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Abstract. A substantial body of research has underscored the significant benefits
of digital gaming and mobile augmented reality (AR) in enhancing both formal
and informal learning for children. To further enhance learning engagement in
China, it is crucial to integrate mobile AR into educational digital games.
However, the current landscape of educational mobile AR games in China is
marred by subpar game content. As a critical component of game content and a
pivotal aspect of visual representation, game characters have been extensively
studied in educational digital games and significantly influence children's user
experiences. Therefore, this paper aims to analyze the significance and impact of
character design in children's educational mobile AR games. This review
synthesizes research on the application of character design to enhance the
usability of children's mobile AR games, thereby improving educational
outcomes, fostering children's cognitive development, and invigorating learning
interest. The review reveals that further research is warranted to more effectively
integrate character design elements to ensure optimal experiences and
educational outcomes for children when utilizing educational mobile AR games.

Keywords: Mobile Augmented Reality, Children educational games, Game
character design.

1 Introduction

Augmented reality (AR), as defined by Azuma (1997), involves the integration of
virtual elements with the physical world, typically through mobile devices like
smartphones and tablets [1]. This technology has been employed to develop augmented
reality digital games, which have been shown to positively impact students' learning
[2]. Research by Ramli et al. (2024) indicates that the fusion of gaming elements with
Mobile AR technologies significantly enhances the learning experience for students [3].

When focusing on children as the user group, a key characteristic of mobile aug-
mented reality (AR) games is their educational aspect. A substantial body of re-search
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establishes that a significant percentage, specifically 56.6% [4], constitutes elementary
school children who engage in educational AR games, indicating their predominant
demographic in this context.

Despite the promising potential of mobile augmented reality (AR) technology in ed-
ucational digital games, there remain issues with the low quality of game content in
relevant titles within China, which diminishes children's interest in using such games.
As an essential component of game content, the role of game characters has not been
given sufficient attention. Therefore, this paper aims to concentrate on game character
design factors and investigate the elements available in the field of mobile AR games
for educational purposes among children.

2 Problem Statement

Digital games, particularly mobile augmented reality games, have emerged as a potent
educational platform, particularly in developed nations like the European Union, the
United States, and Hong Kong. Game-based teaching is a fundamental approach in
Chinese primary schools, yet its educational game designs often suffer from a lack of
innovation, which hampers children's learning interest and fails to align with their
evolving needs [5]. To address this issue, incorporating innovative technologies is cru-
cial for enhancing educational experience.

In addition, the Opinions on Implementing the National Information Technol-ogy
Application Ability Improvement Project 2.0 for Primary and Secondary School Teach-
ers issued by the Ministry of Education in 2019 encouraged the use of new technologies
such as VR/AR/MR/MAR to innovate children's learning forms.

A comparative analysis of 20 children's educational games on the Apple App Store in
China shows that games with extensive character content consistently outperformed of
download numbers. Shown in Figure 1.

Number of scores

Fig. 1. Downloads of educational games in China.

Conversely, the region’s lower downloads of Educational Mobile Augmented reality
(AR) Games can be attributed to their insufficient focus on game characters. This find-
ing aligns with Pappas et al. (2019), who highlighted the significance of high-quality
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game content in driving downloads, which Educational Mobile AR Games seem to lack
[6].

To optimize engagement in Educational Mobile AR Games, it is imperative to ex-
amine the various game design elements that either sustain or influence children’s in-
terest. These elements, which include game rules, gameplay mechanics, visual aesthet-
ics, programming, production, sound design, narrative, character design, props, envi-
ronments, and interface design, play a crucial role.

In particular, the visual representation of game characters, a key component of game
design, significantly affects users' cognitive processes, emotional connection, and im-
mersion [7]. Their visual representation plays a crucial role in eliciting emotional learn-
ing and influencing user experience [8]. However, this aspect is frequently underem-
phasized in the design of Educational Mobile AR Games, warranting further attention.

The study of character design extends to various domains, including conventional
digital educational games for children, which typically feature virtual characters in iso-
lated virtual settings. However, the design requirements for Educational Mobile AR
Games necessitate consideration of the interplay between characters and the real-world
environment, making existing models inadequate for this type of augmented reality-
based educational games. Consequently, there is a lack of specialized design strategies
tailored to Educational Mobile AR Games that could enhance their appeal to young
users.

Through a comparative analysis of conceptual models and frameworks be-tween tra-
ditional educational digital games and Educational Mobile AR Games, it becomes evi-
dent that character design is a frequently overlooked factor in the design of Educational
Mobile AR Games [9,10,11,12,13].

The main issue when character design is overlooked in designing an educa-tional
mobile augmented reality game is that it can significantly impact the user experience
and effectiveness of the game as an educational tool [14].

3 Research Problem

The shortage of innovative educational games for Chinese children impedes their learn-
ing engagement, failing to align with their developmental requirements. Recognizing
the government's push for mobile augmented reality technology in education and its
potential to address this issue, incorporating augmented reality into educational games
is essential to cater to the developmental needs of Chinese children.

Presently, Chinese educational mobile augmented reality games suffer from low con-
tent quality, necessitating improvements in this aspect. Moreover, the design of these
games often overlooks game character factors.

Therefore, it is necessary to improve the game content quality of educational mobile
augmented reality games through game character factors, improve children's interest in
game learning, and meet the development needs of Chinese children.

Therefore, the following research question has arisen:
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L. Why is character design important for children's educational mobile aug-
mented reality (AR) games?

4 Literature Review

4.1 Mobile Augmented Reality and Children Educational Games

In the realm of mobile Augmented Reality (AR) gaming, a fundamental distinction can
be made between fixed and portable devices. Fixed devices, typically tethered to a sta-
tionary location via power cords and cables, necessitate users to be in proximity and
maintain a specific posture during use [15]. In contrast, mobile AR devices are unteth-
ered and offer more flexible interaction spaces.

The integration of mobile AR in educational settings for groups of children fosters a
sense of discovery and stimulates their innate curiosity, promoting comprehension of
abstract concepts [16]. Therefore, the integration of mobile augmented reality technol-
ogy with games offers significant benefits for children's education. However, relying
solely on technical advantages is insufficient. While players may initially be surprised
by augmented reality games, the novelty will inevitably wear off [15]. Consequently, it
is imperative to incorporate relevant elements that can sustain children’s interest in such
games, enhance the quality of the game content, and thereby improve the overall play
experience.

The 3D visualization capabilities of mobile AR improve spatial perception and ob-
ject relationships, contributing to cognitive development [17]. The content of 3D visu-
alization frequently revolves around game characters, either directly depicting them or
indirectly reflecting game content through these characters. Thus, it is beneficial to ap-
proach this topic from the perspective of game character design.

4.2  Child User Group

The concept of aesthetic education, which is expansive in its scope, is generally under-
stood in contemporary times as an appreciation for both natural beauty and cultural
products (i.e., a sensitivity to diverse phenomena), encapsulated in aesthetic attitudes.
This aesthetic sensitivity serves as a determinant of the development of aesthetic expe-
rience, forming the foundation for perceiving and engaging with beauty, and nurturing
aesthetic culture [18]. In the context of pedagogy, the value of aesthetic education for
children and adolescents falls under the realm of axiological education, a human-cre-
ated world of values that reflects individual needs, desires, and aspirations, which
should be central to educational processes [19]. The visual arts, encompassing the es-
sence of aesthetic education, provide the foundation for educational interactions with
children [20].

Digital games, especially those leveraging augmented reality (AR) and virtual reality
(VR), are uniquely positioned to support educational or activity programs aimed at fos-
tering empathy, as they enable players to experience and understand others' roles and
perspectives in a deeply immersive manner [21]. These interactive technologies have
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the potential to positively impact empathy development in children [22]. When game
characters are effectively designed, they facilitate the recognition and development of
empathy, ultimately enhancing the user's emotional engagement [23]. Consequently,
game characters hold a crucial position in Education-al Mobile Augmented reality (AR)
Games for promoting children's empathy and guiding their emotional experiences,
thereby enriching their overall user experience.

4.3  Game Character Design

Digital game art encompasses a wide range of visual elements, including characters,
scenes, lighting, special effects, interfaces, and more. Character design is a critical com-
ponent that supports the game's narrative and enhances its overall completeness,
thereby captivating players. A rich game image can significantly enhance the attrac-
tiveness to players [24]. The level of attention given to character art design directly
impacts the user's engagement and enjoyment in the game. Game characters play a cru-
cial role in shaping the overall gaming experience [25], particularly in children's serious
games. Consequently, well-designed game characters can significantly boost the attrac-
tiveness of educational mobile augmented reality (AR) games, sustaining children's in-
terest and facilitating a more positive learning experience.

Game characters are something consciously designed, created for the specific pur-
pose of providing a game experience to the player. Game character is a tool that must
be operated on while playing the game, which expands the player's ability to implement
functions in the game world. Whether the character's performance is consistent with
their environment can be used to evaluate the user experience. We can see the differ-
ence between game characters in traditional digital games and mobile augmented real-
ity games from Figure 2.

Traditional digital games

It is important to pay attention to the
differences in game character design in

EMARGS.

Fig. 2. Research framework
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4.4  Game character design visual elements

Given that aesthetics in visual arts underpin children's educational engagement, game
designers must prioritize the visual design elements of characters to facilitate learning
and cognitive skill development [8]. Recognizing the significance of visual design, par-
ticularly in capturing player interest, effective character design plays a pivotal role in
the gaming experience [26].

When designing game characters, it is essential to consider their resemblance to real-
life counterparts and the subsequent adjustments after extracting elements.
Fictional characters are perceived by players to enhance the depth of their gaming ex-
periences [27]. Plass et al. (2020) conducted a study on the visual modeling of game
characters, focusing on a sample of children with an average age of 12-3 years [8]. By
comparing the visual design elements of game characters proposed by Kuntjara et al.
(2017) and Plass et al. (2020), it can be found that the five elements of color, shape,
expression, dimension and personality characteristics are effective for children. There-
fore, these elements can be considered for character design in mobile augmented reality
(AR)games for children [8,28].

4.5 Mobile augmented reality technology (AR) and game character design

Game characters constitute a critical component of game content [29], and the satisfac-
tion derived from both the content and process of games can significantly influence
their continued engagement with mobile augmented reality (AR) games, which offer or
enhance engaging game content and entertainment components [30]. There-fore, it is
imperative to focus on character design in Educational mobile augmented reality (AR)
game games.

The most noteworthy games include Nintendo's Pokémon GO, released in July 2016,
which is one of the most popular mobile augmented realities (AR) games of all time
[31,32,33].

It is evident that the design of game characters has evolved from 2D to 3D, lever-
aging mobile AR technology. This transition relies on effective 2D design and the suc-
cessful realization of good 3D visual effects. For instance, the visual effect of ditto
transforming from 2D to 3D is depicted. While the sprites of characters in 2D games
are cherished by players, characters in 3D games will significantly enhance the sense
of participation among players [34,35].

Immersive experience can be viewed through the lens of interaction and continuous
procedural elements rather than static or indirect factors. The user's immersion is intri-
cately linked to the perception, reception, experience, and interaction of game charac-
ters within the game content. The procedural and situational perspective of immersion
underscores the dynamic nature of the quality of user experience [36]. Consequently, it
is evident that in Pokémon GO, game characters exhibit a range of emotional states and
behavioral states, which are employed to synchronize with the various actions of users,
thereby facilitating a positive interactive experience and, by extension, enhancing user
immersion.
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Therefore, it is evident that 3D game characters are more suitable for educational
mobile augmented reality games and can significantly influence the user's sense of par-
ticipation and immersion. Furthermore, with Pokémon GO, we can further substantiate
that character design elements such as color, shape, expression, dimension, and person-
ality characteristics are crucial and can have a profound impact on the audience of this
genre of game.

5 Methods

This research endeavors to elucidate the current state of research, theoretical under-
pinnings, and practical advancements within the domain of mobile augmented reality
(AR) games, specifically focusing on those designed for children, and the character
design aspect thereof. Through a comprehensive review of literature on mobile AR
games, children's groups, and character design, this study aims to synthesize previous
research findings, categorize, summarize, and distill the collected literature, ultimately
identifying the critical elements of character design that are pivotal in the educational
context of mobile AR games for children.

The analysis herein delves into a specific case study of character design for mobile
AR games, which is characterized by certain distinctive features and innovative design
elements. This investigation explores the implications of these design elements on user
experience, thereby demonstrating the significance of game characters in mobile AR
games for children.

6 Findings & Discussion

Game character design, a critical element in game design, significantly impacts us-
ers' cognitive processes, empathy, and immersion [7]. Neglecting character design can
hinder children's immersion, thus impacting the development of empathy.

Digital gaming environments leverage character design to evoke emotional re-
sponses, which in turn shape users' cognitive and affective learning experiences [8]. By
enhancing game character design, educators can facilitate emotional learning in chil-
dren, ultimately promoting more favorable learning outcomes.

To optimize children's educational digital games in China, it is imperative to inte-
grate mobile augmented reality technology and address the need for enhanced game
content quality. Given the under examination of game character elements in existing
research, this study proposes to explore the potential of a comprehensive Educational
Mobile Augmented reality (AR) Games conceptual design model, which incorporates
game character factors, in boosting children's engagement and improving their overall
user experience in these games.
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7 Conclusion

According to the current literature work, it can be found that game characters are very
important for children's educational mobile AR games, which affects children's partic-
ipation and enthusiasm, and is also an important part of children's empathy develop-
ment. In addition, game character design is an important visual expression part of edu-
cational mobile AR games, which also carries children's educational content, is an im-
portant way to reflect educational content, and is a direct way to establish communica-
tion with children. However, in existing cases and conceptual models of educational
mobile augmented reality games, there is a lack of focus on game characters. Therefore,
this study suggests to further explore how to build a more welcoming educational mo-
bile AR game model from the perspective of game characters.
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