et al. [41] and Pedersen et al. [44] integrated interactive
multimedia simulation and computer game elements in teaching computer engineering and
physics, respectively. Despite their different target groups, these two studies showed signif-
icant positive results, proving that the integrated models increase learning performance
among participants, regardless of age range. Kuk et al. [41] constructed and implemented
GBLm into graphical algorithms, called the GBL4GAl module, to teach unit Z-buffer algo-
rithm for computer engineering. The game design systematically constructs the learner’s
profile, teaching methodology, and the learning outcomes to facilitate learning. The games
were tested in the experimental conditions and students were grouped into a conventional
lecture group (Group 1) and a group with extended GBL using GBL4GAl module (Group 2).
Kuk et al. [41] found that satisfaction and motivation among students in Group 2 was
higher compared with Group 1. Thus, multimodal relationships between learning theories
and contemporary learning profiles for the new generation (digital native/GenZ) help to
develop GBL that enhances learning.
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However, Pedersen et al. [44] developed games for secondary-school students aged
between 16–19 years old compared to Kuk et al. [41], whose participants were college
students. To help in student learning and a basic differentiation concept for physics,
Pedersen et al. [44] developed a game named DiffGame, which contains basic principles
of differentiation through game-like elements. DiffGame was tested in a blended-learning
environment, where the games were deployed in a classroom with a teacher and instructors
helping and guiding the sessions. The game was tested twice for the pilot and the real tests.
Several cycles of development occurred due to problems such as game layout and critical
software bugs identified during the first phase of the prototype and playtest. Three of
the frames were removed from the track and the accompanying texts were shortened and
sharpened to fix the bug, and the game was re-tested on another group of participants. The
final test of Pedersen et al. [44] shows that the average percentile of student training using
GBL increased. Meanwhile, an intrinsic motivation survey was also carried out to examine
the relationship between value and enjoyment, which both showed insignificant results.
This development of DiffGame demonstrates the increasing results of student achievement
and the understanding of basic principles of differentiation. However, a deep conception
phase was not carried out, given that DiffGame was developed without incorporating the
student learning profile and attractiveness. Therefore, students did not feel DiffGame was
useful, nor did they enjoy playing, and thus the game is only useful for the experimental
process as reported by Pedersen et al. [44].

Hussain et al. [40] showed the systematic game development of 1 Minit Ujian Matem-
atik (1 Minute Mathematical Test). The aim is to develop a game for GBL for remedial
mathematics students, and thus enhance the remedial module provided by the Ministry
of Education in teaching and learning activities. To develop a good game for the specific
targeted group, the scholars applied IDDTI model, a derivative form of a classical waterfall
software development model. Table 3 shows the five main stages of IDDTI, namely idea,
design, development, test and implementation.

Applying the IDDIT into game development indicates the systematic flow in which
the development begins with the idea. In gaming literature, the idea or conception stage
is most cited as necessary to define the general theme to be applied and prepare several
documents. This part is important to ensure all elements of mathematics provided by the
Ministry of Education is used in a form of game design document (GDD). The design stage
indicates the preparation and discussion of GDD to develop the prototype and the feedback.
The development stage indicates the application of the learning strategy, tests the usability
and obtains feedback. Results from the design stage determine the test stage, which is
carried out to evaluate the prototypes developed of the game and record the feedback. The
final stage is implementation, when the game is ready to be tested in real situations and the
results are analyzed and generalized.

Hussain et al. [40] also used quasi-experiments to test the completed game among
30 remedial students and to undergo systematic development. Data were analyzed by using
a t-test to identify the significant differences among student scores, and then a one-way
ANOVA was used to compare the means. The results were positive, in which the use of
the game facilitates remedial students to learn mathematics. Thus, game development by
applying IDDTI model was found to be suitable for developing games for GBL. This model
is similar to other general models of product development. In the gaming context, usability
or play testing is the most important stage to ensure that the design and programming
work and can be used by children. This model can be expanded and applied not only for
mathematics but also for various learning contents.
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Table 3. Stages involve in IDDTI model [40].

Stages Description
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In terms of children’s digital games, researchers also use a framework as the underlying
basis for design. The application of a design framework has been applied to educational
digital games [55] and serious games [56]. Clark et al. [55] consider two frameworks for
designing games for children to learn science. They use a framework of knowledge in
pieces (KiP), a theory about the structure of human knowledge, and another one, which is
science as practice (SaP), a theoretical perspective that emphasizes the deeply intertwined
nature of conceptual development and the development of epistemic and representational
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practices. According to them, KiP can support students in refining their structured priorities
around targeted disciplinary relationships, while SaP can provide fictive representations of
real things that are simpler than the real objects and systems they represent.

There are several models for educational digital games such as the game object model,
the serious game Lemniscate model and the cognitive behavioral game design model [56].
A recent study by Gauthier et al. [56] applied the activity theory-based model of serious
games (ATMSG). They redesigned the game called Stop & Think (S&T) by using the ATMSG
framework. The new design S&T is able to train children to apply their inhibitory control
skills when solving counterintuitive mathematics and science problems. Their study shows
that integrating the ATMSG framework provides a visual framework with which designers
and researchers can explicitly map the gaming, learning, and instructional design for the
game mechanics and game flow in the newly designed S&T.

2.2. Learner-Centered Approach

The learner-centered approach requires the designer to use the learners’ specific re-
quirement as the core central idea design for the digital games. This method takes the needs
of learners as the main topic of design. Children love to play and explore any type of game
that appeals to them [57]. In the educational context, this learner-centered approach works
when a designer attempts to solve existing problems in children’s learning. For example,
a digital game was developed to increase STEM interest among children [48,58,59]. To
achieve the aim of the game development, designers must identify specific elements related
to interest development before designing the game. Most research focuses on digital game
development and implementation into the GBL environment. However, several studies
rely on the individual’s ability to deliver a good learning process and performance through
gaming, which tend to focus on the cognitive style of learners, a narrative-centered ap-
proach, and scaffolding [36,45,47]. Thus, the present study classifies these three approaches
as learner-centered and discusses them in terms of game development. In the learning
context, narrative plays a role as the mechanism for motivation. The narrative-centered
approach is commonly applied in the narrative game (adventure), in which the game has a
story structure that motivates players to achieve goals [47].

The narrative-centered learning perspective plays important roles in developing a
game structure and at the same time considers the learners’ ability to engage with the
flow. Narrative in terms of the game can be described as the sequence for a character to
achieve goals. For players, the narrative helps them engage with the educational content
that has been implemented in the game design. Lester et al. [47] significantly described the
potential of the narrative-centered learning perspective approach in game development
by using science education as the subject. The study took four years of laboratory work to
develop a GBL environment in Crystal Island: Uncharted Discovery for elementary science
education. The major contribution of the narrative-centered learning perspective from the
point of view of curricular and narrative interaction design requirement presents the design
of Crystal Island: Uncharted Discovery, and the game evolution is based on the pilot and field
test. The results show the learning gain in science content and problem-solving. The design
of the Crystal Island: Uncharted Discovery game contains six major features, which are plot,
character, setting, interface and control, gameplay and curriculum.

In the educational context, scaffolding refers to the various instructional techniques
used to move students progressively towards better understanding, and ultimately, greater
independence in the learning process [45]. This approach is also in DGBL, and shows the
potential to enhance student learning. Scaffolding is mostly used in game design to ensure
that children can receive help when needed and can develop understanding by learning
through the game. Waiyakoon et al. [45] developed an instructional learning object design
model for tablets using GBL with the scaffolding approach to enhance mathematical concept
for learning disability students. An analysis of the literature leads to six main themes,
which are instructional design models, learning object for tablet, GBL, the scaffolding
approach, mathematical concepts, and mathematics learning disability. Later, four-stage
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methods were carried out as part of evaluating comments of teachers from the Special
Education School and the style of learning to enhance mathematical concepts for students
of mathematics with a learning disability.

As a result, Waiyakoon et al. [45] developed a systematic framework to describe game
development specifically for students with learning disabilities to learn mathematics with
the integration of a scaffolding framework. Ten processes were adapted from Mowat [60],
namely feasibility evaluation, project planning, need analysis, functional analysis, objective
elimination, identifying terminal objectives, design, development, implementation and,
lastly, evaluation. The study differed from other DGBL research because it focused on
developing games for learning disability students. The guidelines of game development
adapted the instructional design of learning objects by Mowat [60]. Such a process is
systematic because of the need to evaluate the use of games to help students with learning
disability learn mathematics, and ends with the evaluation, which determines whether the
game itself can enhance student understanding of mathematical concepts.

Ku et al. [36] also considered the cognitive style of learners, which plays an essential
role due to their influence on a person’s information processing habits, problem solving,
and preferred mode of perceiving, thinking and remembering. Games that are designed
specific to learners’ cognitive style increase engagement in the gameplay and the learning
performance. Ku et al. [36] explored the cognitive preferences among learners, such as
hints, music and narrative. These three elements were used as the basis of game design
because several players use hints to move to another stage of gameplay, while others do
not. Music plays an important part of gameplay, which is otherwise silent. Music and
sound effects highly engage players. The last is narrative, which helps players explore the
game flow and setting. By considering these three elements, Ku et al. [36] incorporated
customization and personalization into the GBL environment, as identified during game
conception.

2.3. Game-Centered Approach

The game-centered approach is design mainly from the game perspective in which
the content is gamified into the mechanics. The game elements are considered a priority in
the design of game-based learning. The idea originally came from the game designer and
developer, who are the only essential people in the game design. Question prompts also
work on DGBL in educational games and may promote student learning, on which it has
an interaction effect. To prove this argument, Law and Chen [42] mainly examined and
discussed the effects of the types of question prompts and feedback on science learning
outcomes in a GBL environment. The question prompts are specified as knowledge against
application prompts, while feedback types are knowledge of correct response (KCR) against
elaborated response (ER). The participants were 105 students from a secondary school in
Taiwan, assigned to four different conditions in the GBL environments, namely knowledge-
KCR, knowledge-ER, application-KCR and application-ER, to learn the concepts of force
and motion. Results show that students with the knowledge prompts highly outperformed
those with application prompts. In addition, students with ER feedback performed better
than those with KCR feedback when knowledge prompts were given; however, students
with KCR feedback performed better than those with ER feedback when application
prompts were given. For feedback types, providing application prompts with the elaborated
feedback in DGBL can impede student learning and the interaction effect between the types
of prompts and of feedback.

Hwang et al. [43] explored problem-based gaming by developing an English listening
game for learners with English anxiety. Those with high anxiety performed more complex
learning and gaming behaviors but showed a better learning achievement. Problem-based
gaming is thus suitable for those with high anxiety towards learning the English language.
Problem-based gaming requires learners to solve the problem inside the gameplay itself.
This type needs to be well constructed in the conception phase to align learning content
with problem solving. By comparison, learning from an educational narrative game can be
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enhanced by adding worksheets that focus on the educational aspect both before and during
gameplay. To prove these effects of narrative game, Pilegard and Mayer [32] conducted a
study to achieve better learning in the DGBL environment. They believe that the narrative
content of a game may reduce learners’ tendency to reflect on its academic content and
slightly help engagement in the gameplay. Hwang et al. [43] stated that a simple material
added to the games enhance learning without requiring modifications to the game itself.

For children’s digital games, there are several game elements that have been con-
sidered for design choice. Several principles within the designed digital games that can
provide learning strategies were proposed by Prensky [61] and later expended by Lieber-
man et al. [62]. These include demonstration, stories, role models, providing choice and
building on success, learning in a familiar context, adaptive learning, interactive ques-
tioning, challenges, repetition and rehearsal of skills, interactive encouragement and help,
performance feedback, social interaction, personalization, fun, humor, fantasy and enter-
tainment. Along with the design process, players, culture, games, and learning contents
should be considered as an inclusive model [63] and a part of the game-centered approach.
Several studies demonstrate the design element that helps to create game mechanics for
specific learning content for various contexts regarding children, including children in rural
areas [63,64] and in a classroom setting [65–69].

Kam et al. [64] discovered that children in rural areas also benefit from playing educa-
tional digital games. They examined the interactions between children and game mechanics.
Certain mechanics attract the children and increase the engagement level. This is reflected
in the study by Nand et al. [65], where they surveyed 120 primary school children to identify
the key elements that can create engaging digital games in a school setting. They discovered
that the key features for engaging digital games for children include graphics, feedback and
challenge. A study by Nouwen et al. [66] further expanded the game elements that look
into the learning outcomes achievement instead of giving a high level of engagement. Their
study involved music learning and skill. They discovered that the game helped to enhance
learning and skills among children due to the chunking of learning content, clear feedback
loop, room for creativity and providing a ’private’ practice space, reward structure based
on performance and persistence, and the autonomous learning path.

Another study by Raziūnaitė et al. [67] also looked at music learning among children.
Despite using the principle of digital game-based learning (DGBL), self-determination
theory (SDT), immersive learning and TPACK (technological pedagogical content knowl-
edge), and the gamification patterns for motivation reinforcement on designing educational
digital game, they gave the design prerequisites, design considerations, interface models
and metaphors, a description of the game world and game mechanics. As a result, the
children showed great interest in exploring and creating musical sounds. This ensures the
enrichment of educational game-based process with elements of creativity and emotional
learning.

The latest studies indicate the results from the children’s and teachers’
perspectives [68,69]. Melander et al. [68] discovered data from a survey that showed that
designing digital games for children should emphasize the aesthetic, functional, and ethical
aspects of the games and the design process. These are the key factors that children and
teachers look up when choosing games and they enhance the high level of engagement
despite obtaining the learning outcomes. To achieve this, the design choice made by the
game designer must be precise. A study by Clark et al. [69] discovered an issue that may
influence the design choice in educational digital games for children. According to their
study, the game should focus on the discernability of choice outcomes, integration of choice
outcomes into unfolding game state, meaningful choices grounded in core academic ideas,
and thematic and challenge access for children.

3. Factors That Influence Learning Performance

Research on DGBL mainly focuses on the attribute that tends to affect learning per-
formance among children [56,65–67,69] and adults [31,70–75]. The attributes are described
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from various perspectives such as psychological, game theory and game design to relate
to learning. Given these assumptions, researchers tend to answer the broad question on
factors that influence learning performance in DGBL. From several studies, these factors
can be classified into three themes of motivation, game features, and experience in playing
games (Figure 1).
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3.1. Intrinsic Motivation

Motivation is a desire that gives the reason for people to complete certain actions,
desires and needs [76]. In DGBL, motivation is seen to be the key factor to achieving
the goal while playing. Given that the game requires problem solving to complete tasks
and overcome obstacles, players need to have a good motivation to drive themselves to
win the game. Studies indicate that intrinsic motivation is the most common factor that
influences achievement in GBL. Intrinsic motivation refers to the participation in activities
for their own sake or for their inherent enjoyment and satisfaction [71]. Players with good
intrinsic motivation enjoy playing games, which can lead to achievement while playing
the game [71,75,77,78]. Hence, such achievement shows that the learning occurs inside the
player’s mind as a result of completing all the tasks given in the game. The most recent
studies in the literature that discuss the intrinsic motivation in terms of DGBL are Tisza
et al. [77] and Vidergor [78]. Both selected quantitative studies indicate significant positive
results to predict that relationships of intrinsic motivation and enjoyment can lead to better
learning.

Gao et al. [71] were among the earliest to discuss the influence of intrinsic motivation
on achievement in DGBL. They examined the relationships between children’s situational
motivation and physical activity levels through Dance Dance Revolution (DDR) as the
intervention program, and perceived physical activity enjoyment. The participants were
215 elementary children in a weekly 30-min DDR program. A prospective design was
adopted as the methodological framework to obtain data, collected using a subjective
psychometric survey and objective physical activities during different periods of the DDR
and analyzed using descriptive and correlational analyses. Results indicate that only
intrinsic motivation is positively related with children’s moderate-to-vigorous physical
activities (MPVA) in DDR and the enjoyment of physical activities. Regression analyses
further suggest that intrinsic motivation is the significant predictor for MVPA and the
enjoyment of physical activities.

Enjoyment is the main key factor for individuals to achieve their goal while playing
games. The enjoyment factor is influenced by individual traits to determine the level of
achievement while playing mobile learning games. Baek and Touati [75] attempted to
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answer questions on how individual traits affect enjoyment in playing Minecraft. Four main
individual traits were identified, namely learning style, intrinsic motivation, collaboration
skills, and the computer game attitude before the study. These traits were assumed as the
key part of the constructed model that includes achievement. The participants were 164
11 and 12 year-old students, of whom 97 were boys and 67 were girls. All participants
played Minecraft for one and a half hours per day after school for three weeks using
GalaxyS5 running Android OS with 16GB memory. Four individual traits were identified,
among which learning style, collaboration skills, and computer game attitude did not show
a positive result towards enjoyment. However, intrinsic motivation was the only variable
that showed positive enjoyment while playing mobile learning game. Intrinsic motivation
is the factor that affects enjoyment among students and brings the level of achievement in
mobile learning games.

3.2. Game Features

Game features is the graphical element in games. For an educational game, the features
are similar to other games but with the main difference of its educational content. This game
feature acts as visual stimuli to enhance learner interest and engagement while playing
games, resulting in better learning. Audial and visual elements are important features that
can directly affect a learner’s mood and emotions during learning. The selected literature
on game features on DGBL mainly focuses on features such as game sound, presence, flow,
character identification, and gesture interactivity as the visual stimuli [31,73,79]. These
studies also help game designers to design and develop educational games that can attract
and engage players based on the visual stimuli. Hence, the specifically developed game
may enhance learning among children and adult players.

Auditory and visual stimuli are often the only means to communicate learning materi-
als to the learners because of the virtual environment of DGBL. Byun and Loh [79] examined
the effects of non-player characters’ (NPC) voiceovers on play-learners’ engagement in
DGBL through a role-playing game (RPG). A quantitative approach with a randomized
control-group post-test was used to collect the data from 74 participants. Results indicate
that participants who played the game with voiceovers were more engaged compared
with those who played without voiceovers. On this basis, clearly, voiceovers created for
particular games can attract players psychologically and increase their engagement by
looking at the visuals and listening to the voiceovers. Similar to professional voice actors
giving voice to characters in animated films or cartoons, voiceover artists give life to NPCs
in digital games.

The experience of players in RPGs is found to be rooted in and influenced by their
own cultures. Bachen et al. [73] developed and tested their integrated model containing
three psychological variables (presence, flow, and character identification) which contribute
to interest in learning and empathy with people from other cultures. The participants are
American students and the game was based on the aftermath of the 2010 Haiti earthquake.
Each participant has to play one of two roles in the game: an American journalist or a
Haitian survivor. The results show that presence is a powerful predictor of flow, character
identification, and empathy felt during the games. Furthermore, empathy experienced by
game play significantly predicted interest in learning more about the game topics. Flow and
identification provide secondary contributions to learning outcomes, with flow mediating
the effect of presence on males’ empathy and identification contributing to females’ interest
in learning. Thus, the integrated model can predict a positive outcome.

Children play many games, especially during early childhood. Therefore, to de-
velop their motor skills during this stage is important. Hsiao and Chen [31] believed
that the early childhood stage is critical to developing motor-skill performance and im-
plemented the gesture-interactive GBL approach to improving learning performance and
motor skills, which are related to the coordination and agility of pre-school children. The
quasi-experiment design was used with 105 preschoolers (average age: 5.5 years). ASUS
Xtion PRO was used as the game-based device to build a virtual interactive learning en-
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vironment. The results show that the participants who used the gesture-interactive GBL
approach developed better learning performance and motor skills than those who used
the traditional activity GBL. The statistics show a significant deviation between the two
approaches. Visual stimuli, such as gesture movements, can help players to engage in the
physical activities and make the game more enjoyable. Hence, gesture-interactive GBL
also became one of the important elements in game features that help to enhance learning
performance among players.

3.3. Experience in Playing Games

In recent years, games were claimed to be the tools that provide positive experience in
a form of enjoyment to the user (children). This positive experience was soon identified as
the most important predictor of learning in DGBL environment. Calvillo-Gámez et al. [80]
proposed the earliest model that describes the user experience while playing digital games.
The major predictors of enjoyment while playing games are the video game (e.g., gameplay
and environment produce enjoyment) and puppetry (e.g., facilitator and control produce
ownership that contribute to enjoyment). Underlying enjoyment was the factor, and other
research expanded the model and identified other factors that also contribute to enjoyment
while playing digital games. The latest trend describes this experience as meaningful
gaming that leads to successful learning through games [81–83]. Learning experiences, fun,
frustration, challenges of the game, visual attention and game flow among children and
adult players were also discussed [70,72,74,84]. Table 4 shows several studies that focused
on how players’ differences can influence the gaming experience and outcome.

However, not all learners have sufficient capacities to overcome the problems that are
due to the differences in learning styles. Individual differences influence learning style and
performance due to biological and environmental factors among individuals [85]. These
factors determine the level of performance, whether good, average, or weak especially
in a classroom environment. Similar to DGBL, the achievement and success of using the
game to enhance learning are also influenced by several factors. The game designer creates
the problem to be solved in problem-based games, which is the compulsory element in
developing a game structure [15]. Problems must be solved for the player to win the
entire game. In fact, players must have a good guideline and gaming skills. Research on
learner types in GBL remains scarce, and Ku, Hou, and Chen provide very useful learner
preferences that improve learning performance [35]. Player experiences while playing
also contribute to enhancing the learning in DGBL. Educational games serve learning
experiences in which players enjoy incorporating their efforts to solve problems in the
game, which significantly enhance learning.



Educ. Sci. 2023, 13, 102 14 of 20

Table 4. Influences of players’ differences on the gaming experience and outcome.

Reference Study Item Methodology Participant Result

Ku et al. [36]

Customization game-based learning
(CGBL) and personalized game-based
learning (PGBL) were studied as types of
GBL that are useful to improving learning
performance, regardless of the cognitive
style.
Identification of variables considers that
players have their own gaming
preferences

The variables that can attract
learners are identified as:
Hint—helps player find the correct
direction Music—allows player to
mute the music or choose a better
one
Narrative—guides player
throughout the game

Students in northern
Taiwan with the necessary computer
skills to use a GBL system:
60 undergraduates
60 postgraduates

Most participants favored
narratives, which shows that game
designers and developers must
consider incorporating these
elements for all learners, regardless
of their cognitive style.
Customization is useful to both
learning performance and
perception while personalization is
helpful to learning performance
only.

Hou [72]

Learners’ flow experiences and learning
behaviors in simulation games with
situated-learning contexts were analyzed
by combining sequential behavioral and
cluster analyses based on a large number
of videos recorded during gaming.
An integrated sequential and cluster
analysis was used to explore the learners’
flow state and learning behavioral
patterns.

Qualitative method was applied by
using content analysis.

86 students with an average age of
18 years old: 62 males
24 females

Integrated behavioral pattern
analysis is helpful in exploring the
traits and limitations of role-playing
simulation games in science
education and learners’ reflective
behavior patterns.

Ferguson and Olson [70]

Children’s motivations for video game
play in a large sample were examined.
The study seeks to understand what
motivates children to use games and how
those with symptoms of psychosocial
problems may differ from their peers.

Quantitative approach was applied
to obtain statistical results.

1254 seventh- and eighth-grade
students from four middle schools
in the mid-Atlantic region of the
United States, including those with
significant English- language
difficulties or cognitive impairment.

The use of video game is common
and often becomes a social activity.
Social play is mainly predicted by
motivations related to socialization,
fun/challenge, and current stress
level.
Male participants prefer to play
violent games predicted by
fun/challenge motivations and
beliefs that such games can be
cathartic for stress.
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Table 4. Cont.

Reference Study Item Methodology Participant Result

Hamari et al. [74]

The impact of flow (operationalized as
heightened challenge and skill),
engagement, and immersion on learning
in GBL environments is identified.

Survey method

134 high school students in 11
classrooms across the United States
40 undergraduate mechanical
engineering students

Engagement in the game has a clear
positive effect on learning, but
immersion in the game has no
significant effect.
Game challenges and acquiring
gaming skills both have a positive
effect on players being engaged and
immersed in the game.

Tsai et al. [84]
Eye-tracking technology was used to find
the patterns of learners’ visual behaviors
in a GBL environment.

Prior knowledge, gaming flow,
comprehension test scores, and
eye-tracking measures were
collected and analyzed to examine
the differences between players
with different levels of conceptual
comprehension.

22 university students

Players with low comprehension
level have higher mental loads,
which result in low chances for
achievement due to the difficulty in
reading the conceptual
representations in the game.
Players with high comprehension
levels have more efficient
text-reading strategies and better
metacognitive controls of visual
attention in game plays. They also
show a high sense of control and
concentration.

Nand et al. [65] To identify the engaging elements
required for educational digital games Survey Primary school children

The key features provide gaming
experience included graphics,
feedback, and challenge.

Melander et al. [68] Examine the design critics of educational
digital games.

Drawing on ethnomethodology and
conversation analysis by using
Scratch software

Teachers and primary school
students

The critics covered four themes that
concern the aesthetic, functional and
ethical aspects of the games and the
design process within educational
digital games.



Educ. Sci. 2023, 13, 102 16 of 20

4. Looking Forward and Future Perspective

Research on GBL has rapidly increased in the last 20 years. Now, with the development
and incorporation of digital technology in education, the term DGBL is most appropriately
used to describe GBL in the current age. Based on the systematic review of selected
current literature, this study indicates that two main elements contribute into learning
performance by using DGBL, namely the factors and the developmental approach. The
game development for DGBL environment must be suitable for the context of teaching.
Developers and educators must determine the appropriate content and approach to be
used in developing a game that can impact learners’ performance and knowledge gain.
To develop a good game for teaching and learning, game designers and educators may
use the most suitable model approach that fulfills the learners’ ability and needs. In
addition, the game itself must be attractive to influence the player to play longer. Good
games designed with good educational content can enable the player to gain knowledge
by playing. Apart from the enjoyment and fun, which are the main factors that influence
player engagement, empirical studies indicate that other factors such as DGBL environment,
intrinsic motivation, and game features also have a high impact on enhancing knowledge
gain and learning among individuals, regardless of their IQ level, age, and gender.

Well-designed educational games can be more motivating and lead to enhancing
more learning compared to traditional teaching methods [62]. As illustrated in Figure 2,
the design method practice (design approach) among researchers and game industries
discovered within this review, which are the design and the development framework, the
learner-centered approach, and the game-centered approach, can create several output
constructs such as intrinsic motivation, appealing game elements, and engaging gaming
experience that may lead to an improvement in learning performance. However, the
three-design method practice can be simplified towards more universal attributes. These
review findings correlated with the idea in most recent studies [25,86], where the elements
within the discovered approaches can be extracted and grouped into theory, learning
strategy, pedagogy, learning content, game elements, and game principle design. These
six main classifications potentially serve as universal attributes for digital game design
for educational purposes. Hence, it may help researchers and developers to design better
educational digital games to achieve better learning performance by providing users with
intrinsic motivation, appealing game elements, and an engaging gaming experience.
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5. Conclusions

Digital games have become part of educational pedagogy in the 21st century through
DGBL. Design and development of digital games for educational purposes require several
approaches. Overall, this review shows that researchers work together with game designers
and developers using three categorized approaches. The digital aspect is created either by
using the model approach (using existing framework for game design and development),
the learner-centered approach (the game is designed based on specific needs of target
group), or the game-centered approach (game elements as the prior concept in game
design). Researchers mainly use the model and learner-centered approaches to design
games for specific purposes, while digital game industries tend to use game-centered
approaches as creative concepts to commercialize games. Based on the approach used, the
game later produces several constructs that influence learning performance either through
intrinsic motivation, game elements, and game experience. Hence, this study suggests that
researchers, game designers and developers must emphasize universal input to increase
the level of usability that can achieve better learning for diverse targeted users, which
include children and adults.
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