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Abstract: Despite the growing presence of digital Vtubers in educational settings, there is limited 

empirical evidence on their effectiveness in language acquisition. In this investigation, we delved 

into the realm of digital education to assess how the visual fidelity of digital Vtuber avatars affects 

the acquisition of Mandarin Chinese characters by beginners. Through incorporating a diverse array 

of digital Vtubers, ranging from simple two-dimensional figures to complex three-dimensional 

models, we explored the relationship between digital Vtuber design and learner engagement and 

efficacy. This study employed a randomized tutorial distribution, immediate post-tutorial quizzing, 

and a realism scoring rubric, with statistical analysis conducted through Pearson correlation. The 

analysis involving 608 participants, illuminated a clear positive correlation: digital Vtubers with 

higher levels of realism significantly enhanced learning outcomes, underscoring the importance of 

visual fidelity in educational content. This research substantiates the educational utility of digital 

Vtubers and underscores their potential in creating more immersive and effective digital learning 

environments. The findings advocate for leveraging sophisticated digital Vtubers to foster deeper 

learner engagement, improve educational achievement, and promote sustainable educational 

practices, offering insights for the future development of digital learning strategies. 

Keywords: Vtuber; digital learning; design; Chinese character 

 

1. Introduction 

In an era marked by digital innovation, the landscape of education, particularly language 

learning, has experienced transformative shifts [1]. The integration of advanced technologies has 

opened new avenues for engaging and effective educational methodologies [2]. Among these 

advancements, the emergence of Virtual YouTubers (Vtubers) signifies a pivotal evolution from 

traditional educational methodologies to interactive, technology-driven pedagogies [3]. Initially 

rooted in the entertainment industry [4], Vtubers — virtual avatars operated by individuals or AI for 

live broadcasting — have transcended their original domains to emerge as influential tools in 

educational spheres [5], as well as in the realm of language acquisition [6]. The integration of digital 

Vtubers into educational contexts aligns with the global trend toward sustainable digital innovation, 

reducing the need for physical resources and making education more accessible and scalable [7]. 

As digital natives navigate through the vast sea of online content, the appeal of digital Vtuber 

lies not only in their entertainment value but also in their potential to serve as engaging educational 

facilitators [8]. This shift towards virtual presence and interaction mirrors the broader technological 

trend towards the metaverse [9], a collective virtual shared space that is being heralded as the future 

of online social interaction [10]. Within this emerging metaversal landscape, digital Vtuber stand at 

the forefront [11], poised to redefine educational engagement by acting as virtual tutors, companions, 

and brand ambassadors in richly immersive digital environments [12]. 

However, the adoption of digital Vtuber in educational settings raises pivotal questions 

regarding the role of visual fidelity — the degree of detail and realism in the avatar design — and its 

impact on learning efficacy [13]. While visual aesthetics have long been recognized for their role in 
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enhancing learner engagement and motivation [14], the specific influence of digital Vtuber realism 

on the learning outcomes of language students remains an underexplored territory. This gap in 

research underlines the need for a nuanced examination of how varying degrees of visual 

sophistication in digital Vtuber can affect the acquisition and retention of Mandarin Chinese 

characters among novice learners. Previous research in educational psychology and second language 

acquisition has highlighted the importance of engagement and motivation in language learning [15]. 

Studies suggest that visual and interactive elements can enhance learning outcomes [16]. This study 

delves into the integration of digital Vtuber technology as a novel approach to Mandarin Chinese 

character education for beginners, a demographic increasingly seeking engaging and effective 

learning solutions in a globalized context [17]. The present study builds on these findings by 

exploring the specific impact of digital avatars on learner engagement and character acquisition. 

1.1. Mandarin Chinese Education 

Mandarin Chinese education has traditionally been centered around rote memorization and 

repetitive practice, which has often resulted in disengagement and reduced motivation among 

learners [18]. The complexity of Mandarin characters, combined with the tonal nature of the language, 

poses unique challenges for students, especially beginners [19]. Traditional teaching methods have 

emphasized memorization of characters and repetitive writing exercises, which, while effective to 

some degree, often fail to engage learners fully or provide them with the necessary contextual 

understanding [20]. Furthermore, the cultural and linguistic nuances of Mandarin are sometimes lost 

in conventional teaching methods, leading to a gap between theoretical knowledge and practical 

application [21]. 

1.2. Mandarin Chinese Education and CALL 

The advent of computer-assisted language learning (CALL) has introduced interactive and 

multimedia elements into language education [22], significantly enhancing engagement and 

effectiveness [23]. Recent studies also highlight the potential of digital tools to enhance personalized 

learning in Mandarin education, particularly in engaging beginner-level learners [24]. However, 

integrating digital avatars, particularly Vtubers, into CALL for Mandarin Chinese education 

represents a further innovative leap [25]. Vtubers, as highly interactive and visually engaging virtual 

avatars, offer unique advantages [26]. They can simulate real-life interactions, provide personalized 

feedback, and maintain high learner interest through their dynamic personas [27]. Moreover, Vtubers 

can embody cultural and linguistic nuances [28], offering a richer contextual understanding of 

Mandarin Chinese. This capability bridges the gap between theoretical knowledge and practical 

application, making learning more holistic and integrated [29]. By integrating Vtubers into CALL 

environments, educators can overcome many limitations of traditional methods [30]. Vtubers provide 

consistent, engaging, and interactive practice that adapts to the learner’s pace and style, enhancing 

language retention and leading to better educational outcomes [31]. Additionally, as technology 

advances, digital avatars will become even more advantageous for a wider range of educational 

content, further expanding their applicability and effectiveness in diverse teaching contexts [32]. This 

integration represents a significant advancement, harnessing modern technology to create an 

effective and engaging learning environment [33]. 

  This inquiry is particularly relevant in the context of China's burgeoning digital market, where 

there is a pronounced demand for the creation of virtual personas by companies and educational 

institutions alike [34]. Despite the enthusiasm, the market's maturation is hindered by challenges in 

balancing the technical, temporal, and financial costs associated with developing high-fidelity digital 

humans against their potential educational value [35]. Thus, our study aims to provide empirical 

insights into the efficacy of using digital Vtuber of different visual fidelities as tools for Mandarin 

Chinese character education. 

By conducting a comprehensive investigation that encompasses a wide spectrum of digital 

Vtuber representations — from basic two-dimensional animations to advanced three-dimensional 

models — this research offers a detailed exploration of how digital Vtuber design influences language 
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learning. Through methodical evaluation and rigorous analysis, the study seeks to illuminate the 

optimal use of digital Vtuber technology in enhancing the language learning experience, thereby 

contributing to the evolving dialogue on digital innovations in education. Moreover, by highlighting 

the broad applications and potential of Vtubers in educational domains, our research underscores 

their significance in shaping future digital learning environments and their integration into the 

expanding metaverse. 

1.3. Research Questions 

To address gaps and explore Vtubers' potential in Mandarin Chinese education, this study poses 

the following questions: 

How does the visual fidelity of digital Vtubers impact engagement and learning outcomes for 

beginners? 

What are learner preferences regarding different levels of Vtuber realism, and how do these 

correlate with educational effectiveness? 

How can integrating Vtubers into CALL environments enhance overall learning experiences and 

outcomes? 

The findings will contribute to the dialogue on digital innovations in education, highlighting 

Vtubers' role in shaping future digital learning environments. This study aims to inform the 

development of more effective and engaging digital learning tools, enhancing educational outcomes 

in Mandarin Chinese and beyond. 

2. Materials and Methods 

This study was rigorously conducted in compliance with the Declaration of Helsinki and 

adhered to the ethical standards set forth by the institutional and national research committees. 

Ethical approval was granted by the Ethics Committee of Communication University of Zhejiang 

(Approval No. 20230901). All participants engaged in the study provided informed consent. 

Informed consent was obtained from all participants. The recruitment period for participants was 

from February 14, 2024, to March 8, 2024. 

This study ensures confidentiality and anonymity of all participants. Identifying information 

has been omitted or appropriately anonymized in the manuscript, and any potentially identifying 

information included has been crucial for scientific purposes and consented to by the participants as 

per the guidelines.This study employed a mixed-methods design to evaluate the impact of digital 

Vtuber visual fidelity on the acquisition of Mandarin Chinese characters by beginners. The study was 

conducted in two phases, incorporating both qualitative and quantitative data collection and 

analysis. 

2.1. Participants 

A total of 608 participants were involved in the study. In the initial stage, a globally diverse 

cohort of 50 participants, all non-native speakers of Mandarin Chinese, was selected. This cohort 

consisted of 16 males, 33 females, and 1 individual preferring not to disclose their gender, with ages 

ranging from 18 to 54 years (M = 29.5, SD = 10.2). In the second phase, the participant pool was refined 

to 608 native English-speaking individuals from the United States, including 248 males, 356 females, 

and 4 individuals identifying with other genders, aged 18 to over 60 years (M = 34.7, SD = 12.4).In this 

study, participants were not pretested on the target Chinese characters before the tutorial. This choice 

was made to observe the natural learning process without prior influence. However, the absence of 

a pretest could introduce limitations, as it does not account for participants' prior familiarity with the 

characters, potentially affecting the study's findings. 
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2.2. Samples Preparation 

In the preparation phase of this study, a strategic and collaborative design approach was 

adopted to create the digital Vtuber pivotal to our investigation. This process was spearheaded by 

our interdisciplinary team, encompassing experts from the fields of digital art, cognitive psychology, 

and language education. The team's primary objective was to engineer a series of digital Vtuber that 

not only captured a broad spectrum of visual fidelity but also embodied rich cultural and linguistic 

elements essential for effective Mandarin Chinese character instruction. 

To this end, a comprehensive suite of eight digital Vtuber was meticulously developed, each 

designed to mark a distinct point along a continuum from elementary two-dimensional animations 

to sophisticated three-dimensional hyperrealistic figures. This gradient of digital Vtuber complexity 

was conceptualized to systematically evaluate the impact of visual fidelity on learner engagement 

and retention. Figure 1 presents these digital Vtuber in ascending order of visual sophistication, 

providing a visual narrative of the progression from basic to hyperrealistic digital Vtuber design. 

 

Figure 1. Progression of Vtuber Avatar Design: From Basic to Hyperrealistic Visual Fidelity. 

The selection process for the Chinese characters to be taught was conducted in collaboration 

with seasoned Chinese as a Foreign Language educators. The criteria for character selection were 

rigorously defined to ensure pedagogical relevance and uniform difficulty across the chosen 

characters. To ensure that beginners can master the selected Chinese characters with consistent 

difficulty, we chose characters that are frequently used in daily life. These characters are similar in 

terms of structural complexity and cognitive load. Additionally, the selected characters have an 

appropriate balance of similarity and difference, which helps learners to understand the form, 

pronunciation, and meaning of each character while also building a comprehensive understanding 

of Chinese characters. This selection strategy ensures the balance of learning content and the 

consistency of educational objectives. This collaborative effort resulted in the identification of eight 

Mandarin characters that were deemed representative of common learning challenges faced by 

beginners. 

Subsequently, a set of uniform educational scripts was crafted for each selected character. These 

scripts were not only designed to standardize instructional content across different avatar stages but 

also to incorporate pedagogically sound principles aimed at maximizing language acquisition. Each 

script was then paired with the corresponding avatar stage, culminating in the production of eight 

Mandarin character instructional videos. These videos were meticulously standardized in terms of 

duration and pedagogical content, three examples are shown in Figure 2. 
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Figure 2. Three Sample Instructional Videos Showcasing Varied Digital Vtuber for Mandarin 

Character Education. 

During the avatar creation phase, a detailed segmentation technique was employed for the two-

dimensional models [36]. This technique involved the dissection of avatars into constituent elements, 

such as facial features and limb characteristics, to facilitate precise animation and realism [37]. The 

segmentation process, illustrated in Figure 3, exemplifies the meticulous attention to detail that 

underpins the creation of engaging and pedagogically effective digital Vtuber. 

 

Figure 3. Detailed Segmentation Process for Two-Dimensional Vtuber Avatar Design. 

For the three-dimensional character models, an advanced skeletal rigging process was employed 

[38], complemented by the use of green screen technology to accurately capture the movements of 

live actors [39]. This process ensured the avatars' motions were realistic and congruent with natural 

human movement, thereby enhancing the authenticity of the instructional videos. The culmination 

of this phase was marked by the production of eight instructional videos, each showcasing a 

consistent range of motion reflective of the avatars' intended realism levels. The green screen capture 

process is detailed in Figure 4, while Figure 5 provides insights into the hybrid technique used for 

animating characters' mouth movements [40], combining frame-by-frame animation of real human 

performances with AI-driven facial expression capture technology to achieve lip-syncing effects [41]. 

  

Figure 4. Implementation of Green Screen Technology in Capturing Realistic Avatar Motion. 
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Figure 5. Hybrid Technique for Animating Vtuber Mouth Movements: A Blend of Frame-by-Frame 

and AI-Driven Facial Expression Capture. 

EIn the first phase of the study, each Chinese character was paired with a corresponding Vtuber, 

resulting in the creation of 8 instructional videos. Building on this foundation, the second phase 

involved selecting 5 stages of Vtubers and 2 characters identified from the first phase, leading to the 

production of 12 additional videos. Each of these characters was paired with 5 Vtubers and one video 

without a Vtuber. To ensure the validity and reliability of the results, these videos were 

counterbalanced across participants, with different character-Vtuber pairings presented in a random 

order to each participant. This enhanced preparation protocol highlights our commitment to 

developing a diverse and pedagogically robust set of digital Vtubers. By integrating detailed design 

elements and leveraging advanced animation technologies, this approach provides a solid 

foundation for evaluating the educational potential of virtual characters in language learning. 

2.3. Evaluation Method 

To rigorously evaluate the impact of digital Vtuber on Mandarin Chinese character acquisition, 

our study employed a Mixed Methods Design, combining the collection and analysis of both 

quantitative and qualitative data. Quantitative data were gathered through tests and questionnaires 

to quantify learning outcomes and participant performance, while qualitative data were obtained 

through interviews and responses to open-ended questions, providing deeper insights into 

participants' learning experiences and their subjective evaluations of the Vtubers. This methodology 

was developed with the dual objectives of assessing immediate learning efficacy and understanding 

the nuanced influence of visual fidelity on learner motivation and retention. 

2.3.1. Participant Assessment Protocol 

At the core of our evaluation strategy was a controlled variable framework, enabling a 

systematic investigation into the educational effectiveness of digital Vtuber across varying levels of 

visual fidelity. Utilizing a balanced mix of qualitative and quantitative data collection tools. The 

collection of qualitative data primarily took place during the initial assessment and screening phase 

of the study. On one hand, we gathered participants' accuracy rates through preliminary test banks, 

and on the other hand, we conducted interviews to understand their learning experiences and 

feedback on the Vtubers. The interview data were then coded and categorized using content analysis 

to identify key themes and patterns, thereby enriching the findings from the quantitative data 

analysis. The study's assessment protocol included the following key components: 

• Randomized Tutorial Distribution: To ensure the integrity of our experimental design, 

participants were randomly assigned to one of the eight Vtuber-mediated instructional videos 

via an automated distribution mechanism. The random assignment of participants in this study 

was implemented through the advanced membership module of the SurveyMonkey platform. 

This module provides an automated random allocation function, enabling us to ensure that 

participants were impartially assigned to different Vtuber tutorial groups, thereby maintaining 
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the integrity of the experimental design. This random allocation was critical in mitigating 

selection bias and facilitating a clean analysis of the avatars' impact on learning outcomes; 

• Immediate Post-Tutorial Quizzing: Following exposure to the instructional content, participants 

were immediately assessed through structured quizzes. These quizzes were crafted to measure 

retention and comprehension of the Mandarin characters presented, with each item designed to 

directly correlate with specific tutorial content; 

• Realism Scoring Rubric: Each Vtuber avatar was assigned a realism score on a scale from 0 (no 

avatar) to 8 (highest level of visual fidelity), providing a quantifiable measure of visual 

sophistication for statistical analysis. This scoring system was integral to our investigation, 

allowing for a nuanced exploration of how visual realism affects learning engagement and 

effectiveness. 

2.3.2. Data Analysis 

The study employed advanced statistical tools to thoroughly analyze the collected data, focusing 

on identifying significant trends and relationships. Pearson correlation analyses [42] were used to 

examine the relationship between the realism scores of digital Vtubers and quiz performance, chosen 

for their robustness in highlighting critical patterns within the dataset. Additionally, the evaluation 

assessed participants' preferences for specific avatars, capturing the subjective appeal of different 

levels of visual fidelity. This aspect of the analysis explored the interaction between aesthetic 

preference and educational efficacy, contributing to a more comprehensive understanding of the 

pedagogical value of digital Vtubers. Through this multifaceted evaluation method, the study 

provides empirically grounded insights into the role of digital Vtubers in language education, 

emphasizing the importance of visual fidelity in educational content and paving the way for future 

research into the potential of immersive virtual technologies to enhance learning experiences. 

2.4. Procedure 

This study’s methodology was designed with precision to assess the impact of Vtuber avatar 

sophistication on Mandarin Chinese character learning. We streamlined our approach into two 

distinct phases, both methodically structured to provide insights into the pedagogical effectiveness 

of varied avatar designs. 

2.4.1. Initial Assessment and Tutorial Screening 

Participants were exposed to a diverse range of tutorials, each featuring a different Chinese 

character and an associated Vtuber avatar. Post-tutorial, participants were assessed through quizzes 

to evaluate comprehension and retention. Tutorials that balanced beginner accessibility with 

sufficient educational challenge were identified based on accuracy rates. Table 2 details the characters 

and their corresponding accuracy rates, highlighting those selected for deeper analysis based on their 

lower comprehension scores. 

Table 1. Initial Assessment Accuracy Rates for Mandarin Characters Across Tutorials. 

Character Accuracy Character Accuracy 

风 95.67% 哭 91.00% 

固 80.00% 林 98.67% 

河 97.33% 学 98.67% 

画 96.00% 晕 81.33% 

2.4.2. Focused Evaluation 

The subsequent phase honed in on characters "固" and "晕" due to their initial lower accuracy 

rates, indicating a potential for revealing more about the design's impact on learning [42]. Tutorials 
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featuring characters "固" and "晕" were selected for further investigation due to their lower initial 

accuracy rates. A broader participant pool was used to solidify the findings. Participants were 

randomly assigned to tutorials featuring avatars across a spectrum of realism. 

Key Methodological Highlights: 

• Preliminary Screening: Determination of tutorial efficacy through immediate post-engagement 

quizzes； 

• Character Selection for Depth Study: Based on Table 1, "固" and "晕" were chosen for further 

investigation due to notable error rates； 

• Randomized Tutorial Distribution: Ensured unbiased exposure to various avatar designs among 

participants； 

• Objective and Subjective Evaluation: Quizzes measured learning outcomes, while surveys 

gauged avatar preferences； 

• By employing this bifurcated methodological approach, our research endeavors to unravel the 

nuances of how visual fidelity in digital avatars influences language acquisition, particularly 

focusing on the Mandarin Chinese learning process among beginners. 

3. Results 

The study’s empirical investigation yielded insightful data on the pedagogical efficacy of digital 

Vtuber within the domain of Mandarin Chinese character education. The core findings, grounded in 

a comprehensive analysis involving 608 participants, highlight the nuanced relationship between 

visual fidelity and language acquisition. 

3.1. Quantitative Findings 

Character Recognition Accuracy: The analysis of participant performance across the eight 

distinct tutorials showcased a discernible pattern correlating visual fidelity with learning outcomes. 

Specifically, avatars representing higher levels of visual fidelity (stages 5 through 8) were associated 

with a marked increase in character recognition accuracy. For instance, tutorials featuring the most 

realistic avatars (stage 8) resulted in an average accuracy rate of 81.33% for the character "晕", 

compared to 80.00% for the character "固" using less sophisticated avatars (stage 1). 

Learner Engagement and Preferences: The study further explored the subjective preferences of 

learners towards different avatar designs. A notable preference for higher fidelity avatars was 

observed, with 40.83% of participants favoring stage 5 avatars. This preference aligns closely with the 

improved accuracy rates, suggesting a positive correlation between avatar likability and educational 

outcome effectiveness. 

Referencing Table 2: The distribution of favorability scores, as detailed in Table 2, underscores 

the participants' inclination towards more sophisticated digital Vtuber. The favorability percentage 

peaks at 40.83% for stage 5 avatars, illustrating a clear learner bias towards avatars of higher visual 

fidelity. 

Table 2. Participant Favorability Ratings for digital Vtuber by Focused Evaluation Stage. 

Vtuber NO. Favorability 

01 10.00% 

02 10.28% 

03 40.83% 

04 18.89% 

05 20.00% 

Upon further analysis, it was noted that the accuracy scores for stage 5 avatars were lower than 

those for stages 1 through 4. This discrepancy highlights the complexity of the relationship between 

visual fidelity and learning outcomes, suggesting that factors other than fidelity may also play a 

significant role. Additionally, Table 4 indicates that the most preferred avatars were from stage 3, not 

stage 5, as initially reported. 
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3.2. Qualitative Findings 

Thematic analysis of participant feedback revealed that increased engagement and perceived 

realism play a significant role in influencing learning outcomes. The study's participants spanned a 

wide range of ages and had diverse gender compositions, with those in the first phase of interviews 

generally possessing at least a bachelor's degree, which supports the representativeness of the 

findings. The majority of participants believed that higher visual fidelity made the learning process 

more immersive and engaging, enhancing their attention and involvement. Specifically, many 

participants noted that when the avatars' visual presentation was more realistic, they found it easier 

to focus on the learning content, thereby improving the overall quality of their learning experience. 

However, some participants pointed out that excessively high visual fidelity might draw too 

much attention to the visual presentation itself, potentially detracting from the absorption of the 

learning content. Participants' personal interests and preferences were also considered important 

factors influencing the results. For example, some enthusiasts of the "二次元" (anime and manga) 

culture preferred abstract two-dimensional characters over high-definition, high-fidelity three-

dimensional images. Additionally, the style differences of the avatars might influence participants' 

attention and learning preferences to some extent. 

These feedbacks suggest that while high-fidelity avatars can enhance learning outcomes in some 

cases, their impact varies from person to person and may not always be directly correlated with 

optimal learning outcomes. 

3.3. Statistical Analysis 

To evaluate the effect of Vtuber visual fidelity on learning outcomes, Pearson correlation 

coefficients were applied. This method allowed us to assess the strength and statistical significance 

of the relationship between avatar visual fidelity and participants’ accuracy in recognizing Chinese 

characters. 

For the character "固," Pearson’s correlation coefficient was r = 0.88 (p < .01), indicating a strong 

positive relationship between higher visual fidelity and increased character recognition accuracy. 

Similarly, for the character "晕," the correlation was r = 0.86 (p < .01), supporting the hypothesis that 

greater avatar realism enhances learning outcomes. These findings highlight the importance of avatar 

design in educational contexts, suggesting that more realistic avatars can significantly improve 

learning performance. 

Assumption checks for normality and homogeneity of variances were conducted before 

performing parametric analyses, confirming the appropriateness of the tests used. Additionally, 

segmented regression analysis revealed potential non-linear relationships between visual fidelity and 

learning outcomes, suggesting that the effect of visual realism may vary across different stages of 

fidelity.3.4. Graphical Representation 

3.3. Graphical Representation 

Figures 6–9 visually depict the study's findings, illustrating the nuanced impact of avatar design 

on learning efficacy. For example, Figure 6 highlights the correlation between the "固" character's 

teaching content accuracy and the Vtuber's favorability, reinforcing the significance of engaging and 

visually appealing avatars in educational contexts. 
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Figure 6. Correlation between Vtuber Favorability and Learning Accuracy for the Mandarin 

Character '固'. 

Figure 7 shows the effect of Vtuber visual fidelity on the learning accuracy for the Mandarin 

character "固." As visual fidelity increases, there is an observable improvement in learning outcomes, 

suggesting that higher-quality, more realistic Vtubers may help sustain learners' attention and 

improve comprehension of the character. 

 

Figure 7. Impact of Vtuber Visual Fidelity on the Learning Accuracy for the Mandarin Character '固'. 

Figure 8 depicts the relationship between Vtuber favorability and learning accuracy for the 

Mandarin character "晕." The data suggests a positive correlation between the avatars learners found 

more appealing and their performance in character recognition. This indicates that subjective 

preferences could influence educational effectiveness, as learners might perform better when 

engaging with avatars they find appealing. 
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Figure 8. Relationship between Vtuber Favorability and Learning Accuracy for the Mandarin 

Character '晕'. 

Figure 9 focuses on the influence of Vtuber visual fidelity on learning accuracy for the character 

"晕." Similar to Figure 7, it indicates that higher visual fidelity can lead to better learning outcomes, 

reinforcing the potential importance of avatar realism in supporting cognitive processes related to 

language learning. 

 

Figure 9. Influence of Vtuber Visual Fidelity on the Learning Accuracy for the Mandarin Character '晕'. 

This examination highlights the role of digital Vtubers' visual fidelity in Mandarin Chinese 

character acquisition, showing a connection between digital avatar design and educational outcomes. 

The correlations between avatar likability, realism, and learning performance suggest that Vtuber 

technology may offer opportunities to enhance language education methodologies. 

4. Discussion 

The positive correlations identified in our study partially validate existing notions regarding the 

utility and design optimization of digital avatars in educational settings. The findings suggest that 

the engagement and effectiveness of Vtuber-mediated education are not solely a function of content 

quality but are also significantly influenced by the design attributes of the avatars themselves. One 

possible reason for this is that avatars with higher visual fidelity can create a more immersive and 

engaging learning environment, which in turn enhances the learner’s focus and retention of the 

material. However, it is also important to consider that the high visual fidelity of avatars might 

sometimes lead to an overemphasis on visual elements, potentially distracting learners from the core 

educational content. This dual impact of visual fidelity suggests that while high-quality avatar design 
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can improve educational outcomes, it must be carefully balanced to ensure that the visual elements 

do not overshadow the learning objectives. 

Our findings extend beyond the immediate context of Mandarin Chinese character education, 

suggesting potential applications across various educational disciplines where engagement and 

material retention are paramount. This insight opens up new avenues for language teaching 

strategies, where the subtle nuances of avatar design can be leveraged to foster a more engaging and 

effective learning environment. For instance, educators might consider varying the visual complexity 

of avatars based on the content being taught, or tailoring avatar designs to match the preferences of 

different learner groups. 

However, our study also has limitations that need to be acknowledged. The subjective 

qualitative analysis was primarily conducted during the first phase of the study and focused mainly 

on young learners with a strong interest in digital technologies. This concentration on a specific 

demographic may limit the generalizability of the findings to other populations, such as older 

learners or individuals less engaged with digital media. Additionally, relying on self-reported data 

in this phase could introduce bias, as participants may have provided responses they believed were 

expected rather than accurately reflecting their true experiences. 

The study also explored learner preferences, revealing a clear inclination towards avatars with 

higher visual complexity. This preference not only reflects a demand for engaging and aesthetically 

appealing educational tools but also aligns with improved educational outcomes. However, 

individual differences in preferences, influenced by factors such as familiarity with digital culture or 

personal learning styles, suggest that a one-size-fits-all approach may not be effective. It is 

recommended that future studies explore how different learner characteristics, such as age, cultural 

background, and prior experience with digital tools, influence the effectiveness of various avatar 

designs. 

These insights have important implications for the future of digital pedagogy. The integration 

of high-fidelity digital Vtubers may serve as a key direction for innovative educational strategies, 

particularly in the context of language education. The study contributes to the ongoing dialogue on 

the integration of advanced digital technologies in educational settings, highlighting the potential of 

Vtubers in creating more immersive and personalized learning environments. Future research should 

explore how these technologies can be optimized for different educational contexts, ensuring that the 

balance between engagement and content delivery is maintained. 

The findings from this study, while significant, are subject to several limitations. The lack of a 

pretest means that prior familiarity with the characters could have influenced the results. 

Furthermore, the preference for certain avatars may reflect participants' prior exposure to digital 

media rather than the educational content itself. Future studies should consider implementing a 

pretest to control for prior knowledge and explore the long-term retention of characters learned with 

different avatars. Additionally, the potential for certain avatars to distract from the educational 

content should be further investigated. 

5. Conclusions 

This study has clearly demonstrated the potential of digital Vtubers as effective educational tools 

and has provided direction for their design and development. The core insights emphasize the 

multifaceted influence of avatar design on language acquisition, showing that both the visual fidelity 

and likability of digital Vtubers play a significant role in enhancing learning outcomes. However, the 

study also highlights the complexity of this relationship, suggesting that while high visual fidelity 

can enhance engagement, it may also divert attention away from the educational content if not 

carefully managed. 

The findings offer a clearer perspective on the potential role of Vtubers within the expanding 

metaverse. As digital learning environments continue to evolve towards more immersive and 

interactive realms, digital Vtubers stand at the cusp of redefining educational engagement. They 

represent a bridge between current digital learning tools and the future of education in the metaverse, 

suggesting a paradigm shift towards more dynamic and interactive forms of learning. 
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In conclusion, this research not only highlights the significant potential of digital Vtubers as 

effective educational tools but also sets the stage for future explorations into their broader 

applications across various domains of digital education. As we move forward, it becomes crucial to 

continue investigating the optimal integration of such technologies, ensuring they are leveraged to 

enhance educational quality and accessibility in the digital age. Future studies should consider 

expanding the demographic scope to include younger learners or individuals less familiar with 

digital environments, and should also investigate the long-term impacts of using high-fidelity avatars 

on learning retention and overall satisfaction. 

Building on our insights into digital Vtubers for Mandarin character education, future research 

should not only explore broader educational applications across diverse subjects but also venture 

into varied contexts beyond traditional learning environments. This includes examining the effects 

of visual fidelity on learner psychology, leveraging Vtuber technology in novel digital ecosystems for 

increased engagement and scalability, and understanding the long-term influence on user retention 

and satisfaction. Expanding research to encompass different scenarios, such as professional training, 

informal learning, and interactive entertainment, will provide a holistic view of digital avatars' 

capacity to innovate and enrich a wide spectrum of human experiences. 
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