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Abstract

This study explores the dissemination of Cantonese Opera on Bilibili, a social media plat-
form popular among younger audiences in China, as traditional cultural forms struggle to
captivate younger generations. Platforms like Bilibili present opportunities for revitalizing
interest in intangible heritage. This research aims to uncover how user engagement met-
rics influence the visibility and spread of Cantonese Opera content, providing insights for
enhancing heritage promotion. Data were collected from 1916 Cantonese Opera videos us-
ing Python-based web scraping, focusing on eight user engagement metrics: Likes, Shares,
Coins, Comments, Bullet Comments, Fans, Collects, and Plays. In addition to descrip-
tive statistics, exploratory data analyses—including distributional assessment, correlation
analysis, and K-means clustering—were conducted to examine engagement heterogene-
ity and interaction patterns across videos. The structural equation modeling (SEM) was
employed to analyze the relationships among these metrics and their impact on content
dissemination. Results show that Coins and Likes significantly predict Comments and
Shares, indicating the importance of both monetary and non-monetary support in fostering
interaction. The clustering results revealed three distinct video groups—high, moderate,
and low engagement—demonstrating a long-tail pattern typical of social media visibility.
Collects and Shares notably increase Plays counts, underscoring the role of curation and
social diffusion. However, the negative impact of Coins on Plays reveals complex user
motivations. These multi-level analyses provide a comprehensive understanding of en-
gagement mechanisms and heterogeneity. They contribute to understanding the promo-
tion of traditional cultural content through youth-oriented social media and offer practi-
cal implications for content creators and cultural institutions leveraging digital media for
cultural preservation.

Keywords: Cantonese Opera; Bilibili; user engagement metrics; structural equation model;
social media dissemination; intangible cultural heritage promotion

1. Introduction

Cantonese Opera is a vital element of Lingnan culture, deeply significant to Guang-
dong Province and the global Chinese diaspora [1]. Recognized by the United Nations Ed-
ucational, Scientific, and Cultural Organization (UNESCO) in 2009 as part of the Intangible
Cultural Heritage of Humanity, it reflects a rich cultural legacy shared by communities in
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Guangdong, Guangxi, and among overseas Chinese [2]. However, like many traditional
Chinese cultural forms, Cantonese Opera struggles to attract younger audiences in a digital
age dominated by modern entertainment [1].

The preservation of intangible cultural heritage (ICH) faces challenges due to global-
ization and digital transformation [3]. Cultural practices that rely on generational trans-
mission, like Cantonese Opera, are at risk as fewer young people engage with these tra-
ditions [4]. This has led to a shrinking audience and an increased risk of extinction, as
younger generations often view such art forms as outdated. The aging performer base and
limited economic viability of traditional performances exacerbate this decline [1].

Digital platforms, particularly social media, offer new ways to engage younger au-
diences and revitalize interest in ICH [5]. Platforms like Bilibili, with its predominantly
young user base [6], present opportunities for reshaping Cantonese Opera from a static art
form into an interactive cultural experience. This approach can make the art form more
relatable to modern audiences.
fluence the dissemination of Cantonese Opera content. By analyzing these interactions,
the study contributes to understanding how digital transformation can support cultural
preservation in a rapidly modernizing world. Social media’s interactive features can fa-
cilitate active engagement and make traditional arts more accessible [7]. Platforms like
Bilibili and Douyin enable cultural exchange and consumption, bridging the gap between
traditional art forms and younger audiences.

Social media’s potential for cultural preservation lies in fostering community-based
interactions. Digital platforms play a key role in sustaining cultural heritage by enabling
users to share personal and communal experiences [8]. Bilibili, with its youth-centric audi-
ence, provides an ideal environment for reaching new viewers and increasing engagement
with Cantonese Opera [9]. Features like liking, sharing, commenting, and more complex
participatory activities promote deeper connections with cultural content [10].

Interactive tools on social media can transform the dissemination of traditional arts
into a participatory experience, crucial for overcoming declining interest among youth [11].
These tools make cultural heritage more dynamic and relatable, fostering cultural iden-
tity and revitalizing interest. However, despite the recognized role of social media in cul-
tural preservation, research often lacks a specific analysis of niche cultural forms, such as
Cantonese Opera [12]. Most studies focus on broader ICH practices, overlooking youth-
oriented platforms and specific mechanisms that promote engagement with traditional
content [13].

This gap suggests a need for research on how user engagement metrics on platforms
like Bilibili enhance cultural visibility and appreciation [14]. However, despite increasing
attention to the digital promotion of cultural heritage, few studies have systematically ex-
amined how different forms of user engagement interact to shape the dissemination of
niche traditional art forms such as Cantonese Opera. Existing research often treats engage-
ment as a uniform construct, overlooking the distinct roles of financial, emotional, and
interactive behaviors in driving content visibility. Moreover, prior studies rarely focus
on youth-oriented platforms like Bilibili, where engagement dynamics differ significantly
from mainstream social media. These gaps limit our understanding of how online inter-
action mechanisms can effectively contribute to the sustainable transmission of intangible
cultural heritage.

Addressing these gaps is essential for developing evidence-based strategies that can
make traditional cultural content appealing to younger audiences. By analyzing how dif-
ferent engagement metrics function as drivers of visibility, this study aims to bridge the-
oretical understanding with practical application in the digital preservation of intangible
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heritage. The objective of this study is to examine how user engagement metrics on Bilibili
contribute to the dissemination of Cantonese Opera content. These metrics include Likes,
Shares, Coins, Comments, Bullet Comments, Fans, Collects, and Plays. This research ap-
plies theories such as the Uses and Gratifications and information cascade diffusion to ex-
plain user motivations and interactions with cultural content [15,16]. Empirically, it identi-
fies which metrics most effectively promote content visibility, aiding content creators and
cultural institutions in optimizing digital preservation efforts.

Beyond addressing these gaps, this study contributes to the literature in two key
ways. Theoretically, it extends social media engagement research by developing an inte-
grated framework that differentiates between financial, emotional, and interactive forms
of engagement in the context of cultural heritage dissemination. Empirically, it pro-
vides one of the first data-driven analyses of Cantonese Opera on Bilibili, offering evi-
dence on how youth-oriented platforms can support the digital sustainability of intangible
cultural heritage.

Based on the above discussion, this study is guided by the following research ques-
tions (RQs):

RQ1: How do different user engagement metrics influence the dissemination of Cantonese
Opera content on Bilibili?

RQ2: What types of engagement behaviors most effectively promote visibility and sus-
tained audience interaction?

RQ3: How can these patterns inform strategies for promoting intangible cultural heritage
among younger digital audiences?

The paper is structured as follows: the Introduction outlines the background and rel-
evance of Cantonese Opera and the role of digital media in its preservation. The Literature
Review covers prior research on cultural preservation, social media engagement, and rel-
evant theories. The Method details data collection, including Python-based web scraping,
and analytical methods like exploratory data analysis and Structural Equation Modeling
(SEM). The Results present the most influential metrics, followed by a Discussion linking
findings to existing theories. Finally, the Conclusion summarizes key contributions, prac-
tical implications, and future research directions.

2. Literature Review
2.1. Digital Media and Cultural Heritage Preservation

Digital media has emerged as a powerful tool for preserving cultural heritage, pro-
viding unprecedented opportunities to connect younger audiences with traditional cul-
tural forms. Platforms like YouTube, TikTok, and Bilibili facilitate interactive and partici-
patory engagement, bridging the gap between modern digital practices and historical tra-
ditions [17]. The interactive features of these platforms, such as real-time comments and
community engagement, have enabled traditional cultural forms like Cantonese Opera
to be reintroduced to younger audiences, fostering a new appreciation for these tradi-
tions. These increased accesses and interactions have not only elevated the visibility of
traditional arts but also created new channels for community participation in cultural
preservation [18].

Despite these positive trends, most studies on digital media’s role in cultural preser-
vation have tended to focus on broad cultural practices or generalized engagement trends.
These studies often overlook specific, localized cultural forms that may require more nu-
anced promotional strategies. For instance, while there is substantial literature discussing
the broader impacts of digital media in promoting cultural heritage, few studies delve into
how specific user engagement metrics influence the dissemination of cultural content, such
as Cantonese Opera, on youth-oriented platforms like Bilibili [19]. Existing research also
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indicates that the commercial aspects of cultural content dissemination may sometimes
conflict with preservation goals, as seen in the tension between heritagization and com-
mercialization in food-related intangible cultural heritage [18].

Furthermore, the digital transformation of cultural heritage management often in-
volves new approaches that differ significantly from traditional methods. Research shows
that utilizing cross-media interactions can help foster the social production of heritage, as
these methods offer a novel infrastructure for heritage appreciation and community en-
gagement [20]. However, when it comes to intangible cultural heritage, such as Cantonese
Opera, the shift to digital media remains challenging due to barriers related to language,
niche audience appeal, and the performative nature of cultural content that may not easily
translate to a digital format.

2.2. User Engagement and Social Media Participation

The need for a more inclusive and participatory framework for heritage preservation
is increasingly being recognized. Platforms like PLUGGY, a pluggable social platform for
cultural heritage, demonstrate the power of social technologies to bring heritage into ev-
eryday life, making it a part of collective identity and experience rather than relegating
it to a historical artifact [21]. Such frameworks not only enable users to share their expe-
riences but also play a crucial role in making cultural heritage accessible, participatory,
and relevant.

Despite the growing application of digital media in promoting cultural heritage, there
remains a critical gap in understanding how specific cultural practices can be effectively
preserved and disseminated through these platforms. This study aims to address this gap
by examining how different user engagement metrics—such as Likes, Shares, Coins, and
Comments—affect the spread and visibility of Cantonese Opera content on Bilibili. This
conduct provides insights into the strategic use of social media for preserving specific cul-
tural practices, helping cultural institutions, policymakers, and content creators design
effective engagement strategies to reach younger audiences.

These discussions highlight the importance of understanding user engagement as
a multidimensional construct encompassing emotional, interactive, and financial dimen-
sions. Such an understanding requires a strong theoretical foundation that explains how
these different behaviors collectively influence content dissemination.

2.3. Theoretical Framework and Hypotheses Development

To capture the complexity of user engagement on Bilibili, this study integrates multi-
ple theories from communication, social interaction, and cultural dissemination research.
Rather than relying on a single explanatory lens, we adopt a multi-layered framework
that links individual motivations, interactive processes, fan-based dynamics, and diffu-
sion outcomes, while also acknowledging possible negative mechanisms. This integrative
approach ensures that each hypothesized path in the structural equation model (SEM) is
conceptually grounded.

2.3.1. Financial and Emotional Engagement Motivations

Drawing on the User Engagement Incentive Theory and Economic Exchange and
Emotional Expression Theory, financial support (“Coins”) is conceptualized as both a ma-
terial and emotional endorsement of content quality [22-24]. Users who contribute Coins
express not only satisfaction with the performance but also social recognition and emo-
tional reciprocity toward the creator. These motivations are likely to strengthen subse-
quent interactive behaviors, as users who provide financial support are more inclined to
further engage through commenting, sharing, and liking. Therefore, we hypothesize that:
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H1. Coins positively influence the number of comments on Cantonese Opera videos.
H2. Coins positively influence the number of shares of Cantonese Opera videos.

H3. Coins positively influence the number of likes of Cantonese Opera videos.

2.3.2. Interactive Engagement and Social Participation

The Social Interaction Theory and User Interaction Enhancement Theory emphasize
that online communication fosters collective experiences and social connections [25,26].
Real-time “bullet comments” (danmu) enable viewers to express emotions and coordi-
nate reactions while watching, forming a participatory viewing community. Such inter-
actions stimulate further commenting and sharing behaviors, while active discussions
strengthen positive evaluations (likes). Moreover, according to the Social Augmentation
Theory, highly interactive content motivates users to preserve valued videos for future
reference [27]. Together, these mechanisms illustrate how social interactivity can amplify
user engagement and contribute to content diffusion on participatory media platforms.
Therefore, we hypothesize the following:

H4. Bullet comments positively influence the number of comments.
H5. Bullet comments positively influence the number of shares.
H6. Comments positively influence the number of likes.

H7. Bullet comments positively influence the number of collects.

2.3.3. Fan Communities and Loyalty Behaviors

The Fan Effect Theory explains how loyal audience groups sustain engagement
through repeated interactions and emotional attachment [28,29]. Dedicated fans are more
likely to comment, like, share, and collect the creator’s content to maintain community be-
longing and strengthen visibility. These loyalty-driven behaviors play a critical role in pro-
moting long-term dissemination of niche cultural content. Therefore, we hypothesize that:

HS. Fans positively influence the number of comments.
H9. Fans positively influence the number of likes.
H10. Fans positively influence the number of shares.

H11. Fans positively influence the number of collects.

2.3.4. Content Value and Diffusion Mechanisms

The broader dissemination of content can be explained by theories of Content Shar-
ing Motivation, Content Value Evaluation, Content Attraction, and the Social Diffusion
Effect [30-32]. User reactions such as likes, shares, and collects serve as social signals indi-
cating perceived content quality. These value cues encourage others to watch and rewatch
the content, thereby increasing total play counts. Thus, higher engagement behaviors are
expected to lead to greater reach and visibility. Therefore, we hypothesize that:

H12. Likes positively influence the number of plays.

H13. Shares positively influence the number of plays.
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H14. Collects positively influence the number of plays.
H15. Likes positively influence the number of shares.
H16. Likes positively influence the number of collects.

H17. Shares positively influence the number of collects.

2.3.5. Negative Engagement Effects

While engagement generally enhances content dissemination, excessive interaction
can also have adverse outcomes. The Interaction Fatigue Effect Theory suggests that
overly dense bullet comments and comments can distract viewers and reduce viewing
satisfaction [33]. Likewise, previous studies have found that financial contributions can
act as a substitute rather than a complement to repeated viewing, as users who have
tipped creators may feel less incentive to rewatch the same video [34]. Therefore, we
hypothesize that:

H18. Comments negatively influence the number of Collects.
H19. Bullet comments negatively influence the number of plays.

H20. Coins negatively influence the number of plays.

2.3.6. Summary and Variable Covariation

The above hypotheses collectively represent an integrated model of engagement be-
haviors and content diffusion. By combining these perspectives, the study provides a holis-
tic framework for understanding user engagement behaviors. In addition, this study ac-
knowledges that the three exogenous variables (Coins, Bullet Comments, and Fans) may
share underlying associations. While each reflects a different facet of engagement (finan-
cial support, real-time interaction, and loyal followership, respectively), empirical studies
in live streaming contexts suggest these behaviors are often correlated. Prior research has
found that digital patronage behaviors are closely tied to interactive and emotional support
mechanisms on Twitch [35]. Similarly, studies have shown that active chat participation
is positively associated with financial commitment in livestreaming environments [36]. In
the Chinese context, social interaction motives have also been found to be significantly
linked to tipping behaviors [37]. Therefore, in our SEM model, these exogenous variables
were allowed to covary —not implying causation, but to account for shared variance and
improve model fit.

In sum, this layered theoretical framework connects individual motivations, interac-
tive processes, fan dynamics, and diffusion outcomes, while also considering negative en-
gagement effects. This integrative design ensures that the SEM analysis is conceptually
robust and reflective of the multifaceted nature of social media engagement.

3. Method
3.1. Data Collection

This study focused on videos about Cantonese Opera content on the Bilibili platform.
To achieve our research objective, we employed Python (Version 3.9) crawler technology
to collect Cantonese Opera-related videos. Data were collected on 6 August 2023 using
the search keywords “# Jil]” (“Cantonese Opera”) and “J” 4 K (“Guangdong Opera”)
on Bilibili. The initial search returned 4860 videos, which served as the raw dataset for
further screening and analysis. Due to the diffuse nature of the platform’s search system,
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the results often included irrelevant content. To ensure data validity and thematic rele-
vance, we applied a set of inclusion and exclusion criteria. Videos were included if they
featured authentic Cantonese Opera performances, educational content, reviews, or cul-
tural promotion materials directly related to the art form. Videos were excluded if they
were unrelated entertainment content, fan remixes without cultural context, or clips only
referencing Cantonese Opera in passing.

Three trained coders independently reviewed and filtered videos according to these
criteria. Discrepancies were resolved through discussion and consensus. To ensure the
consistency of the data screening process, three research assistants independently re-
viewed the initially collected 4860 videos to determine their relevance to Cantonese Opera.
A random subset of 10% (1 = 486) was double-coded by all coders to assess the reliability
of inclusion judgments. Krippendorff’s alpha was calculated based on nominal data (rele-
vant/not relevant), yielding a mean o = 0.82, indicating substantial agreement. After this
rigorous screening process, a total of 1916 valid videos were retained for analysis, forming
the final dataset.

For each of the 1916 videos, we extracted eight quantitative variables that reflect user
engagement metrics. These variables included the number of Likes, Coins, Collects, Shares,
Bullet Comments, Comments, Plays, and the number of the author’s Fans. These metrics
were selected to comprehensively capture the interaction between users and Cantonese
Opera content on the platform, providing insight into how various forms of engagement
contribute to the dissemination and popularity of the videos. Detailed descriptions of these
variables can be found in Table 1.

Table 1. The description of each variable.

Variable

Abbreviation Description

The number of video plays

Plays are an important measure of how widely a video is
Plays spreading, indicating how many people clicked and
watched the video.

The number of video
shares

Shares indicate how many people shared the video for
Shares others to watch. A higher Share means that the video is
transmitted more widely.

The number of video likes

Likes indicate how much viewers like the video. A high
Likes number of likes indicates that the video is recognized and
liked by the audience.

The number of video coins

Coins are a characteristic evaluation index of Bilibili, which
can indicate the audience’s support for the video, and at the

Coins same time, are linked to the economic benefits of the video
blogger to a certain extent. On Bilibili, viewers can support
their favorite video creators by dropping coins.

The number of video
collections

Collects indicate how much viewers love a video and their
Collects long-term interest in its content. A high collection number
means that the depth of the video is more influential.

The number of video
bullet comments

Bullet_Comments indicate how well viewers interact with
Bullet_Comments the specific content of the video in real time. A higher
(danmu) number of barrages means that viewers are more likely to
discuss and engage with specific content in the video.




Appl. Sci. 2025, 15, 11335

8of 24

Table 1. Cont.

Variable

Abbreviation Description

The number of video

Comments indicate how engaged and interested viewers
are in the entire video. A higher number of comments

comments Comments means more discussion and feedback on the content of the
video.
Fans indicate how many people have subscribed to the
The number of fans of ) ) i ; ,
Fans video publisher’s channel, demonstrating the author’s

video authors

influence.

3.2. Data Analysis

To analyze the relationships between user engagement metrics and the dissemination
of Cantonese Opera content on the Bilibili platform, this study employed Structural Equa-
tion Modeling (SEM) using AMOS 24. SEM was chosen for its ability to simultaneously
examine complex relationships among multiple variables, making it ideal for capturing
the dynamics of user engagement on social media.

Before conducting the analysis, the data underwent preprocessing steps to address
missing values, detect and handle outliers, and ensure data normality. Skewness and kur-
tosis values were assessed, and all variables fell within acceptable ranges, confirming that
the normality assumption for SEM was met.

In addition to SEM, a series of exploratory analyses was performed before model esti-
mation to better understand the underlying characteristics of the dataset. These included
descriptive statistics, distributional assessments, and correlation analysis among the eight
engagement metrics (Likes, Shares, Coins, Comments, Bullet Comments, Plays, Collects,
and Fans). Both the raw and log-transformed variables were examined to correct for skew-
ness and kurtosis, and visualizations such as histograms and scatterplot matrices were
generated to assess data distribution and the linearity of inter-variable relationships.

Furthermore, a K-means clustering analysis was conducted to identify potential user
engagement patterns and to validate the presence of heterogeneous behavioral groups
within the dataset. This unsupervised learning approach allowed for the categorization
of videos based on their engagement profiles, providing additional empirical insight into
audience segmentation and the multidimensional nature of online cultural participation.

The structural model was evaluated to test the hypothesized relationships among user
engagement metrics, such as Likes, Shares, Coins, Comments, Bullet Comments, Plays,
Collects, and Fans. Model fit was assessed using several fit indices, including CMIN/DF
(with values below 3 indicating good fit), Root Mean Square Error of Approximation (RM-
SEA) (with values below 0.08 considered acceptable), Goodness of Fit Index (GFI) (values
above 0.90 indicate a good fit), and Adjusted Goodness of Fit Index (AGFI) (with values
above 0.90 indicating acceptable fit). Path coefficients were then examined to determine
the strength and significance of the relationships between variables, with a significance
level set at 0.05.

All data analyses were conducted using AMOS 24 for SEM modeling and IBM SPSS
26 for preliminary data processing and descriptive statistics. Exploratory and clustering
analyses were also performed in SPSS to provide complementary evidence for the SEM
results and to visualize the structural patterns in user engagement. SEM allowed for a
detailed examination of the interplay among key user engagement metrics, providing a
comprehensive understanding of how various forms of user interactions contribute to the
dissemination and visibility of Cantonese Opera content on Bilibili. This method provided
both theoretical insights and practical implications for promoting traditional cultural con-
tent through social media.
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4. Results

4.1. Exploratory Data Analysis
4.1.1. Descriptive Statistics and Data Distribution

Before conducting the structural equation modeling (SEM), descriptive and distri-
butional analyses were performed to examine the overall characteristics of the engage-
ment variables and to assess whether they met the normality assumptions required for
multivariate modeling. Table 2 presents the descriptive statistics for the eight origi-
nal engagement metrics (Likes, Shares, Coins, Comments, Bullet Comments, Plays, Col-
lects, and Fans), while Figure 1 visualizes their frequency distributions before and after
logarithmic transformation.

Table 2. Descriptive Statistics for Original Variables.

Variables n Mean SD Skewness Kurtosis

Plays 1916 16,150.56 126,486.57 24.94 800.02
Bullet Comments 1916 64.57 485.8 20.65 536.43
Likes 1916 1056.29 12,322.43 30.79 1125.38

Coins 1916 418.26 10,013.08 41.36 1768.63

Collects 1916 341.99 4096.06 35.06 1389.44
Shares 1916 153.33 1908.15 29.83 1015.01

Comments 1916 53.07 506.23 31.48 1173.07
Fans 1916 30,695.99 484,642.51 24.46 639.81

mmmmm

nnnnnnnnnnnnnnnn

Figure 1. Histograms of original (A) and log-transformed (B) engagement variables.
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As shown in Table 2, all original variables exhibited extremely high skewness and
kurtosis values (e.g., Likes: skewness = 30.79, kurtosis = 1125.38; Coins: skewness = 41.36,
kurtosis = 1768.63). These statistics far exceed Kline’s [38] recommended thresholds for
acceptable univariate normality (Iskewness| <3, |kurtosis| < 10) for structural equation
modeling, indicating that the raw data were heavily right-skewed. This patternis typicalin
social-media engagement datasets, where a majority of videos receive minimal interaction
while only a few achieve viral popularity, resulting in extremely long-tail distributions.
The histograms in the upper panel (A) of Figure 1 confirm this pattern, showing that most
observations are concentrated near zero across all variables.

To address these violations of normality, a logarithmic transformation was applied to
all variables. The results in Table 3 demonstrate substantial improvements in distributional
properties. After transformation, skewness values were markedly reduced —for example,
Plays (from 24.94 to —0.26), Collects (from 35.06 to 0.90), and Likes (from 30.79 to 1.47).
Likewise, kurtosis values dropped dramatically (e.g., Likes: from 1125.38 to 2.43; Collects:
from 1389.44 to 0.84), falling well within Kline’s criteria for approximate normality for
structural equation modeling. These improvements suggest that the log transformation
successfully stabilized variance and mitigated the influence of extreme outliers.

Table 3. Descriptive Statistics for Log-Transformed Variables.

Variables n Mean SD Skewness Kurtosis
Play_In 1916 6.8844 2.3864 —0.263 0.561
BC_In 1916 1.6976 1.61056 1.817 2.71
Like_In 1916 3.2845 1.96162 1.473 2.431
Coin_In 1916 1.98 1.72442 1.966 4.336
Collect_In 1916 3.0472 1.86747 0.902 0.836
Share_In 1916 2.4794 1.55787 1.334 2.542
Comment_In 1916 1.9263 1.47467 1.512 2.224

Fans_In 1916 6.9295 2.16025 —0.29 1.418

The histograms in the lower panel (B) of Figure 1 visually confirm these statistical
results. After log transformation, several variables—such as Plays, Collects, and Likes—
display nearly symmetric, bell-shaped distributions, consistent with approximate normal-
ity. Others, including Coins and Bullet Comments, remain slightly right-skewed due to
a large number of videos with near-zero engagement in these deeper interaction forms.
Nonetheless, the reduced skewness and kurtosis coefficients indicate that these deviations
are minor and acceptable for SEM analyses, which are generally robust to moderate non-
normality when large sample sizes are used (1 = 1916).

Overall, the descriptive and visual analyses reveal that while engagement behav-
iors on Bilibili are inherently uneven—reflecting the platform’s viral dynamics—the log-
transformed data achieve acceptable levels of normality. These results provide a sound
empirical basis for subsequent correlation, clustering, and structural modeling analyses.

4.1.2. Correlation Analysis

To further examine the interrelationships among user engagement metrics, a Pearson
correlation analysis was conducted using the log-transformed variables. The results are
presented in Table 4. Overall, all correlations are positive and statistically significant at
the 0.01 level (two-tailed), indicating that the eight engagement metrics on Bilibili tend to
co-occur and reinforce one another rather than operate in isolation.
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Table 4. Pearson correlation analysis.

Play_In BC_In Like_In Coin_In Collect_In Share In Comment_In Fans_In
Play_In 1
BC_In 0.699 ** 1
Like_In 0.839 ** 0.845 ** 1
Coin_In 0.756 ** 0.865 ** 0.937 ** 1
Collect_In 0.903 ** 0.831 ** 0.896 ** 0.867 ** 1
Share_In 0.836 ** 0.803 ** 0.850 ** 0.836 ** 0.921 ** 1
Comment_In 0.760 ** 0.855 ** 0.924 ** 0.913 ** 0.838 ** 0.813 ** 1
Fans_In 0.490 ** 0.390 ** 0.512 ** 0.447 ** 0.490 ** 0.444 ** 0.420 ** 1

** Correlation is significant at the 0.01 level (two-tailed).

To complement the numerical results, Figure 2 presents a pairwise scatterplot matrix
of the log-transformed variables, providing a visual inspection of the linear associations
among engagement metrics. The data points reveal clear upward-sloping patterns across
most variable pairs, confirming approximately linear relationships and the absence of sub-
stantial outliers. This visual evidence supports the use of Pearson correlations and the
subsequent Structural Equation Modeling (SEM) analysis, as it demonstrates that engage-
ment variables behave consistently with the assumptions of linear interdependence.
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Figure 2. Pairwise scatterplot matrix.

Among these relationships, Likes, Shares, and Collects show particularly strong as-
sociations, with the correlation between Likes and Shares (r = 0.85, p < 0.01) and between
Shares and Collects (r =0.92, p < 0.01) being the highest in the dataset. These findings sug-
gest that evaluative and participatory behaviors often cluster together: when users like
a video, they are also highly likely to share or collect it, reflecting a consistent pattern of

deeper engagement.



Appl. Sci. 2025, 15, 11335

12 of 24

Similarly, Coins (representing financial support) exhibit strong correlations with both
Likes (r=0.94, p <0.01) and Comments (r = 0.91, p <0.01), suggesting that users who make
monetary contributions also tend to actively express appreciation and interact with the con-
tent. This aligns with the User Engagement Incentive Theory, which posits that emotional
and financial engagement often reinforce one another in digital environments.

The relationship between Plays and Collects (r = 0.90, p < 0.01) further supports the
idea that collecting a video corresponds to stronger viewing intentions and repeated con-
sumption, a key indicator of sustained cultural interest. Bullet Comments (BC) are also
positively related to other interaction metrics —most notably with Coins (r = 0.87, p <0.01)
and Likes (r = 0.85, p < 0.01) —underscoring their role in facilitating real-time social inter-
action and participatory viewing.

In contrast, correlations involving Fans are relatively moderate (r=0.39-0.52, p <0.01).
This indicates that the number of followers, while relevant, does not dominate immediate
engagement behaviors such as liking, commenting, or sharing. Instead, fan relationships
appear to function as a stable background factor that complements, rather than drives,
short-term interactive engagement.

Taken together, these correlations confirm that user engagement metrics are mutu-
ally reinforcing and interdependent. The strong positive associations among evaluative
(Likes), participatory (Shares, Collects, Comments), and financial (Coins) behaviors pro-
vide empirical support for the proposed theoretical model, laying the foundation for the
subsequent path analysis using Structural Equation Modeling (SEM).

4.1.3. Cluster Analysis

To further explore heterogeneity among the Cantonese Opera videos, a K-means clus-
ter analysis was conducted using the log-transformed engagement variables (Likes_In,
Shares_In, Coins_In, Comments_In, BC_In, Collects_In, Plays_In, and Fans_In). The log-
transformed data were used to mitigate skewness and reduce the influence of extreme
outliers, thereby ensuring more stable cluster estimation.

Based on the elbow method and interpretability of the results, a three-cluster solution
was selected as optimal. Table 5 presents the final cluster centers and the number of cases
in each cluster.

Table 5. Final Cluster Centers and Cluster Sizes.

Variable Cluster 1 Center Cluster 2 Center Cluster 3 Center
Play_In 10.42 4.79 7.75
BC_In 493 0.79 1.54
Like_In 7.10 1.84 3.45
Coin_In 5.48 0.89 1.91
Collect_In 6.34 1.44 3.54
Share_In 5.22 1.27 2.76
Comment_In 4.80 0.95 1.95
Fans_In 8.79 5.62 7.58
Number of Cases 265 800 851

Total 1916

Cluster 1 represents a group of high-engagement videos, characterized by extremely
high levels of plays, likes, coins, and bullet comments. These videos are likely viral or
highly popular Cantonese Opera performances that successfully attract both active inter-
action and loyal fans.
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Cluster 2 corresponds to low-engagement content, with minimal interaction across all
metrics. These videos likely consist of less-promoted or lower-quality performances that
fail to gain visibility or audience interaction.

Cluster 3 reflects moderate-engagement videos, showing intermediate levels across
all metrics. This cluster may represent the “typical” Cantonese Opera content that main-
tains a stable but not explosive level of audience participation.

Overall, the clustering results highlight the heterogeneous nature of digital engage-
ment patterns on Bilibili. A small number of high-performing videos (13.8%, 265) account
for the majority of total interaction volume, reflecting a long-tail distribution typical of user-
generated content platforms. This classification provides useful insights into engagement
segmentation, complementing the structural relationships later examined through SEM.

4.2. Structural Equation Model (SEM) Results
4.2.1. Model Fit

To evaluate the suitability of the structural model for analyzing the relationships
among user engagement metrics, several model fit indices were calculated. The model’s fit
was assessed using multiple criteria to ensure it met established thresholds for adequacy.
Table 6 below presents selected model fit indices, including CMIN/DF, RMR, GFI, AGF],
and RMSEA. These indices collectively offer insight into how well the model aligns with
the observed data.

Table 6. Model Fit Indices.

Model Fit Index Model Value Acceptable Threshold
CMIN/DF 2.630 <3.0 (Good Fit)
RMR 0.016 Close to 0 (Good Fit)
GFI 0.998 >0.90 (Good Fit)
AGFI 0.988 >0.90 (Acceptable Fit)
RMSEA 0.029 <0.08 (Good Fit)

The CMIN/DF (chi-square divided by degrees of freedom) value for this model is
2.630, which is well within the generally accepted threshold of less than 3, indicating an
excellent model fit. This suggests that the model is appropriately balanced between fit
and complexity.

The Root Mean Square Residual (RMR) value for the default model is 0.016, which
is close to zero, further indicating a good fit. A low RMR implies that the discrepancies
between observed and predicted correlations are minimal, thereby supporting the validity
of the model.

The Goodness of Fit Index (GFI) and Adjusted Goodness of Fit Index (AGFI) values
are 0.998 and 0.988, respectively, both of which exceed the threshold of 0.90, demonstrating
that the model has an excellent fit with the observed data. These indices indicate how well
the model’s estimated values reproduce the covariance structure of the dataset.

The Root Mean Square Error of Approximation (RMSEA) for the default model is
0.029, suggesting that the model’s deviation from a perfect fit is minimal. A value be-
low 0.08 is indicative of a good fit, while a value below 0.05 is considered excellent.
This low RMSEA value indicates that the model is well-specified, with minimal error
in approximation.

In summary, the model fit indices presented demonstrate that the structural model
has an excellent overall fit, with values consistently meeting or exceeding the accepted
thresholds. These results indicate that the model effectively represents the relationships
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among the user engagement metrics, providing a strong foundation for further hypothesis
testing and analysis.

4.2.2. Path Analysis

This section presents the results of the structural path analysis based on the structural
equation model (SEM). The model evaluates the hypothesized causal relationships among
the eight user engagement metrics on Bilibili, as outlined in the theoretical framework. The
SEM diagram is shown in Figure 3, and the detailed results, including standardized coeffi-
cients, standard errors, critical ratios, and significance levels, are provided in Table 7. Over-
all, most hypothesized relationships were statistically significant and consistent with the-
oretical expectations, indicating that the model effectively captures the multidimensional
nature of user engagement behaviors on Bilibili.
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Figure 3. The SEM model diagram.

BC_In

Financial engagement, represented by the number of coins, showed strong and posi-
tive effects on other participatory behaviors, including comments (H1: 3 =0.683, p <0.001),
shares (H2: 3 =0.177, p < 0.001), and likes (H3: 3 = 0.522, p <0.001). These results confirm
that monetary contribution acts as both an evaluative and expressive form of engagement
that stimulates interactive participation. Likewise, bullet comments (danmu) exerted sig-
nificant positive influences on comments (H4: (3 = 0.259, p < 0.001), shares (H5: 3 = 0.256,
p < 0.001), and collects (H7: 3 = 0.124, p < 0.001), supporting the notion that real-time
co-viewing and social interaction encourage participatory involvement. Comments also
positively affected likes (H6: 3 = 0.401, p < 0.001), highlighting the mutual reinforcement
between expressive and evaluative engagement.
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Table 7. Standardized Path Coefficients.

Hypothesis Path Standardized Estimate S.E. C.R. p
Hi1 Comment_In <--- Coin_In 0.683 0.015 37.768 <0.001
H2 Share_In <--- Coin_In 0.177 0.033 4914 <0.001
H3 Like_In <--- Coin_In 0.522 0.019 31.558 <0.001
H4 Comment_In <--- BC_In 0.259 0.016 14.773 <0.001
H5 Share_In <--- BC_In 0.256 0.022 11.147 <0.001
Heé6 Like_In <--- Comment_In 0.401 0.022 24.57 <0.001
H7 Collect_In <--- BC_In 0.124 0.017 8.195 <0.001
HS8 Comment_In <--- Fans_In 0.014 0.007 1.448 0.148
H9 Like_In <--- Fans_In 0.111 0.007 14.948 <0.001
H10 Share_In <--- Fans_In 0.035 0.01 2.588 0.01

H11 Collect_In <--- Fans_In 0.037 0.007 4.28 <0.001
Hi12 Play_In <--- Like_In 0.511 0.035 17.592 <0.001
H13 Play_In <--- Share_In 0.077 0.036 3.29 0.001
H14 Play_In <--- Collect_In 0.820 0.035 29.69 <0.001
H15 Share_In <--- Like_In 0.451 0.027 13.026 <0.001
H16 Collect_In < Like_In 0.387 0.021 17.252 <0.001
H17 Collect_In <--- Share_In 0.542 0.017 37.247 <0.001
H18 Collect_In <--- Comment_In —0.080 0.026 —3.819 <0.001
H19 Play_In <--- BC_In —0.177 0.028 —9.468 <0.001
H20 Play_In <--- Coin_In —0.346 0.039 —12.227 <0.001

Fan-based engagement presented a more nuanced effect pattern. Fans positively in-
fluenced likes (H9: 3 =0.111, p <0.001), shares (H10: 3 =0.035, p=0.010), and collects (H11:
3 =0.037, p <0.001), although their effect on comments was not significant (H8: (3 =0.014,
p = 0.148). This finding suggests that while fan loyalty contributes to visibility and dissem-
ination, it does not necessarily translate into conversational participation. These results
align with the fan economy theory, which posits that fan-based support reinforces periph-
eral engagement behaviors but not necessarily dialogic interaction.

Regarding the dissemination mechanisms, likes, shares, and collects were all signifi-
cant predictors of plays. Specifically, likes (H12: 3 =0.511, p <0.001), shares (H13: 3 =0.077,
p=0.001), and collects (H14: 3 = 0.820, p <0.001) contributed to the amplification of video
visibility and rewatch potential. Additionally, likes had positive effects on both shares
(H15: § =0.451, p <0.001) and collects (H16: 3 = 0.387, p < 0.001), while shares further
promoted collects (H17: 3 =0.542, p <0.001). These interdependencies reflect a cumulative
“engagement escalation process,” in which evaluative actions such as liking evolve into
participatory and enduring behaviors, thereby strengthening overall content reach.

Interestingly, several negative and substitution effects were also observed. Comments
exhibited a negative effect on collects (H18: 3 = —0.080, p < 0.001), suggesting that exces-
sive commenting activity may distract from deeper engagement behaviors such as saving
or archiving content. Similarly, bullet comments had a negative impact on plays (H19:
B =—0.177, p < 0.001), implying that overly dense on-screen commentary could interfere
with sustained viewing. Moreover, coins negatively affected plays (H20: $ = —0.346,
p <0.001), indicating a substitution effect where financial endorsement may replace re-
peated viewing. These patterns collectively illustrate the complexity of engagement dy-
namics on digital platforms, where both reinforcement and saturation mechanisms coexist.

Taken together, the path analysis results validate the proposed model’s explanatory
strength and reveal the interdependent nature of financial, interactive, and fan-based
engagement dimensions. While most relationships were consistent with the theoretical
framework, the observed negative pathways emphasize the need to consider potential
trade-offs between expressive enthusiasm and sustained consumption behaviors.
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4.2.3. Robustness Check

To further assess the robustness and reliability of the SEM estimates, a non-parametric
bootstrap analysis with 2000 resamples and bias-corrected 95% confidence intervals was
conducted using AMOS 24. This procedure provides distribution-free estimates of stan-
dard errors and confidence intervals, thereby minimizing the potential effects of non-
normality and sampling variability on the model’s parameter estimates. The bootstrap re-
sults, including unstandardized and standardized path coefficients, standard errors, bias,
and bias-corrected confidence intervals, are presented in Table 8.

Table 8. Bootstrap robustness results for all structural paths (2000 resamples, bias-corrected 95% CI).

Unstd Bootstrap . 95% BC CI 95% BC CI
Path Estimate SE Bias (Unstd) Std p (Std) p (BO
Comment_In ¢ 0.01 0.006 0.000  [-0.003,0.022] 0014  [-0.0050033]  0.135
Fans_In
Comment_In ¢ 0.584 0.019 0.000 [0.547, 0.619] 0.683 [0.639, 0.727] 0.001
Coin_In
Comré‘énltr—lln < 0.238 0.021 0.000 [0.198, 0.282] 0.259 [0.216, 0.302] 0.001

Like_In < Fans_In 0.101 0.007 0.000 [0.087, 0.116] 0.111 [0.095, 0.128] 0.001

Like_In « Coin_In 0.594 0.023 0.001 [0.549, 0.641] 0.522 [0.485, 0.562] 0.001
Like_In 0.533 0.026 ~0.001  [0.481,0.581] 0.401 [0.360, 0.438] 0.001

Comment_In
Share In - Coin_In  0.160 0.037 0.000 [0.090, 0.233] 0.177 [0.100, 0.257] 0.001

Share_In < Fans_In 0.025 0.011 0.000 [0.004, 0.045] 0.035 [0.005, 0.063] 0.029

Share_In « Like_In 0.358 0.032 0.000 [0.296, 0.420] 0.451 [0.374, 0.529] 0.001

Share_In + BC_In 0.247 0.025 0.000 [0.199, 0.299] 0.256 [0.206, 0.308] 0.001

Col{};ﬁts—llrr‘l < 0.032 0.007 0.000 [0.017, 0.046] 0.037 [0.021, 0.054] 0.001
Collect_In « BC_In 0.143 0.019 0.000 [0.102, 0.180] 0.124 [0.087, 0.156] 0.001
Cogfli—lﬂ‘l < 0.368 0.023 0.000 [0.325, 0.411] 0.387 [0.340, 0.432] 0.001
Collect_In « 0.649 0.019 0.000 [0.612, 0.685] 0.542 [0.514, 0.568] 0.001
Share_In
Collect_In « B [—0.155, B [—0.123,
Comunant In 0.101 0.028 0.001 0.085) 0.080 " 0.036) 0.001
Play_In + Share_In 0.118 0.033 0.000 [0.053, 0.182] 0.077 [0.034, 0.120] 0.001
. B [—0.542, B [—0.391,

Play_In < Coin_In 0.478 0.033 0.000 —0.413] 0.346 ~0.300] 0.001
Play_In « 1.049 0.04 0.002 [0.969, 1.128] 0.820 [0.767, 0.870] 0.001
Collect_In

B B [—0.304, B [—0.204,
Play_In < BC_In 0.262 0.022 0.001 0219 0.177 " 0447] 0.002

Play_In + Like_In 0.621 0.035 0.000 [0.555, 0.688] 0.511 [0.459, 0.567] 0.001

Note. All bootstrap results are based on 2000 bias-corrected resamples in AMOS 24. Unstd Estimate = unstandard-
ized coefficient from maximum likelihood estimation; Std 3 = standardized coefficient; BC CI = bias-corrected
confidence interval; p (BC) = two-tailed significance based on bootstrap estimates. Paths whose BC CI do not
include zero are considered robust.

The bootstrap results, summarized in Table 8, demonstrate that the estimated pa-
rameters are highly stable and robust. Most key path coefficients retained their direc-
tion, magnitude, and significance compared to the original maximum likelihood estimates.
For instance, the standardized coefficients for the relationships between Coins and Com-
ments (f =0.683, 95% CI [0.639, 0.727]) and between Coins and Likes (3 = 0.522, 95% CI
[0.485, 0.562]) remained large and positive, indicating a stable reinforcing effect of finan-
cial engagement on participatory behaviors. Similarly, Likes exhibited a strong and con-
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sistent positive effect on Plays (3 = 0.511, 95% CI [0.459, 0.567]), while Collects showed the
strongest association with Plays (3 = 0.820, 95% CI [0.767, 0.870]). These robust relation-
ships highlight the essential role of evaluative and participatory engagement in driving
video visibility and sustained content consumption.

The bootstrap estimates for the negative associations were also stable, with Bullet
Comments and Coins continuing to exhibit negative effects on Plays (3 = —0.177 and
3 = —0.346, respectively), confirming the persistence of substitution and fatigue effects
across samples. As expected, the path from Fans to Comments is not significant, and
its BC 95% confidence interval includes zero (unstandardized BC 95% CI [—0.003, 0.022];
standardized BC 95% CI [—0.005, 0.033]). This confirms that the lack of significance in the
main estimation is not an artifact of sampling variation. Moreover, the small bias values
(I'bias| <0.002) indicate minimal sampling distortion, further supporting the consistency
of the estimates.

Overall, the bootstrap analysis confirms that the estimated structural paths are not
sample-dependent and remain statistically reliable across multiple resamples. The close
correspondence between the original and resampled coefficients provides strong evidence
for the robustness and generalizability of the proposed engagement model.

5. Discussion
5.1. Summary of Key Findings

tion of Cantonese Opera content. Using Structural Equation Modeling (SEM), we examine
user actions and their effects on promoting or inhibiting engagement with this traditional
art form.

Coins, representing financial contributions, significantly enhance comments and
shares, supporting the User Engagement Incentive Theory. This suggests that users who
contribute financially are motivated to engage further, mirroring traditional patronage that
aids cultural survival. However, coins have a stronger effect on comments than on shares,
indicating that while users appreciate Cantonese Opera enough to comment, sharing re-
quires deeper personal connections, especially among younger audiences.

Bullet comments (danmu) positively influence comments and shares, highlighting
the Social Interaction Theory. Real-time viewer interactions create a collective experience,
making Cantonese Opera more accessible and appealing to younger audiences. This inter-
active layer helps bridge the cultural gap, making the content more relatable and fostering
further engagement.

Fans impact likes, shares, and collects, reflecting the Fan Effect Theory. Dedicated fol-
lowers support Cantonese Opera content, crucial for its survival amid modern digital com-
petition. However, the relatively weak influence on sharing and collecting suggests a gap
in proactive advocacy, underscoring the need for deeper cultural initiatives to strengthen
fan involvement.

The positive correlation between comments and likes aligns with the User Interaction
Enhancement Theory. Active discussions can amplify video visibility, counteracting the
perception of Cantonese Opera as outdated. Encouraging comments could make the con-
tent more vibrant and appealing to broader audiences.

Likes positively affect shares and collects, supporting the Content Sharing Motivation
and Content Value Evaluation Theories. Likes signal content value, prompting further
actions such as sharing or collecting. This engagement is promising for traditional arts,
showing that younger audiences value Cantonese Opera enough to share or save it for
future viewing.
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The negative effect of comments on collects suggests that high comment volumes may
reduce the need for users to collect content, as they perceive it as having sufficient engage-
ment. Content creators must balance fostering discussions without discouraging other
forms of engagement.

Surprisingly, coins and bullet comments negatively impacted plays. According to pre-
vious studies, financial supporters may feel their contributions suffice, reducing repeated
views. Additionally, the Interaction Fatigue Effect Theory explains that an abundance of
bullet comments creates visual clutter, deterring replays. This can be particularly chal-
lenging for Cantonese Opera, which requires focused viewing to appreciate its intricate
narrative and performance.

Shares, collects, and likes all positively influence play counts, emphasizing the Social
Diffusion Effect. Engaging with content by liking, sharing, or collecting indicates value,
encouraging revisits and recommendations. The strong impact from collects to plays sig-
nifies deep viewer interest, crucial for sustaining the art form. Collecting content can lead
to deeper, repeated engagement, maintaining Cantonese Opera’s visibility in a competitive
digital environment.

This analysis underscores the importance of balancing user engagement strategies for
effective promotion and preservation of traditional cultural content like Cantonese Opera.
Although the majority of hypothesized relationships demonstrated moderate to strong ef-
fects, a subset—particularly H10, H11, H13, and H18—exhibited small standardized co-
efficients (3 < 0.10) despite statistical significance. These results are consistent with the
large sample (n = 1916), which yields high statistical power and allows weak associations
to reach significance. By contrast, H8 (Fans to comments) was not statistically significant.
From a practical standpoint, those small or null effects indicate limited incremental value
for short-term dissemination relative to the primary drivers identified here, such as likes
and collects. They should therefore be interpreted as auxiliary rather than core levers for
visibility. Nevertheless, these weak effects still align with theoretical expectations and indi-
cate that subtle engagement activities contribute incrementally to the broader diffusion of
Cantonese Opera content, complementing the stronger primary engagement drivers iden-
tified in this study.

In addition to the SEM findings, the exploratory K-means clustering analysis provided
further insight into the heterogeneity of engagement patterns across Cantonese Opera
videos. Three distinct clusters were identified —high-, moderate-, and low-engagement
groups—corresponding respectively to viral performances, typical content with stable
participation, and underexposed videos with minimal interaction. This segmentation
confirms that digital engagement with traditional culture follows a long-tail distribution,
where a small number of highly interactive videos account for the majority of visibility and
dissemination. These exploratory results complement the structural model by illustrating
that while certain engagement behaviors drive overall diffusion, engagement intensity is
unevenly distributed across content categories.

5.2. Theoretical Contributions

This study extends several theoretical perspectives in the context of Cantonese Opera
and its promotion through digital platforms. By applying established theories such as the
User Engagement Incentive Theory, Social Interaction Theory, and Fan Effect Theory to
a specific form of traditional cultural heritage, the research highlights the applicability of
these theories in promoting niche cultural forms in a modern digital environment. This
approach contrasts with much of the existing literature, which often applies these theories
broadly without the context of specific cultural traditions [21].
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Beyond these theoretical applications, this study provides a more specific contribution
by uncovering the dual and asymmetric mechanisms of online engagement. Unlike prior
research that assumes engagement uniformly increases visibility, our results show that cer-
tain engagement types, such as Coins and Bullet Comments, can simultaneously enhance
and hinder content dissemination. Specifically, the dual role of financial support (Coins)—
which both fosters interaction (comments and shares) and reduces repeated plays—and the
negative effects of over-interaction (excessive bullet comments) challenge the traditional
linear assumption of engagement benefit. This demonstrates that online engagement in
cultural contexts operates through trade-offs rather than simple amplification, a concep-
tual nuance largely overlooked in existing engagement theories. These findings extend
existing frameworks by revealing the potential downsides of user engagement behaviors,
thereby enriching the literature with new conceptual perspectives. This nuance suggests
that while financial endorsements encourage public appreciation, they can also replace
more sustained engagement behaviors, such as rewatching, which has implications for con-
tent creators who focus on sustained visibility rather than one-off financial support [18].

Moreover, the results regarding interaction fatigue provide an important extension to
the Social Interaction Theory. While interaction is generally beneficial, the finding that bul-
let comments can reduce replays highlights the potential downsides of over-engagement,
particularly in a performative art like Cantonese Opera, which requires a more immer-
sive experience. This contributes to theory by identifying a threshold effect of interaction
intensity —beyond which engagement may diminish rather than strengthen audience im-
mersion [20].

Lastly, the study’s use of a youth-oriented platform like Bilibili adds to the litera-
ture on cultural heritage management by showing how digital technologies can adapt to
younger audiences while maintaining the integrity of traditional content. Unlike exist-
ing frameworks that view cultural heritage as static or primarily suitable for older gener-
ations, this study demonstrates that social media can make heritage content dynamic and
appealing to a younger demographic, which is essential for the sustainability of intangible
cultural heritage [17]. This conduct bridges digital communication research and heritage
studies, offering a new theoretical model for understanding how engagement logics func-
tion in the preservation of niche cultural forms.

5.3. Practical Implications

The findings of this research hold practical value for cultural institutions, content cre-
ators, and policymakers aiming to promote traditional cultural heritage like Cantonese
Opera on social media platforms. First, the strong positive effect of likes and comments
on shares and play counts suggests that cultural content can benefit significantly from in-
teractive user features. Encouraging more user likes and comments through interactive
campaigns could therefore be a practical strategy for enhancing the visibility and reach of
Cantonese Opera videos. This could be achieved by initiating discussions around cultural
themes or incentivizing comments through audience engagement challenges.

Secondly, the importance of fan loyalty in driving engagement highlights the value of
cultivating dedicated supporter groups for Cantonese Opera. Initiatives such as exclusive
fan content, behind-the-scenes videos, and interactive Questions and Answers sessions
with performers could deepen fan loyalty and, by extension, improve engagement metrics
like shares and collects. Platforms like TikTok have shown that niche content can thrive
through consistent interaction with a dedicated audience base, something that Cantonese
Opera can capitalize on through targeted fan engagement initiatives [8].

The negative effect of bullet comments on plays points to an important practical con-
sideration: while interaction is valuable, it should be moderated to avoid overwhelming
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viewers. Cultural institutions could develop a balanced approach by using tools like mod-
erated comment sections or time-limited bullet comment features, which would maintain
the interactive nature of the content without causing viewer fatigue. This is particularly
relevant for a culturally rich and intricate performance art like Cantonese Opera, where
the quality of viewing is paramount to appreciate the nuances of performance [10].

Furthermore, the negative effect of Coins on replays suggests that financial contribu-
tions may act as a replacement rather than a supplement to repeated viewing. Policymak-
ers and content creators should focus on creating value that encourages viewers to both
contribute financially and engage with the content repeatedly. This could include special
features for supporters that enrich the viewing experience, such as additional educational
content about Cantonese Opera’s history or interactive experiences related to the perfor-
mance. These strategies could provide both immediate financial benefits and long-term
engagement, ensuring the sustainability of Cantonese Opera in the digital age [9].

More broadly, these findings offer concrete guidance for digital heritage communi-
cation strategies. Rather than pursuing maximal engagement, content managers should
adopt a selective engagement optimization approach —encouraging actions (likes, shares,
collects) that enhance visibility while regulating those (excessive comments, bullet inter-
actions) that risk cognitive overload. This evidence-based balance between participation
and focus constitutes the paper’s main practical contribution to heritage communication
in the platform economy.

5.4. Integration with Existing Literature

The integration of social media into cultural heritage management has been widely
discussed in the literature, primarily focusing on the advantages of increased accessibil-
ity and engagement [20]. This study builds upon these foundational works by applying
theories of user engagement specifically to Cantonese Opera. It addresses a research gap
identified in previous reviews of cultural heritage promotion through social media, which
often lacked specificity regarding particular cultural forms [19].

The study’s findings align with recent works on social media engagement, such as
those that examined the role of Likes, Shares, and Comments in increasing content visibil-
ity [39]. However, the unique context of Cantonese Opera adds depth to this discussion
by highlighting the cultural challenges associated with promoting niche heritage content.
Unlike more general content, traditional cultural performances have an added layer of com-
plexity due to language barriers, historical context, and specialized interest, which require
tailored engagement strategies.

This study also adds nuance to the understanding of fan engagement in cultural her-
itage contexts. Unlike previous research that predominantly views fan engagement in
terms of its positive impact on visibility [21], the relatively minor impact of fans on actions
such as sharing and collecting suggests that even dedicated followers may need additional
incentives to actively promote niche cultural content like Cantonese Opera. This insight
can help refine fan engagement strategies in cultural promotion efforts, moving beyond
simplistic assumptions of fan loyalty to more complex understandings of fan behavior.

Furthermore, the negative relationship between Bullet Comments and Play Counts
diverges from the findings of a previous study [40], which argued that real-time interac-
tions are generally beneficial for increasing engagement across all types of content [40]. In
the case of Cantonese Opera, however, the intricacies of the performance may require a
less cluttered viewing experience, pointing to the importance of context when implement-
ing interaction features. This divergence adds to the literature by emphasizing that what
works for popular content may not always apply to traditional cultural forms, which re-
quire more focused engagement.
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Lastly, the dual role of Coins as both an engagement booster (in terms of comments
and shares) and a limiter (in terms of repeated plays) offers new insights into the role
of monetary contributions in cultural content dissemination. Prior studies have gener-
ally viewed financial contributions as uniformly positive indicators of support [8]. How-
ever, this study suggests that the motivations behind financial contributions may be more
complex, sometimes leading to reduced direct engagement with the content itself. This
complexity underscores the need for future studies to consider how different types of
engagement—financial versus non-financial —may interact in the context of cultural her-
itage preservation.

5.5. Limitations and Future Research

Despite the valuable insights provided by this study, several limitations warrant dis-
cussion. First, the study is restricted to the Bilibili platform and Cantonese Opera content,
which limits the generalizability of the findings. Future research could expand this scope
toinclude other forms of traditional culture and additional social media platforms to assess
whether the observed relationships hold across different contexts.

Second, while the SEM approach allowed for an understanding of complex relation-
ships, it did not account for temporal effects. Future studies could adopt a longitudinal
approach to examine how these relationships evolve over time, particularly in response to
changes in platform algorithms or user behaviors.

Lastly, the focus on quantitative metrics limits the understanding of why users engage
with content in particular ways. Incorporating qualitative methods, such as interviews or
surveys, could provide deeper insights into user motivations behind behaviors like col-
lecting or avoiding repeated plays. Additionally, future research could explore whether
different cultural forms elicit different types of engagement patterns, further enriching the
understanding of cultural preservation in the digital age.

6. Conclusions

This study examined the impact of user engagement metrics on the dissemina-
tion of Cantonese Opera content on Bilibili, bridging traditional cultural preservation
and modern digital platforms. Using Structural Equation Modeling (SEM) based on
log-transformed data and supported by exploratory and robustness analyses, eight key
metrics—Likes, Shares, Coins, Comments, Bullet Comments, Fans, Collects, and Plays—
were analyzed to understand their influence on promoting this traditional art form among
younger audiences.

The findings reaffirm the central role of evaluative and participatory engagement
behaviors—particularly Likes, Shares, and Collects—in driving visibility and sustained
viewership. Likes and Shares encourage further actions such as collecting and replay-
ing, demonstrating the cumulative nature of engagement. Collecting behavior emerged
as the strongest predictor of replays, confirming its importance as a long-term engage-
ment indicator.

Coins exhibited a dual influence: while they significantly boosted comments and
shares, they simultaneously reduced replay frequency, suggesting that financial contribu-
tions may act as a substitute for sustained interaction. This trade-off highlights the complex
interplay between monetary and behavioral engagement. Similarly, Bullet Comments en-
hanced interactive participation but negatively affected replays. This outcome is attributed
to interaction fatigue caused by visual overload, which disrupts the immersive experience
essential for appreciating Cantonese Opera.

Fan loyalty positively affected overall engagement, though its modest effect sizes indi-
cate that fan communities require stronger activation strategies to transition from passive
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appreciation to active dissemination. Together, these findings provide empirical support
for a multidimensional model of user engagement in cultural dissemination, showing that
not all engagement behaviors yield uniformly positive outcomes.

Cluster analysis further revealed three distinct categories of Cantonese Opera videos—
high-, moderate-, and low-engagement clusters—based on user interaction intensity. The
high-engagement group, characterized by exceptionally high levels of likes, coins, and
bullet comments, represents viral or widely appealing performances. In contrast, low-
engagement videos exhibit minimal visibility and interaction, while moderate-engagement
videos form the core of typical audience participation. This segmentation confirms that the
dissemination of traditional cultural content on social platforms follows a long-tail pattern,
where a small number of highly engaging videos account for most of the attention and in-
teraction volume.

Practical implications include strategies for cultural institutions and content creators
to leverage social platforms like Bilibili by encouraging likes, comments, and fan loyalty,
while carefully moderating highly interactive features to prevent user fatigue. The results
suggest that engagement optimization—rather than maximization—should guide digital
heritage communication strategies. Balancing visibility-driven actions (likes, shares, col-
lects) with controlled interaction intensity (bullet comments, donations) can enhance both
engagement quality and viewer retention.

Limitations include the study’s focus on Cantonese Opera content on Bilibili, which
may constrain generalizability. Future research should examine other cultural plat-
forms, incorporate qualitative insights into audience motivation, and conduct longitudi-
nal studies to capture engagement evolution over time. Methodologically, future work
could also expand the present framework by integrating regression-based predictive mod-
els or multi-group SEM to compare engagement behaviors across cultural genres or
demographic segments.

In summary, this research underscores that digital platforms can play a pivotal role in
cultural preservation when engagement dynamics are properly understood. By revealing
both the reinforcing and inhibiting pathways of engagement, the study provides a more
balanced understanding of how traditional arts can thrive in the algorithmic attention econ-
omy. While the present focus was on Cantonese Opera, the theoretical and methodological
framework can be extended to other forms of intangible cultural heritage —such as Kunqu
Opera, Peking Opera, or folk traditions—providing transferable insights into how digital
engagement can sustain cultural vitality in the modern era.
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Abbreviations

The following abbreviations are used in this manuscript:

SEM Structural Equation Modeling

UNESCO  United Nations Educational, Scientific, and Cultural Organization
ICH Intangible Cultural Heritage

GFI Goodness of Fit Index

AGFI Adjusted Goodness of Fit Index

RMSEA Root Mean Square Error of Approximation

RMR Root Mean Square Residual

CMIN/DF  Chi-square divided by Degrees of Freedom
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