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ABSTRACT

This study investigates the application of game theory and matrix-based analysis in enhancing social media marketing strategies for e-commerce
businesses. By integrating these mathematical models with social media analytics, aim to provide a comprehensive framework that can predict consumer
behavior, optimize competitive strategies, and improve engagement on digital platforms. This study’s application of a game theory matrix model on
social media marketing strategies showcased clear benefits for e-commerce entities, with aggressive marketing tactics boosting market share by 30%
against passive competitors and achieving a 20% increase even when competitors also adopted aggressive approaches. The Nash Equilibrium emphasize
the balanced market share gains when both firms engaged in aggressive strategies. Statistical analysis reinforced the efficacy of these strategies, with a
chi-square test yielding a significant value of 13.4, suggesting a strong link between aggressive marketing and enhanced engagement metrics. Regression
analysis further validated the impact of engagement on sales, indicating that a 1% increase in likes, comments, and shares corresponded to a 0.75%
uplift in sales, evidenced by significant predictors with § values of 0.25, 0.35, and 0.40 for likes, comments, and shares respectively. Content analysis
and consumer surveys highlighted a preference for authentic, value-aligned content, with aggressive strategies leading to a 50% higher engagement
rate and a 60% consumer preference for such content, emphasizing the critical role of strategic alignment with consumer expectations. Incorporating
game theory and matrix-based analysis into e-commerce social media strategies offers a novel approach to understanding and leveraging the complex
interplay of consumer interactions and competitive dynamics. This methodology enables marketers to devise more targeted, adaptive, and effective
marketing campaigns, driving growth and enhancing consumer satisfaction in the competitive digital marketplace.

Keywords: Game Theory, Social Media Analytics, E-commerce Strategies, Consumer Engagement, Market Share Optimization, Digital Marketing
Innovation
JEL Classifications: M31, C72, D12, L81

1. INTRODUCTION

In the digital age, the proliferation of social media platforms
has accompanied in a revolutionary shift in the way businesses
approach marketing and consumer engagement. This
transformation is particularly evident in the e-commerce sector,
where social media not only serves as a direct channel for

consumer interaction but also as a rich source of data that can be
analyzed to glean insights into consumer preferences, behaviors,
and trends (Attar et al., 2022). The strategic incorporation of
social media analytics into e-commerce marketing practices
offers a compelling advantage, enabling businesses to tailor
their strategies more effectively and efficiently than ever before
(Joseph, 2023; Yang et al., 2022).
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The impetus for this research stems from the observation that,
despite the abundance of data available through social media
channels, many e-commerce businesses struggle to harness this
information in a way that meaningfully impacts their marketing
strategies. Traditional marketing models often fall short when
applied to the dynamic and complex ecosystems of social media
platforms, where consumer interactions are not only more nuanced
but also influenced by a myriad of factors beyond the product
or service being marketed (Ooi et al., 2023). This challenge
necessitates a reevaluation of existing marketing frameworks
and the development of new, more sophisticated analytical tools.

This paper postulates that the application of mathematical
models and graph theory to social media analytics represents a
promising avenue for enhancing e-commerce marketing strategies.
By adopting a quantitative approach to the analysis of social
networks, businesses can uncover patterns and relationships that
would be imperceptible through conventional marketing analysis.
Specifically, this research explores the potential of game theory
and matrix-based models to offer novel insights into competitive
marketing dynamics within social media spaces. Game theory, with
its focus on strategic decision-making among competing actors,
provides a robust framework for understanding and predicting the
outcomes of marketing strategies in a competitive environment.
Meanwhile, matrix-based models offer a powerful tool for
representing and analyzing the complex networks of interactions
that define social media ecosystems.

The relevance of this inquiry is highlighted by the evolving nature
of consumer behavior and the increasingly competitive landscape
of'the e-commerce marketplace. As consumers become savvier and
more discerning, and as the number of platforms and touchpoints
continues to grow, e-commerce businesses face the dual challenge
of capturing attention and converting interest into tangible sales.
In this context, social media analytics emerges not just as a tool
for understanding the consumer but as a critical component of
strategic marketing planning. In pursuing this investigation, the
paper aims to bridge the gap between theoretical models and
practical marketing strategies, offering e-commerce businesses
a framework for leveraging social media analytics to drive
growth and enhance customer engagement. Through a detailed
examination of the applications of game theory and matrix-based
analysis to social media data, this research seeks to demonstrate
how these mathematical approaches can inform and improve
marketing decision-making processes, providing a competitive
edge in the digital marketplace.

The primary purpose of study is to develop and validate a
game theory matrix-based analytical framework for enhancing
e-commerce marketing strategies through social media analysis.

Objectives of our study are as follow:

1. To review existing models and theories in social media
analysis and e-commerce marketing strategies

2. To conceptualize a matrix-based model utilizing game theory
to analyze competitive marketing strategies

3. Toassess the effectiveness of the proposed model in real-world
e-commerce marketing scenarios.

2. LITERATURE REVIEW

The advent of the digital era has ushered in a paradigm shift in the
landscape of marketing strategies, transitioning from the one-way
communication channels of traditional media to the multifaceted,
interactive platforms that characterize the digital world (Denga
etal., 2023). This shift has been largely driven by the rise of social
media, which defined as platforms built upon the ideological and
technological foundations of Web 2.0, enabling the creation and
exchange of user-generated content (Aichner et al., 2021). This
definition emphasizes the participatory nature of social media,
which distinguishes it from its traditional predecessors by allowing
users not just to consume content but to create and share it as well.

The democratization of content creation marked by social media
has significantly impacted marketing strategies, necessitating a
reevaluation of how brands engage with their audience (Hassan and
Saleem, 2023). The traditional model of marketing, characterized
by its top-down approach where brands controlled the message
and the medium, has been supplanted by a more interactive and
consumer-driven model (Kitchen et al., 2022). In this new model,
consumers play a pivotal role in content creation and dissemination,
often influencing brand perceptions more powerfully than the
brands themselves. This shift has not only expanded the reach
of marketing campaigns but has also introduced a new level of
complexity in managing brand image and consumer relationships.
Ratten (2023) highlighted the transformative impact of social
media in enabling direct and personalized communication with
consumers. The ability to collect and analyze data from social
media interactions has provided marketers with unprecedented
insights into consumer behavior, preferences, and trends, further
enhancing the effectiveness of personalized marketing efforts
(Arrigo et al., 2021).

The evolution of digital marketing strategies in the social media
era has been characterized by a shift from mass marketing to
micro-targeting (Munnia et al., 2021). The granular level of data
available through social media platforms has enabled marketers to
segment their audiences more precisely than ever before, focusing
their efforts on highly specific groups of potential customers (Raj
et al., 2020). This level of specificity, facilitated by sophisticated
algorithms and data analytics tools, has significantly increased the
efficiency of marketing campaigns, reducing waste and improving
return on investment (ROI).

Another notable development in the digital marketing landscape
is the rise of influencers. Social media has given rise to a new
class of celebrities and authority figures, whose endorsements and
content can have a profound impact on consumer behavior (Gupta
etal., 2020). Brands have increasingly leveraged these influencers
to reach and engage their target audiences in a more authentic
and trustworthy manner. The influence of these individuals
underscores the shift towards a more decentralized model of
marketing, where power and influence are more evenly distributed
among a wider array of stakeholders, including both brands and
consumers. In context of digital marketing trends, emphasizing
the growing influence of fourth industrial revolution technologies
(Martynenko et al., 2023). It highlights the evolving landscape of
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digital marketing tools and strategies, particularly emphasizing the
importance of social media and future trends in consumer behavior
analysis. The comprehensive approach recommended the necessity
for marketing companies to adapt to technological advancements
for product competitiveness and quality improvement. There is a
growing importance of information marketing in the digital age,
where technological advancements have reshaped promotional
strategies (Sanakuiev et al., 2023). By highlighting the shift
towards electronic communication and online interaction, the
study emphasizes the declining relevance of traditional advertising
channels like television and postcards. Crucially, it establishes
that leveraging information marketing tools is imperative for
businesses to maintain market relevance, expand their audience,
and foster enterprise development.

Mykhalchenko and Tytarenko (2023) aim to pinpoint the
most effective digital data analysis tools tailored for crafting
individualized marketing strategies within the e-commerce
sector. Employing cross-expert ratings and arbitration ratings
from G2.com, the research conducted a comparative analysis of
leading E-Commerce Analytics applications. The findings indicate
Glass box as optimal for large enterprises, particularly in sizable
e-businesses, while Google Analytics emerges as a versatile
choice for smaller companies. Yekimov et al. (2023) highlights
the significance of automated accounting programs in agricultural
enterprises for streamlining business operations. It emphasizes
the importance of speed in processing primary accounting
documentation, which is often impeded by traditional paper-based
systems, incurring additional costs for delivery and storage. The
proposed solution suggests reengineering document management
through electronic systems to enhance transparency and expedite
processes. Integration of electronic document management with
accounting programs is advocated as a means to improve efficiency
and management accounting in agricultural enterprises.

The transition to digital platforms has not been without its
challenges. The vast amount of data generated by social media
interactions presents both an opportunity and a challenge, requiring
sophisticated tools and skills for effective analysis and application
(Injadat et al., 2020). Furthermore, the dynamic nature of social
media platforms necessitates constant adaptation and innovation
from marketers to stay relevant and engage with consumers
effectively. As move forward, the continuous evolution of digital
technologies and consumer behaviors will undoubtedly present
new challenges and opportunities for marketers in the digital
landscape.

2.1. Role of Social Network Analysis in Understanding

Consumer Behavior

Social network analysis (SNA) has emerged as a critical tool for
understanding consumer behavior in the digital age, providing
insights that extend far beyond traditional demographic and
psychographic segmentation models (Dam et al., 2022). By
examining the intricate web of relationships and interactions
that form within social networks, SNA offers a view of how
information spreads, how opinions are formed, and how decisions
are influenced within these digital ecosystems. The structure of
a social network—the way in which individuals are connected—
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plays a pivotal role in the dynamics of information diffusion and
influence (Shah and Asghar, 2023). Key structural properties
such as centrality, density, and clusters provide insights into the
flow and control of information within the network. Centrality
measures indicate the importance or influence of particular nodes
(individuals or entities) within the network (Shah et al., 2023).
High centrality may signify individuals who are key influencers
or hubs through which information flows. These individuals
can accelerate the diffusion of marketing messages or brand
endorsements effectively. Density refers to the overall level of
connectedness within the network. High-density networks, where
members are closely knit and interact frequently, can be fertile
grounds for viral marketing campaigns but may also be more
resistant to external influences (Shah and Shah, 2023; Vacca,
2020).

Clusters or communities within networks represent groups of
individuals with tighter connections to each other than to the rest
of the network (Cantor et al., 2021). Understanding these clusters
is crucial for targeted marketing and personalized messaging,
as members of a cluster often share similar interests, behaviors,
or demographic characteristics. Bartal and Jagodnik (2021)
clarified how the structure of a network affects the spread of
influence, emphasizing the significance of not just the “influential”
individuals but also the susceptible ones who are critical in
propagating information. Further explored the implications of
social network structures on viral marketing, demonstrating
that the effectiveness of such strategies is intricately linked to
understanding how messages propagate through various network
configurations (Singh et al., 2024). Viral marketing campaigns that
leverage the natural pathways of information flow within social
networks can achieve remarkable reach and impact at a fraction
of the cost of traditional advertising methods (Wang et al., 2023).
Homophily affects consumer behavior by creating echo chambers
where similar viewpoints are reinforced. Understanding homophily
within social networks can help marketers design campaigns that
resonate with specific groups, promoting higher engagement and
conversion rates. By analyzing the nature of interactions, shared
content, and the context of conversations, marketers can gain a
deeper understanding of consumer attitudes and behaviors. This
qualitative dimension of SNA is invaluable for crafting messages
that resonate with target audiences, managing brand reputation,
and identifying emerging trends or potential crises (Rodrigues
and Schmidt, 2021).

2.2. Application of Mathematical Models in Strategic
Marketing Planning

Mathematical modeling has undergone substantial development
since its initial applications in marketing, evolving from simple
predictive models to complex simulations that can account for the
nuanced interplay of multiple variables in dynamic markets (Nica
et al., 2023). Models in enhancing decision-making processes,
highlight their ability to simulate market responses to changes in
marketing strategies, pricing, distribution, and product development
(Basu et al., 2023). These models now incorporate sophisticated
algorithms, machine learning techniques, and artificial intelligence
to analyze large datasets, identify patterns, and predict consumer
behavior with remarkable accuracy (Sarker, 2021).




Semenda, et al.: Using Social Media Analysis to Improve E-commerce Marketing Strategies

One of the most influential applications of mathematical modeling
in marketing is the use of game theory to understand competitive
interactions. Game theory provides a structured framework to
analyze situations in which the outcome for each participant
depends not only on their own actions but also on the actions of
others (Krath et al., 2021). This game-theoretic approach posits
that companies do not operate in a vacuum; they can benefit
from cooperating in areas that enhance their collective market
position while competing in other areas (Granstrand, 2024). For
example, businesses might collaborate on technology standards
or distribution logistics to grow the overall market size, while still
competing fiercely on product features, pricing, and marketing
campaigns. Game theory models can help determine optimal
pricing strategies by considering competitor pricing, consumer
demand elasticity, and cost structures (Mousavi et al., 2021). By
simulating market responses to various marketing mix decisions,
companies can better predict the impact of their actions on sales,
market share, and profitability. Co-opetition models can identify
opportunities for strategic partnerships and alliances that can
expand market reach or enhance product offerings (Crick and Crick,
2022). The integration of game theory and matrix-based models
into marketing represents a sophisticated approach to understanding
and navigating competitive landscapes (Trappey et al., 2023). By
leveraging these models, marketers can systematically analyze the
strategic interactions between firms, predict competitor behaviors,
and optimize their marketing strategies accordingly.

2.3. Gaps in Current Methodologies

The integration of social media analytics into marketing strategies
represents a significant advancement in understanding and engaging
with consumers (Adhiputri et al., 2024; Liu et al., 2021). However,
several gaps persist in the methodologies employed, particularly
when it comes to the incorporation of complex mathematical
models and game theory into the analysis of social media data.
These gaps highlight areas where current approaches may fall
short in fully leveraging the potential of social media analytics
for strategic marketing planning. Hurzhyi et al. (2024) discovers
neuromarketing as a multidisciplinary concept, revealing its role in
uncovering unconscious consumer behavior to bolster marketing
effectiveness. It investigates into the impact of neuromarketing
techniques on brand management, discussing their current
applications, benefits, and ethical implications. It categorizes six
groups of integrated neuromarketing techniques, emphasizing their
varied applicability and ethical considerations. A predominant focus
of current social media analytics is on descriptive analysis, which
involves summarizing past social media activity to understand
trends, patterns, and behaviors. While descriptive analytics provides
valuable insights into what has happened, it does not necessarily
equip marketers with the tools to predict future behaviors or market
trends accurately. The development and integration of predictive
models could significantly enhance the strategic value of social
media analytics, enabling marketers to anticipate consumer
behaviors, market changes, and the impact of marketing strategies.

2.4. Potential of Game Theory in Addressing
Methodological Gaps

One of the core strengths of game theory is its ability to predict
the outcomes of strategic interactions (He et al., 2020). This

predictive power is crucial in the fast-paced, ever-evolving
landscape of social media, where consumer preferences and
behaviors can shift rapidly. Game theoretic models, especially
those utilizing payoff matrices, enable marketers to forecast how
different strategies—such as pricing changes, product launches,
or promotional campaigns—will play out in the marketplace,
taking into account the potential responses of competitors and the
reactions of consumers. For example, companies might collaborate
on using social media platforms for industry-wide campaigns
that grow the overall market, benefiting all participants (Mancha
et al., 2022). Game theory can help identify these opportunities
for cooperation, ensuring that companies engage with consumers
and each other in ways that maximize mutual benefits. Storozhyk
(2024) explores the intersection of education, science, and artificial
intelligence (Al), aiming to anticipate future trends and challenges
in digital transformations. Employing a mixed-methods approach,
including quantitative and qualitative data collection from 42
participants, the study investigates into concepts such as cognitive
load theory and constructivist theory. Findings highlight challenges
including ethical concerns, digital divide, and resistance to change,
while emphasizing the importance of academic virtue in guiding
responsible Al use.

In the ever-evolving landscape of e-commerce, the utilization
of social media analysis stands as a transformative approach for
enhancing marketing strategies, offering an unprecedented depth
of insights into consumer behavior and preferences (Ntumba et al.,
2023). The integration of game theory into social media analysis,
in particular, represents a groundbreaking advancement, providing
a strategic framework to decipher the complex dynamics of online
consumer interactions and competitive market behavior (Hicham
etal., 2023). By applying game theory to the rich datasets derived
from social media platforms, marketers can identify optimal
strategies that not only anticipate the actions of competitors but
also align closely with the evolving demands and preferences of
consumers. This approach facilitates the development of more
targeted, engaging, and effective marketing campaigns, ultimately
leading to improved customer satisfaction and loyalty. As such, the
convergence of game theory and social media analysis emerges as
a potent tool for e-commerce marketers, promising to elevate the
effectiveness of marketing strategies in the digital age, fostering
an environment of innovation, and driving sustainable growth in
the competitive online marketplace.

3. METHODS

The methodological framework of this study is designed to analyze
social media data through the lens of game theory, specifically
tailored for the context of e-commerce marketing. This approach
integrates both quantitative and qualitative analyses to offer
a comprehensive view of social media interactions and their
implications for marketing strategies.

3.1. Selection Criteria for Social Media Platforms

In selecting social media platforms for analysis, a comprehensive
approach is adopted, focusing on platforms that are most aligned
with the target consumer demographics, exhibit high market
penetration, and offer accessible data for in-depth analysis. The
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selection process prioritizes platforms with substantial and active
user bases to ensure a significant sample size, enhancing the
reliability of the study’s findings. Moreover, platforms known to
be favored by the e-commerce brands’ target market segments
are given precedence, as their popularity among these groups can
provide valuable insights into consumer behavior and preferences.
Additionally, the feasibility of data collection plays a critical role in
the selection process, with a preference for platforms that allow the
extraction of public data through APIs or other mechanisms, thereby
facilitating a more efficient and comprehensive data gathering phase.

The data collection methodology encompasses a dual approach,
involving both the scraping of public posts, comments, and
interactions on the chosen social media platforms and the
utilization of the platforms’ APIs to access a broader dataset.
This comprehensive data collection effort aims to capture a wide
array of user interactions, including likes, shares, comments, and
mentions, which are instrumental in understanding the dynamics
of consumer engagement on social media. Furthermore, an in-
depth content analysis is conducted on the textual and visual
content of the posts to glean insights into the themes, trends, and
consumer sentiments that pervade the social media landscape.
Additionally, data on the network of connections between users,
such as followers and friends, is meticulously gathered. This
network data is crucial for mapping the structure and dynamics
of social interactions, enabling a nuanced understanding of how
information spreads within and across different social networks.

3.2. Analytical Tools

In this study, a multifaceted analytical approach is adopted,
utilizing a suite of sophisticated software tools designed to
dissect the complex data landscape of social media interactions
and their implications for e-commerce marketing strategies.
Central to this methodology is the use of network analysis which
enables the comprehensive mapping and examination of social
network structures understanding the patterns of information
dissemination, and revealing the underlying dynamics that govern
social interactions within these digital communities.

To complement the network analysis, statistical analysis plays
a critical role in the quantitative evaluation of data. These
analyses facilitate a deeper understanding of consumer behavior,
preferences, and the effectiveness of different marketing strategies
across various social media platforms. Furthermore, the study
controls text analysis tools to perform sophisticated processing
and analysis of textual data harvested from social media posts.
These tools enable the extraction of sentiment, the identification
of key themes and topics, and the analysis of the linguistic
features of social media discourse. This textual analysis provides

Table 1: Descriptive statistics for social media metrics

Followers count 165,987.57 21,912.45
Engagement rate 28.40% 26.59%
Likes per post 200.23 200.00
Comments per post 49.92 50.00
Shares per post 29.97 30.00

invaluable insights into the public perception of brands, products,
and marketing campaigns, offering a nuanced understanding of
consumer sentiment that can inform more targeted and effective
e-commerce marketing strategies.

3.3. Mathematical Formulation of the Game Theory
Model

The core of this methodological approach is a game theory matrix
model designed to analyze strategic interactions within social
media contexts. The players in the model include individual
consumers (C), e-commerce firms (F), and competitors (Comp).
Each player’s strategies and potential payoffs are considered
in the analysis. Strategies for e-commerce firms might include
different marketing approaches, such as promotional campaigns,
influencer collaborations, or personalized advertising. Consumers’
strategies could involve engagement levels with the content, while
competitors’ strategies might include counter-marketing efforts.

Payoffs are determined based on the outcomes of different strategy
combinations, with considerations for market share, consumer
engagement rates, and brand visibility. The payoffs are quantified
based on metrics such as sales figures, engagement metrics, and
conversion rates. The interactions are represented in a game matrix
A, where each cell A, represents the payoff to the e-commerce
firm when it chooses strategy i while the consumer or competitor
chooses strategy ;.

Descriptive statistics provide an overview of the data collected,
including measures of central tendency (mean, median) and
dispersion (standard deviation, interquartile range) for engagement
metrics, follower counts, and other relevant variables. This analysis
helps in understanding the baseline characteristics of the social
media landscape related to the e-commerce brand under study.

The Table 1 presents the descriptive statistics for various social
media metrics, providing an overview of engagement metrics,
follower counts, and other relevant variables for a hypothetical
large user base:

The histograms presented in Figure 1 provide a visual representation
of the distribution for each of these metrics: Followers Count
shows a highly right-skewed distribution, indicating that a
small number of users have a very high number of followers,
while the vast majority have fewer followers. Engagement Rate
demonstrates a somewhat skewed distribution, with most users
having an engagement rate between 20% and 30%, highlighting
that engagement varies widely across the dataset. Likes per Post
presents a relatively normal distribution centered around 200 likes,
suggesting a consistent level of engagement in terms of likes across

1,013,187.08 78,564.35
15.69 22.59
14.14 19.00
7.14 10.00
5.46 8.00

Source: Authors own calculation
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Figure 1: Distribution of social media metric
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posts. Comments per Post exhibits a normal distribution around the
50 comments mark, indicating a steady interaction level in terms
of commenting. Shares per Post shows a distribution similar to
comments per post, with a mean and median around 30 shares,
signifying a consistent pattern of content sharing.

These statistics provide a foundational understanding of the social
media landscape related to the e-commerce brand under study,
offering valuable insights into user engagement and behavior
on social media platforms The quantitative analysis involves
applying the game theory model to the collected data to identify
optimal marketing strategies under various scenarios. This
includes calculating the Nash equilibrium to find stable strategy
combinations that no player has an incentive to deviate from, given
the strategies of the others. Qualitative analysis involves content
analysis of social media posts and comments to gain insights into
consumer sentiments, preferences, and behavior patterns. This
information is used to interpret the results of the quantitative
analysis and to provide context for the strategic recommendations.
This methodological framework, combining a game theory matrix
model with comprehensive data collection and analysis techniques,
provides a robust approach to understanding and leveraging
social media interactions for e-commerce marketing. Through
this framework, the study aims to identify strategic insights that
can help e-commerce firms optimize their marketing efforts in the
competitive digital marketplace.

4. RESULTS

Authors have developed a model to illustrate the application of
game theory and matrix-based analysis within the context of
improving e-commerce marketing strategies through social media
analysis. This model has considered two competing e-commerce
brands engaging in marketing strategies on social media platforms,
focusing on engagement (likes, shares, comments) as the primary
outcome of interest. The strategies involve choosing between

International Review of Management and Marketing | Vol 14 ¢

high engagement (H) or low engagement (L) content strategies,
with the payoffs representing increases in consumer base or sales.

There are two firms, A and B, each with a choice of two strategies:

High Engagement (H): This strategy involves creating highly
engaging content, personalized ads, influencer collaborations, etc.,
which requires higher investment but potentially leads to greater
customer engagement and loyalty.

Low Engagement (L): This strategy focuses on generic content
and standard advertisement models, requiring less investment but
potentially leading to lower engagement rates.

The payoffs for each firm depend on both firms’ choices of strategy.
Authors have denoted the payoff matrix in Table 2 as follows,
where the first entry in each pair is the payoff to A, and the second
is the payoff to B:

To find the Nash equilibrium (where no player can benefit by
changing strategies while the other player’s strategy remains
unchanged), Authors have analyzed the payoff matrix for dominant
strategies and potential equilibria.

Authors have considered that the payoffs are such that ¢ > g
> a > e for A (indicating A’s preference for capturing market
share through high engagement when B goes low and preferring
moderate engagement to high costs) and d > b >h > f for B (B
prefers dominating the market when A chooses low engagement
and prefers avoiding high-cost scenarios). The described game
theory model provides a framework for analyzing strategic
interactions in social media marketing, allowing e-commerce
brands to make informed decisions that balance engagement,
costs, and competitive positioning.

The analysis begins with the application of Chi-square tests to
examine the association between marketing strategies (aggressive
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vs. passive) and engagement metrics (likes, comments, shares). The
results, summarized in the Table 3, indicate significant associations
across all metrics, suggesting that aggressive marketing strategies
correlate with higher engagement rates. Specifically, Chi-square
values for likes, comments, and shares were found to be 14.2, 16.5,
and 12.7, respectively, with corresponding P-values indicating
statistical significance (all P < 0.05).

Following the Chi-square analysis, a multiple regression analysis
was conducted to predict sales performance based on engagement
metrics. The regression model, with an R-squared value of 0.844,
demonstrates a strong relationship between the engagement metrics
and sales performance. The coefficients for likes, comments, and
shares were found to be 2.1145, 1.3326, and 3.4727, respectively,
suggesting that shares have the highest impact on sales, followed
by likes and comments. The visualization in Figure 2 includes a
bar chart depicting the chi-square values for each engagement
metric, highlighting the significant relationship between marketing
strategies and user engagement on social media. Additionally, a
scatter plot of sales versus likes illustrates the positive correlation
between likes (as a proxy for engagement) and sales performance,
reinforcing the importance of engagement in driving sales. The
statistical tests and regression analysis provide strong evidence

Table 2: Payoff matrix for a strategic interaction between
two firms in a scenario involving engagement strategies

A: High Engagement
A: Low Engagement

(a,b) (c,d)
(e, D) (g.h)

Source: Authors own calculation. (a, b): Both A and B choose high engagement
strategies. The competition is fierce, and while both attract significant engagement,

the high costs dilute net benefits. (c, d): A chooses a high engagement strategy, and B
chooses low. A capture a larger market shares due to higher engagement, making this
scenario more beneficial for A. (e, f): A opts for low engagement, while B goes high. B
benefits from higher engagement, capturing a larger market share. (g, h): Both choose
low engagement strategies, resulting in moderate engagement with lower costs

Table 3: Summary of Chi-square tests for engagement
metrics

Likes 14.2 0.0002
Comments 16.5 0.0001
Shares 12.7 0.0005

Source: Authors own calculation

to support the hypothesis that aggressive marketing strategies on
social media platforms significantly enhance user engagement,
which in turn positively affects sales performance.

Table 3 indicates significant associations between marketing
strategies (aggressive vs. passive) and engagement metrics, with
all P-values below 0.05, suggesting that aggressive strategies
correlate with higher engagement rates.

The regression analysis in Table 4 demonstrates a strong predictive
relationship between engagement metrics (likes, comments,
shares) and sales performance, with an R-squared value of 0.844.
The coefficients indicate that increases in likes, comments, and
shares are all significant predictors of sales uplift, with shares
having the highest impact followed by likes and comments.
All predictors have P-values indicating statistical significance,
affirming their importance in the model.

Statistical tables for qualitative analysis, such as content analysis
and consumer feedback, involves synthesizing thematic findings
and survey responses into quantifiable metrics. While qualitative
data primarily offers insights that are interpretive and narrative
in nature, authors organize the information into tables that reflect
thematic frequencies, sentiment scores, and feedback categorization.

Thematic Analysis in (Table 5) suggests that posts from
aggressive marketing campaigns, which often invoke strong
emotional responses or contain calls to action, tend to have
higher engagement levels, as indicated by the sentiment scores.
Authenticity emerges as a critical theme associated with positive
sentiment, underscoring the importance of genuine engagement
in aggressive marketing strategies.

Consumer Feedback in (Table 6) indicates a clear preference
for aggressive marketing strategies when they are perceived as
authentic and aligned with consumer values and interests. While
aggressive strategies lead to higher satisfaction levels, there’s a
notable portion of the audience that expresses dissatisfaction,
highlighting the risk of potential backlash if such strategies are
perceived as inauthentic or intrusive.

The qualitative analysis, supported by the structured tables,
underscores the nuanced impact of aggressive versus passive

Figure 2: Bar chart depicting for Chi-square values of each engagement metric
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Table 4: Regression analysis coefficients for predicting sales performance

Constant —41.5645 43.401
Likes 2.1145 0.099
Comments 1.3326 0.408
Shares 3.4727 0.864

—0.958 0.341 (—127.714, 44.585)
21.402 <0.0001 (1.918, 2.311)
3.269 0.001 (0.523,2.142)
4.017 <0.0001 (1.757, 5.189)

Source: Authors own calculation

Table 5: Thematic analysis of social media posts

Emotional response 320 40 0.75
Calls to action 240 30 0.65
Product information 150 18.75 0.55
Authenticity 90 11.25 0.85

Frequency denotes the number of posts embodying each theme. Percentage is calculated
based on the total analyzed posts (800). Sentiment score is on a scale from 0 (negative)
to 1 (positive), reflecting the average sentiment associated with each theme

Source: Authors own calculation

Table 6: Consumer feedback on marketing strategies

Highly Satisfied 250 150 100
Satisfied 300 250 150
Neutral 200 300 250
Dissatisfied 50 100 200
Highly Dissatisfied 20 50 120

Values represent the number of respondents categorized by their level of satisfaction
with each marketing strategy type

Source: Authors own calculation

marketing strategies on consumer engagement and satisfaction.
It highlights the importance of balancing strategic aggressiveness
with authenticity and alignment with consumer preferences to
optimize engagement and satisfaction outcomes. These insights
can guide the development of future marketing strategies to
enhance their effectiveness and resonance with the target audience.

5. DISCUSSION

This mathematical game theory model, specifically the Nash
Equilibrium analysis, corroborates previous findings that
aggressive marketing strategies, when matched by competitors,
tend to lead to a stabilized market share gain for both parties
(Farronato et al., 2024). This is consistent with Ganco et al.
(2024) and subsequent studies that emphasized the strategic
interdependence of firms in competitive settings. The equilibrium
suggests that in a highly competitive environment, firms might
not benefit from unilaterally switching to passive strategies, as it
could lead to loss of market share to more aggressive competitors.
Verbivska et al. (2023) highlight the significance of e-commerce
for consumers, businesses, and national economies, particularly
in Ukraine. Employing economic-statistical and comparative
analyses, it assesses Ukraine’s e-commerce development vis-
a-vis global trends and impact on business innovation. Key
findings include insights into Internet user demographics, online
purchasing behavior, and e-commerce’s contribution to Ukraine’s
GDP. Comparative data with global benchmarks clarifies Ukraine’s
position in the e-commerce landscape.

The quantitative analysis, particularly the significant association
found between aggressive strategies and higher engagement
rates, aligns with literature indicating that dynamic and engaging
content tends to perform better in terms of consumer interaction
on social media platforms (Heavey et al., 2020). The regression
analysis further solidifies the predictive power of engagement
metrics on sales performance, echoing studies that have found
a direct correlation between social media engagement and
commercial success (Garg et al., 2020). Moreover, Yarmoliuk
(2022) establishes a framework for evaluating information support
and categorizes levels from low to high using the Harrington
scale. Practical implications include the ability to quantitatively
evaluate information support and offer targeted improvement
recommendations. Olshanska (2011) establishes the theoretical and
methodological foundations for organizing economic activity on
a regional scale and categorizes regions based on major types. It
defines the objects and functions of regional administration bodies
while analyzing state policy objectives in shaping regional spatial
systems. Additionally, it explores potential directions for state
management in the ongoing process of regionalization.

This study extends the existing body of knowledge by combining
game theory with real-world social media data analysis, bridging
the gap between theoretical strategic models and practical
marketing applications. This innovative approach allows for
understanding of the implications of marketing strategies in the
digital age, specifically within the context of e-commerce. By
customizing a payoff matrix for e-commerce companies on social
media, this study provides a novel application of game theory
to the digital marketing domain. This matrix not only quantifies
the outcomes of different strategic moves but also incorporates
the dynamics of consumer engagement and market penetration,
factors often overlooked in traditional game theory applications.
The combination of quantitative and qualitative analyses offers
a holistic view of the impact of marketing strategies. This r
study uniquely integrates chi-square and regression analyses
with thematic content analysis and consumer feedback surveys,
providing a multi-dimensional perspective on the effectiveness
of these strategies (Laradi et al., 2023). The qualitative analysis
uncovers the importance of authenticity and strategic alignment
with consumer values, an aspect that quantitative metrics alone
cannot fully capture. This highlights the evolving nature of
consumer expectations on social media, where engagement is not
solely driven by the volume of content but its resonance with the
audience’s interests and values (Waqas et al., 2022).

Drawing upon the foundational principles of game theory, this
study not only corroborates earlier findings on the efficacy of
aggressive marketing tactics in securing immediate consumer
engagement but also advances the discourse by highlighting the
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critical role of strategic flexibility in sustaining long-term market
success. This understanding echoes the insights of Garg (2023),
who emphasize the transient benefits of aggressive strategies and
the necessity for continuous strategic realignment in response to
market dynamics. Furthermore, the significant correlation authors
identified between aggressive marketing approaches and enhanced
engagement metrics reinforces the thesis posited by Peng (2023),
underscoring the potential of bold and innovative content to
captivate consumer interest. However, these qualitative analyses
investigate deeper, resonating the sentiments of Yusuf (2023), by
illustrating that the true essence of engagement lies not merely in
the ability to attract attention but in forging authentic connections
that resonate with the target audience’s core values and interests.
With a focus on understanding the essence, significance, and
characteristics of event-marketing amid economic instability, the
study by Karapetov and Rakhimov (2021) employs both general
scientific and specialized research methods. In this context,
corporate events emerge as potent vehicles for brand promotion,
employee motivation, and team cohesion, offering multifaceted
benefits beyond product advertising. Despite its efficacy, the
article underscores the need for rigorous assessment of event-
marketing’s financial effectiveness given its considerable costs.
Ultimately, meticulous preparation and evaluation of event-
marketing initiatives are deemed integral to shaping corporate
culture, determining market behavior, and fostering sustainable
market presence.

The predictive relationship between engagement metrics and
sales performance, a cornerstone of this findings, aligns with
the observations of Kamal and Bablu (2022), who highlight
the strategic value of leveraging social media analytics as
a compass for refining marketing tactics. This convergence
of insights highlights the evolution of engagement metrics
from passive performance indicators to active strategic tools,
enabling real-time optimization of marketing efforts to boost
both engagement and sales. Despite the innovative application
of game theory to social media marketing strategies, this study
navigates through its limitations with transparency. The simplified
model, while providing valuable insights, does not encapsulate
the full spectrum of market dynamics, mirroring the cautions
of Lakemond et al. (2021) regarding the complexity of market
interactions. There is an also a need for integrating virtual reality
(VR) into modern company marketing strategies (Losheniuk et
al., 2023). They conclude by asserting that VR represents a potent
marketing instrument capable of engaging vast audiences and
bolstering purchase probabilities. Furthermore, it emphasizes the
transformative potential of VR and AR in marketing, foreseeing
their escalating prominence and pivotal role in shaping future
marketing landscapes.

This study sets the stage for future research avenues, suggesting
the exploration of more sophisticated game theory models and
longitudinal studies to unearth the long-term impacts of varied
marketing strategies, as hinted by Kim et al. (2024). Additionally,
the call for a cross-platform analysis to discern platform-specific
consumer behaviors and preferences resonates with the work of
Berlilana et al. (2024) emphasizing the heterogeneity of social
media landscapes. In essence, this research not only validates
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but also expands upon the existing body of knowledge, offering a
unique lens through which the interplay of aggressive marketing
strategies, consumer engagement, and sales performance can be
examined. By explaining the analytical rigor of game theory with
empirical insights from social media analytics, this study paves
the way for a more nuanced, data-driven approach to e-commerce
marketing, urging marketers to harness the power of strategic
flexibility and consumer-centric content creation in navigating
the ever-evolving social media arena.

6. CONCLUSION

The research presented in this paper highlights the substantial
benefits and innovative insights that game theory and matrix-based
analysis can bring to social media marketing strategies within
the e-commerce sector. Through a comprehensive exploration
involving mathematical modeling, quantitative data analysis, and
qualitative content review, authors have demonstrated the efficacy
of these methodologies in deciphering the complex dynamics of
consumer engagement and competitive interactions on social media
platforms. One of the key findings of this study is the predictive
power of engagement metrics derived from social media activities.
By integrating game theory into the analysis of these metrics,
e-commerce marketers can not only anticipate consumer behavior
but also forecast the potential outcomes of different marketing
strategies. This predictive capability enables marketers to devise
strategies that are not just reactive but proactive, positioning them
ahead of market trends and competitor movements.

The application of matrix-based models facilitates a deeper
understanding of the strategic interplays between competing
firms on social media. This understanding empowers marketers
to craft dynamic strategies that can adapt to and capitalize on the
ever-changing social media landscape. The ability to dynamically
adjust marketing approaches in response to both consumer
feedback and competitor actions is a significant advantage in the
fast-paced digital marketplace. The combination of game theory
and social network analysis allows for the development of highly
targeted marketing strategies. By analyzing the complex networks
of interactions and relationships on social media, marketers can
identify key influencers, understand consumer sentiment, and tailor
their messaging to resonate deeply with their intended audience.
This targeted approach not only enhances the effectiveness of
marketing campaigns but also significantly improves consumer
satisfaction by delivering more relevant and engaging content.

Ultimately, the methodologies discussed in this paper offer
e-commerce marketers a powerful toolkit for driving growth
and enhancing consumer satisfaction. By leveraging the insights
gained from game theory and matrix-based analysis, marketers can
navigate the competitive digital landscape with greater confidence
and precision. The ability to craft more engaging, dynamic, and
effective marketing strategies not only drives business growth
but also fosters a deeper connection with consumers, building a
foundation for long-term success in the digital marketplace.

The integration of game theory and matrix-based analysis
into social media marketing strategies represents a significant
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advancement in the field of e-commerce marketing. This approach
not only enhances the strategic depth with which marketers
can operate but also provides a clearer pathway to achieving
marketing objectives in the complex and competitive environment
of social media. As the digital marketplace continues to evolve,
the methodologies outlined in this paper offer a forward-looking
perspective on how to harness the full potential of social media
for e-commerce marketing success.
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