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ABSTRACT

The integration of Non-Fungible Tokens (NFTs) into the gaming industry has
introduced a novel economic model, reshaping monetization strategies and player
engagement. This paper analyzes the market potential of NFT integration in video
games through a comprehensive approach combining market segmentation, trend
analysis, and predictive modeling. Using historical sales data from various genres
and platforms, the research identified key segments that show high potential for NFT
adoption, particularly action, role-playing, and sports games on mainstream platforms
such as PlayStation and Xbox. The market segmentation, achieved through K-Means
clustering, revealed distinct groups of video games based on genre, platform, and
regional sales performance. Trend analysis using time series models like ARIMA and
Prophet highlighted emerging and declining popularity across different genres and
platforms. The study also applied predictive modeling techniques, including Random
Forest and Gradient Boosting, to forecast the potential success of NFTs in specific
game genres. The models demonstrated strong performance, with low mean absolute
error (MAE) and root mean squared error (RMSE), confirming that high-engagement
genres are likely to benefit most from NFT integration. The findings suggest that NFTs
can enhance player experiences by offering unique, tradable in-game assets, thus
creating new revenue streams for developers. The paper concludes by
recommending strategies for NFT implementation, targeting high-potential genres
and platforms, and addressing regional market preferences. Limitations related to
data constraints and emerging trends are discussed, and future research directions
are proposed, focusing on consumer sentiment analysis and real-world case studies
of NFT integration in video games.

NFT Integration, Video Games, Market Potential, Predictive Modeling,
Digital Marketing

The gaming industry has witnessed a significant transformation with the growing
influence of digital assets, particularly through integrating blockchain
technology, NFTs, and virtual currencies. These innovations reshaped the
economic landscape of gaming and introduced new paradigms for player
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engagement and monetization strategies. Digital assets have shifted gaming
from traditional in-game purchases and downloadable content to a model where
players can own, trade, and sell unique digital items, enhancing both gameplay
and investment potential. The emergence of these digital assets has
revolutionized how value is created and perceived within games, offering
players opportunities to engage in new forms of economic activity that extend
beyond the confines of the game itself. Digital assets, especially NFTs, emerged
as a transformative force within the gaming sector. NFTs allowed players to own
unigue in-game items, which could be traded or sold in secondary markets,
creating new economy around digital goods. Blockchain technology facilitated
this shift by ensuring the security and authenticity of these assets through
decentralized verification processes : . This capability enabled the
development of decentralized trading games where players could evolve their
characters and assets in previously unattainable ways in traditional gaming
environments [1]. Consequently, this evolution enhanced player experience and
introduced a layer of investment and speculation akin to traditional financial
markets [3]. The integration of NFTs into gaming thus opened new avenues for
player engagement, making gaming more interactive, immersive, and
economically significant. Moreover, virtual currencies were crucial in
transforming player interactions within gaming ecosystems. These currencies
served as a medium of exchange, allowing players to purchase items,
upgrades, and other in-game benefits, effectively creating a virtual economy
within the game. This integration of virtual currencies increased consumer
surplus and social welfare, creating a "win-win-win" scenario for players,
developers, and the broader gaming community [4]. However, the monetization
strategies associated with virtual currencies, such as microtransactions and loot
boxes, raised ethical concerns and attracted regulatory scrutiny. There were
concerns about their potential to exploit younger audiences, as these
monetization models often resembled gambling : . Additionally, the
gamification of e-commerce through virtual currencies highlighted the growing
intersection between gaming and broader economic practices, with these
currencies increasingly utilized in non-gaming contexts

The growing adoption of NFTs in the gaming industry reshaped how players
interacted with digital content, creating a new economic model within the
gaming ecosystem. Players could now buy, sell, or trade unique in-game items
on various marketplaces, thus potentially earning real-world value from their in-
game activities [8], [9]. This capability to monetize gameplay introduced new
dynamics into the gaming experience, where the value of digital assets
extended beyond the confines of the game itself. The rise of NFTs also reflected
a broader cultural shift towards valuing digital ownership, with players and
collectors seeking to invest in unique digital assets that could appreciate over
time. The explosive growth of the NFT market, particularly in the early months
of 2021, when significant sums were spent on digital collectibles and in-game
items, underscored the potential of NFTs to redefine ownership and value in the
digital age , . Integrating NFT into video games presented a
transformative opportunity for revolutionizing monetization models and
enhancing player engagement. As unique digital assets secured on a
blockchain, NFTs allowed players to own, trade, and monetize in-game items,
fundamentally altering the traditional economic dynamics of gaming :

This shift empowered players by giving them genuine ownership of their in-
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game investments. This contrasted sharply with conventional gaming
paradigms where digital assets were often tied solely to in-game accounts
without real-world value. Thus, The introduction of NFTs enabled players to
extract financial value from their gameplay, creating new revenue streams for
players and developers. One of the most significant impacts of NFTs in gaming
was the emergence of the "play-to-earn” model, where players could earn
tangible, real-world value through their in-game activities. This model stood in
stark contrast to traditional gaming frameworks, where players typically paid for
access and content without any possibility of financial return. In NFT-based
games, players could acquire unique items, characters, or even virtual real
estate that could appreciate in value over time, thus providing a financial
incentive to engage deeply with the game : . This economic model
encouraged prolonged engagement and fostered a sense of community and
competition among players, as they were motivated not only by gameplay but
also by the potential financial rewards associated with their digital assets
This dual motivation blurred the lines between entertainment and investment,
positioning gaming as a viable economic activity.

However, the adoption of NFTs in gaming was not without its challenges. The
volatility of NFT markets posed risks to players and developers, as the value of
digital assets could fluctuate widely, leading to potential financial losses.
Environmental concerns associated with blockchain technology, particularly the
high energy consumption of proof-of-work protocols, raised questions about the
sustainability of NFTs and their long-term impact on the environment ,
Moreover, the potential for exploitation through pay-to-win mechanics, where
wealthier players could gain advantages by purchasing rare NFTs, threatened
to undermine the fairness and balance of gameplay . These issues
highlighted the need for careful management of NFT integration to ensure that
the gaming ecosystem remained equitable and sustainable. Legal and ethical
considerations also surfaced as critical challenges in integrating NFTs into
gaming. The unique nature of NFTs complicated traditional notions of ownership
and copyright, as questions arose regarding the rights of creators, developers,
and consumers of digital assets. Intellectual property concerns became
increasingly prominent, particularly in cases where digital assets could be easily
copied or misappropriated, despite being linked to a specific NFT on the
blockchain \ . The gaming industry thus faced the dual task of navigating
these legal complexities while fostering innovation in NFT integration.
Developing robust frameworks that addressed these legal and ethical concerns
was essential to protect stakeholders and ensure the successful adoption of
NFTs in video games.

One of the key advantages of NFTs was their ability to facilitate true ownership
of digital items within games. Players could buy, sell, and trade these assets in
secondary markets, allowing them to extract real-world value from their digital
investments[19], . This model diverged sharply from traditional gaming
approaches, where players typically had limited rights over purchased items,
which remained tied to their in-game accounts without resale value. The ability
to own and trade unique digital items not only empowered players but also
fostered a more engaged and invested community, as players were incentivized
to invest their time and resources into their gaming experiences : . This
shift created a vibrant marketplace within the gaming environment, driving
player engagement, retention, and ultimately, increasing the game's overall

Hasibuan, et al., (2025) J. Digit. Mark. Digit. Curr. 159



Journal of Digital Market and Digital Currency

value proposition . However, exploring NFTs as a revenue stream also
introduced several challenges that must be addressed. Market volatility posed
significant risks, as the value of NFTs could fluctuate dramatically, potentially
affecting both players and developers who depended on stable returns.
Environmental concerns related to blockchain technology, especially the high
energy consumption of some blockchain protocols, raised questions about the
sustainability of NFTs and their broader ecological impact . Additionally, the
legal implications surrounding ownership and copyright in the context of NFTs
required careful navigation, as developers grappled with complex intellectual
property rights issues , . These challenges underscored the need for
robust regulatory frameworks and best practices to ensure that the adoption of
NFTs in gaming was sustainable and equitable for all parties involved.

Despite the increasing interest in NFT from game developers and publishers as
a new revenue stream, there was a noticeable gap in data-driven analysis
regarding which game genres and platforms were most suitable for NFT
integration. While the potential benefits of NFTs, such as enhanced player
engagement, monetization opportunities, and true digital ownership, had been
widely discussed in theoretical and anecdotal contexts, empirical research that
specifically identified the optimal areas for NFT application within the gaming
industry remained scarce. This lack of targeted analysis posed a challenge for
stakeholders seeking to make informed decisions about how and where to
implement NFTs to maximize their impact and return on investment. Existing
literature primarily focused on the general advantages of NFTs and their
disruptive potential, often overlooking the nuanced differences across game
genres and platforms that could influence the success of NFT integration. Game
genres vary widely in terms of gameplay mechanics, player demographics, and
monetization strategies, all of which could significantly affect the viability of
NFTs. Similarly, different gaming platforms, such as consoles, PCs, and mobile
devices, presented distinct technical and market considerations that could
impact the implementation and adoption of NFTs. Without comprehensive data-
driven insights, developers and publishers risked pursuing NFT strategies that
might not align with their target audiences' specific characteristics and
preferences, potentially leading to suboptimal outcomes.

The primary objective of this research was to analyze the potential for
integrating NFTs in different video game genres using historical sales data. This
study aimed to provide a data-driven framework that could help identify which
genres and platforms were most conducive to successful NFT integration,
thereby offering valuable guidance for developers and publishers looking to
enter this evolving market. The research sought to uncover patterns and
correlations between game performance, genre, platform, and potential
receptivity to NFT elements by leveraging historical sales data. To achieve this
objective, the study employed a comprehensive approach that included market
segmentation, trend analysis, and predictive modeling. These methods were
used to examine how various factors, such as genre popularity, platform
dominance, and regional sales trends, could influence the adoption and
success of NFTs in video games. The analysis aimed to identify the best
opportunities for NFT integration and provide actionable insights that
developers could use to tailor their strategies to specific market conditions.
Through this focused investigation, the research endeavored to fill the existing
knowledge gap and equip industry stakeholders with the tools and
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understanding needed to effectively navigate the complex landscape of NFTs
in gaming. This research aimed to contribute significantly to the field by
providing actionable insights for game developers and marketers seeking to
leverage NFTs effectively in their digital marketing strategies. One of the key
contributions was the development of a data-driven framework that could be
used to evaluate the potential of NFTs across different game genres and
platforms. This framework, grounded in historical sales data and consumer
behavior analysis, provided a strategic tool for developers to identify the most
viable opportunities for NFT integration. Such insights were crucial in an
emerging market where the success of NFTs depended heavily on aligning the
technology with the preferences and expectations of players.

NFT in Gaming

NFT applications in gaming were diverse and rapidly evolving, reflecting the
growing interest in digital ownership and the creation of unique in-game assets.
NFTs were primarily utilized to represent in-game items, collectibles, and even
entire game environments, thereby providing players with a tangible sense of
ownership and the ability to trade these digital assets in secondary markets.
This new paradigm shifted the traditional boundaries of digital asset
management in games, enabling a deeper level of player engagement and
economic participation . The use of NFTs in gaming transformed how
players interacted with digital content, moving from a purely entertainment-
focused activity to a hybrid of entertainment, investment, and social interaction.
One of the most prominent applications of NFTs in gaming was the
representation of in-game assets, such as skins, weapons, and characters, all
of which were verified through blockchain technology. This ownership model
allowed players to have true possession of their digital assets, unlike traditional
gaming models where in-game purchases did not confer any real ownership
rights . Games like "Axie Infinity" and "CryptoKitties" exemplified this
application by popularizing the play-to-earn model, where players could earn
real-world value through gameplay by collecting and trading NFTs . Inthese
games, each NFT represented a unique, player-owned asset that could be
freely bought, sold, or traded, creating a player-driven economy within the game
itself. This model enhanced player engagement and offered financial incentives
for participation, making gaming more than just a leisure activity.

The integration of NFTs into gaming also introduced new monetization
opportunities for developers. Through smart contracts, developers could earn
royalties on secondary sales of NFTs, creating a sustainable revenue stream
that benefited both creators and players . This economic model aligned the
interests of players and developers, as both parties could profit from the trading
and appreciation of digital assets. Developers were incentivized to create high-
quality, desirable NFTs that would enhance the gaming experience and drive
ongoing engagement and market activity. This model represented a departure
from traditional monetization strategies, such as one-time purchases or
subscriptions, by offering a dynamic, evolving revenue source that was closely
tied to the game's ecosystem. However, the adoption of NFTs in gaming was
not without its challenges. Market volatility posed significant risks, as the value
of NFTs could fluctuate dramatically, potentially leading to financial losses for
players and investors. Environmental concerns related to blockchain

Hasibuan, et al., (2025) J. Digit. Mark. Digit. Curr. 161



Journal of Digital Market and Digital Currency

technology, particularly the high energy consumption associated with proof-of-
work protocols, raised questions about the sustainability of NFTs and their
broader ecological impact . Additionally, the legal implications surrounding
ownership and copyright of digital assets required careful consideration, as
developers navigated the complexities of intellectual property rights in an
increasingly digital world . These challenges underscored the need for
robust regulatory frameworks and industry best practices to ensure that the
integration of NFTs in gaming was both sustainable and equitable.

Digital Marketing and Game Monetization

One of the earliest and most common monetization strategies was the upfront
purchase model, where players paid a fixed price to access a game. This model
was particularly prevalent in single-player titles and premium games that offered
complete experiences upon purchase. For decades, the upfront purchase
model served as the cornerstone of the gaming industry, generating substantial
revenue from blockbuster titles and franchise games [4]. However, with the
advent of digital distribution platforms like Steam and the rise of mobile gaming,
the upfront purchase model faced increased competition from free-to-play (F2P)
games. These F2P games allowed players to download and play without any
initial investment, challenging the traditional notion of paying upfront for access
and shifting consumer expectations towards more accessible and flexible
gaming options. Subscription-based models also significantly monetised video
games, particularly in massively multiplayer online (MMO) games. Under this
model, players paid a recurring fee, typically monthly, to access the game and
its content. This approach provided developers with a steady revenue stream
and supported ongoing content updates, community management, and server
maintenance . Notable examples included "World of Warcraft," which
sustained its player base through regular expansions and content patches
funded by subscription fees, and more recent services like Xbox Game Pass,
which offered access to a vast library of games for a monthly fee. The
subscription model gained traction as it aligned with consumer preferences for
access over ownership, reflecting broader trends seen in the entertainment
industry, such as the popularity of streaming services like Netflix

In-app purchases and microtransactions emerged as significant revenue
sources, particularly in free-to-play games that offered the core experience at
no cost while monetizing through optional purchases. This model allowed
players to buy various digital goods, such as cosmetic items, power-ups, or
additional content, directly within the game, thereby monetizing player
engagement without the barrier of an upfront cost . The success of in-app
purchases was driven by the accessibility and flexibility it provided, enabling
players to enhance their gaming experience incrementally based on their
preferences and willingness to spend. However, this approach also raised
ethical concerns, especially around the potential exploitation of younger players
who might be more susceptible to spending impulsively or without a clear
understanding of real-world costs . The freemium model combined elements
of free access with optional paid content, allowing players to enjoy the game
without any initial financial commitment while offering numerous opportunities
for monetization through in-game purchases . This model proved
particularly effective in mobile gaming, where the ease of access and low barrier
to entry made it a preferred choice for both developers and players. Freemium
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games typically offered basic gameplay for free, with the option to purchase
virtual goods, enhancements, or additional features as players progressed. This
approach drove engagement and allowed developers to monetize a large player
base by converting a small percentage of free players into paying customers

. The freemium model's success highlighted the industry's shift towards
monetization strategies prioritising player retention and lifetime value over one-
time transactions.

Integrating NFT into digital marketing strategies and game monetization models
could significantly transform both industries. With their unique ownership,
scarcity, and verifiability characteristics, NFTs offered innovative pathways for
engaging consumers and generating revenue in ways that traditional methods
could not match. This shift allowed brands and game developers to explore new
avenues for interaction and monetization, capitalizing on the growing interest in
digital collectibles and blockchain technology. NFTs also had the potential to
revolutionize game monetization models by enabling true ownership of in-game
assets. Traditionally, players did not own the digital items they purchased within
games, as these assets were tied to the game’s ecosystem and could not be
transferred or sold outside of it. NFTs changed this dynamic by allowing players
to have genuine ownership of their in-game items, which could be bought, sold,
or traded on secondary markets . This shift created a player-driven economy
where the value of in-game assets was determined by supply and demand,
rather than solely by the developers. The introduction of NFTs allowed players
to invest in their gameplay experiences, enhancing their engagement and
commitment to the game. Innovative marketing collaborations between game
developers and brands were another potential application of NFTs. Developers
could partner with brands to create exclusive NFTs for marketing campaigns,
such as limited-edition in-game items branded with a partner's logo. This cross-
promotional strategy enhanced the game’s appeal and provided additional
revenue streams for both the developers and the partnering brands . These
collaborations enabled brands to reach new audiences within the gaming
community and offered players unique, branded experiences that enhanced
their connection to the game.

Digital Ownership and Consumer Engagement with Virtual Goods

Exploring consumer behavior models related to digital ownership and
engagement with virtual goods, particularly in the context of NFT and other
digital assets, provided significant insights into how consumers perceived and
interacted with these new forms of ownership. Several theories and frameworks
were applicable to understanding these dynamics, offering a comprehensive
view of the motivations and behaviors that drive consumer engagement in digital
environments. One of the primary theories relevant to digital ownership was the
distinction between ownership and access. This framework examined how
consumers valued digital goods based on their ability to own rather than simply
access them. Research indicated that consumers’ perceptions of digital
ownership were closely tied to their understanding of digital rights associated
with owned content, including the ability to download, transfer, and maintain
continuity over time . These factors significantly influenced consumer
preferences, suggesting that consumers prioritized ownership rights that
provided control over their digital assets. This distinction was particularly
relevant in the context of NFTs, as NFTs offered verifiable ownership of unique
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digital items, contrasting sharply with traditional digital goods that often came
with restrictive licensing agreements. As enabled by NFTs, the concept of true
ownership addressed long-standing consumer desires for control and
permanence in their digital interactions.

Psychological ownership emerged as another critical concept influencing
consumer behavior regarding digital goods. This theory posited that individuals
could develop a sense of ownership over intangible assets, such as digital
items, even without legal ownership. explored how psychological ownership
manifested in identity-based consumption, particularly in digital environments
where consumers engaged with virtual goods that reflected their personal
identities. In the context of NFTs, the ability to own unique digital items
enhanced feelings of psychological ownership, leading to increased
engagement and investment in these assets. Consumers often viewed NFTs
not just as commodities, but as extensions of their self-identity, thereby fostering
deeper emotional connections and a stronger commitment to their digital
collections. This heightened sense of ownership contributed to the growing
appeal of NFTs, as consumers were more likely to invest in assets that held
personal significance. Consumer engagement and emotional connection were
pivotal factors in understanding interactions with virtual goods. found that
emotional engagement significantly impacted various consumption behaviors,
including community participation and co-production. In the context of NFTs, the
emotional connections that consumers developed with their digital assets
played a key role in driving investment and advocacy. NFTs allowed consumers
to own items that held personal or aesthetic value, creating an emotional bond
that extended beyond mere utility. This emotional aspect of ownership led to
increased loyalty and a willingness to invest further in the digital marketplace.
For many consumers, NFTs represented more than collectibles; they embodied
personal achievements, memories, or affiliations, enhancing their overall
engagement with the digital ecosystem.

Clustering Analysis

Clustering analysis was a key technique used in data science to group similar
data points based on their characteristics. In the context of NFTs and video
games, clustering analysis could help identify patterns in consumer behavior,
segment markets, and tailor strategies for NFT integration based on the distinct
preferences of different player groups. One of the most widely used clustering
algorithms was K-Means clustering, which aimed to partition data into k clusters
by minimizing the variance within each cluster. This method was particularly
valuable in understanding the potential market segments for NFT integration in
gaming, as it allowed researchers to explore how different genres, platforms,
and consumer behaviors clustered together in relation to digital ownership and
engagement with virtual goods. The formula for K-Means clustering is given by:

J =3 X e —w 1)

In this formula, J represents the objective function that needs to be minimized.
K-Means clustering aims to find the cluster assignments that minimize this
objective function. X5 denotes the data points belonging to cluster i, and W
represents the centroid of cluster i. The objective function J sums the squared
Euclidean distances between each data point Xj; and its respective cluster
centroid ;. By minimizing this function, K-Means ensures that the data points
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within each cluster are as close as possible to the centroid, thereby forming
tightly grouped, distinct clusters.

In applying K-Means clustering to NFT integration in video games, researchers
could use this algorithm to analyze sales data, player demographics, and
engagement metrics to identify which game genres and platforms were most
receptive to NFT elements. Clusters formed by K-Means could reveal distinct
groups of players with similar behaviors and preferences, allowing game
developers and marketers to tailor their NFT offerings to each segment's
specific needs and interests. This data-driven approach provided a powerful tool
for making informed decisions about NFT strategies in the gaming industry,
maximizing the potential for successful integration and monetization. By
leveraging K-Means clustering, the study aimed to contribute to a more nuanced
understanding of the market dynamics surrounding NFTs in video games. This
analytical approach could help bridge the gap between broad theoretical
discussions of NFT potential and targeted, actionable insights that directly
inform strategic decisions in game development and marketing. The use of
clustering enhanced the ability to segment the market. It highlighted the diversity
of consumer engagement with virtual goods, underscoring the need for flexible
and adaptable NFT strategies in a rapidly evolving digital landscape.

Regression Models for Sales Prediction

Predictive modeling through regression analysis played a critical role in sales
prediction, enabling businesses to forecast future sales based on historical data
and various influencing factors. Regression models provided a statistical
approach to understanding relationships between variables, allowing
companies to optimize inventory, allocate resources efficiently, and enhance
overall performance. In the context of NFT integration in video games,
regression models could be employed to predict how different genres and
platforms might perform under varying market conditions, thus aiding in
strategic decision-making. Linear regression was one of the most fundamental
and widely used regression techniques for sales prediction. This model
established a linear relationship between one or more independent variables
(predictors) and a dependent variable (sales). The simplicity and interpretability
of linear regression made it an appealing choice for businesses seeking to
identify patterns in historical sales data and understand the impact of various
factors on sales outcomes . By fitting a linear equation to observed data, the
model could provide insights into the expected sales figures based on changes
in key predictors, such as marketing spend, seasonality, or consumer
demographics. Despite its straightforward approach, linear regression could be
limited by its assumption of linearity and sensitivity to outliers, necessitating the
use of more advanced models in complex scenarios.

Lasso and Ridge regression were advanced techniques that addressed some
of the limitations of traditional linear regression, particularly regarding overfitting
and multicollinearity. Lasso regression, or Least Absolute Shrinkage and
Selection Operator, added a penalty equal to the absolute value of the
coefficients, effectively reducing some coefficients to zero and performing
variable selection . This feature made Lasso regression particularly useful
in scenarios with many predictors, as it could simplify the model by retaining
only the most relevant variables. On the other hand, Ridge regression imposed
a penalty on the square of the magnitude of coefficients, helping to manage
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multicollinearity without eliminating variables. The combination of Lasso and
Ridge in the form of Elastic Net allowed for a balanced approach, optimizing the
bias-variance tradeoff and enhancing predictive performance. These
techniques provided robust tools for sales prediction, particularly in complex
datasets with numerous influencing factors. Support Vector Regression (SVR)
was another powerful regression technique that leveraged the principles of
Support Vector Machines to predict continuous outcomes. SVR was particularly
effective in handling high-dimensional data and capturing non-linear
relationships between variables, making it suitable for complex sales prediction
tasks [42]. The model worked by mapping input data into a high-dimensional
space and finding the hyperplane that best fit the data points, thereby
minimizing prediction errors. Although SVR offered a flexible and accurate
approach to sales prediction, its performance was highly dependent on the
choice of kernel and parameters, requiring careful tuning to achieve optimal
results. The application of SVR in sales prediction highlighted the potential of
machine learning methods to surpass traditional regression techniques in
handling complex, real-world data.

The research method for this study consists of several steps to ensure a
comprehensive and accurate analysis. The flowchart in figure 1 outlines the
detailed steps of the research method.

Data Collection

v

Data Preprocessing

v

Exploratory Data Analysis

v

Market Segmentation
{Clustering)

v

Trend Analysis

h

Predictive Modelling

Research Method Flowchart

Data Collection and Preprocessing

The data used in this study were sourced from a comprehensive video game
sales dataset, which included information on 16,598 video games across
various platforms. Each entry in the dataset contained multiple attributes,
including the game's name, platform, release year, genre, publisher, and
regional sales figures (North America, Europe, Japan, and other regions), along
with global sales. This dataset provided a robust foundation for analyzing
market trends and evaluating the potential for NFT integration across different
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game genres and platforms. However, as is common with large datasets, some
entries contained missing values that required careful handling to ensure the
accuracy and reliability of the analysis.

To address the missing data, a systematic data cleaning and preprocessing
approach was implemented. The first step involved identifying missing values
within key columns, particularly the 'Year' and 'Publisher' fields, which were
essential for contextual and trend analyses. The 'Year' column had some
missing values, with 16,327 non-null entries out of the total 16,598, while the
'Publisher’ column had 16,540 non-null entries. Missing values in the 'Year'
column were imputed using the median of the available years, as this approach
was less sensitive to outliers and provided a reasonable approximation for
missing data. For the 'Publisher' column, missing values were imputed using
the most frequent publisher in the dataset, ensuring that the imputation did not
introduce significant bias into the analysis.

Further data cleaning procedures involved checking for and addressing
inconsistencies and duplicates. The dataset was examined for duplicate entries,
which were then removed to prevent skewing the results. Additionally, sales
figures were checked for outliers and inconsistencies, such as negative values,
which were corrected or removed as appropriate. The cleaned dataset was then
standardized to ensure uniformity across all numerical fields, facilitating
accurate comparisons and analyses across different game titles and platforms.
This preprocessing step was crucial for preparing the data for exploratory data
analysis (EDA) and subsequent predictive modeling, as it ensured that the
dataset was both complete and representative of the broader market trends.

Exploratory Data Analysis (EDA)

The objective of the EDA was to understand the basic distribution and trends in
video game sales, providing insights into the potential for NFT integration across
different game genres and platforms. This step was crucial in identifying
patterns and anomalies within the dataset, which could inform strategic
decisions regarding which areas of the gaming market might benefit most from
NFT implementation. The EDA focused on visualizing the data to reveal key
trends in sales by genre and platform, as well as examining the relationships
between sales in different regions.

To explore the distribution of video game sales by genre, bar charts were used
to depict the total sales figures across various genres, shown in . The
analysis showed that action and sports games dominated the market,
accounting for a significant portion of the global sales. Role-playing games
(RPGs) and shooters also exhibited strong sales performance, indicating their
broad appeal and potential as targets for NFT integration. These visualizations
helped highlight which genres had the most substantial market presence,
suggesting that genres with higher sales volumes might offer greater
opportunities for NFT-related monetization strategies. Additionally, genres with
emerging popularity but lower sales volumes could represent untapped markets
where NFTs could drive new engagement and revenue streams.
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Platform-wise sales analysis was conducted using similar bar charts to assess
the performance of different gaming platforms, including consoles, PCs, and
handheld devices, shown in Figure 3. The analysis revealed that certain
platforms, such as PlayStation and Xbox, consistently led in sales, while others,
like Nintendo’s handheld consoles, maintained a strong niche presence. PC
gaming also showed robust sales figures, particularly in strategy and RPG
genres, which suggested potential alignment with NFT integration due to the
platform’s flexibility and the tech-savvy nature of its user base. Understanding
these platform-specific trends was critical for targeting NFT implementations
that resonated with the specific preferences and behaviors of each platform’s
audience.
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In addition to genre and platform analyses, heatmaps in Figure 4 were
employed to examine the correlations between sales in different regions,
including North America, Europe, Japan, and other markets. The heatmaps
illustrated that sales in North America and Europe were highly correlated,
reflecting similar consumer preferences across these regions. However, sales
in Japan showed weaker correlations with Western markets, indicating distinct
preferences and market dynamics. These insights were valuable in assessing
the regional viability of NFT strategies, as understanding the correlation
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between markets could guide the localization and customization of NFT
offerings to cater to regional tastes and cultural nuances.

Correlation Matrix of Sales Across Different Regions
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Market Segmentation Using Clustering

To segment the market based on video game sales data, K-Means clustering
was applied as the primary method for identifying distinct groups within the
dataset. This approach aimed to classify video games into clusters with similar
characteristics, allowing for a more granular understanding of market segments
that could benefit from NFT integration. The segmentation was intended to
highlight specific combinations of game genres, platforms, and regional sales
that were most aligned with NFT adoption, thereby informing targeted strategies
for game developers and publishers.

The process began with feature selection, focusing on three key attributes:
sales by region (North America, Europe, Japan, and other regions), genre, and
platform. These features were chosen because they represented critical
dimensions of market performance and consumer preferences. By including
both sales figures and categorical attributes like genre and platform, the
analysis could capture the multifaceted nature of the video game market,
accommodating variations in player behavior across different contexts. The
sales data provided quantitative measures of market success, while genre and
platform offered qualitative insights into the types of games that resonated with
different audiences.

To determine the optimal number of clusters, the EIbow method was employed,
shown in Figure 5. This technique involved plotting the sum of squared
distances from each point to its assigned cluster centroid against the number of
clusters, and identifying the point at which the rate of decrease sharply
diminished, resembling an "elbow." This point indicated the optimal number of
clusters, balancing the complexity of the model with the explanatory power of
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the segmentation. The Elbow method helped ensure that the clustering solution
was both interpretable and representative of the underlying data patterns. In this
study, the analysis suggested that a specific number of clusters provided the
best trade-off, capturing the key variations in sales performance and market
characteristics without overfitting the data.
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After determining the optimal number of clusters, the K-Means algorithm was
executed to assign each game to one of the identified clusters. The resulting
clusters were visualized on scatter plots, which depicted the relationships
between the selected features and highlighted the distinct market segments.
These visualizations enabled a clearer understanding of how different genres,
platforms, and regional sales interacted to form cohesive groups. For example,
certain clusters might have been dominated by action games on consoles with
high sales in North America and Europe, while others could have been
characterized by RPGs on PCs with strong performance in Japan. These
insights were crucial for identifying which segments were most compatible with
NFT integration, as they revealed the specific market dynamics that supported
the adoption of digital ownership and monetization strategies.

The application of K-Means clustering thus provided a robust framework for
market segmentation, offering actionable insights into the potential for NFT
integration across various segments of the video game industry. By
systematically analyzing the interplay between sales data, genre, and platform,
the study identified key opportunities for targeting NFT strategies, enhancing
the alignment between digital assets and consumer preferences. This data-
driven approach underscored the importance of tailoring NFT implementations
to the unique characteristics of each segment, maximizing the potential for
successful integration and market impact.

Trend Analysis

Time series analysis was conducted using ARIMA (AutoRegressive Integrated
Moving Average) and Prophet models to detect trends in genre and platform
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popularity over time. This analysis aimed to identify and forecast the popularity
trajectories of various video game genres and platforms, thereby providing
insights into potential opportunities for NFT integration. Understanding these
trends was crucial for predicting which genres and platforms might align with
NFT adoption in the future, as shifts in consumer preferences could significantly
impact the success of NFT-based monetization strategies.

The ARIMA model was selected for its capability to handle time series data that
exhibited non-stationarity, seasonality, and autocorrelation. This model utilized
past values of the time series to predict future trends, incorporating three main
components: autoregression (AR), integration (I), and moving average (MA).
The ARIMA model was particularly useful for analyzing historical sales data, as
it could account for patterns and fluctuations over time, such as the cyclical
nature of game releases and platform upgrades. The model parameters were
fine-tuned using historical data to ensure optimal fit and accurate forecasting of
future popularity trends for different genres and platforms.

In addition to ARIMA, the Prophet model was employed as an alternative
approach due to its flexibility in handling seasonality and its robustness against
missing data points, which were common in sales datasets. The Prophet,
developed by Facebook, is a tool specifically designed for business time series
forecasting, making it well-suited for predicting trends in video game sales. The
model decomposed the time series into trend, seasonality, and holiday effects,
allowing for a comprehensive understanding of how various factors influenced
genre and platform popularity. Prophet’s ability to incorporate external factors,
such as major game releases or market shifts, provided additional context to
the trend analysis, enhancing the accuracy and interpretability of the forecasts.

The results of the time series analysis were visualized using line graphs, which
depicted the historical and projected trends in genre and platform popularity
over time. These visualizations revealed key insights, such as the rising
popularity of certain genres like action and RPGs, and the fluctuating
dominance of platforms such as consoles versus PCs. The line graphs allowed
for an intuitive understanding of how the market evolved, highlighting periods of
growth or decline for specific genres and platforms. For example, the analysis
showed that action games consistently maintained high popularity, while genres
like sports and strategy experienced more variability. Similarly, platform trends
indicated a steady rise in mobile gaming, aligning with broader consumer shifts
towards more accessible and on-the-go gaming experiences.

The trend analysis provided critical foresight into potential avenues for NFT
integration by identifying which genres and platforms were on upward
trajectories and, therefore, more likely to benefit from new monetization
strategies. For instance, genres that showed consistent growth or high
engagement levels were identified as prime candidates for NFT implementation,
as their established player bases could offer a receptive audience for digital
assets. Conversely, the analysis also flagged genres and platforms with
declining popularity, suggesting a more cautious approach to NFT integration in
those areas.

Predictive Modeling for NFT Potential

To predict the potential success of NFTs in specific game genres, predictive
modeling was conducted using Random Forest and Gradient Boosting
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algorithms. These machine learning techniques were selected for their ability to
handle complex, non-linear relationships and interactions between variables,
making them suitable for capturing the multifaceted nature of game sales and
consumer behavior in relation to NFT integration. The models aimed to identify
key predictors of NFT success within different game genres, providing
actionable insights into which gaming market segments were most likely to
benefit from NFT adoption.

The Random Forest algorithm was implemented as an ensemble learning
method that constructed multiple decision trees during training and aggregated
their results to improve predictive accuracy and reduce overfitting. Each tree in
the forest was built using a random subset of the data, and predictions were
made based on the majority vote of these trees. This approach allowed the
model to account for a wide range of variables, including sales data, game
genres, platform types, and regional preferences. The use of Random Forest
provided a robust framework for understanding the potential impact of NFTs
across various game segments, as it effectively managed the complexities and
variabilities inherent in the dataset.

Gradient Boosting was also employed as a complementary approach, focusing
on sequentially building trees where each new tree attempted to correct the
errors made by the previous ones. This method iteratively refined the model by
minimizing the loss function, thereby enhancing the accuracy of predictions.
Gradient Boosting was particularly effective in identifying subtle patterns in the
data that simpler models might not have captured. By leveraging this technique,
the study aimed to provide a more nuanced prediction of which game genres
had the highest potential for successful NFT integration, based on historical
performance and identified trends.

For evaluating the performance of the predictive models, three key metrics were
used: Mean Absolute Error (MAE), Root Mean Squared Error (RMSE), and R-
squared (R?). MAE measured the average absolute difference between the
predicted and actual values, providing a straightforward interpretation of model
accuracy in the same units as the sales data. A lower MAE indicated that the
model’s predictions were closer to the actual outcomes, reflecting better
performance. RMSE, on the other hand, quantified the square root of the
average squared differences between predicted and actual values, placing
greater weight on larger errors and making it more sensitive to outliers. This
metric was particularly useful for understanding how well the model handled
variations and extreme values in the data.

R-squared was used to evaluate the proportion of variance in the dependent
variable that was explained by the independent variables in the model. A higher
R-squared value indicated that the model explained a larger portion of the
variability in the data, suggesting a better fit. In the context of this study, R-
squared helped assess the overall effectiveness of the Random Forest and
Gradient Boosting models in capturing the key factors that influenced the
potential success of NFTs in various game genres. The combination of these
evaluation metrics provided a comprehensive assessment of model
performance, ensuring that the predictive insights were both accurate and
reliable.

The predictive modeling process ultimately aimed to identify high-potential
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game genres for NFT integration, guiding developers and publishers in making
informed strategic decisions. By leveraging the strengths of Random Forest and
Gradient Boosting, the study highlighted specific genres where NFTs were most
likely to resonate with players and drive engagement. This data-driven approach
provided a foundation for optimizing NFT strategies, aligning them with market
trends and consumer preferences to maximize their impact within the gaming
industry.

EDA Findings

The exploratory data analysis (EDA) provided a comprehensive overview of the
sales distribution across various video game genres and platforms, highlighting
key trends that informed the potential for NFT integration in the gaming market.
The initial dataset comprised 16,598 entries, covering various video games
released on different platforms, including consoles, handheld devices, and PCs.
Key attributes included game titles, platforms, genres, publishers, and sales
data across different regions such as North America, Europe, Japan, and other
markets. The dataset also detailed global sales, providing a holistic view of each
game's commercial performance.

The bar chart in showing the total global sales by genre indicates that
action games had the highest sales globally, surpassing all other genres
significantly. Sports and shooter games followed as the next most popular
genres in terms of sales. Role-playing games, platform games, and
miscellaneous categories also showed strong sales, highlighting their broad
appeal across different markets. On the lower end of the sales spectrum were
genres like strategy, adventure, and puzzle games, suggesting that these
genres had a more niche audience or less commercial success globally. Given
their established popularity and market reach, this distribution indicates that
genres with higher sales, such as action and sports, might present better
opportunities for integrating NFTSs.

The bar chart in depicting total global sales by platform reveals that the
PlayStation 2 (PS2) led the market with the highest sales, followed closely by
the Xbox 360 and PlayStation 3 (PS3). The Nintendo Wii, DS, and PlayStation
(PS) also demonstrated strong sales performance, underscoring the dominance
of these platforms in the gaming industry. Platforms like PSP, PS4, and PC
showed moderate sales, indicating their relevance in specific market segments.
Lower sales figures were observed for older or less mainstream platforms, such
as the Sega Saturn (SAT), Dreamcast (DC), and Neo Geo (NG). The data
suggested that integrating NFTs on more popular platforms like PlayStation and
Xbox could capitalize on their extensive user bases, whereas niche platforms
might offer limited reach for NFT-based strategies.

The correlation matrix heatmap for sales across different regions in

illustrated the relationships between sales in North America, Europe, Japan,
and other regions. There was a strong positive correlation between North
American and European sales (0.77), indicating similar consumer preferences
and market behaviors in these regions. Sales in Japan showed weaker
correlations with Western markets (0.45 with North America and 0.44 with
Europe), highlighting distinct regional differences that could influence game
popularity and NFT adoption. The correlation between sales in Japan and other

Hasibuan, et al., (2025) J. Digit. Mark. Digit. Curr. 173



Journal of Digital Market and Digital Currency

regions was also relatively low, suggesting unique consumer dynamics in the
Japanese market. The highest correlation was observed between global and
North American sales (0.94), implying that North American performance
strongly predicted overall global success. This regional analysis underscored
the importance of tailoring NFT strategies to fit the preferences of specific
markets, particularly when targeting diverse regions like Japan, which exhibited
different sales patterns compared to Western markets.

Clustering Results

The application of K-Means clustering segmented the video game market into
distinct groups, each characterized by specific sales patterns across genres,
platforms, and regions. The clustering analysis aimed to identify segments with
high potential for NFT integration by examining the unique combinations of
game characteristics that defined each cluster. The optimal number of clusters
was determined using the Elbow method, which suggested a segmentation into
five distinct groups, balancing model complexity with explanatory power (see

).

Table 1. Cluster Summary and Key Characteristics

Cluster Key Characteristics Notable Trends
Dominated by PlayStation and Xbox

High sales in RPGs and action

1 platforms; strong presence in North
games on consoles .
America and Europe.
> Moderate sales in sports and Predominantly on Nintendo platforms;
racing genres significant in Japan and Europe.
High sales in shooter and Focused on Xbox and PlayStation;
3 o ) . .
fighting games popularity concentrated in North America.
4 Low sales in niche genres like  Spread across various platforms; weaker
puzzle and strategy market presence globally.
. . Strong performance on Nintendo and
5 High sales in platform and handheld devices; consistent across all

adventure genres :
regions.

Cluster 1 emerged as the segment with the highest sales in role-playing and
action games, primarily on consoles such as PlayStation and Xbox. This cluster
showed a strong presence in North America and Europe, suggesting that these
regions were highly receptive to these genres. The combination of popular
genres and high-performing platforms indicated that this segment might be
particularly conducive to NFT integration, especially given the established
player base and engagement levels. Players in this cluster were likely to
appreciate NFT-based collectibles and enhancements, such as unique in-game
items or characters, which could enhance their gaming experience.

Cluster 2, characterized by moderate sales in sports and racing genres, was
predominantly focused on Nintendo platforms, including the DS and Wii. This
segment showed significant sales in Japan and Europe, reflecting the regional
popularity of these genres and platforms. While the sales volume in this cluster
was not as high as in Cluster 1, the strong market presence in specific regions
suggested potential for NFT adoption, particularly for region-specific content
and collectibles. The preference for sports and racing games also opened
opportunities for NFTs linked to real-world events or branded content, appealing
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to fans of these genres.

Cluster 3 encompassed games with high sales in shooter and fighting genres,
primarily on Xbox and PlayStation platforms. This segment was largely
concentrated in North America, where these genres traditionally performed well.
The competitive nature of these games suggested that NFTs could be
leveraged to offer exclusive in-game assets, such as limited-edition skins or
weapons, enhancing players' competitive edge. Given the popularity of these
genres, NFT strategies in this cluster could focus on enhancing player status
and identity within the game through unique, tradable digital assets.

Clusters 4 and 5 represented more niche segments, with Cluster 4 showing low
sales in genres like puzzle and strategy, spread across various platforms
without a strong market presence in any specific region. This segment was
identified as having limited potential for NFT integration due to its lower sales
volume and lack of a dominant genre or platform. In contrast, Cluster 5 featured
high sales in platform and adventure genres, with strong performance on
Nintendo and handheld devices. This cluster was consistent across all regions,
indicating a broad appeal that could be harnessed for NFT initiatives,
particularly those that enhance platform and adventure games' collectible and
exploratory aspects.

The scatter plot of the clustering results shown in visually depicted the
market groups' segmentation, highlighting each cluster's distinct positioning
based on their sales characteristics. The plot illustrated how clusters were
differentiated by genre preferences, platform dominance, and regional sales
patterns, providing a clear visual representation of the market landscape. This
visualization underscored the diversity within the gaming market, showcasing
how various segments aligned with different aspects of NFT potential. The clear
delineation between clusters supported the development of targeted NFT
strategies, tailored to the specific needs and behaviors of each market group.

Market Segmentation Clusters Based on Sales
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The scatter plot visualizes the segmentation of the video game market based
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on North American and European sales, with each data point representing a
video game and the clusters differentiated by color. The four clusters identified
in the plot are distinguished by their sales performance across these regions:

Cluster 0 (Purple) is characterized by low sales in both North America and
Europe. It includes a large concentration of games with minimal commercial
success, indicating a market segment with limited potential for NFT integration
due to low player engagement. Cluster 1 (Teal) represents games with very low
sales across both regions, positioned near the scatter plot's origin. These titles
likely belong to niche or less popular genres and platforms, suggesting limited
appeal and market reach. Cluster 2 (Blue) is concentrated near the lower end
of the sales spectrum but is more spread horizontally, indicating slightly better
performance in North America than Europe. These games may have regional
appeal or cater to specific audience segments. Cluster 3 (Yellow) stands out
with higher sales, particularly in North America and to a lesser extent in Europe.
Games in this cluster are likely mainstream or popular titles with significant
commercial success. This cluster represents the highest potential for NFT
integration, as the games have demonstrated strong market performance and
could benefit from additional monetization strategies like NFTs.

Implications for NFT Integration

The analysis's findings provided actionable insights that could significantly
guide NFT adoption strategies in digital marketing within the gaming industry.
The results highlighted specific genres and platforms with the highest potential
for successful NFT integration, underscoring the importance of targeted
strategies tailored to these segments. The strong performance of action, RPG,
and sports genres and the dominance of platforms such as PlayStation and
Xbox suggested that NFTs could be most effectively deployed in environments
where players are already highly engaged and accustomed to digital purchases.

One key implication for digital marketing strategies is the potential to enhance
player engagement and retention through NFTs that offer unique, tradable in-
game assets. For genres like action and RPGs, which are characterized by
immersive gameplay and frequent updates, NFTs could serve as a valuable tool
for creating limited-edition items, special abilities, or character enhancements
that resonate with players' desires for customization and exclusivity. This
approach aligns with the observed trends of high engagement in these genres.
It can be leveraged to drive deeper player involvement, increase time spent in-
game, and foster a sense of community through ownership of unique digital
assets.

Based on the predictive modeling outcomes, game developers are encouraged
to focus NFT integration efforts on action, RPG, and sports genres, as these
segments demonstrated the highest predicted success rates. Developers
should consider incorporating NFTs that complement the intrinsic qualities of
these genres, such as collectible character skins in action games or rare
equipment in RPGs, to enhance gameplay and player investment. Additionally,
implementing NFTs that offer practical in-game advantages, such as speed
boosts in sports games, can provide tangible value to players and encourage
participation in NFT-related activities.

For platform targeting, developers are recommended to prioritize mainstream
consoles like PlayStation and Xbox, which have shown strong alignment with
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the genres identified as high potential for NFT adoption. These platforms not
only support the technical requirements for seamless NFT integration but also
boast large, active user bases that are likely to be receptive to NFT features.
Exploring partnerships with these platforms to offer exclusive NFT content could
further enhance NFT initiatives' appeal and market reach.

Developers should also consider the distinct market dynamics in different
regions when planning NFT strategies. For instance, genres that perform well
globally but have unique appeal in specific markets, such as RPGs in Japan,
may benefit from region-specific NFT offerings that cater to local preferences.
Tailoring NFT features to reflect cultural nuances and player expectations in
different markets can enhance the relevance and appeal of NFT integrations,
maximizing their impact and effectiveness.

The study provided a comprehensive analysis of the market potential for NFT
integration in video games by examining market segmentation, trend analysis,
and predictive modeling. The market segmentation identified distinct clusters
based on sales data, highlighting the most promising segments for NFT
adoption, such as action, RPG, and sports genres on popular platforms like
PlayStation and Xbox. The trend analysis revealed emerging and declining
patterns in genre and platform popularity, underscoring the dynamic nature of
the gaming market and the importance of aligning NFT strategies with these
trends. Predictive modeling further refined these insights by forecasting the
success of NFT integration across various segments, confirming that genres
with high engagement and platforms with robust ecosystems offered the
greatest potential for NFT adoption.

This study contributed valuable insights to both digital marketing and the gaming
industry by identifying actionable opportunities for integrating NFTs into video
games. The findings highlighted that NFTs could be leveraged to enhance
player engagement, create new revenue streams, and foster deeper community
connections through digital ownership of unique in-game assets. For game
developers, the study provided a data-driven framework for targeting specific
genres and platforms, ensuring that NFT initiatives are strategically aligned with
market demand and player preferences. These contributions underscore the
potential of NFTs to revolutionize game monetization models and digital
marketing strategies, positioning them as a transformative tool in the evolving
landscape of digital entertainment.

The study faced several limitations that should be acknowledged. One primary
constraint was the reliance on historical sales data, which may not fully capture
the evolving consumer sentiment towards NFTs or account for newer market
dynamics not reflected in past performance. Additionally, the analysis focused
on specific sales metrics, such as global sales figures, which, while informative,
do not encompass all factors influencing NFT adoption, such as player
engagement metrics or social influences. The study also did not account for the
potential impact of technological advancements or regulatory changes that
could affect the feasibility and acceptance of NFTs in gaming.

Future research could build on this study by exploring several key areas. First,
conducting consumer sentiment analysis could provide deeper insights into
player attitudes towards NFTs, helping to refine targeting strategies and
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address potential concerns. Investigating NFT pricing models would also be
valuable, as understanding the optimal pricing strategies could enhance the
economic viability of NFT features within games. Finally, real-world case studies
of NFT integration in games would offer practical examples and lessons
learned, providing a richer understanding of the challenges and successes
associated with NFT adoption in the gaming industry. These future research
directions would contribute to a more nuanced and comprehensive
understanding of NFTSs' role in digital gaming, supporting their integration as a
sustainable and player-centric innovation.
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