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Abstract

This research uses the Digital Content Reviews and Analysis Framework to explore the
dynamic interplay between digital content, sentiment, and toxicity within the context of
heritage tourism at the Sangiran site. The study is driven by the urgency to understand how
digital narratives impact public engagement and perception, particularly for heritage sites
of global significance. Through a comprehensive analysis, the research evaluates toxicity
scores, sentiment classifications, and thematic content across multiple videos related to
Sangiran. The toxicity analysis reveals generally low levels of harmful content, with an
average score of 0.04717, but identifies occasional peaks, highlighting the potential for
negative discourse. Sentiment analysis, conducted using the SVM model enhanced by
SMOTE, achieves an accuracy rate of 94.59%, with precision and recall rates of 92.07%
and 97.79%, tespectively, demonstrating the model's robustness in capturing audience
sentiment. Content analysis identifies critical themes, such as human evolution and fossil
discoveries, emphasizing the educational value of digital content. The research underscores
the importance of curating digital narratives that engage, educate, and foster a positive and
respectful discourse. The findings suggest that while digital content successfully educates
the audience, managing contentious topics is crucial to maintaining constructive
engagement. This study contributes to developing more effective digital strategies for
heritage tourism, ensuring the sustainable promotion and preservation of sites like
Sangiran while addressing the challenges of online discourse. The research highlights the
need for continued exploration of digital content's role in shaping public perceptions of
cultural heritage.

Keywords: Heritage Tourism; Digital Content Analysis; Sentiment; Toxicity Analysis;
Sangiran Site

1. INTRODUCTION

Heritage tourism, encompassing visits to museums and historical sites, is a critical
pillar of educational tourism, requiring strategic efforts to ensure its sustainability.
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By preserving cultural heritage through well-maintained museums, these sites offer
profound educational value, fostering a deeper understanding of history and
culture [1], [2]. The sustainability of heritage tourism is intrinsically linked to its
ability to adapt to evolving societal needs while maintaining the integrity of the
cultural narratives it preserves [3], [4]. Without sustained conservation and
adaptive strategies, the educational potential of these sites risks erosion,
diminishing their role as vital resoutrces for learning. Therefore, prioritizing the
long-term viability of heritage tourism is essential for continuously enriching
educational experiences across generations.

This research aims to identify and analyze public sentiment toward Sangiran
tourism by examining narratives or text data generated from the video content,
then calculating toxicity scores and classifying the sentiment. The methodology
integrates advanced sentiment analysis models such as Perspective and Vader,
which offer robust tools for understanding the nuanced emotional tone embedded
in public discourse. Applying these models provides a comprehensive approach to
quantifying sentiment and detecting harmful content, ensuring a balanced
evaluation of public opinion [5], [6]. The resulting sentiment classification
highlights the prevailing attitudes toward Sangiran and contributes to broader
discussions on the impact of digital narratives in shaping tourism perceptions.
Thus, the study underscores the importance of employing sophisticated analytical
frameworks to navigate the complexities of sentiment analysis in contemporary
tourism research.

The urgency of this research is driven by the growing need to understand the
impact of digital narratives on public engagement and perception in heritage
tourism, particularly as digital platforms increasingly shape cultural discourse. As
heritage sites like Sangiran play a crucial role in preserving and promoting human
history, ensuring that the digital content associated with these sites effectively
communicates their significance while fostering positive and constructive
interactions is imperative. The rapid evolution of digital technologies and their
pervasive influence on audience behavior necessitate timely and comprehensive
studies that address the complexities of online engagement, sentiment, and toxicity
[7], [8]. This research responds to these contemporary challenges and provides
critical insights that can inform the development of more effective digital strategies
in heritage tourism [9], [10]. By examining how digital content influences public
perceptions and interactions, the study contributes to safeguarding heritage sites'
educational and cultural value in the digital age, ensuring their continued relevance
and impact.

This research's theoretical and practical contributions ate significant, offering
advancements in academic understanding and practical application of digital
content in heritage tourism. Theoretically, the study enhances existing knowledge
by integrating sentiment analysis, toxicity evaluation, and content analysis within
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the context of digital heritage narratives, providing a comprehensive framework
for assessing the impact of digital engagement on public perceptions. This
integration not only deepens the understanding of how digital content influences
audience behavior but also offers a new lens through which the effectiveness of
heritage communication can be evaluated. Practically, the research contributes
actionable insights that heritage site managers and digital strategists can employ to
optimize content delivery, ensuring that it educates and engages audiences while
mitigating negative interactions. The findings enable the development of more
refined digital strategies that balance the dual objectives of cultural preservation
and public engagement, thus supporting the sustainable promotion of heritage
sites in an increasingly digital world. These contributions underscore the research's
value in bridging the gap between theory and practice, offering tools and insights
that can be directly applied to enhance the management and promotion of cultural
heritage in the digital age.

Similar research within this domain provides a valuable foundation for
understanding the intricacies of the subject matter while highlighting the areas that
require further exploration. Analyzing prior studies allows one to discern proven
effective patterns and methodologies and identify limitations that necessitate new
approaches [11]—[13]. The existing body of work serves as a critical reference
point, enabling the refinement of hypotheses and the adaptation of strategies to
address gaps in the literature [14]—[18]. This comparative analysis reinforces the
relevance of continued inquiry and underscores the necessity of evolving research
paradigms to keep pace with emerging trends and challenges. Therefore,
examining analogous studies contributes to a deeper, more nuanced appreciation
of the field and fosters the ongoing advancement of knowledge.

While inherent to any scholatly endeavor, the limitations of this research are
crucial to acknowledge as they frame the scope and applicability of the findings.
Constraints related to data availability, methodological choices, or contextual
factors may influence the generalizability and precision of the results. Recognizing
these limitations is essential in understanding the boundaries within which the
conclusions hold validity. This awareness encourages a cautious interpretation of
the findings and highlights areas where future studies might build upon or refine
the current work. Thus, addressing these limitations enhances the research's
integrity and guides subsequent efforts to extend its contributions within the field.

2. METHODS
2.1 Research Gap and Novelty
The novelty of this research is exemplified by its comprehensive examination of

content, toxicity, and sentiment analysis within the specific framework of heritage
tourism and museums in Sangiran. This innovative focus introduces a new
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dimension to understanding how digital narratives surrounding culturally
significant sites shape public perceptions and emotional responses. By employing
advanced analytical techniques, this study bridges the gap between traditional
heritage tourism studies and contemporary digital analysis, offering fresh insights
into the intersection of cultural preservation and modern communication [19]—
[22]. The implications of these findings extend beyond theoretical contributions,
as they provide practical guidance for managing public discourse and enhancing
the visitor experience in heritage sites [23]—[20]. Therefore, the unique integration
of these elements establishes the research as a significant advancement in the field,
with both scholarly and practical relevance.

An analysis of previous research on heritage tourism and museums in Sangiran
reveals a significant gap, particularly in the application of content, toxicity, and
sentiment analysis perspectives, which have been largely underexplored. This
observation highlights an opportunity for the current study to make a meaningful
contribution to the existing body of knowledge by addressing these overlooked
dimensions. Integrating these analytical approaches fills a critical void in the
literature and provides a more nuanced understanding of public perceptions and
interactions with heritage sites. By advancing the discourse through this novel lens,
the research offers valuable insights that could influence future studies and
practical applications in heritage tourism. Consequently, this work significantly
enriches this domain's theoretical and practical frameworks.
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Figure 1. Network of Heritage Tourism and Museum through Content,
Toxicity, and Sentiment Analysis

Figure 1 shows the network of heritage tourism and museums through content,
toxicity, and sentiment analysis. This observation underscores the critical
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importance of researching heritage tourism and museums through the lens of
content, toxicity, and sentiment analysis. Integrating these methodologies provides
a comprehensive framework for understanding the complex dynamics of public
perception and digital engagement with cultural heritage sites [27]. By addressing
these factors, the research offers an opportunity to capture nuanced insights into
how heritage sites are perceived and discussed in contemporary discourse, which
is essential for sustainable management. Moreover, applying such analytical
techniques enhances the ability to detect and mitigate negative sentiments that
could impact the reputation and preservation of these cultural assets. Therefore,
this approach is vital for advancing academic inquiry and practical strategies in
heritage tourism.

This research adopts the Digital Content Reviews and Analysis Framework, a
methodological approach designed to evaluate and interpret digital narratives
systematically. By utilizing this framework, the study ensures a structured and
rigorous examination of online content, which is essential for capturing the
complexities of digital discourse. The framework's emphasis on categorization,
sentiment analysis, and toxicity assessment provides a robust foundation for
generating insightful and actionable findings. The strategic implementation of this
approach not only enhances the precision of the analysis but also facilitates the
identification of underlying trends and patterns within the data. Consequently,
adopting this framework contributes to the research's methodological rigor and
overall impact, offering a well-rounded perspective on digital content related to
heritage tourism.

2.2 Digital Content Reviews and Analysis Framework

The Digital Content Reviews and Analysis Framework is highly relevant to the
research on Evaluating Digital Narratives in Heritage Tourism and Museum:
Sentiment, Toxicity, and Content Analysis, as it provides a systematic approach to
dissecting the multifaceted layers of digital engagement. This framework facilitates
the structured examination of digital content by guiding the process from content
categorization through sentiment and toxicity analysis, ensuring that each aspect
of audience interaction is comprehensively evaluated. The framework's emphasis
on systematic reviews and in-depth analysis aligns seamlessly with the research
objectives, enabling a thorough understanding of how digital narratives impact
audience perception and engagement within the context of heritage tourism. By
employing this framework, the research is able to integrate diverse analytical
dimensions, such as sentiment analysis using SVM and toxicity scoring, into a
cohesive evaluation, thereby enhancing the precision and relevance of the findings.
This alignhment underscores the framework's critical role in advancing the study's
insights into the effectiveness of digital content in promoting educational and
cultural heritage while managing the challenges of online discourse.
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Figure 2. Digital Content Reviews and Analysis Framework

Figure 2 shows the implementation of digital content reviews and analysis
framework. The relevance of the Digital Content Reviews and Analysis
Framework in this research is evident in its alignment with the research flow and
its emphasis on the contextual analysis of video content related to tourism in
Sangiran. The framework's structured approach allows for systematically
examining digital content, ensuring the analysis is methodologically sound and
contextually appropriate. By focusing on the specific narratives and themes
present in the videos, the framework enables a deeper understanding of how
Sangiran's heritage is represented and perceived in the digital space. This alignment
enhances the ability of the research to produce meaningful insights that are directly
applicable to the context of heritage toutism. Consequently, the framework's
relevance is demonstrated through its capacity to guide the research in producing
accurate and contextually informed findings.

Considering the framework's relevance to this tresearch's objectives, a
comprehensive contextual analysis has been adopted to compare toxicity scores
with public sentiment and examine the coherence of content with viewer
perceptions. The framework's structured approach allows for an in-depth
exploration of the alignment between the emotional tone of digital narratives and
the audience's responses. By juxtaposing toxicity scores with public sentiment, the
analysis reveals the potential impact of negative discourse on viewer engagement
and perception. Furthermore, assessing content coherence concerning viewer
perceptions ensures that the findings reflect the quantitative aspects of sentiment
and the qualitative dimensions of audience interpretation. This methodological
choice significantly enhances the research's understanding of how the public
receives and interprets digital content related to Sangiran's heritage tourism.

2.2.1 Content Reviews

Three videos have been selected for detailed processing and analysis, each offering
a unique dataset for examination. The first video, identified by the ID
3nsPHqGpkMQ), comprises 648 posts, providing substantial toxicity and
sentiment analysis content. The second video, with the ID 3wDIljrdTCg, contains
395 posts, offering a comparative dataset that allows for the exploration of varying
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levels of engagement and public sentiment. The third video, ID 54pBTOWnYLg,
includes 148 posts, presenting an opportunity to analyze content with potentially
lower viewer interaction. By systematically analyzing these videos, the study aims
to uncover patterns in public discourse, assess the emotional tone across different
levels of engagement, and understand how these factors contribute to the overall
perception of heritage tourism in Sangiran. This focused approach ensures that
each video is not only individually analyzed but also compared to enhance the
depth and relevance of the findings.
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Figure 3. Post-Per-Day Statistic

Figure 3 shows the post-per-day statistic. Based on the post-per-day statistics for
the first video with ID 3nsPHqGpkMQ), comprising 648 posts, a detailed analysis
reveals significant fluctuations in engagement over time. Notably, there are periods
of heightened activity, such as on August 26, 2023, and September 4, 2023, where
the number of posts surged to 16 and 11, respectively, indicating peak public
interest or reaction during these dates. Post spikes may correspond to specific
events, updates, or external factors influencing viewer engagement. Conversely,
there are numerous instances of minimal activity, with single posts recorded on
various dates, suggesting moments of low interaction or attention. This pattern
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suggests a non-linear engagement trend, where public interest varies considerably,
possibly driven by external stimuli or content relevance. Consequently, these
findings underscore the necessity for a nuanced understanding of audience
behavior, emphasizing the importance of timing and contextual factors in content
dissemination and public engagement strategies.

The post-per-day statistics for the video with ID 3wDIljrdT'Cg, which contains
395 posts, exhibit notable fluctuations in audience engagement over time.
Significant peaks were observed on December 4, 2019, and December 22, 2019,
where the number of posts reached 15 and 16, respectively, indicating heightened
viewer interaction. These spikes suggest that specific content or external factors
captured increased public attention, driving more frequent discourse during these
periods. Conversely, there were numerous instances of low activity, with only one
post recorded on various dates, highlighting periods of diminished engagement.
This uneven distribution of posts reflects the variability in public interest and may
indicate how the content's relevance or external events influenced viewer
reactions. Understanding these patterns is crucial for developing strategies that
maximize engagement by aligning content delivery with periods of higher public
interest. This analysis reinforces the importance of timing and content relevance
in managing digital engagement effectively.

The post-per-day statistics for the video with ID 54pBTOWnYLg, comprising 148
posts, reveal a diverse pattern of viewer engagement with distinct periods of
increased activity. Significant spikes occurred on September 11, 2023, and
September 16, 2023, with 7 and 6 posts, respectively, indicating moments of
heightened public interest. These bursts of engagement suggest that specific
content elements or external factors during these dates may have resonated
strongly with viewers, prompting more frequent interaction. Conversely, many
dates show only minimal activity, with a single post reflecting period of lower
engagement. This irregular distribution highlights the importance of timing and
the relevance of content in maintaining consistent viewer interaction. By analyzing
these patterns, the study provides insights into the dynamics of public response to
heritage tourism content, emphasizing the need for strategic content delivery to
maximize engagement. This analysis contributes to a deeper understanding of
audience behavior in digital platforms, particularly within the context of heritage
tourism.

In addition to analyzing post-per-day statistics, identifying the top ten posters or
significant contributors in the comment sections of each video is essential for a
comprehensive understanding of audience engagement. These key contributors
often drive the discourse, shaping the narrative and influencing the overall
sentiment within the comment thread. By examining the frequency and content of
their contributions, it becomes possible to discern influence patterns and identity
the most active voices within the discussion. This analysis enriches the
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understanding of the dynamics at play and provides valuable insights into how
specific individuals or groups may impact public perception. Consequently,
recognizing the top contributors is critical in developing a holistic view of
interaction patterns and sentiment in digital spaces, particulatly in the context of
heritage tourism content.
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Figure 4. Top Ten Posters

Figure 4 shows the top ten posters. Identifying the top ten posters for the first
video reveals a significant disparity in engagement levels among contributors.
Notably, @jalan_asik is the most active participant with 222 posts, far surpassing
other contributors, indicating a dominant presence in the discourse. The
subsequent most active users, including @jisafatahillah6192 with five posts and
several others with four or fewer posts, demonstrate a sharp drop in activity,
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suggesting that the conversation is heavily influenced by a small number of highly
engaged individuals. This concentration of contributions in the hands of a few
users may shape the overall tone and direction of the discussion, potentially
skewing the sentiment and focus of the commentary. Analyzing this distribution
of engagement is crucial for understanding the conversation dynamics and the
potential impact of these key contributors on the perception of the content.

Identifying the top ten posters for the second video reveals a more distributed
pattern of engagement among contributors, with @gtasianofau8771 leading with
25 posts, followed by @vilando5468 with 17 posts. Other users, such as
@amaterasuskatana6694 and @dendiagusti5393, contribute 10 and 9 posts,
respectively, indicating broader participation across the user base compared to the
first video. This distribution suggests a more diversified conversation, where
multiple voices contribute to the discourse, potentially leading to a richer and more
varied exchange of perspectives. However, the presence of dominant contributors,
like @grasianofau8771, still indicates that specific individuals exert significant
influence over the discussion. This variation in engagement levels across different
users is crucial for understanding how discourse is shaped and how particular
viewpoints may dominate the narrative.

The identification of the top ten posters for the third video highlights a relatively
balanced level of engagement among contributors, with @belalativi4818 leading
at four posts, followed by several users such as @yusufalfiyan2441, @fee8648, and
@sinyo1687, each contributing three posts. The remaining top contributors,
including @nurshofah8378 and others, have made two posts each, indicating a
more evenly distributed participation in the discussion. This balanced contribution
pattern suggests a less concentrated influence from any user, potentially leading to
a more diverse range of perspectives within the comment section. The lack of a
dominant voice implies that the discourse may represent a broader audience,
providing a more comprehensive view of public sentiment. This even distribution
of engagement is critical for understanding the dynamics of the conversation and
assessing how various viewpoints interact to shape the overall narrative.

2.2.2 Data Processing

During the data processing stage, a meticulous procedure involving cleaning,
selecting, and extracting comment data is conducted using RapidMiner. This
process begins with data cleaning, where irrelevant, duplicate, or noisy data is
removed to ensure the integrity and accuracy of the dataset. Following this, a
careful selection of pertinent data is performed, focusing on comments that are
most relevant to the research objectives. The extraction phase then isolates critical
information from the selected data, transforming raw comments into structured
insights suitable for further analysis. This systematic approach ensures that the
data is both refined and representative, enhancing the reliability of subsequent
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analyses and the overall validity of the research findings. RapidMiner, in this
context, provides a robust and efficient framework for managing large datasets,
facilitating a more nuanced understanding of the underlying sentiment and content
trends.

Tokenize 1 Tokenize 2 Transform Cases Filter Tokens (by Le... Filter Stopwords (Di... Stem (Porter) (2)

 doc socl) ( aoc s q oo soc) q aoc doc)  aec docl) ( aoc dacl)
qw

Figure 5. Data Cleaning Process

Figure 5 shows the data cleaning process using tokenize, transform cases, filter
tokens, filter stopwords, and stem. The data cleaning process employs advanced
techniques, including tokenization, case transformation, token filtering, stopword
removal, and stemming, to refine and prepare the dataset for analysis. Initially,
tokenization breaks down text into individual words or phrases, facilitating a
granular examination of the content. It is followed by case transformation,
standardizing the text by converting all characters to a uniform case, thereby
eliminating inconsistencies. The subsequent filtering of tokens removes irrelevant
or redundant elements, streamlining the dataset to focus on meaningful content.
Stopword removal further enhances this process by excluding common but
insignificant words that do not contribute to the analysis. Finally, stemming
reduces words to their base forms, consolidating variations of the same word and
enabling a more coherent analysis. Together, these steps ensure the data is
meticulously processed, resulting in a cleaner, more focused dataset that enhances
the accuracy and relevance of the subsequent analytical outcomes.

Figure 6. Data Selection Process

Figure 6 shows the data collection process. Following the data cleaning process,
the textual data to be extracted represents a combined dataset from the first,
second, and third videos, totaling 1,189 posts. This aggregation allows for a
comprehensive analysis by merging individual datasets into a cohesive corpus.
Integrating posts from multiple sources enhances the dataset's tobustness,
providing a broader spectrum of public sentiment and discourse for analysis. By
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consolidating these posts, the study gains the ability to identify overarching trends
and patterns that may not be apparent within isolated datasets. This approach not
only enriches the depth of the analysis but also ensutes that the findings are more
representative of the overall public engagement with the content.
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Figure 7. Text Extraction Using Vader Model

Figure 7 shows the data extraction process using Vader in Rapidminer. The
extraction of 1,189 textual data points was conducted using the Vader model,
which classified the data into positive and negative sentiment categories. This
initial classification provides a foundational understanding of the sentiment
distribution within the dataset, allowing for a structured analysis of public opinion.
The next phase involves evaluating these classifications through vector
performance analysis, which will assess the accuracy and effectiveness of the
sentiment categorization. By applying vector performance metrics, the analysis
ensures that the sentiment classification is precise and reliable, facilitating a deeper
exploration of the underlying emotional tone within the data. This rigorous
evaluation process enhances the credibility of the findings, providing a robust
framework for interpreting the sentiment dynamics in the context of the studied
content.

Figure 8 shows the model performance evaluation. The classification results of the
1,189 textual data points, detived using the Vader model, were subjected to testing
to obtain vector performance metrics. This testing phase is critical as it
quantitatively evaluates the accuracy and efficiency of the sentiment classification,
ensuring that the model's outputs align with the expected sentiment categories.
The vector performance assessment provides insights into the model's capability
to distinguish between varying emotional tones, thereby validating the reliability
of the sentiment analysis. Through this rigorous evaluation, the analysis gains a
deeper level of precision, facilitating more accurate interpretations and
conclusions based on the classified data. This step is essential for reinforcing the
robustness of the overall research findings, particularly in sentiment analysis
applied to heritage tourism content.
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Figure 8. Model Performance Evaluation
2.2.3 Evaluation and Visualization

In this phase, the classification results obtained using the Vader model and the
performance testing of the DT, NBC, k-NN, and SVM algorithms enhanced by
SMOTE were compared to identify the algorithm with the best performance. This
comparative analysis is crucial as it evaluates each algorithm's effectiveness in
accurately classifying sentiment, considering vatious performance metrics such as
accuracy, precision, recall, and Fl-score. By employing SMOTE to address class
imbalances, the robustness of these algorithms is further enhanced, ensuring that
the evaluation is comprehensive and reliable. The algorithm demonstrating
superior performance will be selected for further analysis, providing the most
accurate and efficient model for sentiment classification. This selection process is
pivotal in advancing the research's objectives, as it ensures that the most influential
computational approach is utilized, thereby enhancing the validity and applicability
of the research findings.
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Figure 9. Area Under Curve (AUC) of SVM enhanced by SMOTE

Figure 9 shows the AUC of SVM enhanced by SMOTE. The performance
evaluation of the SVM algorithm enhanced by SMOTE indicates a high level of
accuracy, achieving 94.59% with a margin of *2.32%, demonstrating its
effectiveness in sentiment classification. The Confusion Matrix teveals a solid
ability to correctly identify negative and positive classes, with 743 true negatives
and 795 true positives, alongside minimal misclassifications. The AUC values,
consistently close to 0.990, further underscore the model's exceptional
discriminatory power. Precision, recorded at 92.07% with a slight variance of
1+3.91%, alongside a recall rate of 97.79% £1.51%, highlights the model's balanced
performance in minimizing false positives and maximizing true positives. The F-
measure, averaging 94.80% with minimal deviation, consolidates these metrics into
a comprehensive performance score, affirming the SVM's robustness and
reliability. These tesults demonstrate the algorithm's supetior capability in
handling the dataset effectively, making it a strong candidate for accurate
sentiment analysis in this study.
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Figure 10. Average Toxicity Core per Month

Figure 10 shows the average toxicity score per month. The toxicity score analysis
for the first video, based on 586 out of 648 posts analyzed using the Perspective
API by Communalytic, reveals a generally low level of harmful content with
specific instances of elevated negativity. The average toxicity score across the
dataset is 0.04717, with the highest recorded value reaching 0.71894, indicating
occasional peaks in toxic discourse. Severe toxicity remains minimal, averaging
0.00476 with a maximum value of 0.34966, while identity attacks are also relatively
low, with an average score of 0.01602 and a peak of 0.48916. Insults show a slightly
higher presence, averaging 0.03500 and reaching a maximum of 0.63084, reflecting
moments of increased hostility. Profanity and threats are present but infrequent,
with average scores of 0.03435 and 0.00803, respectively, and their highest values
at 0.40014 and 0.18914. These findings suggest that while the overall discourse is
mainly non-toxic, there are notable instances where the conversation intensifies,
potentially impacting the overall tone and engagement within the comment
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section. This analysis is critical for understanding the dynamics of online
interactions and informing strategies to mitigate harmful content.

The toxicity score analysis for the second video, conducted by Communalytic
using the Perspective API on 347 out of 395 posts, reveals a more pronounced
presence of harmful content than the first video. The dataset shows an average
toxicity score of 0.11572, with the highest value reaching 0.89882, indicating a
notable range of negative discourse. Severe toxicity, though less common,
averaged 0.01241 with a peak of 0.44969, while identity attacks averaged 0.04677,
with the highest score recorded at 0.49585. Insults were particularly significant,
averaging 0.08227 and reaching a maximum of 0.85793, suggesting a frequent use
of offensive language. While lower in frequency, profanity and threats still
presented averages of 0.07349 and 0.01181, with maximum values of 0.54193 and
0.34804, respectively. These findings highlight a higher level of aggressive and
harmful interactions within this dataset, pointing to the need for a closer
examination of the factors contributing to these elevated toxicity levels. This
analysis provides critical insights into the nature of user engagement with the
content, offering a foundation for further investigation into the causes and
implications of such discourse.

The toxicity score analysis for the first video, conducted by Communalytic on 136
out of 148 posts using the Perspective APL, reveals relatively low levels of harmful
content overall, with specific instances of elevated toxicity. The dataset's average
toxicity score stands at 0.04762, with the highest value reaching 0.66112, indicating
occasional spikes in negative interactions. Severe toxicity is minimal, averaging
0.00484 with a peak of 0.35368, while identity attacks, though also low on average
at 0.01413, show a significant maximum value of 0.60072. Insults were more
prevalent, with an average score of 0.03403 and a peak of 0.65860, suggesting
moments of heightened hostility. Profanity and threats were generally infrequent,
with average scores of 0.03131 and 0.00703, respectively, and their highest values
remaining relatively low at 0.39410 and 0.02147. These results indicate that while
the overall discourse in the video's comments is mainly non-toxic, there are
specific instances where the conversation escalates, necessitating further analysis
to understand the triggers and context of these spikes in negativity. This insight is
crucial for developing strategies to manage and mitigate harmful interactions in
digital spaces.

2.2.5 Context Analysis

Context analysis involved systematically coding the narratives from the first,
second, and third videos to elucidate the key themes and topics discussed. This
coding process meticulously categorizes the content, allowing for a structured
examination of the underlying messages and focal points presented in the videos.
By breaking the narratives into identifiable codes, the analysis provides a
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comprehensive overview of the subjects, facilitating a deeper understanding of the
content's thematic structure. This approach not only highlights the primary
discussions within each video but also enables the identification of recurring
themes across the dataset, offering valuable insights into the central concerns and
perspectives being communicated. Consequently, the coding of these narratives
plays a pivotal role in contextualizing the video content, forming a foundation for
further analytical exploration.

Videol Video 2

Figure 10. Network by Intentional Al Coding

Figure 10 shows the code network of each video. The implementation of
intentional Al coding for the first video reveals a range of topics discussed within
the content, reflecting the multifaceted nature of heritage tourism and museum
management. Key topics identified include the impact of tourism on artifact
preservation, educational programs for sustainability, the role of government
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policies in regulating visitor management, and the integration of digital technology
to enhance learning and interactive experiences. Additionally, the analysis
highlights the challenges related to maintaining historical integrity, the need for
community involvement in sustainability efforts, and the balance between
promoting visitor engagement and preserving the authenticity of heritage sites.
These findings suggest that the video content addresses the opportunities and
challenges of managing heritage sites like Sangiran, emphasizing the importance
of a holistic approach that integrates educational, technological, and policy-
oriented strategies to ensure heritage tourism's long-term sustainability and impact.

The implementation of intentional Al coding for the second video reveals various
topics discussed within the content, reflecting a comprehensive exploration of
themes relevant to heritage tourism and museum management. The analysis
identifies critical ~discussions around the integration of technological
advancements in enhancing visitor experiences, the challenges associated with
preserving cultural authenticity, and the impact of tourism on local communities
and heritage sites. Additionally, the video delves into the importance of sustainable
practices in museum management, the role of educational initiatives in promoting
historical awareness, and the influence of governmental regulations on preserving
cultural heritage. These findings indicate that the video content offers a well-
rounded examination of the complexities of balancing tourism growth with
preserving historical and cultural integrity, underscoring the necessity of adopting
multidimensional strategies to address these challenges effectively.

The implementation of intentional Al coding for the third video reveals a focused
examination of various themes central to heritage tourism and museum
management. Key topics identified include integrating digital tools to enhance the
visitor experience, the challenges of maintaining historical authenticity in modern
tourism pressures, and the role of community involvement in preserving cultural
heritage. Additionally, the content explores the impact of government regulations
on heritage site management, the importance of educational programs in fostering
public awareness, and the necessity of sustainable practices to mitigate the adverse
effects of tourism. The analysis highlights the video's comprehensive approach to
addressing the multifaceted issues surrounding heritage tourism, emphasizing the
need for a balanced strategy that incorporates technological innovation,
community engagement, and regulatory oversight to ensure the long-term
preservation and enhancement of cultural sites.

3. RESULTS AND DISCUSSION
3.1 Content Analysis of Heritage Tourism and Museum in Sangiran

The first video reveals that the Sangiran Museum in Indonesia is a significant
educational and entertainment destination, renowned for its extensive collection
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of ancient human fossils and artifacts. The museum, which spans a large area,
displays relics from various historical periods, including the Paleolithic era, and
features reconstructions of early human species, such as Homo erectus and Homo
sapiens, utilizing detailed fiberglass models. The exhibits provide a comprehensive
overview of human evolution, with particular emphasis on the transition from
Homo erectus to Homo sapiens sapiens, alongside fossils of prehistoric animals
like elephants, crocodiles, and rhinoceroses. The museum's significance is further
highlighted by its recognition by UNESCO in 1996 and its role in preserving
Indonesia's rich archaeological heritage. Additionally, the museum serves as a hub
for multiple disciplines, including geology, archacology, anthropology, and
paleontology, offering visitors insights into the prehistoric past through well-
preserved artifacts and advanced dating methods. The discussion of early human
behaviors, such as hunting and toolmaking, alongside the availability of souvenirs
and visitor amenities, underscores the museum's multifaceted approach to
education and tourism, making it a vital resource for understanding human origins
and ancient life in the region.

meteorite
end  unesco  mpsplithic
lang material pengawan

hanpen past
map Sediment mammoth
researcher  long  cantropus
mussel bang finus Buto reject o everything y, ca big WIWIIIW hunt

bring ipigation Balumg nva " POISON  oen miflion g, eYUPUon ™05 original - mountain
Istand oo moupy uide Want low elephant gy become  will people brain SOMY animal oDy
mean tool Still SWamp pany actually sang three Iife

now name just mr. tayer s eat discovery cluster

less B
skull pe gra 00 start Uoer MY aneiom

cultural east =
direction e ook 408 okay Make hlllllall Ilke one nna"u fater NG () obiect

last plus WUE part forest Call exptain gupury soio  aiterent

min ., fire sample g o area sge s"n“e il“d “es IITSI alS0 research Way simban School

small walk gy D30 gan 5 U0 rough OrOND Lo
nanh?u:::c field 0 ira use “ear museum homo tive sea 5. cm rOBIEM yaon !
megalogon Plelstocene  ENiEr wal Eﬂl‘l‘j‘ “":[“de fime edge vilae location fur
plate T6ason bicture cnnmlaln already sallglrall hrother erecuus must jawn  ©UCTIENCE  parking
BVEn housé ypper EXUNC sapien form shape coptinue SOME bome L, angri S figure

recognize g it mn':::::la mu:;'n IFaNIAN yoow  polar soii  aPmear invemtor oy heritase
ah room .
ietinnuich GOV think germany
spreal  closg lang SC°0Md  water distinguish world
15t gollection ™A€ rhinoceros contropusarectus  evolution
direcly china  Paleclithic poundary crocodile
megantropus  mojokerto

origin
kind australia

indeed back  thousand
MEEr pxample egigent

die
natural T8 pamely tooth gy 1AKE
sharm iy

food mastodon
bandung
damage

Figure 11. Words Cloud of the First Video Content

Figure 11 shows the word cloud of the first video content. The analysis of the first
video's content reveals that certain words frequently recur, reflecting the central
themes and focus of the natrative. The words "finally," "find," and "first" indicate
a narrative centered on discovery and the significance of initial findings in the
context of human evolution. The prominence of "human," "like," and "museum”
suggests that the content heavily emphasizes human history and the role of
museums in preserving and interpreting these discoveries. Additionally, "stone,"
"year," and "yes" further underscore the discussion of archaeological findings,
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mainly stone tools, and the chronological context of these discoveries. The
frequent use of these terms highlights the video's focus on uncovering human
history and the pivotal role of museums in safeguarding this knowledge for future
generations. This analysis provides insight into the video's narrative structure,
emphasizing key elements of discovery, historical context, and the preservation of
human heritage.

The content of the second video is intricately connected to the discovery and
analysis of ancient human fossils, particularly Homo erectus, within the
Indonesian archipelago, with a focus on Java. These findings, including 1.8-
million-year-old fossils, challenge the traditional "Out of Africa" theory,
suggesting a more intricate pattern of human evolution and migration. The
region's significance in paleontological research is underscored by exploring sites
such as Sangiran in Central Java, which has been pivotal in advancing our
understanding of human evolutionary history. The video also explores historical
debates regarding human evolution, such as the "missing link" between apes and
humans and the classification of early human species, highlighting the complexity
and diversity of early hominid development. The discussion extends to specific
discoveries like Homo erectus progressive, known for its larger brain volume and
its occurrence in particular geological layers in Indonesia, as well as Homo
floresiensis, a distinct species found on Flores Island. Sangiran's recognition by
UNESCO as a critical site for studying human evolution over millions of years
further emphasizes the region's importance, providing invaluable insights into the
evolutionary, cultural, and environmental contexts that shaped early human
development.
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Figure 12. Words Cloud of the Second Video Content
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Figure 12 shows the word cloud of the second video content. The frequent
occurrence of specific words in the second video's content underscores its focus
on critical aspects of human evolution and paleontological discoveries. Words
such as "ancient," "discovery," and "erectus" indicate a strong emphasis on
uncovering the history of early human species, particularly Homo erectus. The
repeated use of terms like "find," "fossil," and "homo" highlights the centrality of
fossil evidence in understanding the development of eatly humans. "Human" and
"Java" further contextualize these discoveries within the Indonesian archipelago,
particularly on the island of Java, a significant site for paleoanthropological
research. The words "million," "sanggiran," and "year" suggest a temporal
dimension, referencing the millions of years over which these fossils have been
preserved and the Sangiran site's critical role in revealing this ancient history. This
analysis reflects the video's narrative structure, which revolves around the themes
of discovery, the significance of fossil evidence, and the importance of the
Sangiran site in understanding the evolutionary timeline of Homo erectus and
other ancient human species.

The content of the third video focuses on the remnants of ancient ocean life,
including fossils of shells, crabs, and other marine animals found at the Sangiran
site in Indonesia. Situated in the Seragen Regency, the site provides compelling
evidence that the area was once a deep ocean, as indicated by the discovery of
kalibeng soil layers estimated to be around 3 million years old, pointing to the
former presence of the Dalak Sea. This significant geological finding has drawn
the attention of archaeologists, anthropologists, and geologists, who have been
studying the site since 1936 to unravel the rich history of this ancient marine
environment. The bluish-green kalibeng soil layer, representing the ancient seabed,
not only holds marine fossils but also offers crucial insights into the region's
geological and environmental past, underscoring its importance as a critical site for
understanding prehistoric oceanic conditions.

tracé mountain  koenigswall Shellfish
greenery DIOVE whose

archaeolopical jpsiw terminal

precisely 190 gomes continue  contain
namety former 113K seranen plage  penpie 2"
manne  archaeolony myser

right early affect
valley 0eolody  pyictance researcher deep call human indeed  contirm |av::m

historically hegin i - i
burb sangg'ra“ animal especially edge people

usually estmate a0 piaek su salt green compare

nipple earth ridge _
taroe far 50 swamp land GUEI Ia“er 3““ sea blue oM clay mostty

grah subur

evidence

beli i - - =
river ruufrlm bluish yg@ IlkE .I““I so“ OCeaN now Jear remain fish original

history  2°C0T0 Water I ol golor vast SOt on well

sangiran  Dlurred yes gan IMANY kalihe“g fossi current arount good source

lons  pottom ook illi i va
million ancient life Site DECOME name conyrar 12
)

journey caliber
n Tesearch discouery appropriate netherlands

sclence hold
shell almost crab woodhve time

regency carr
device shallow confusiol
near endlessly anmmnn_lﬂml suburban diSWct  mayhe yon

sign kerinilan environment finally Kalifambe  yijjane
nreservation seabed something

Figure 13. Words Cloud of the Third Video Content
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Figure 13 shows the word cloud of the third video content. The analysis of the
third video's content highlights the frequent occurrence of specific words,
reflecting its focus on the geological and paleontological significance of the
Sangiran site. Terms like "fossil," "find," and "layer" emphasize the discovery and
study of ancient remains within distinct geological strata, particularly the Kalibeng
layer. The presence of words such as "ocean," "sea," and "soil" suggests a strong
narrative centered on the ancient marine environment that once existed in the
region, as evidenced by the fossilized remains found in the Kalibeng soil. The
repeated use of "Sangiran" underscores the importance of this site as a critical
location for understanding these ancient processes. Additionally, words like
"even," "like," and "still" reflect the ongoing relevance of these findings in
contemporary research, while "suburb" may indicate a discussion on the site's
geographical or environmental context. This analysis underscotes the video's
thematic focus on the interplay between geological formations and paleontological
discoveries, providing a comprehensive understanding of the Sangiran site's
historical significance.

The analysis of the three videos reveals several critical topics related to heritage
tourism and museum management within the context of Sangiran. Key focus areas
include community involvement, which emphasizes the importance of local
participation in preserving and promoting the site's cultural heritage. The
integration of digital technology is highlighted as a vital tool for enhancing visitor
engagement and educational outreach. The role of education is underscored, with
particular attention to the development of educational programs and approaches
that effectively communicate the historical and cultural significance of the site.
Government policies are also a significant theme, reflecting the need for regulatory
frameworks that support sustainable tourism and heritage preservation.
Challenges related to maintaining the site's integrity, including the management of
museum operations, ate discussed alongside the impacts of toutism on the site's
preservation and visitor experience. Lastly, addressing visitor needs is crucial in
ensuring the museum remains relevant and accessible to diverse audiences. These
topics collectively illustrate the multifaceted nature of heritage tourism at Sangiran,
underscoring the need for a comprehensive approach that balances educational,
technological, and policy considerations to sustain the site's cultural legacy.

Figure 14 shows the word cloud of all the video content. The collective analysis
of all the videos reveals that certain words appear frequently, underscoring the
central themes and focus of the content. Words such as "erectus," "homo," and
"human" suggest a strong emphasis on the study of early human species,
particularly Homo erectus, and their significance in the broader narrative of human
evolution. The recurring use of terms like "find," "fossil," and "yeat" highlights
the importance of discovery and the temporal context within which these fossils
are analyzed, pointing to the ongoing efforts to uncover and understand ancient

human history. Additionally, the words "like," "now," "one," and "yes" reflect the
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video's engagement with contemporary discourse, drawing connections between
past discoveries and their relevance today. This analysis indicates that the videos
collectively focus on the exploration and interpretation of early human fossils,
particularly Homo erectus, within the context of both historical significance and
modern scientific inquiry, emphasizing the continuous relevance of these findings
in understanding human origins.
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Figure 14. Words Cloud of All Video Content
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The relationship between content analysis results and the analysis of sentiment
and toxicity scores provides a comprehensive understanding of the discourse
surrounding the videos. Content analysis identifies the key themes and topics
discussed, such as human evolution, fossil discoveries, and the significance of the
Sangiran site, which form the foundation for public engagement. When correlated
with sentiment and toxicity scores, these themes offer insights into how the
audience perceives and reacts to the content. For instance, a higher toxicity score
in discussions about controversial topics, such as the "Out of Africa" theory, may
indicate polarizing views among viewers. Conversely, positive sentiment scores
might align with content that emphasizes educational value or the scientific
importance of the findings. This interplay between content, sentiment, and toxicity
underscores the complex dynamics of viewer engagement, highlighting the need
to manage and address both positive and negative responses to enhance the
educational impact of the videos. Ultimately, this integrated analysis informs
strategies for content presentation and audience interaction, ensuring a balanced
and constructive discourse.
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The relationship between the content analysis and the toxicity scores of the first,
second, and third videos reveals critical insights into viewer engagement and
discourse quality. The content of each video, which centers on themes such as
human evolution, fossil discoveries, and the historical significance of the Sangiran
site, sets the stage for varying levels of audience reaction, as reflected in the toxicity
scores. The first video, with an average toxicity score of 0.04717 and a highest
value of 0.71894, indicates relatively low levels of harmful content, correlating with
its educational focus. The second video, however, presents a higher average
toxicity score of 0.11572 and a peak of 0.89882, suggesting that its more
controversial content, mainly related to the "Out of Africa" theory, may provoke
stronger adverse reactions. The third video, with an average toxicity score of
0.04762 and the highest value of 0.66112, reflects a similatly low level of toxicity,
aligning with its focus on geological and paleontological findings. This correlation
between the thematic focus of the videos and the resulting toxicity levels
underscores the importance of carefully considering content presentation to
mitigate potential adverse reactions, thereby promoting a more constructive and
respectful dialogue among viewers. Such an understanding is essential for curating
content that educates and maintains a healthy, engaged, and informed audience.

The relationship between the content analysis and the sentiment analysis results
obtained using VADER and SVM enhanced by SMOTE provides a nuanced
understanding of audience teception and emotional response. VADER's
sentiment analysis yielded an accuracy of 94.59%, highlighting its effectiveness in
categorizing the sentiment expressed in viewer comments. The SVM model,
further enhanced by SMOTE, showed a similarly high performance, with a
precision of 92.07% and a recall rate of 97.79%, indicating its robustness in
handling imbalanced data. These metrics reveal that the videos generally elicited a
positive or neutral sentiment from viewers, which correlates with the content's
predominantly educational and informative nature. However, as reflected in the
second video's content, the sentiment analysis also identified pockets of negative
sentiment, patticulatly in response to mote controversial topics such as the "Out
of Africa" theory. The strong alignment between content themes and the
sentiment scores underscores the importance of tailoring content to foster positive
engagement while also being mindful of potential areas that may provoke adverse
reactions. This insight is critical for optimizing content delivery and ensuring that
the educational goals of the videos are met with constructive and meaningful
audience interaction.

3.2 Discussion
The theoretical analysis of the relationship between content, sentiment, and
toxicity analysis within the context of digital content on heritage tourism and

museums provides a comprehensive framework for understanding audience
interaction and content effectiveness. Content analysis identifies the key themes
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and narratives presented, serving as the foundation for understanding the
informational and educational value of the material [28], [29]. Sentiment analysis
gauges the audience's emotional response and offers insights into how these
themes resonate, reflecting positive, neutral, or adverse reactions [30], [31].
Toxicity analysis, on the other hand, measures the presence of harmful or
aggressive language within the discourse, highlighting potential areas of conflict or
disagreement. The interplay between these three analytical dimensions reveals the
complex dynamics of digital content consumption.

In contrast, rich educational content may generate positive sentiment, and it also
has the potential to incite toxic behavior if it touches on controversial or sensitive
topics. This integrated approach is essential for curating digital content in heritage
tourism and museum contexts, as it allows for creating materials that educate,
inform, and foster a positive and respectful online environment [32], [33].
Understanding these relationships supports the development of strategies that
maximize audience engagement while minimizing the risks of negative
interactions.

The relevance of concepts and theories surrounding heritage tourism and
museums is particularly pronounced in Sangiran, Central Java, as evidenced by the
data. Heritage tourism emphasizes preserving and interpreting cultural assets,
aligning closely with the Sangiran site's role as a repository of invaluable
paleoanthropological finds. The theories of museum studies, which advocate for
museums' educational and community-engaging functions, ate reflected in
Sangiran's efforts to display ancient human fossils and foster an understanding of
human evolution through interactive exhibits and educational programs. The site's
recognition by UNESCO underscores its global significance, validating the
theoretical framework that views heritage sites as critical to cultural preservation
and public education. Furthermore, the data reveals that integrating digital
technologies enhances visitor engagement and accessibility, aligning with
contemporary museum theory that emphasizes the role of technology in
expanding the reach and impact of heritage tourism [34], [35]. Thus, the concepts
and theories of heritage tourism and museum studies find direct application in
Sangiran, highlighting the site's importance in preserving cultural heritage and
educating the public globally.

The intersection of sustainability challenges and local livelihood issues presents a
complex dynamic in the context of heritage tourism at Sangiran, Central Java. As
a UNESCO-recognized site, Sangiran plays a pivotal role in preserving cultural
heritage, yet the influx of tourism necessitates careful management to ensure the
site's long-term sustainability. The local community, whose livelihoods are
increasingly intertwined with tourism, faces opportunities and challenges. In
contrast, tourism can provide economic benefits, but it also risks disrupting
traditional ways of life and exacerbating environmental degradation. The pressure
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to balance economic development with cultural and environmental preservation
requires strategies that integrate sustainable practices, such as eco-friendly tourism
initiatives and community-based management models. These approaches aim to
protect the site while empowering residents to benefit from tourism that respects
their cultural heritage and promotes social equity. Thus, addressing sustainability
in heritage tourism at Sangiran involves preserving the site and safeguarding the
local community's livelihoods, creating a symbiotic relationship between cultural
preservation and economic development.

This research significantly contributes to developing heritage tourism and museum
management at Sangiran by comprehensively analyzing visitor engagement,
content relevance, and the impacts of digital technologies. Through integrating
content analysis, sentiment analysis, and toxicity assessment, the study offers
valuable insights into how the museum's narrative and educational programs
resonate with local and global audiences. The findings underscore the importance
of aligning museum content with visitor expectations and cultural sensitivities,
enhancing the educational value and visitor experience. Furthermore, the research
highlights the potential of digital tools in expanding the reach and accessibility of
Sangiran's exhibits, fostering a deeper understanding of human evolution among
a broader audience. By addressing both the opportunities and challenges
associated with heritage tourism, this study informs strategies for sustainable
development that balance cultural preservation with economic benefits, ultimately
contributing to the long-term success and relevance of Sangiran as a leading
heritage site.

While offering valuable insights into heritage tourism and museum management
at Sangiran, this research has limitations. The study's scope is constrained by its
reliance on digital content analysis, which may not fully capture the nuances of on-
site visitor experiences and local community perspectives. Additionally, though
informative, the sentiment and toxicity analyses are limited by the accuracy of
automated tools and the potential bias inherent in online discourse. These
limitations suggest that further research should incorporate a more holistic
approach, including ethnographic methods, in-depth interviews, and longitudinal
studies better to understand the evolving dynamics of heritage tourism at Sangiran.
Future research should also explore the long-term effects of digital engagement
strategies on visitor retention and education and the socio-economic impacts of
tourism on the local community. These directions will enhance the robustness of
the findings and contribute to developing more effective, sustainable tourism
strategies that benefit both the heritage site and its surrounding communities.

4. CONCLUSION

This research concludes with significant findings illuminating the interplay
between digital content, sentiment, and toxicity in the context of heritage tourism
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at Sangiran, analyzed through the Digital Content Reviews and Analysis
Framework. The toxicity analysis of the first video, with an average score of
0.04717 and a peak of 0.71894, reveals generally low levels of harmful content,
indicating a predominantly positive or neutral discourse among viewers. The
sentiment analysis conducted using the SVM model enhanced by SMOTE
demonstrates a high accuracy rate of 94.59%, with precision and recall rates of
92.07% and 97.79%, respectively, highlighting the model's effectiveness in
capturing the emotional tone of the audience. Content analysis, structured through
the Digital Content Reviews and Analysis Framework, identifies critical themes
such as human evolution, fossil discoveries, and the significance of the Sangiran
site, underscoring the educational value of the videos. This framework ensured a
systematic evaluation, from content categorization to contextual analysis,
providing a comprehensive understanding of how digital content impacts viewer
engagement and sentiment. These findings collectively suggest that while digital
content effectively engages and educates the audience, there are areas where
sentiment fluctuates, particularly around more contentious topics. This
comprehensive analysis, supported by the framework, offers a foundation for
developing more refined strategies that enhance audience engagement while
maintaining a respectful and informative discourse, ultimately contributing to the
sustainable development of heritage tourism at Sangiran.
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