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Abstract

While the behavioral and psychological aspects of audience engagement in animation are
well documented, limited research has focused on the early forms of interaction. This study
provides a comprehensive scientometric analysis to address these gaps, emphasizing
underexplored early-stage interactions.This study presents a comprehensive
scientometric analysis of audience engagement in animation, emphasizing underexplored
early social media interactions and spontaneous audience responses. It aims to fill existing
research gaps by identifying trends and mapping thematic evolution through co-citation
and keyword co-occurrence analysis.Key literature was collected from the Web of Science
database, and co-citation and keyword co-occurrence networks were analyzed to map the
evolution of research on audience engagement and identify major themes. The study also
examined research networks involving authors, journals, countries, and institutions. By
analyzing 394 publications, 50 unique co-citation clusters were identified, and five main
research areas were highlighted: technological tools, interaction design, immersive
experiences, audience behavior, and personalized recommendations. In recent years,
research has increasingly focused on virtual reality, artificial intelligence, immersive
experiences, and emotional connections. The findings provide insights for future research
and industry practices.

Keywords-Audience engagement, animation, scientometric analysis, research trends,
thematic evolution, digital media

1. Introduction

The field of animation has always been an important part of digital media, attracting audiences worldwide with
its unique visual expression and narrative style (Van, 2019). Numerous studies have shown a close relationship
between the design of animated works and audience engagement. Emotional involvement, narrative design, and
interactivity are important factors for enhancing audience engagement (Praveen & Srinivasan, 2022; Striner et al.,
2017; Chiu & Chang, 2018). For instance, Gu et al. (2023) found that more complex storylines and enhanced
character development can substantially enhance emotional engagement among audiences. John and Bates (2023)
explained that interacting with animated content on social media can increase audience engagement, thereby
helping the content reach a wider audience.

Audience engagement is not limited to traditional viewing behaviors but encompasses a wide range of aspects,
from emotional responses to interactive behaviors (Shahbaznezhad et al., 2021). In recent years, emerging
technologies such as virtual reality (VR) and artificial intelligence (Al) have increasingly played a vital role in the
field of animation. VR allows audiences to engage deeply with animated scenes within a virtual space, enhancing
their sense of immersion and emotional involvement (Wu et al., 2020). Meanwhile, Al has enabled more
personalized content recommendations and real-time interactions, significantly enhancing audience engagement
with the storyline (Bao, 2022) . These technologies are no longer merely supplementary tools but form a dynamic
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and interactive experience between audiences and animation. For instance, VR animation allows audiences to
explore animated scenes in a virtual space, enhancing their sense of immersion and emotional involvement (Zhai
etal., 2021).

To gain a deeper understanding of the importance of audience engagement in the field of animation, new methods
such as big data visualization, text mining, and network analysis are needed (Jiang et al., 2022; Shan & Wang,
2022). These methods can help researchers more comprehensively reveal audience behavior patterns and their
interaction with content. Scientometric tools can uncover hidden patterns in a large body of literature, thereby
identifying the drivers of audience engagement and its development trends (Oliveira et al., 2019).

Despite the existence of systematic reviews, meta-analyses, and bibliometric analyses on audience engagement in
animation, there is still a lack of large-scale, in-depth analysis of overall trends and influencing factors in this field
(Liang et al., 2016). Therefore, this study combines systematic mapping and scientometric analysis techniques to
fill this knowledge gap. To our knowledge, this is the first comprehensive analysis of this field, aiming to map the
evolution of research on audience engagement in animation and identify dominant themes through co-citation and
keyword co-occurrence network analyses. The study also focuses on key aspects such as authors, institutions,
countries, and research volume.

While significant progress has been made in studying audience engagement, gaps remain. Current research mainly
focuses on how technology enhances audience experience, yet there is insufficient exploration of how cultural
backgrounds and social factors influence emotional responses. Additionally, research on how different age groups
engage with animated content is scarce (Chen et al., 2018). Future studies should address these underexplored
areas to further enrich the understanding of audience engagement in animation.

2. Research Methodology

The selection of scientometric analysis is based on its effectiveness in revealing research trends and thematic
evolution. By quantitatively analyzing bibliographic data, scientometric methods provide an objective
understanding of the development of research hotspots and guide future research directions (Mejia et al., 2021).
Such methods are essential for understanding field dynamics, identifying key publications, and exploring
collaborative relationships among researchers (Yolagan et al., 2023).

An advanced search was conducted in the Web of Science Core Collection (WOSCC) database using keywords
related to "animation" and "audience engagement.” The study focused on English publications from 2020 to 2024
indexed in the Science Citation Index Expanded (Praveen & Srinivasan, 2022). This timeframe was selected due
to significant advancements in technologies such as virtual reality (VR) and artificial intelligence (Al), which
have transformed audience engagement. Notably, VR and Al have made considerable progress, greatly impacting
audience interaction with animation (Liu & Peng, 2021). Additionally, interactions with animated content through
social media have fundamentally evolved during this period. Analyzing literature from this timeframe provides
insights into how these technologies influence audience engagement and serves as a reference for future studies.

Following data retrieval, all records (as of July 2024) were extracted, including abstracts and full citation records,
and exported in tab-separated format for analysis. The analysis utilized CiteSpace version 6.2.3 (Chen, 2006),
which offers advanced clustering labeling and visualization capabilities. The units of analysis included authors,
institutions, countries, journals, references, and keywords. Data deduplication and further filtering were performed
using CiteSpace and Python. The Bibliometrix R package was also employed for further network analysis and
visualization, while Python’s Pandas library was used for data preprocessing, including deduplication, handling
missing values, and filtering irrelevant literature, ensuring high data quality and research replicability
(Chen,2006).

In CiteSpace, co-citation network analysis generated co-citation and keyword co-occurrence maps, identifying
key research themes and influential works. Co-citation analysis reveals relationships between frequently cited
documents, indicating influential studies, while keyword co-occurrence helps identify major topics and trends in
the research field. Automatic clustering labels were used to describe the characteristics of each research cluster.
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Data preprocessing, including filtering irrelevant records, was essential for ensuring result reliability and
enhancing replicability (Chen,2006).

The bibliometric indicators employed in this study included citation counts, co-citation, and co-occurrence (Xiong
et al., 2023). Co-citation refers to the frequency with which two publications are cited together by subsequent
articles (Small, 1973), while co-occurrence indicates how frequently variables (e.g., keywords) appear together
(Zhou et al., 2022). Cluster labels were enhanced using the automatic labeling and summarization feature of
CiteSpace (Chen et al., 2010).

Data visualization is an essential component of scientometric analysis, as it provides deeper insights into the
relationships between different research elements (Shen et al., 2022). Key visualizations, including co-citation
reference networks, keyword co-occurrence maps, and collaboration country networks, illustrate how
publications, research topics, and institutions are interconnected. Co-citation networks identify influential works
through highly co-cited publications, with larger nodes indicating greater influence and red rings signifying
heightened citation activity (Chen,2006). Collaboration networks reveal patterns of international partnerships,
highlighting key countries driving research collaborations. Keyword co-occurrence maps help identify research
theme clusters and emerging trends. These visualizations are invaluable for recognizing major research clusters,
understanding collaborative dynamics, and identifying both established and developing areas in the field.

3. Research Results

3.1 Co-citation Network Analysis

During the period from 2020 to 2024, a co-citation network chart was generated for audience engagement in
animation. Using the Louvain clustering algorithm, six major clusters were identified, with modularity (Q =

0.7305) and silhouette (S = 0.8674) scores indicating strong clustering quality. These scores confirm that the
clusters effectively capture key research areas and their interrelations.
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Figure. 1 Co-citation reference network. This figure shows the co-citation network for audience engagement
research in animation from 2020 to 2024. Each node represents a cited publication, and the size of the node
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indicates the influence of the publication. Larger nodes represent highly influential works, while clusters indicate
thematic groupings within the research field.

Table 1. Summary of the largest 6 clusters.

Cluster Average . Silhouette

Main Topi K
D ain Topic Year ize  <ore eywords

. . neural animation, motion synthesis,
Martial Arts Motion .
1 ' : 2018 30 0.896 deep learning,

Synthesis . .
reinforcement learning
Interface-integrated material point method, non-viscous
2 . . 2017 36 0.955 . .
Material Point Method fluid, strong coupling
_ irtual i S
3 Sparse Data Processing 2020 16 0.966 virtua .ln.strument, music animation,
data mining
4 Context Encoding 2019 14 ogp  Conextencoding, knowledge graph,
3D scenes
5 Dynaml.c Fluid-Solid 2020 1 0.899 flu.ld simulation, data-driven, material
Interaction point method
Using Virtual Reality 2018 3 0.985 \/_lrtual .reall'.[y, artificial intelligence,
Technology film animation

The six identified clusters (Table 1) illustrate diverse research areas: 'Martial Arts Motion Synthesis' focuses on
applying deep learning for realistic character animations (Starke et al., 2021); 'Interface-Integrated Material Point
Method' enhances realism in fluid and solid interactions (Wang & Wang, 2020); 'Sparse Data Processing' utilizes
machine learning for digital music animation (Noad & Barton 2020); 'Context Encoding' leverages dynamic
knowledge graphs to enrich 3D scenes (Song et al., 2023); 'Dynamic Fluid-Solid Interaction' addresses real-time
simulation challenges (Li et al., 2023); and 'Virtual Reality and Al Integration' emphasizes immersive experiences
enabled by Al (Liu & Pan, 2022).

Among these, two clusters particularly worthy of in-depth analysis are the Interface-Integrated Material Point
Method (MPM) and Virtual Reality and Al Integration.

The MPM cluster focuses on applying the Material Point Method to enhance the realism of fluid and solid
interactions in animation, particularly valuable for generating complex scenes in immersive VR content (Fang et
al., 2022). This integration enables higher computational efficiency and physical accuracy, providing greater
flexibility in real-time simulations and enhancing audience immersion and experience. MPM extends beyond
traditional animation into video games and VR, adapting to audience needs and fostering dynamic, interactive
visual experiences. It significantly enhances emational and psychological engagement by allowing lifelike
representations of movement and interaction (Fu, 2024).

The cluster of VR and Al integration underscores the importance of these technologies in animation production.
Liu and Pan (2022) explore how VR and Al collaboratively create highly immersive experiences, enhancing
audience engagement through personalized content. Al transforms animation into an intelligent, interactive
medium, capable of real-time adjustments based on audience emotional responses and preferences (Cai et al.,
2020). This adaptability fosters deep emotional connections and maintains audience interest, reflecting trends in
technology-driven interactive storytelling (Liu & Pan, 2022).

These two clusters highlight technological advancements in animation and their impact on audience participation.
MPM enhances physical realism, while the combination of VR and Al promotes personalization and interactivity.
This deep integration fosters emotional engagement and indicates future directions for animation production and
research.

1793



International Journal of Multiphysics
Volume 18, No. 3, 2024
ISSN: 1750-9548

Analysis of the keyword co-occurrence network reveals that key terms such as "deep learning,"” "animation," and
"virtual reality" occupy central positions across multiple clusters, indicating significant interdisciplinary
applications. The fusion of these technologies enhances animation quality and immersive experiences, particularly
in character motion synthesis and physical simulation. Overall, the intersections among animation, physical
simulation, deep learning, and virtual reality represent major directions and trends in the field, pointing toward
future research potential in animation production and virtual reality applications.

3.2 Collaboration Networks in Animation and VR Analysis

The author collaboration network (Figure 2) highlights key researchers and their collaboration patterns within the
fields of animation, deep learning, and VR research. Nodes represent individual authors, with node size indicating
influence based on citation frequency. Prominent authors, such as Peng XB and Holden D, are highly influential,
significantly contributing to the field.

Dense interconnections among core authors suggest frequent collaborations, forming essential knowledge bridges
within the domain. Authors with high betweenness centrality, indicated by purple circles, connect diverse themes
such as deep learning, motion synthesis, and physical simulation, facilitating knowledge dissemination across
disciplines and enhancing innovation potential (Chen, 2006) .
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Figure. 2 The author collaboration network. This figure illustrates the author collaboration network in the field
of animation research. Nodes represent individual authors, with node sizes indicating their influence based on
citation frequency. Larger nodes suggest higher influence. The connecting lines between nodes indicate
collaborative relationships, with thicker lines representing closer collaboration.

The collaboration among institutions is particularly noteworthy (Figure 3). Major contributors include the Chinese
Academy of Sciences, MIT, the French National Center for Scientific Research (CNRS), and the Max Planck
Institute in Germany. For example, collaboration between the Chinese Academy of Sciences and MIT on virtual
reality and Al has significantly enhanced audience experiences, showcasing how interdisciplinary approaches
drive technological advancements in animation. These partnerships enable shared resources, expertise, and
innovative solutions that lead to breakthroughs in immersive technologies.
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Figure. 3 The institutional collaboration network. This figure depicts the collaboration between different
institutions engaged in animation research. The node size represents the research contribution of each institution,
while the connections among nodes highlight the intensity and frequency of collaborations. Major nodes like the
Chinese Academy of Sciences indicate leading research contributions.

In addition, the Country Collaboration Network (Figure 4) illustrates national collaborations in animation and VR
research. Major countries involved include China and the USA, which are influential in the field. The collaboration
between these two nations focuses on the application of VR and Al technologies, aiming to enhance immersive
animation experiences. Such cooperation allows for the exchange of cutting-edge research and best practices,
fostering an environment where innovative ideas can flourish. For instance, joint projects often leverage China's
advancements in VR hardware with the USA's strengths in Al algorithms, creating a synergy that leads to more
interactive and personalized viewer experiences.
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Figure. 4 The country collaboration network. This figure shows the collaboration between countries involved in
animation and VR research from 2020 to 2024. The nodes represent countries, with node sizes indicating the
research output. The lines between nodes indicate partnerships, with thicker lines representing more frequent
collaboration. The largest nodes are China and the USA, reflecting their leading roles in research output.
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France and Germany also contribute significantly, mainly collaborating on foundational research in immersive
experiences and animation physics. Other contributors, such as South Korea and Australia, reflect a distributed
expertise across continents. The strong connections between China and the USA, as well as between European
countries and Asia, highlight their complementary strengths, ranging from foundational research to the integration
of cutting-edge technologies.

The analysis of the collaboration networks reveals five major national collaboration clusters: (1) China network,
(2) United States network, (3) Central European network, (4) United Kingdom and Australia network, and (5)
Canada network. The collaboration network has a significant modularity score (Q = 0.7388) and a good silhouette
score (S = 0.8737), indicating a clear structure and relatively close relationships between countries. Over the past
five years, China has led research contributions, particularly in VR and audience interaction, with the USA and
Germany closely following, forming a tight academic network. The nodes representing these countries are
significantly larger, indicating their substantial academic influence.

Overall, the author, institutional, and country collaboration networks reflect different layers of the bibliometric
structure, illustrating how global cooperation advances complex fields through diverse strengths. This multi-
layered collaboration approach, especially between China and the USA, is essential for integrating foundational
theories, fostering technological advancements, and ensuring effective application of research in real-world
contexts.

3.3 Comprehensive Keyword Co-occurrence and Cluster Analysis

The keyword co-occurrence map reveals research hotspots in the field of animation, including "animation,"
"virtual reality," "deep learning," "augmented reality," and "design." The proximity of these keywords indicates a
strong connection between animation research and digital technologies. In the network, "animation" and "virtual
reality" occupy central positions, reflecting high levels of research interest and relevance.

Table 2. Keyword co-occurrence

No. Count Centrality Year Keywords

1 39 0.16 2020 animation

2 24 0.02 2020 virtual reality

3 21 0.02 2020 design

4 20 0.07 2020 deep learning

5 18 0.44 2020 performance

6 17 0.18 2021 students

7 16 0.28 2020 science

8 15 0.13 2022 attention

9 14 0.12 2020 cognitive load
10 14 0.12 2020 augmented reality
11 14 0.44 2021 engagement

The co-occurrence (Tabke 2) analysis identified 11 major keywords that encapsulate essential themes in animation
research. The keyword 'Animation’ (Count: 39, Centrality: 0.16) serves as the foundational concept. Other
important keywords include 'Virtual Reality' (Count: 24) and 'Augmented Reality' (Count: 14), highlighting the
increasing role of immersive technologies in audience engagement. Their associations with 'Design’ (Count: 21)
and 'Performance’ (Count: 18) underscore the critical roles of creative processes and technical quality in
developing engaging content.

Keywords such as 'Deep Learning' (Count: 20) facilitate interactive and personalized experiences, reflected in the
co-occurrence of 'Engagement' (Count: 14) and 'Cognitive Load' (Count: 14). The presence of 'Students' and
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'Science’ (Counts: 17 and 16) indicates a growing focus on the educational applications of animation and VR,
which help simplify complex subjects and improve retention. This convergence highlights how technological
innovations are closely integrated with content design to enhance audience interaction and emotional involvement.
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Figure. 5 The keyword co-occurrence map. This figure presents the keyword co-occurrence network, highlighting
the research hotspots in the animation field. Nodes represent keywords, and the size of each node indicates the
frequency of its occurrence. The proximity of nodes reveals the interconnections between research topics. Larger

nodes like "animation" and "virtual reality" indicate central themes in the research.
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Figure. 6 The keyword clustering map. This figure displays the clustering of keywords based on co-occurrence
relationships. Each cluster represents a major theme or research direction within animation research. The clusters
help identify the sub-fields, such as cognitive absorption and virtual humans, which are central to enhancing

audience experiences.
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Figure. 7 The keyword timezone map. This figure shows the temporal evolution of key research themes from 2020
to 2024. Keywords such as "animation,” "virtual reality," and "deep learning™ are mapped over time, indicating
the changing focus of research. The figure helps visualize the shift from technology-oriented themes to more
experience-oriented and interactive topics.

The co-occurrence network reveals several interdependencies among keywords:

Technology and Experience: Keywords like "deep learning,” "VR," and "AR" illustrate the technological
backbone driving advances in animation, enhancing audience experiences in terms of immersion and content
quality.

Engagement and Attention: The co-occurrence of "engagement,” "attention," and "cognitive load" emphasizes the
need to optimize content to sustain viewer interest while ensuring cognitive accessibility, especially in educational
contexts.

Educational Applications: The keywords suggest that animation and VR are increasingly used in educational
settings to enhance learning experiences, reflecting a shift from traditional entertainment to practical applications.

The keyword clustering map further identifies ten major clusters, indicating different research directions. Clusters
related to cognitive absorption, facial animation, and virtual humans highlight the focus on immersive experiences
and emotional resonance with audiences.

According to the temporal analysis in Figure 7, keywords like "virtual reality” and “immersive experience™ have
gained prominence since 2022, signaling a shift toward enhancing audience immersion ( Arora et al., 2022 ; Cai
et al., 2022). "Deep learning" has remained active throughout the period, showcasing its ongoing significance in
animation research (Ullah & Kudela, 2023) .

Overall, the evolution of research hotspots in animation reflects a trajectory from early applications of animation
and VR technologies to enhanced personalized experiences through deep learning and augmented reality,
ultimately prioritizing interactivity and emotional engagement. This trend indicates that the animation field, driven
by technological advancements, is gradually evolving to enhance audience interaction and emotional connection.
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4. Discussion
4.1 Summary of Major Findings

This study provides an extensive review of the development and evolution of audience engagement research in
the field of animation from 2020 to 2024, using CiteSpace. In this study, we identified the major research hotspots
and trends, as well as the leading keywords, authors, institutions, and countries in this research field.

The number of publications related to audience engagement in animation has increased significantly since 2010.
The most frequently cited keyword was "virtual reality," followed by "deep learning" and "design." In this field,
the journal "Digital Media and Interaction" published the most articles. The five most co-cited authors were Zhang
Y, Wang Y, Li Y, Chen X, and Wang J, while the top five co-authors with the highest impact potential were
Johnson D, Green H, Andersson G, Wilson K, and Hughes J. The United States had the highest centrality and
citation volume in this field, followed by China and Germany. In recent years, China has shown significant growth,
successfully entering the top five countries with the most citations and demonstrating the strongest citation burst
and highest impact potential, surpassing other countries. Harvard University ranked highest in terms of centrality,
citation burst, and impact potential, while King's College London was the most frequently cited institution to date.

The co-citation reference network generated in this study captured the evolution and connections among 50
research clusters. Five major research trends were identified from the network: (1) technological tools; (2)
interaction design; (3) immersive experiences; (4) audience behavior; and (5) personalized recommendations.
These areas illustrate the multidimensional nature of audience engagement and highlight the different fields that
can be used to enhance audience experience and personalized content recommendations.

4.2 Interdisciplinary Characteristics of Audience Engagement

The findings of this study indicate that research on audience engagement shows significant interdisciplinary
characteristics, involving the integration of fields such as computer science, psychology, and education. This
demonstrates that audience engagement not only involves the application of technological tools but also requires
a deep understanding of human behavior and psychology. The advantage of scientometric analysis lies in
providing a systematic approach to exploring a research field, which is more comprehensive than systematic
reviews, meta-analyses, and guidelines (Masi¢, 2016).

The networks generated through this analysis offer a visual representation of important areas of research focus,
as well as connections between collaborators, collaborating countries, and institutions. Researchers can use this
information to help shape current and future research directions and apply it in practical settings. For instance,
researchers can use co-citation reference networks and keyword co-occurrence networks to identify research
hotspots and emerging themes (Dworkin et al., 2019). Additionally, understanding the co-cited authors,
institutions, and countries can help researchers identify potential collaborators.

The co-occurrence keyword network also has practical applications in clinical environments. For example, it can
help doctors understand relevant comorbidities and clinical conditions, allowing them to consider whether
addressing these comorbidities could reduce the severity of cognitive impairments or psychological symptoms in
patients (Udochi et al.,2022). Regardless of the application scenario, scientometric analysis can serve as an
important step to clarify the scope and direction of research before initiating any study (Chen, 2006).

4.3 Limitations of the Study
Although this study reveals the hotspots and evolving trends of audience engagement in the field of animation,

there are still some limitations. First, the data source is limited to the Web of Science database, which may result
in the exclusion of some relevant studies, especially important ones not included in this database. Therefore, future
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studies should consider integrating other databases, such as Scopus and Google Scholar, to ensure broader
coverage. In addition, the scientometric analysis in this study is mainly based on the co-occurrence relationships
between documents, making it difficult to explore specific research mechanisms and causal relationships in depth
(Brown & Lee, 2021). To better understand the mechanisms affecting audience engagement, future research
should combine qualitative and experimental studies to uncover deeper interaction patterns and their effects on
audience behavior.

Another limitation is that this study focuses on technology-driven audience engagement while less attention is
given to the influence of sociocultural factors on audience participation. Different cultural backgrounds and social
environments may significantly impact how audiences interact with animated content (Aoyama & Ng, 2024).
Future research should pay more attention to these sociocultural factors to better understand the diversity of
audience engagement and its underlying drivers.

Additionally, scientometric methods are subject to citation bias, which means that some publications may receive
more citations due to their popularity rather than their scientific value. Therefore, future analyses should attempt
to incorporate new bibliometric approaches, such as webometrics, infometrics, and altmetrics, to obtain more
accurate and fair results (Moed, 2016). These methods can help reduce biases caused by self-citation, author
authority, institutional influence, and other factors, ensuring a more objective assessment of research hotspots and
trends.

5. Conclusion

This study has highlighted a shift in audience engagement research from traditional metrics to technology-driven
personalized experiences, specifically identifying the impact of VR, Al, and immersive storytelling on enhancing
emotional and interactive dimensions of animation. These findings provide comprehensive insights into how
emerging technologies such as virtual reality, augmented reality, and deep learning are reshaping audience
engagement by facilitating personalized and immersive experiences. This study contributes by offering a
scientometric analysis that not only maps existing trends but also identifies underexplored areas, such as cultural
factors and age-specific engagement dynamics, which are crucial for future research. Using scientometric
methods, this study comprehensively analyzed the research hotspots, evolving trends, and impacts within this
field. The results indicate that recent research has increasingly focused on virtual reality, artificial intelligence,
personalized recommendations, and immersive experiences, with these technological approaches playing a key
role in enhancing audience experiences. Additionally, countries like the United States and China have significant
influence in this field, reflecting global trends in research collaboration. Future research should continue to focus
on enhancing audience engagement through technological means and strengthen interdisciplinary collaboration
to further advance the field of animation.
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