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ABSTRACT
The remains of the Bharhut Stupa stand as one of the most important examples of early Indian art and
Buddhist heritage. Discovered in 1873 in the Satna district of Madhya Pradesh, the site was brought into
scholarly attention through the efforts of Alexander Cunningham, whose work provided a detailed account of
its sculptures and inscriptions. The Bharhut Stupa presents a rich combination of religious, cultural, and
artistic elements, reflecting the life, beliefs, and practices of ancient Indian society.
One of the most significant aspects visible in the Bharhut sculptures is the idea of water cosmology. In Indian
tradition, water is regarded as the origin of all life and a powerful natural element that sustains the universe.
This belief is deeply reflected in the iconography of Bharhut through various symbols such as lotus motifs,
Nāgas, sacred trees, and Pūrṇa Kumbha.
This paper examines how water cosmology is represented in the sculptural tradition of Bharhut and how it
connects with ecological awareness and sustainability. The carvings show that ancient Indian society had a
deep understanding of nature and maintained a balanced relationship with the environment. Thus, Bharhut
is not only an artistic and religious monument but also a representation of early ecological consciousness,
which remains relevant in the modern world.
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Introduction
The scaling of online communication technologies has radically transformed the way individuals socialize,
exchange information, and argue in the community. The social media sites have assumed the centre stage of
communication, whereby opinions, feelings, and information can be communicated to various audiences in
a real-time manner. Not only is the medium of interpersonal communication no longer these platforms, but
they have evolved into very sophisticated ecosystems, which influence social, political, and cultural
processes. The growing share of digital technologies in daily life has predetermined the emergence of digital
skills as well, since the users are working with the material that is to be critically discussed and interacted
with (Iordache et al., 2017).
The colossal amount of user-generated information that defines the social media environment is marked by
the significance of expressing emotions in forming the patterns of communication. Online dialogue is highly
manipulated and presented in such a manner that it hints at the processes of emotion and thinking
underlying it, and it can influence how a message is perceived and propagated. An example is the use of
emotionally colored language and metaphors that can have a significant impact on the awareness and
interest of populations in issues (Flusberg et al., 2018). Sentiment as a critical analysis tool in this context is
important as a way of reflecting on the nature of digital communication, especially in a situation where
there is the possibility of establishing visibility based on attention and engagement.
The social media organization also compounds the role of sentiment since it organizes the manner in which
the content is regulated, ranked, and disseminated. The above-discussed platform governance systems
consist of content moderation systems and reporting systems that determine the visibility of a particular
kind of content and silence the other kind of content (Crawford and Gillespie, 2016; Gillespie, 2018). Not
only do these mechanisms aid in determining what the user will see, but also the manner in which the user
will engage with the content, thus impacting the entire dynamics in digital discourse. Since platforms are
becoming more and more dependent on algorithmic systems to deliver content, emotionally appealing
posts have higher chances of being favored, which once again strengthens the connection between emotion
and user-interaction. The influence of social media on the behaviour of its users has been well documented,
especially in the field of marketing, political communication, and interaction with users. It is also
emotionally and interactive information, which is known to increase engagement, and users react to the
information that is relevant to their experiences and ideologies (Appel et al., 2020). Meanwhile, new trends,
like the so-called cancel culture and call-outs, show how emotionally colored speech can be a form of
collective action and can influence the narratives of the population (Clark, 2020). These dynamics point out
the dual nature of sentiment as an element of engagement and as a tool of social influence within digital
spaces.
Nevertheless, the issues of the growing popularity of social media are also misinformation, manipulation,
and polarization. The fact that in other cases, there are organized actions aimed at controlling the discourse
of the Internet poses the question of reliability and quality of the information that can be posted on such
platforms (Bradshaw and Howard, 2018). Emotionalized content allows spreading misinformation easily, and
it is in the best interests of the modern forms of digital propaganda to leverage the networked nature of the
environment and create a narrative to affect perceptions (Bradshaw and Howard, 2018; Asmolov, 2024; Lee
et al., 2023). This can have a major impact on trust in the masses and democracy because the users might
be more equipped to consume content that reinforces their emotional bias, as opposed to being accurate
(Lee et al., 2023). In addition to misinformation, there are growing rates of political and social polarization
that have been credited to social media. Digital platforms may form an echo chamber wherein the major
content that people are fed is the one that supports the ideas they already possess, which further
segregates and results in a decrease in exposure to the alternate points of view (Yarchi et al., 2024). The
development of digital tribalism also highlights the fact that the online space can be exploited to enhance
group identities and conflict, especially when a scenario can be exemplified by cultural or religious
differences (Ibebunjo, 2025). Meanwhile, the change in the rules of digital citizenship influences the
interaction and attitude towards the information and the participation of the users in the online
conversation, in which the responsible and constructive involvement in the social media setting takes
precedence (Gagrčin et al., 2022). All these trends provide some insight into the intricate nature of the
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relationship between emotions, intercourse, and social activities of online communications. The changing
face of social media platforms has also influenced academic research, where access to information and data
analysis is becoming limited. The modified policy of the platforms and available data have posed difficulties
to the scientists, as they desire to test the behavior on the internet, which highlights the necessity to
develop new data collection and analysis tools (Bruns, 2021). Nonetheless, sentiment and involvement
research is one of the most useful research questions that can be leveraged to provide useful insights into
how digital communication influences social interaction and discourse.In this relation, this paper will explore
the dynamics of sentiment in online communication and its relations with user engagement. The
investigation will give empirical data on the importance of emotional expression in interaction patterns on
the platform based on the analysis of the data of social media data. The study results can be used to
understand more about the workings of digital communication and provide a conception of the role of
sentiment in the development of online conversation.

Methodology
Research Design
The study adopts a quantitative and empirical research design to investigate sentiment dynamics and their
relationship with user engagement within digital communication environments. A cross-sectional analytical
approach is employed, focusing on structured social media data to capture observable patterns in sentiment
distribution and engagement behavior at a specific point in time. The design integrates both descriptive and
inferential statistical techniques, enabling systematic exploration of data characteristics alongside
hypothesis-driven analysis. This approach ensures methodological rigor while allowing for the identification
of statistically meaningful relationships between sentiment expressions and user interaction metrics.

Data Source and Description
The dataset used in this study is obtained from a publicly accessible Kaggle repository that contains
structured information on social media posts, including sentiment classifications and engagement indicators
(Parmar, 2023). The dataset comprises a moderate number of observations, making it suitable for detailed
statistical analysis without imposing significant computational complexity. It includes key variables such as
textual content generated by users, categorical sentiment labels representing emotional polarity, and
quantitative engagement metrics such as likes, shares, or comments. Additional attributes, including
timestamps or platform identifiers, are incorporated where available, providing contextual depth to the
analysis. The dataset reflects contemporary patterns of digital communication, aligning with recent
developments in online discourse.

Data Preprocessing
Data preprocessing is conducted to enhance data quality and ensure analytical consistency. The initial stage
involves cleaning the dataset by removing duplicate entries and filtering out irrelevant or incomplete
records. Missing values in critical variables are addressed through case-wise deletion or appropriate
imputation methods, depending on the extent and nature of the missing data. Sentiment categories are
transformed into numerical representations to facilitate statistical modeling, while engagement metrics are
standardized where necessary to maintain comparability across observations. Textual data, where relevant,
undergoes basic normalization procedures such as lowercasing and removal of extraneous characters to
ensure uniformity. These preprocessing steps reduce noise and potential bias, thereby improving the
reliability of subsequent analyses.

Analytical Framework
The analytical framework combines descriptive and inferential methods to examine sentiment patterns and
their relationship with engagement. Descriptive analysis is first employed to summarize the dataset,
providing insights into central tendencies, dispersion, and overall distribution of key variables. Sentiment
distribution is then analyzed to identify dominant emotional trends within the dataset, enabling an
understanding of how different sentiments are represented in digital discourse. Engagement analysis follows,
examining how interaction metrics vary across sentiment categories and revealing potential differences in
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user response patterns. Correlation analysis is conducted to assess the strength and direction of
relationships between sentiment and engagement variables, offering preliminary evidence of association. To
further quantify these relationships, regression modeling is applied, allowing for the estimation of the
impact of sentiment on engagement while controlling for additional variables where applicable. The analysis
also includes ANOVA and t-tests to compare engagement differences across sentiment categories. In cases
where temporal or platform-specific information is available, subgroup analyses are performed to explore
variations across different contexts, thereby enhancing the depth of interpretation.

Tools and Software
The analysis is carried out using established data science tools to ensure reproducibility and methodological
transparency. The primary computational environment is Python, where libraries such as pandas and numpy
are used for data manipulation and numerical processing, while matplotlib and seaborn are employed for
data visualization. Statistical modeling and regression analysis are conducted using packages such as scikit-
learn. These tools provide a robust framework for handling structured data and performing advanced
analytical procedures. Equivalent implementations can also be achieved using R, ensuring flexibility in
methodological execution.

Reliability and Validity
The study ensures reliability through the consistent application of standardized data preprocessing and
analytical procedures, minimizing the likelihood of random errors in the results. Construct validity is
maintained by utilizing well-established sentiment categories and commonly accepted engagement metrics
as indicators of user interaction. Internal validity is strengthened through the application of regression
models that account for potential confounding variables, thereby improving the accuracy of causal inference
within the limitations of the dataset. The methodological choices are aligned with established practices in
social media analytics, enhancing the credibility of the findings.

Results
Descriptive Statistics
The dataset consists of 732 social media posts distributed across Facebook, Instagram, and Twitter, covering
the period from 2010 to 2023 and representing 33 countries. The overall level of user interaction is
moderate, with an average of 42.90 likes and 21.51 retweets per post, resulting in a mean total engagement
of 64.41, as reported in Table 1.

Table 1. Descriptive Statistics of Key Variables
Variable Mean
Likes 42.90
Retweets 21.51
Total Engagement 64.41
Observations (N) 732

Sentiment Distribution
The distribution of sentiment is heavily skewed toward positive expressions. Positive sentiment accounts for
63.1% of all observations, followed by negative sentiment at 25.5% and neutral or reflective sentiment at
11.2%, while mixed sentiment is negligible. These proportions are presented in Table 2 and indicate that
digital discourse within the dataset is largely characterized by affirmative emotional content.

Table 2. Sentiment Distribution
Sentiment Category Frequency Percentage (%)
Positive 462 63.1
Negative 187 25.5
Neutral/Reflective 82 11.2
Mixed 1 0.1
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Total 732 100

Engagement Across Sentiment Categories
Variation in engagement is observed across sentiment groups. Positive sentiment posts generate the highest
level of interaction, followed by neutral or reflective posts, while negative posts receive comparatively lower
engagement. The magnitude of these differences is summarized in Table 3, demonstrating a clear gradient in
user response aligned with sentiment polarity.

Table 3. Engagement by Sentiment Category
Sentiment Category Avg. Likes Avg. Retweets Avg. Total Engagement
Positive 46.17 23.15 69.32
Neutral/Reflective 41.44 20.78 62.22
Negative 35.48 17.79 53.26
Mixed 40.00 20.00 60.00

Platform-Based Differences
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Engagement levels vary across platforms, with Instagram exhibiting the highest average interaction,
followed by Facebook and Twitter. These differences, although moderate, indicate that platform
characteristics may influence the intensity of user engagement, with visually oriented platforms showing
relatively higher interaction patterns.

Relationship Between Sentiment and Engagement
Inferential analysis confirms statistically significant differences in engagement across sentiment categories.
The results of the one-way ANOVA indicate that sentiment has a meaningful effect on engagement levels (F
= 43.34, p < 0.001). Further comparison between positive and negative sentiment reveals a substantial
difference, with positive posts generating significantly higher engagement (t = 9.16, p < 0.001), suggesting a
strong association between emotional tone and user interaction.

Regression Analysis
Regression estimates further validate the relationship between sentiment and engagement while
accounting for platform and temporal factors. Positive sentiment is associated with a significant increase in
engagement of approximately 16.01 units compared to negative sentiment, while neutral or reflective
sentiment also shows a positive effect of approximately 9.46 units. Instagram is positively associated with
engagement, whereas Twitter does not exhibit a statistically significant effect. Posting time shows a small
but significant influence on engagement. The detailed regression results are presented in Table 4.

Table 4. Regression Results: Determinants of Engagement
Variable Coefficient (β) Significance
Positive Sentiment +16.01 p < 0.001
Neutral/Reflective Sentiment +9.46 p = 0.001
Instagram (Platform) +4.94 p = 0.007
Twitter (Platform) +0.48 Not significant
Posting Hour +0.97 p < 0.001
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The results indicate that sentiment is a significant determinant of engagement in digital communication.
Positive sentiment dominates the dataset and consistently yields higher interaction levels, while platform
characteristics further shape engagement outcomes. Statistical analyses confirm that emotional tone is a
robust predictor of user response within social media discourse.

Discussion
The results of the present research prove the fact that sentiment is one of the most important factors to be
considered when it comes to user engagement in the digital communication environment. The overall
predominance of positive mood data is not a new observation since the literature shows that social media
websites are more likely to have emotionally positive and interesting data. The words of positive emotion,
like joy, excitement, and content, are more numerous, not to mention that they also generate more
interaction. This is consistent with previous studies that have established that emotional tone is a major
factor in engagement patterns; the user is more likely to react to the content that evokes positive affectivity
(Yu et al., 2025; de Oliveira Santini et al., 2020).
The regression results can also illustrate this finding, as it shows that the positive sentiment actually does
have a strong effect on the engagement regardless of the platform and time. This result is consistent with a
body of literature that documents that emotional resonance boosts visibility and connectivity within the
online context (Wang et al., 2025). The need to conduct larger-scale sentiment analysis studies has also
found that emotional polarity is an important characteristic of information diffusion and user engagement
with information on platforms (Rodríguez-Ibánez et al., 2023; Yue et al., 2019). The current research is an
addition to this body of knowledge since it offers quantitative research evidence confirming that sentiment
has a direct impact on quantifiable outcomes of engagement.
The difference identified on platforms realised in the analysis can provide valuable information on digital
communication behaviour as well. The communication of users in Instagram is comparatively more common
than in Facebook and Twitter, and the format and the organization of information content moderately
influence the interaction of their users. It is possible to discuss the given finding as being predetermined by
the existing literature that highlights the fact that the rates of engagement and involvement of users are
determined by platform characteristics (de Oliveira Santini et al., 2020). The variations are not that great,
but they show that the sentiment-based engagement is context-dependent and differs in digital ecosystems.
The importance of emotions in shaping online behaviour can also be justified by the fact that even the
studies carried out in professional and organizational settings also highlight that the expression of emotions
is a relevant factor in shaping behaviour and the interaction patterns of online users in the digital space (Liao
and Wu, 2024; Wu et al., 2024). Although the given research does not focus on a particular area, the results
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prove the general theoretical outlook in accordance with which emotions play a vital role as far as the
communication aspects of virtual spaces are concerned. The increasing engagement with positive sentiment
reveals that the users are increasingly tolerant of such content that portrays optimism, and this could have
implications for communication strategies within organizational, marketing, and even the public policy
environment.
The research methodologically conforms to the best practices in sentiment analysis research. To a
considerable degree, this sort of categorized sentiment and engagement measures is typical of the domain,
as demonstrated in the amount of literature reviews devoted to sentiment analysis techniques (Rodriguez-
Ibanez et al., 2023; Yue et al., 2019). The combination of the descriptive statistics, the inferential testing,
and the regression modeling together strengthens the analysis and assists in the more subtle perception of
the nature of the connection between sentiment and engagement. This adds to the accumulating body of
empirical research, which tries to quantify the effects of expressing emotions in Internet communication.
There are also practical implications of the results. The close associations between positive sentiment and
engagement posit that content creators, advertisers, and policy creators can use the integration of
emotionally positive messages to attract more attention from the audience. Meanwhile, the same positivity
leads to questioning whether a bias can be practiced in an online communication where an unfavorable or
critical opinion can be underrepresented. The specified imbalance can affect the perception of the popular
opinion, and it requires further research.
Generally, the research adds to the idea that sentiment is a core factor in influencing participation in social
media within the immediate environment. This research can be leveraged to expand the concept of
comprehending the relationship between the expression of emotions and online communication and
interaction with users due to the combination of empirical studies with the theoretical frames that have
already been developed.

Conclusion
The study examined sentiment dynamics in digital communication and their influence on user engagement
using social media data. The findings demonstrate that sentiment is a significant determinant of
engagement, with positive emotional expressions consistently generating higher levels of interaction
compared to neutral or negative content. The results further indicate that platform characteristics
moderately influence engagement patterns, highlighting the role of digital environments in shaping user
behavior. Statistical analysis confirms that sentiment remains a robust predictor of engagement even when
controlling for platform and temporal factors. The study contributes to the existing literature by providing
empirical evidence on the relationship between emotional expression and digital interaction, reinforcing the
importance of sentiment as a key component of online discourse. The findings also offer practical
implications for content creators, marketers, and policymakers, suggesting that emotionally positive
communication strategies may enhance audience engagement. Limitations include the relatively small
dataset and the absence of deeper contextual variables. Future research should incorporate larger, cross-
platform datasets and advanced analytical techniques to further explore sentiment-driven engagement in
diverse digital contexts.
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