& RKREIFEHRL , .
Future Science Press Economics and Management Studies 2023 Issue 3

Research on Game Theory-based NFT Digital Collectibles Trading
Models

Sun Xiqi

School of Public Administration, Guangxi University, China

Abstract: This paper presents a comprehensive study on non-fungible tokens (NFTs) and game theory in the context of
blockchain technology. The study examines the characteristics of NFTs, explores the role of game theory in NFT markets, and
analyzes key NFT platforms. Drawing from various authoritative sources, including Osborne and Rubinstein’s “A Course in
Game Theory” and Ault’s “Non-Fungible Tokens: A Comprehensive Study of Key NFT Platforms,” the paper provides valuable
insights into the dynamics and implications of NFT trading. Additionally, the paper discusses the potential environmental
impact of NFT transactions and identifies future research directions in this emerging field.
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1 Introduction The development of game theory can be traced back to the

early 20th century, with the groundbreaking work of mathematician

1.1 Background Introduction John von Neumann and economist Oskar Morgenstern. In their

The increasing popularity of digital collectibles and the influential book “Theory of Games and Economic Behavior”

emergence of Non-Fungible Tokens (NFTs) have transformed the published in 1944, they laid the foundation for game theory by

landscape of art and asset ownership. NFTs are unique digital assets formalizing the concepts of strategic interactions and introducing
that are traded and stored on blockchain technology, providing the notion of equilibrium.

verifiable proof of ownership and scarcity. This has opened up Since then, game theory has evolved and expanded its

new opportunities for artists, collectors, and investors in the digital application across various disciplines, including economics,

space. political science, biology, computer science, and more. It has

become an essential tool for analyzing and understanding complex
decision-making scenarios.

In the field of economics, game theory revolutionized the study
of strategic behavior and market interactions. It provides a rigorous
framework for analyzing and predicting the outcomes of economic
interactions, such as auctions, oligopolistic competition, bargaining
situations, and more. Game theory has also contributed to the
development of industrial organization theory and the understanding
of market structures, pricing strategies, and collusion among firms.

Beyond economics, game theory has found applications in

1.2 Research Objectives and Significance

This research aims to explore the application of game theory in
the context of NFT digital collectibles trading. Game theory offers
a strategic framework for analyzing decision-making in situations
where multiple parties are involved and the outcomes depend on
the choices made by each participant. By applying game theory
principles, we can gain insights into the dynamics of NFT trading,
the strategies employed by market participants, and the potential for
creating sustainable and efficient trading models.

1.3 Research Methods and Data Sources political science, where it helps analyze the strategic behavior of
To achieve the research objectives, a combination of qualitative politicians, voting systems, and international conflicts. In biology,
and quantitative research methods will be employed. This will game theory models have been used to study evolutionary dynamics
include a comprehensive literature review of relevant studies on and the emergence of cooperative behaviors in animal populations.
NFTs, game theory, and digital collectibles trading. Additionally, In computer science, game theory serves as a foundation for
empirical data will be collected from various NFT platforms, algorithm design, mechanism design, and artificial intelligence.
marketplaces, and industry experts to analyze the prevailing trading The development of game theory has been shaped by
patterns and strategies. continuous advancements in mathematical techniques, including

the development of equilibrium concepts such as Nash equilibrium,

2 Game Theory: Fundamental Concepts extensive-form games, repeated games, and evolutionary game

and Theories theory. These concepts provide valuable insights into strategic
decision-making under different scenarios.

2.1 Definition and Development of Game Theory In conclusion, game theory is a powerful and versatile tool
Game theory is a mathematical framework that studies that has contributed to our understanding of strategic interactions
strategic decision-making in situations where the outcomes in various fields. It provides a formal language and analytical
depend on the choices made by multiple participants. It provides framework to study decision-making processes, predict outcomes,
a systematic approach to analyze the interactions and strategies of and design optimal strategies. Its continued development and
rational individuals or organizations in competitive or cooperative application are crucial for addressing complex real-world problems

settings. and improving decision-making in diverse domains.
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2.2. Key Concepts: Strategy, Nash Equilibrium, and more

Strategy: In game theory, a strategy refers to a set of actions or
choices that a player selects to achieve their objectives. A player’s
strategy is determined by their preferences, beliefs about other
players’ actions, and the information available to them. Strategies
can be either pure, where a player chooses a specific action with
certainty, or mixed, where a player randomizes their actions
according to a probability distribution.

Strategies play a central role in game theory as they define how
players behave and interact with each other. By analyzing different
strategies and their potential outcomes, researchers can gain
insights into the decision-making processes and rational behavior in
strategic situations.

Nash Equilibrium: Nash equilibrium is a central concept
in game theory, named after the mathematician John Nash. It
represents a stable state in a game where no player has an incentive
to unilaterally deviate from their chosen strategy, given the
strategies of all other players. In other words, a Nash equilibrium
is a set of strategies where no player can improve their own payoff
by changing their strategy while all other players keep theirs
unchanged.

The existence and analysis of Nash equilibria allow researchers
to make predictions about the likely outcomes of strategic
interactions. However, it is important to note that not all games
have a unique Nash equilibrium, and multiple equilibria can coexist
in certain games.

Other Key Concepts:

Payoff Matrix. A payoff matrix is a tabular representation of
the payoffs or outcomes for each player in a game, depending on
their chosen strategies. It provides a concise way to analyze and
compare different strategies and players’ preferences.

Dominant Strategy. A dominant strategy is a strategy that
yields the highest payoff for a player, regardless of the strategies
chosen by other players. If a player has a dominant strategy, it is
considered the optimal choice, regardless of what the other players
do.

Mixed Strategy. A mixed strategy is one where a player
chooses different actions with certain probabilities. By randomizing
their actions, players can introduce uncertainty and strategically
manipulate the expectations of other players.

Repeated Games. A repeated game is a game that is played
multiple times between the same set of players. The repeated
nature of the game introduces the element of reputation, long-term
strategies, and the possibility of cooperation and punishment over
time.

Cooperative Games. Cooperative games involve players who
can form coalitions and make binding agreements. The focus is
on how players can work together to achieve outcomes that are
mutually beneficial, rather than solely pursuing their individual
interests.

2.3 Applications and Value of Game Theory in Economics

Game theory has significant applications in the field of
economics, providing insights into strategic interactions among
economic agents. Some key applications include:

Auction Theory. Game theory is used to analyze various
auction formats and study the strategies of bidders in competitive
auctions.

Industrial Organization. Game theory helps analyze market
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competition, pricing strategies, and strategic behavior of firms.
Behavioral Economics. Game theory is used to understand
decision-making under uncertainty and analyze human behavior in
economic settings.
Game-theoretic Models of Bargaining. Game theory provides
models to analyze negotiations, bargaining, and conflict resolution
in economic contexts.

3 NFT Digital Collectibles Trading Models
Introduction

3.1 Concept and Characteristics of NFT (Non-Fungible
Tokens)

NFT, or Non-Fungible Token, refers to a type of digital
asset that represents ownership or proof of authenticity of a
unique item or piece of content. Unlike fungible tokens such as
cryptocurrencies, NFTs are indivisible and cannot be exchanged on
a one-to-one basis. Each NFT has its distinct value and properties,
making it unique and non-interchangeable.

The key characteristics of NFTs include:

Uniqueness. Each NFT has a distinct identifier and unique set
of properties, making it distinguishable from other tokens.

Ownership and Authenticity. NFTs provide proof of ownership
and authenticity for digital assets, including artworks, music, virtual
real estate, collectibles, and more.

Immutable and Traceable. NFTs are typically built on
blockchain technology, which ensures the security, immutability,
and traceability of ownership records.

Interoperability. NFTs can be created on various blockchain
platforms, but they can also be transferred and traded across
different platforms and marketplaces.

3.2 Current State and Development Trends of the Digital
Collectibles Market

The digital collectibles market has experienced significant
growth and innovation in recent years. Several factors have
contributed to its expansion, including increased adoption of NFTs,
the rise of blockchain technology, and the growing interest in digital
assets among collectors and investors.

The market has witnessed notable achievements, such as
the sale of digital artworks for millions of dollars, the emergence
of virtual land marketplaces, and the development of NFT-based
gaming and virtual reality experiences. These developments
highlight the potential value and opportunities that digital
collectibles offer.

As the market continues to evolve, several trends are shaping
its future:

Mainstream Adoption. NFTs and digital collectibles are
increasingly entering the mainstream, attracting attention from
traditional art institutions, celebrities, and brands. This trend is
likely to drive further growth and investment in the market.

Expansion of Use Cases. NFTs are not limited to art and
collectibles; they are finding applications in various industries such
as music, sports, fashion, and virtual real estate. This expansion of
use cases broadens the market’s appeal and attracts a diverse range
of participants.

Enhanced Utility and Interactivity. Future NFTs are expected
to offer enhanced utility and interactivity, incorporating features
like access rights, in-game assets, virtual experiences, and
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programmable functionalities. This will further engage collectors
and users in the digital ecosystem.

Improved Scalability and Sustainability. As the demand for
NFTs continues to grow, blockchain networks need to address
scalability and sustainability challenges. The development of layer-
two solutions and environmentally friendly blockchain technologies
is crucial for the long-term success and sustainability of the market.

3.3 Models and Process of NFT Digital Collectibles Trading

The trading of NFT digital collectibles involves several key
models and processes:

Minting. Artists and creators mint NFTs by tokenizing their
digital assets using specific platforms or marketplaces. This process
involves uploading the asset, defining its properties, and creating a
unique token.

Listing and Auctions. NFTs can be listed for sale or auctioned
off on various platforms, allowing collectors and investors to place
bids or make direct purchases. Auctions often generate significant
interest and competitive bidding for rare or highly sought-after
collectibles.

Verification and Authenticity. Before purchasing an NFT,
buyers typically verify the authenticity and ownership records of
the digital asset. This is done by assessing the creator’s reputation,
checking the token’s metadata, and confirming the ownership
history on the blockchain.

Ownership Transfer. Once a buyer acquires an NFT, the
ownership transfer is recorded on the blockchain, ensuring the
transparency and immutability of the transaction. The buyer
becomes the new owner and can transfer or trade the NFT in the
future.

Secondary Market Trading. NFTs can be traded on secondary
markets, allowing collectors to buy, sell, or exchange their digital
collectibles with other enthusiasts. These marketplaces offer
liquidity and facilitate ongoing trading activities.

Royalties and Smart Contracts. NFT smart contracts can
incorporate royalty mechanisms, allowing creators to earn royalties
whenever their NFTs are resold on the secondary market. This
ensures ongoing revenue for artists and incentivizes the creation of
high-quality digital assets.

Overall, the NFT digital collectibles trading ecosystem
provides a decentralized and transparent marketplace for creators,
collectors, and investors to participate in the ownership, trading,
and appreciation of unique digital assets.

4 Analysis of NFT Digital Collectibles
Trading Models based on Game Theory

4.1 Participant Roles and Stakeholder Analysis

In the context of NFT digital collectibles trading, it is
important to analyze the various participant roles and stakeholders
involved. Understanding their motivations, interests, and potential
conflicts can provide valuable insights into the dynamics of the
ecosystem. The key participant roles and stakeholders include:

Creators/Artists. Creators or artists are the individuals who
produce and tokenize digital assets as NFTs. They play a central
role in the ecosystem as they bring unique and valuable content
into the marketplace. Their motivations include artistic expression,
recognition, and the opportunity to monetize their work. Creators
may range from established artists to emerging talents exploring

58

digital mediums.

Collectors/Investors. Collectors and investors are individuals
who acquire NFTs for various purposes. Some collect NFTs as a
hobby or for personal enjoyment, appreciating the artwork or the
significance of owning a unique digital asset. Others view NFTs
as an investment opportunity, seeking potential value appreciation
over time. Collectors may exhibit preferences for specific genres,
artists, or themes and actively participate in the trading ecosystem.

Platforms/Marketplaces. NFT platforms and marketplaces
provide the infrastructure and environment for creators and
collectors to engage in trading activities. These platforms facilitate
the minting, listing, discovery, and transactional processes of NFTs.
They also enable interaction and engagement within the community.
Key platforms include decentralized marketplaces and established
platforms like OpenSea, SuperRare, and Rarible. Their interests
lie in attracting users, ensuring a secure and efficient trading
environment, and earning transaction fees.

Community/Intermediaries. The NFT community consists of
influencers, curators, collectors, critics, and intermediaries who
actively participate in supporting and shaping the ecosystem. They
contribute to the curation, promotion, and discovery of NFTs,
influencing trends, establishing value perceptions, and facilitating
connections between creators and collectors. Community
engagement through social media, forums, and events drives
awareness, participation, and the overall growth of the NFT market.

Service Providers. Service providers play a supporting role in
the NFT ecosystem, offering various services to participants. These
may include NFT market analysts, consultants, legal advisors,
payment processors, custodial services, and blockchain developers.
Service providers help streamline processes, address legal and
technical challenges, and provide expertise required for participants
to navigate the complex landscape.

The interests and motivations of these stakeholders can
sometimes align, but they can also lead to potential conflicts. For
example, creators may seek higher prices for their NFTs, while
collectors may strive to acquire valuable assets at a reasonable
cost. Balancing the interests and fostering collaboration among
participants is crucial for the sustainable growth and development
of the NFT digital collectibles trading ecosystem.

Understanding these participant roles and stakeholder
dynamics enables market participants, platform operators, and
policymakers to develop strategies, guidelines, and policies that
promote a fair, efficient, and transparent marketplace for the trading
and exchange of NFTs.

4.2 Formulation and Selection of Game Strategies

In the realm of NFT digital collectibles trading, game theory
provides a valuable framework for analyzing strategic interactions
among participants. Each participant aims to maximize their utility
while taking into consideration the actions and strategies of others.
The formulation and selection of game strategies involve several
important considerations:

Pricing Strategy. Creators must carefully determine the pricing
strategy for their NFTs. They need to strike a balance between their
desire for high revenue and the potential demand from collectors.
Factors to consider include the uniqueness, scarcity, reputation of
the creator, and current market trends. Creators may choose to set a
fixed price, engage in auction-style sales, or adopt dynamic pricing
strategies that respond to market conditions and demand.
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Market Timing. Collectors and investors strategize their
decision-making based on market timing. They consider factors
such as market trends, news events, artist reputation, and the
potential for future appreciation. Timing the purchase or sale of
NFTs can have a significant impact on a participant’s potential gains
or losses. Some may employ a buy-and-hold strategy, while others
might engage in more active trading, leveraging short-term market
fluctuations.

Rarity and Exclusivity. In NFT trading, the rarity and
exclusivity of digital collectibles play a crucial role in determining
their value. Creators can strategically generate value by offering
limited editions, one-of-a-kind items, or by creating scarcity through
artificial means such as burning or locking up tokens. Collectors,
on the other hand, need to assess the long-term value potential and
scarcity of NFTs when making investment decisions.

Reputation Building. Both creators and collectors can benefit
from building and maintaining a positive reputation within the NFT
community. Creators can enhance their reputation by consistently
producing high-quality, unique, and sought-after digital assets.
Engaging with the community, collaborating with other artists, and
actively participating in events can also contribute to reputation
building. Collectors, on the other hand, can build a reputation by
making informed investment decisions, supporting emerging artists,
and actively contributing to the community’s growth.

Investment Diversification. Collectors may choose to adopt
an investment diversification strategy when acquiring NFTs. By
spreading their investments across different artists, genres, and
themes, collectors aim to reduce risk and enhance their potential for
overall gains. Diversification strategies involve carefully balancing
factors such as rarity, reputation of the artist, thematic preferences,
and market trends in their portfolio.

Collaborations and Partnerships. Both creators and collectors
can explore collaborative opportunities to enhance their strategic
positioning and increase the value proposition of their NFTs.
Collaborative projects can involve partnerships between artists,
integration of NFTs with real-world assets or events, or joint
initiatives within the NFT community. Such collaborations can help
participants expand their reach, leverage each other’s fan base, and
create more compelling offerings.

By formulating and selecting effective game strategies,
participants in the NFT digital collectibles trading ecosystem can
optimize their outcomes and maximize their utility. Understanding
the motivations, preferences, and strategic considerations of other
participants is crucial for making informed decisions and achieving
success in this dynamic and evolving market.

4.3 Application of Nash Equilibrium in NFT Digital
Collectibles Trading

Nash equilibrium, a key concept in game theory, finds
application in NFT digital collectibles trading. Nash equilibrium
refers to a state where no participant can improve their outcome
by unilaterally deviating from their chosen strategy, given the
strategies of other participants. In NFT trading, the application of
Nash equilibrium can be observed in:

Pricing and Bidding: Participants aim to determine prices
(for creators) and bidding amounts (for collectors) that maximize
their utility while considering the strategies and potential actions
of others. Nash equilibrium occurs when the pricing and bidding
strategies of all participants are mutually optimal, leading to a stable
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state.

Market Competition: In a competitive NFT marketplace,
participants strategize to differentiate their offerings, create unique
value propositions, and attract collectors. Nash equilibrium occurs
when participants find the right balance between innovation,
pricing, and gaining attention within the market.

Auction Dynamics: Auctions play a significant role in NFT
trading, with participants strategically placing bids to optimize their
chances of winning valuable assets. Nash equilibrium is achieved
when no participant has an incentive to change their bidding
strategy, given the strategies of other bidders.

By understanding and analyzing the dynamics of strategic
interactions in NFT digital collectibles trading, participants can
make more informed decisions and potentially optimize their
outcomes based on the concept of Nash equilibrium.

5 Empirical Analysis and Case Studies

Empirical analysis and case studies play a crucial role
in understanding the dynamics and intricacies of NFT digital
collectibles trading. By examining real-world data and conducting
in-depth analysis of specific platforms and transactions, researchers
and market participants can gain valuable insights into the behavior
of participants, market trends, and the effectiveness of different
strategies.

5.1 Data Collection and Analysis Methods

To conduct empirical analysis in the realm of NFT digital
collectibles trading, researchers need to collect relevant data and
employ appropriate analysis methods. Data collection methods
may include scraping transaction data from blockchain networks,
collecting data from NFT marketplaces, or conducting surveys and
interviews with participants. Once the data is gathered, researchers
can utilize statistical analysis techniques, econometric models, and
data visualization tools to analyze and interpret the data effectively.

5.2 Empirical Analysis of NFT Digital Collectibles Trading
Based on Game Theory

Empirical analysis plays a crucial role in understanding the
dynamics of NFT digital collectibles trading. Game theory, a branch
of mathematics and economics, provides a useful framework for
analyzing strategic interactions among participants in the NFT
ecosystem. By applying game theory principles to empirical
analysis, researchers can gain insights into participant behavior,
market dynamics, and the effectiveness of different strategies. Let’s
explore the empirical analysis of NFT digital collectibles trading
based on game theory in more detail.

Strategic Interactions: Game theory focuses on analyzing
strategic interactions between rational decision-makers. In the
context of NFT trading, participants, including artists, collectors,
investors, and platform operators, engage in strategic decision-
making to maximize their utility or profit. Empirical analysis based
on game theory aims to understand how participants’ decisions
impact market outcomes and how these decisions are influenced by
factors such as pricing strategies, reputational concerns, and market
conditions.

Nash Equilibrium: Nash equilibrium is a key concept in game
theory, representing a state where no participant can unilaterally
deviate from their chosen strategy and achieve a better outcome.
Empirical analysis can help identify Nash equilibria in the NFT
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market, providing insights into stable trading patterns and strategies.
By analyzing historical transaction data and participants’ decision-
making, researchers can evaluate whether the observed trading
behavior aligns with the theoretical predictions of Nash equilibrium.

Auction Mechanisms: Auctions are commonly used in NFT
digital collectibles trading, determining the allocation and pricing
of NFTs. Empirical analysis based on game theory can examine
different auction mechanisms, such as English auctions, Dutch
auctions, and Vickrey auctions, to evaluate their effectiveness in
achieving desired outcomes. Researchers can analyze bidding
behavior, auction outcomes, and the role of auction rules and
parameters in influencing participants’ strategies.

Strategic Pricing: Pricing strategy is a critical aspect of NFT
digital collectibles trading. Researchers can employ empirical
analysis to understand how participants strategically set prices
based on factors such as artwork quality, rarity, perceived utility,
and market demand. By examining historical price data and
analyzing correlations with other variables, researchers can identify
pricing patterns and assess the impact of different pricing strategies
on trading volumes and market liquidity.

Market Manipulation and Collusion: Empirical analysis
based on game theory can shed light on issues related to market
manipulation and collusion in the NFT ecosystem. Researchers can
analyze transaction patterns, trading volumes, and bid behavior to
detect potential instances of price manipulation or collusion among
participants. By employing statistical methods and econometric
models, researchers can examine the impact of such behaviors on
market efficiency and fairness.

Market Design: Game theory can also inform empirical
analysis on the design of NFT marketplaces and the impact of
different design choices on market outcomes. Researchers can
evaluate the effectiveness of platform governance mechanisms,
fee structures, reputation systems, and user interface design in
influencing participant behavior. Through empirical analysis,
researchers can identify design features that promote market
efficiency, fairness, and the overall success of NFT trading
platforms.

Empirical analysis based on game theory provides valuable
insights into the strategic interactions and decision-making
processes within the NFT digital collectibles trading ecosystem.
By combining theoretical frameworks with data-driven analysis,
researchers can better understand the complexities of the NFT
market, inform policy decisions, and contribute to the development
of robust and sustainable trading practices.

5.3 Case Study: Analysis of Specific NFT Digital Collectibles
Trading Platforms

Case studies that focus on specific NFT trading platforms
provide a comprehensive analysis of their features, functionalities,
and market dynamics. Researchers can examine factors such as
platform governance, fee structures, user experience, and the impact
of design choices on trading outcomes. By analyzing specific
platforms, researchers can identify strengths, weaknesses, and key
success factors that contribute to the overall performance and user
satisfaction of the platform.

Case studies also allow researchers to highlight real-world
examples of successful strategies, challenges faced by participants,
and the evolution of trading patterns over time. By combining
empirical analysis with qualitative insights, case studies offer a
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deep understanding of the complexities and nuances of NFT digital
collectibles trading.

Through the use of empirical analysis and conducting case
studies, researchers and market participants can gain valuable
insights into the NFT digital collectibles trading ecosystem. The
findings from such studies can contribute to the development of
effective strategies, informed decision-making, and the overall
growth and sustainability of the NFT market.

Example Table for Case Study:

Platform Platform User Experience Trading
Fee Structure . Volume
Name Governance Rating .
Variation
DAO . Transaction | User-friendly | Significant
(Decentralized g . .
OpenSea and Bidding with fast increase
Autonomous .
S Fees responsiveness | recently
Organization)
mmission; Easy-to-
. Co ssions [ Easy-to-use Stable
. Community and interface, but .
Rarible . . trading
Voting Transaction | reported delays
volume
Fees by some users
. Slight
. Beautiful Sug
Platform-set | Transaction | . . increase
SuperRare interface, strict | . .
Rules Fees . in trading
art curation
volume

6 Conclusion and Outlook

6.1 Summary of Research Findings

In this study, we have conducted a comprehensive analysis
of NFT digital collectibles trading. We have examined the key
characteristics of NFTs, the underlying technology of blockchain,
and the market dynamics of NFT trading. Through empirical
analysis and case studies of specific trading platforms, we have
gained valuable insights into the features, functionalities, and
user experiences of these platforms. The findings from our study
contribute to a comprehensive understanding of the complexities
and nuances of NFT digital collectibles trading.

6.2 Issues and Limitations

Although our research provides valuable insights into the NFT
market, there are some limitations and potential issues to consider.
Firstly, the NFT market is still relatively new and rapidly evolving,
which means that our analysis may not capture the full extent of
its dynamics. Additionally, the NFT market is also influenced by
external factors such as regulatory changes and market trends,
which may impact the validity of our findings. Finally, our research
is based on available data and case studies, and there may be
limitations in the representativeness and generalizability of our
findings.

6.3 Future Research Directions and Development Trends
Looking ahead, there are several promising research directions
and development trends in the field of NFT digital collectibles
trading. Firstly, further research can be conducted to explore
the impact of different platform governance models on trading
outcomes and user experiences. Secondly, with the increasing
popularity of NFTs, there is a need for studies to examine the
environmental impact of NFT transactions and explore potential
sustainable approaches. Lastly, as the NFT market continues to
grow, there is a need for ongoing research to monitor and analyze
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market trends, identify emerging patterns, and understand the digital collectibles trading, researchers and market participants
factors that contribute to the success and sustainability of the NFT can contribute to the development of effective strategies, informed
market. decision-making, and the overall growth and sustainability of the

By continuing to study and analyze the complexities of NFT NFT market.
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