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Abstract 

The topic of this dissertation is the combination of a newly emerged database solution, namely 

blockchain technology, and the study of virtual economies focusing on player motivation. The goal of 

the investigation was to prove that blockchain technology’s decentralisation, reward-driven nature and 

global network connectivity could benefit the virtual economies of video games by creating the basis 

for a global gaming network. In such a network, players could easily transfer their in-game goods and 

currencies via cross-game trading with the use of a token that the blockchain utilises.  

To avoid exploitation in such a system, the author hypothesises that Edward Castronova’s study and 

work on player satisfaction can provide the bases for a special algorithm that avoids possible 

exploitation issues and balances the economy. The facts and statistics that inspired the investigation of 

this topic are introduced, and an explanation is provided for why such technology benefits billions of 

players as well as game companies.  

The literature review studies a series of articles and books in virtual economies, real-life economics 

and the aspects of the blockchain technology. The main discussion presents the development of a 

product that is based on the theories previously introduced in the literature review. The product is a 

dynamic economy balancer algorithm (DEBA) that uses Castronova’s player satisfaction function to 

calculate the token distribution amongst games on the hypothetical blockchain.  

The investigation concludes that blockchain technology could provide a base for such network, 

however there are limitations and further studies that need to take place for a unexploitable and multi-

genre global gaming network.  
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1. Introduction 

The topic of this report is the utilisation of blockchain technology in gaming to create a balanced 

global gaming economy. In such a global network, players could earn real money for their time 

investment in virtual worlds, and they would be able to freely trade their earned goods between games.  

The author aims to answer the following questions throughout this dissertation:  

• Why is it important for players to earn more than just a virtual item in a single game?  

• Why would players want to trade between games?  

• Why does the ownership of an item matter?  

• How could blockchain technology help to create a global gaming network?  

• What are the possible flaws and targets of exploitation of such a system, and how could they 

be addressed?  

• Could Edward Castronova’s player satisfaction model provide any solutions to this 

challenge? 

To answer these questions, it is necessary to first introduce some of the main concepts that are seen 

throughout the report, such as blockchain technology, virtual worlds, virtual economies and player 

motivation.  

1.1 Background information 

Approximately 2.2 billion people play games every day, with an average of 6.5 hours spent playing 

online daily. There are only 13,576 registered professional online gamers who earn money playing 

eSports1. (Lofgren, 2017) Furthermore, there are 2.2 million registered, monthly, active broadcasters 

on Twitch.tv2, streaming their gameplay to earn money. (Smith, 2014) Therefore, based on these 

statistics, only 1% of gamers make money playing games. The Steam3 gaming platform introduced 

Steam Marketplace to enable gamers to trade in-game items for Steam credits. As of 15th November 

2017, there are only 79 games included within this marketplace from the total of 74,705 games available 

on the platform. (Steam, 2018) This means that only 1% of the games on Steam allow players to utilise 

their earnings within another game.  

                                                      
1 eSports is a competition system that utilise digital technology to provide video game players a platform for 
intense competitions to generate spectator appeal. (Snavley, 2014) 
2 Twitch.tv is a crowdsourced platform where broadcasters can live stream their content to an audience, enabling 
user interaction and attracting new followers. Broadcasters can earn money using this platform. (Zhang, 2015) 
3 Steam is an online entertainment platform that allows players to try and purchase games while also providing a 
community to players to connect. (Valve, 2018)  
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Based on the above statistics, 99% of gamers are non-professional players who do not earn money 

from their in-game achievements. Furthermore, 99% of the games on Steam Marketplace do not provide 

players with the opportunity to utilise their in-game earnings through trading on the marketplace. 

The gaming industry’s market capitalisation is currently over $109 billion. With the current 

limitation between games and platforms, only a fraction of this market capitalisation is created by 

players trading and selling in-game items; therefore, only a small share is gained by the players. Games 

that do not enable players to freely trade or sell the items they earned in-game limit the players’ 

ownership of these items. The players only own their items within that particular game, on their specific 

account; they do not have true ownership of them. Therefore, if players’ accounts are disabled or the 

game becomes unavailable, then they lose their in-game achievements and virtual wealth. (s’Anconia, 

2017) 

A newly emerging technology called blockchain technology could provide solutions to the above-

mentioned issues within the gaming market to shift more of the market gains to the players by enabling 

them to have complete control over their in-game assets. Being able to sell and buy in-game goods 

across different games allows players to easily migrate between games while keeping some of their 

progress, and these abilities allow them to potentially gain monetary profit from their virtual earnings 

and time investment. Blockchain could make this possible via its decentralised and secure nature that 

allows global trading possibilities. (Laurence, 2017) 

Blockchains are distributed databases where each participant within the blockchain network can 

securely manage the ledger containing the accounts of all network participants, without the need for a 

central authority to enforce the rules. The blockchain permanently holds the historical data of every 

transaction ever created on the network. When new data are to be recorded, full node computers, called 

‘miners’, on the network verify and validate these proposed transactions, which are then permanently 

recorded in the ledger. Thereafter, every full node on the network receives this update in its copy of the 

ledger. Depending on the blockchain’s permission type, these data are also available online for public 

viewing. Therefore, it is nearly impossible to change a piece of data in the ledger unless every single 

node agrees to it. Due to the distributed network aspect, the blockchain technology is a highly secure 

data management tool with no central authority. (Laurence, 2017) 

Blockchains often utilise a cryptocurrency (often called ‘crypto’), which is a digital token that has 

market value. Cryptocurrencies work slightly differently for each blockchain, depending on their 

creators. Some of these cryptocurrencies, such as Bitcoin, Ether and Ripple, are listed on exchanges. 

Due to the security aspect and distributed data of the blockchain, trust is created amongst existing and 

new, potential users. Therefore, the blockchain enables the transfer of cryptos in a safe and secure way 

between users without the need for a central authority that often charges high transaction fees, such as 
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PayPal, VISA or the Steam Marketplace. (Laurence, 2017), (VisaEurope, 2017), (PayPal, 2017), 

(Steam, 2017) 

1.2 Aims and objectives 

The project intends to utilise blockchain technology’s transparency and its decentralisation of 

ownership of virtual goods in video game economies via tokenisation to hypothetically create a cross-

game virtual economy that is currently a missing aspect of gaming on a global scale. (d’Ancinia, 2017) 

The creation of a common token that can be used to buy and sell in-game goods across multiple games 

would create a new competitive market for games and motivation for players via the ownership, 

transferability and liquidity of in-game goods. (Aru, 2017), (Castronova, 2002) 

The project hypothesises a non-existing blockchain solution to identify the rules that such a system 

would need to enable a balanced global trading environment for players across different games. The 

main aim is to identify and solve the potential balancing flaw and monetary exploitation in such a system 

by creating a dynamic economy balancer algorithm (DEBA) that also serves as the consensus algorithm 

of the hypothetical blockchain. 

The goal of the project, in a global game economy, is to create the DEBA system, on a 

macroeconomic level, to calculate a balanced distribution of tokens amongst games to ensure that the 

economy remains balanced and prioritises game design over monetary gains. In a system where users 

can turn virtual items into monetary values, it is important to ensure that exploitation does not take place 

by the games or the users. 

1.3 Approach 

To identify the possible issues in such a blockchain-based global gaming economy, the author 

examines and introduces blockchain technology and its application to the system. Potential issues in the 

system are identified and addressed by investigating Edward Castronova’s established studies on game 

economics and virtual worlds. 

To create the DEBA system, the author examines and introduces Professor Castronova’s work, 

which provides a balancing measure for a player’s time allocation between games depending on their 

difficulty versus game time and reward gains. This function is then applied to create the token 

distribution consensus for the hypothetical blockchain as a base pillar. (Castronova, 2007) 

The function is tested on a group of simple demo games that the author created. The test results of 

the games provide the numerical measures of player satisfaction between the different test game 

variations based on Castronova’s Player Satisfaction function. All game variations are based on the 

same gameplay with different properties such as difficulty, reward and the player’s challenge level. To 

set these properties, the author uses Blizzard Entertainment’s Diablo III game. This game has published 
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difficulty-versus-reward tables that can provide the basis of the testing values. (Castronova, 2007) 

(Battle.net, 2014) 

Once the test results provide satisfactory results, they are applied to a token distribution simulator 

based on the final function. This simulator is a simple output monitor within Unity4, and it provides the 

hypothetical token distribution levels between the game varieties. The utility function and all its values 

are coded within these games. The games, the consensus algorithm and the distribution simulator are 

built in Unity. 

In summary, during the investigation of this project, the author creates the following technical 

requirements: DEBA, a number of test games, and a token distribution simulator. All technical 

supporting algorithms are created in Unity, using the C# programming language. 

1.4 Methodology justification 

According to American sociologist Earl Babbie, two types of reality exist:  

• Conscious reality, which is known by subjective experiences, and 

• Reality by common assent; for example, things that one was told are real and with 

which he or she agrees. 

The problem with the above-mentioned categories is that both realities seem ‘real’. However, reality 

is a bizarre concept. The question becomes one of how a person knows what is real and what is not. 

The answer is supported by science: a fact can be called scientific if it is supported logically 

and empirically. (Babbie, 1996) 

Considering this dissertation’s type, the author combines descriptive and analysable methods. This 

choice was made because the topic requires not only existing professional literature but also subjective 

primary and secondary research to expand the field of vision and to create a system based on 

scientifically proven algorithms and methodologies.  

By scientific disciplinary relation, the author examines journal articles, books, working papers and 

online journals in the fields of blockchain technology, sociology, economics and game design. 

According to Google Trends, blockchain technology began to attract a parabolically growing interest 

(Figure 1) in 2016, compared to the past 10 years. Therefore, online magazine articles, game and 

technology forums and similar products’ white papers are also considered as part of the research.  

                                                      
4 Unity is a cross-platform game engine created by Unity Technologies, primarily used for both two and three-
dimensional video game development. (Unity Technologies, n.d.) 
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Figure 1 - Interest over time 2007-2017, Google Trends 

To collect an adequate amount of primary research data from game testing, the author publishes the 

test game on a website along with a test survey. The collected test data are critically analysed and 

evaluated to reflect on the academic secondary research solution. 

1.5 Structure 

The first chapter, the Literature Review, introduces these terms and technologies through the eyes 

of established professors and researchers working in their given fields. Once the terminology and 

research areas are clarified in this section, the problem in the form of that section’s conclusion is drawn 

out. 

In the second chapter, the technical aspects of the project emerge, including the product’s design 

and prototype. This section provides solutions to the raised issues and flaws in the previously concluded 

section. The solution’s development process, along with user testing, are introduced and later followed 

by the test results and evaluation, reflecting on the hypothesis.  

The conclusion of the investigation is summarised in the Conclusion chapter. 

The closing chapter of this dissertation is the introduction of currently existing products that have 

similar approaches to the system in this dissertation. Possible legal, ethical and social issues of such 

products are also explained in that section. 
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2. Literature Review 

2.1 Terminology 

A virtual world is a computer-based environment that simulates the basic functionalities of the real 

world, such as population, economies, societies, communities and rules. Castronova has preferred the 

term ‘synthetic worlds’, and he has defined them as “crafted places inside computers that are designed 

to accommodate large numbers of people”. (Castronova, 2002) 

Virtual economies are designed economic systems created by the game developers and used by the 

players. As in real world economies, virtual economies are based on the three simple pillars of 

economics: production, consumption and wealth. (Lehdonvirta, 2005) 

Player motivation is the emotional state of the player that encourages him or her to play a particular 

game. It is based on the following three main components, which Nicholas Yee’s ‘Model of Player 

Motivations’ has defined: achievement, social interaction and immersion. (Yee, 2005) (Castronova, 

2002) 

Blockchain technology is used by globally distributed computers to jointly manage a database to 

record transactions. There are different types of blockchains, built upon different sets of rules.  

Cryptocurrencies are utilised by blockchains as the virtual currency used for transactions on the 

chain. Cryptocurrencies are also sometimes called ‘tokens’. A detailed explanation of blockchains and 

cryptocurrencies, with examples, is introduced in the second section of the literature review of this 

report. (Laurence, 2017) 

Cryptography is the technology for secure communication during the presence of a third party. It is 

associated with the process of disguising plain text in an unintelligent format, called encryption. This 

format is not readable by humans and can only be interpreted by computers once it is decrypted back 

into plain text via the decryption algorithm. (Piper, 2002) 

Hashing, in computer science, is the transformation of a string into a fixed length value that 

represents the original text. This technology is used to index and retrieve records from a database. It is 

a faster method than retrieving data stored in original strings. Hashing is usually used in encryption 

algorithms. (Rouse, 2005) 

2.2 Blockchain technology 

The first blockchain database, called the Bitcoin blockchain, was created in January 2009. An 

individual who went by the name of Satoshi Nakamoto, who claimed to be a Japanese programmer, 

introduced the concept of Bitcoin in fall of 2008 as a white-paper document. His real identity is still 

unknown today. (Laurence, 2017) 
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2.2.1 General information and history 

In the document’s abstract, Nakamoto has explained how this peer-to-peer electronic cash, called 

Bitcoin, would allow online payments to be sent directly from one party to another without the need for 

a trusted third party, such as a bank. The Bitcoins that the system uses as the currency for transactions 

are made of digital signatures, which provide complete control over ownership. The distributed 

system’s peer-to-peer nature helps the data to be tamperproof and secure. The individual computers 

running the protocol are called nodes, or as previously mentioned, ‘miners’. These participants can 

freely join or leave the network without the need for identification. Furthermore, the nodes constantly 

solve complex mathematical problems to validate blocks and to reject invalid ones. (Nakamoto, 2008) 

By designing this peer-to-peer-based transaction network powered by cryptographic connections, 

Nakamoto has created more than just the Bitcoin network; he has created an innovative technology, 

now called the blockchain technology. (Laurence, 2017) Since 2009, when the Bitcoin network went 

live and the technology was introduced, individuals and companies have created over 1,300 new 

blockchains and cryptocurrencies. (Coinmarketcap, 2017) 

All these new blockchains, listed by Coinmarketcap, use the main aspects of blockchain technology, 

such as the distribution of a database to independent nodes, cryptographic hashing between blocks and 

the utilisation of a token. However, there can be significant differences between two blockchains based 

on a number of areas: permission type, consensus algorithm and the overall goal of the network and its 

utilisation amongst users. (Laurence, 2017) 

2.2.2 Types 

According to Tiana Laurence, one of the co-founders of Factom5, there are three major categories 

of blockchain permission types: public blockchain, permission blockchain and private blockchain.: 

• Public blockchains are similar to the Bitcoin or the Ethereum networks, where anyone can 

join or leave the system without any permission to do so. One can either simply download 

the blockchain’s software and begin mining or request a participant for the verification of a 

transaction at any time.  

• Private blockchains are closed systems that tend to be smaller than public blockchains, and 

they often do not utilise any tokens. The membership is closely controlled via the network 

owners, and blockchains, as such, are used to trade confidential information within and 

between companies and associations. Examples of private blockchains are Corda, 

Hyperledger or Gem. (O’Connell, 2016) 

                                                      
5 Factom is a blockchain technology-based, open source data management solution developed by the Factom 
company, based in Austin, Texas. 
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• Permission blockchains are midway between private and public blockchains, as they can 

still be large, publicly distributed systems, but joining requires permission. Ripple is a type 

of permission blockchain; while it has a global network that connects banks around the 

world, participation in the validation of transactions or ‘mining’ is limited to a restricted 

group of companies. 

Based on Laurence’s explanation of the technology behind blockchain, it can be visualised for a 

clear and simple explanation, even to those with little technical background. The main idea of the 

blockchain is the decentralised, secure, global transfer of currency. 

In Figure 2, User A would like to send money to User B. All he has to do is submit his request to 

the network to send the chosen amount of cryptocurrency from his hash address to the recipient’s hash 

address. Once the request is submitted to the network, the nodes verify the transaction. If the transaction 

is false, then the nodes can reject it, and the transaction fails. If the transaction is verified, then it is 

recorded into a block of transactions and then chained to the older blocks. Finally, the transaction is 

confirmed, and the recipient receives the currency. (Laurence, 2017) 

 

 

2.2.3 Summary 

As explained above, with the use of blockchain technology, there is no need for a bank or a trusted 

third party to verify the transactions; therefore, rules on the network must be followed to avoid fraud 

and to protect users’ assets. The rules that are run on the nodes create the blockchain’s core 

functionality, called the consensus algorithm, which runs on every node. (Laurence, 2017) 

The hypothesised blockchain solution of this project would create a system where games represent 

the nodes of the network containing all their players therein. A common token with a measurable 

maximum amount would be created; tokens would be distributed amongst games and then within a 

game by assigning their worth to virtual goods that qualify for trade. (For example, Game A, with a 

25% token share, assigns 5% of its allocated tokens as the price of an in-game sword. Another game, 

Figure 2 - Transaction diagram on the blockchain 

User A User B 
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Game B, with a 10% token share, has a similar item that was assigned the same 5% of its token 

allocation. Since Game B has a smaller share in the system, the item in question would be worth less in 

Game B than in Game A.)  

A game’s design and the satisfaction that it provides for players would determine its token share. 

The ‘better’ and ‘more satisfactory’ a game is, the higher its token share. Therefore, a game with a 

greater token share would be able to provide more tokens for players when selling their items in-game 

than another game with a smaller token share. This distribution system would dynamically iterate daily 

to ensure that game updates and changes to the network participants do not cause a system imbalance. 

The following questions regarding the fair determination of a ‘good and satisfying’ game arise as the 

key issues: how is it possible to determine whether a game is satisfactory, and is it possible to provide 

a numerical measure for this? To answer these questions, Professor Castronova’s work on virtual 

economies and player satisfaction is examined and introduced in the following section.  

2.3 Player motivation 

To answer the above-mentioned questions, it is critical to first introduce the basic background of 

avatar games and their economic evolution from Castronova’s point of view. As mentioned at the 

beginning of this paper, several billion people spend more than a quarter of their days playing video 

games. The number of people creating new avatars in virtual worlds has been growing rapidly since 

their inception in 1996. (Castronova, 2002) 

2.3.1 History of trading in avatar games  

Avatars are the players’ digital representations of themselves within a game. As the player 

population grew in games, economies began to form with their own currencies, trading habits and social 

roles. These game economies were contained within the one specific game until the players started to 

trade their in-game goods for real-world money. (Castronova, 2002) The amount of these trades was 

considered to be small, compared to that of the world’s economy; therefore, it could be overlooked. The 

global gamer population began to expand with the linearly growing desire to trade between games to 

benefit from players’ invested time in the form of real-world money, and to be able to use this money 

to boost one’s progress in another game. (Yee, 2015) Since such trades affected in-game economies, 

some game companies decided to forbid such activities:  

“You agree that you will not” …“(5) buy or sell for "real" money or exchange gold, 

weapons, armor, or any other virtual items that may be used in World of Warcraft 

outside the World of Warcraft platform,” 

 (Blizzard Entertainment, 2012) 
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“Jagex does not recognise any purported: (a) transfers of virtual items or virtual 

currency which take place outside the rules of a Jagex Product; (b) transfers of 

accounts; or (c) sale, gift or trade in the real world of anything that appears or 

originates in a Jagex Product.” 

 (Jagex, n.d.) 

“You may not market, sell, advertise, promote, solicit or otherwise arrange for the 

exchange or transfer of items in the game or other game services unless it is for in-

game sales of in-game services or items.” 

 (CCP Games, 2013) 

By introducing such limitations in games, players became legally unable to exchange their in-game 

earnings for real money to potentially transfer their progress from one game to another. (Yee, 2015)  

The following questions consequently arise:  

• Why does this matter to players?  

• Why is it important for them to feel that their time investment yields permanent 

achievement?  

• How is the player’s perception of virtual economic values comparable to that of real life 

values?  

In the following section, a further examination of Castronova’s work on virtual economies answers 

these questions. 

2.3.2 Reward vs. time investment 

Virtual economies have many similarities to the real world’s economy: production, labour, supply, 

income, inflation, foreign trade and currency exchange. Avatars, which are controlled by the players, 

live, work, consume and grow wealth in virtual economies, just as players do in the real world. 

However, the control over negative effects such as excess supply or unwanted inflation can be 

controlled by the game designers, unlike on Earth. Castronova, in his study called On Virtual 

Economics, has sought answers to the following questions by creating a simple, rational choice model 

that determines the demand for game time:  

• What happens when a virtual economy begins to be tampered with by exporting value to the 

‘outside world’ or to another game?  

• How would the player decide which game to play and how to manage his time?  

• Would the amount of return gained affect the player’s decision over two games? 

(Castronova, 2002) 
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Although players spend almost a whole day’s work hours playing games, it is still not considered to 

be work but rather entertainment. Games immerse people into virtual realities and worlds that have 

emotional impact on people as they become a part of their societies and economies. Therefore, earning 

a fair virtual income and achievements for the time investment is as important in games as earning an 

actual income in real life. In-game goods, such as virtual armour and swords, have the same emotional 

value to a player as a real-life car or jewellery when it comes to their willingness to pay and to sacrifice 

time and effort to earn that item. However, as in real life, in games, people cannot have everything they 

want; therefore, they must make decisions about what items to buy or, alternatively, how to obtain more 

funding to acquire more desired items. (Castronova, 2002) 

2.3.3 Castronovian function 

When it comes to choosing a game, the player will choose based on what he finds challenging and 

rewarding enough for his allocated free time for gaming. If the game rewards the player with an item 

or currency, he will also consider the time investment against the amount of reward gained. However, 

a game in which the player must solve a puzzle of two pieces will not be challenging enough for the 

player to make him happy. As Castronova has stated, players dislike games that are not challenging, 

and people do things that make them feel happy. This assumption can be drawn out as the player 

satisfaction model: 

S = αR - β(C - Ω)2, 

where R is the reward earned, C is the challenge level of the game and Ω is the challenge level of the 

player in that game. (Castronova, 2002) 
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3. Main Discussion 

The theory of this paper suggests that balancing a globally connected game economy, where players 

can cross trade in-game assets, will benefit the players as well as the game creators. To achieve such a 

system, blockchain technology can be used for the secure and global network connection amongst 

games without the control of a centralised third party. For the economy to work, a common currency 

must be introduced that games can use to allow players to trade their in-game goods for a universal 

medium of exchange. The theory also suggests that such a currency would hold monetary value when 

exchanged for other cryptocurrencies on public markets. However, to keep the medium of gaming free 

from purely monetary gain focuses, it is essential to create a system where the design process of a 

game’s creation is not exploited to encourage players to play for token farming purposes only. The 

element of playing a video game for fun must not be forgotten and should remain the priority. 

In the following section, based on the previously introduced research, the author draws out the 

possible solution to balance such a network, focusing on the prioritisation of game design over monetary 

gains. As the base element of such a structure, Castronova’s player satisfaction function is used to create 

a carefully designed game testing system for primary, qualitative research. 

The hypothesis of the dissertation is that Castronova’s theory can be applied in the hypothesised 

blockchain consensus rules as part of the solution to balancing a global gaming economy. The goal is 

to create a token allocation system between games so that token gains will not lead the players 

motivation beyond fun. The hypothesis will be concluded as satisfactory if the Castronovian function 

can serve for the basis of an algorithm that can balance out the token share among participating games 

on the network. In the following section, the testing of the theory is introduced, along with the 

justification and evaluation of the findings. 

3.1 Game time allocation 

As demonstrated above, Castronova has built a player satisfaction model based on his experience 

and research during the play testing and deconstruction of the game Ever Quest. The findings suggest 

that the more satisfaction a player receives from playing a particular game, the more time the player 

will allocate to that game. (Castronova, 2002) 

The function explains that while the reward gains from a game are important, they are not the 

priority, but only a part of what satisfies a player. To test this theory, a specifically designed test game 

was created for user testing, along with an online survey. (Castronova, 2002) 

3.2 Test game 

The game is a simple, skill-based, 2D, PC game with six different difficulty settings. The participants 

of the test were asked to play all six difficulties and complete a questionnaire about their experience of 
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each. The goal of the test is to prove that Castronova’s satisfaction model works in practice, and that 

the players will therefore enjoy the settings that provide an enjoyable, balanced gameplay with a fair 

pay-out.  

3.2.1 Design 

The design (Figure 3) is simple and mimics the basic model of a skill-based game: player, enemy, 

rules and rewards. The design was inspired by the traditional air hockey arcade game, but with a single 

player, RPG-style enemy system, where the player controls a puck (yellow) to nudge another puck, 

which is used as a weapon (green), to knock out enemy pucks a specific number of times. The player 

must hit the enemy pucks (red) as many times as required at the specific difficulty setting within one 

minute, without the enemy pucks ever touching the player. (Zimmerman & Salen, 2003)  

Figure 3 - Test game, gameplay 

The player’s puck is connected to the cursor position; therefore, only mouse movement is required 

as the sole input during gameplay. The pucks all have carefully balanced 2D physics applied. While 

both the weapon puck and enemy pucks are fully dynamic, the player puck is kinematic and thus cannot 

receive any effects from the game physics. However, the kinematic player puck can affect the dynamic 

actors. 

The game is built purely of 2D sprites6, including the background and the enemies. The game 

boundaries and the weapon puck both have bouncer materials, which control their bounciness upon 

contact with the dynamic objects. 

                                                      
6 2D sprites are two-dimensional graphic objects used in game development. While 2D sprites are mainly used in 
two-dimensional spaces, there are techniques where they can also be utilised in a three-dimensional game world. 
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There are six variations to the game, which reflect the game’s difficulty. On the opening screen, the 

player can choose the difficulty setting to play on a pop-up dialogue. In the questionnaire, the player 

was asked to first play through every variation at least once and then complete the related section.  

Changing the difficulty (Figure 4) changes the attributes of the game, such as the number of enemies, 

the maximum velocity and bounciness of the weapon, and those of the enemies. The difficulty change 

also adjusts the potential reward gains when the game is successfully completed within the given 

minute.  

  

Figure 4 - Test game, option screen 

Upon finishing a game variation, the player was asked to acknowledge the experience and rewards 

gained, and to fill out the questionnaire at the relevant section.  

   

Figure 5 - Test game, game over screens 
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All six game variations are implemented within one game file, and they look visually identical. 

Throughout this dissertation, they might be referred to as ‘levels’; however, they actually represent six 

individual games. 

3.2.2 Balancing and values 

The balancing of the previously mentioned attributes was created based on the Diablo III torment 

level difficulty tables that Blizzard Entertainment published. The game was chosen for this purpose as 

it has gained worldwide recognition as one of the most downloaded and top-listed PC games in 2015, 

with over 30 million copies sold. (Sarkar, 2015)  

Diablo III is a hack and slash type game with a heavy focus on difficulty scaling, where the player 

repeats the same gameplay over and over with different difficulty settings. One reason for the repetitive 

play is to gain skills and rewards to enable to succeed in more difficult levels for higher rewards. The 

test game copied some of the basic game design elements from Diablo III, such as the rapid movement 

of the player to dodge enemies and attack as well as the physical attacks towards enemies. (Blizzard 

Ent., n.d.)  

The difficulty-reward table, presented below, is built on the following elements: the difficulty of the 

level is based on the monsters’ health and damage, and the reward consists of the drop rate of gold, 

magical items in general and the drop rate of the highly desired legendary item. (Blizzard Ent., n.d.)  

 

Figure 6 - Diablo III Reward vs. difficulty table (Diablo Wiki, n.d.) 

To use this information, the system behind these numbers was deconstructed as described next. The 

provided data in each category were passed into a table to draw a scatter of points on Excel graphs 

(Appendix I), where the x-axis represented the torment level count and the y-axis was the percentage 

provided. With a simple parabolic regression, the approximate equation for finding the values for each 

level was created for every category. The regression also demonstrated an approximate parabolic visual 

representation for the changes over the levels. 
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This progression system was applied to the test game, where each category could be matched from 

Diablo III to an attribute. The ‘monster health’ was applied to the ‘number of hits needed’ attribute, 

since the perspective is the same: the player must attack the enemy a number of times to succeed in the 

fight. ‘Monster damage’, as the enemy’s component of strength, was used for the combination of the 

following attributes: ‘enemy count’, ‘bounciness’ and ‘maximum velocity’. Both aspects of difficulty 

in Diablo III represented a uniquely progressing parabolic graph; the first few levels had rather linearly 

growing difficulty, then, around the middle levels, it became more difficult, and at the end levels, it 

became exponentially more difficult. This system could be explained from a game design point of view. 

The first few levels allow the player to learn and slowly ease into the style of the dynamic difficulty 

progression while gaining more experience in the levels that provide more challenging scenarios. Such 

a system satisfies both beginner, casual and core player types. (Adams, 2010) 

In Ernest Adams’ model of perceiving difficulty (Appendix II) in video games, it is clear that in a 

balanced game, the player perceives the game difficulty progression less than the actual difficulty 

progression, as she progresses in the game and gains experience and skills. (Adams, 2010)  

During the application of the Diablo III progression system, some alterations were made to make 

the values suitable for the game. Diablo III has 13 torment levels, and the test game only has six, so 

every second level from Diablo III was removed, including the last one. The increase in difficulty 

between the levels was calculated and applied to the test game to portray not only the visual 

representation but also actual, usable values. The starting value for each attribute in the first game 

difficulty variation was chosen to represent the most basic starting value, such as 1. The values for the 

other five games were calculated based on the percentage increases from Diablo III. This provided a 

complete table of values for all six variations of the test game. Then, the values (Figure 7) were rounded 

to the nearest whole number and placed on a graph, using the same parabolic regression tool to visualise 

the outcome. The goal was to prove that the test game’s difficulty progression matches that of Diablo 

III. 

 
Figure 7 - Altered Diablo III difficulty table 

Both Adams’ study in player perception of game difficulty and the Diablo III difficulty progression 

justify the chosen values for the test game. While some of the regression graphs could not perfectly 

connect the values, the percentage increase of the test game matches that of Diablo III. Figure 8 below 

illustrates the final chosen values, presented on graphs and compared against the previously created 

Diablo III graphs.  
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Figure 8 - Diablo III and test game value comparison graphs 

3.3 Evaluation technique 

The goal for testing was to compare the Castronovian satisfaction model using the calculated game 

values against the satisfaction feedback from the testers. The player’s feedback would ideally match the 

Castronovian function. The base model presented below, 

S = αR - β(C - Ω)2, 

was further broken down to enable its application within the test game. The reward, denoted as R, was 

the simple pay-out amount the player received upon successful completion, previously calculated and 

presented above. To apply Castronova’s model to the test game, the challenge level of the game and the 

player’s challenge level or skill level had to be calculated.  

Challenge level C was represented by the average level of difficulty based on the ‘enemy hits 

needed’ and the ‘number of enemies’. The starting value of the challenge level was 1.0, and it grew by 

the previously calculated average of difficulty change. The numbers used for this were rounded to the 

nearest two decimals. The graph below illustrates the exponentially growing challenge level of the 

game. 

 
 Figure 9 - Test games, challenge-level graph 
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The player’s skill level, denoted as Ω, was represented by the number of times the player attempted 

to complete the game and the player’s type based on playing habits. For example, if a casual player 

attempted to complete the second game variation three times, then Ω would be equal to 4. The actual 

number of attempts was gained from the player testing; however, assumptions were made by using 

possible scenarios. For hypothetical purposes, three different scenarios were used, where  

• the player completed every difficulty for the first time, 

• the attempts to complete the games were made using the basic Fibonacci number sequence 

from 1 to 13 and 

• the attempts to complete the games were doubled for each game completed.  

The chosen number of attempts in the three scenarios were visualised on the graphs. The previously 

calculated game difficulty was added to the graphs to observe the visual differences of growth in each. 

According to Adams’ game difficulty progression and player perception, in an ideal world, the relative 

difficulty would match in terms of growth direction. For example, if the relative difficulty of the game 

is increasing exponentially, then the player’s perception of this should also grow at the same pace. 

Displacement is possible and personal to every player, individually, based on his or her previous gaming 

experiences. (Adams, 2010)  

On the graphs below, the harmony between the number of attempts and the game’s difficulty can be 

perceived. While the Fibonacci number-based attempts match almost perfectly with the game difficulty, 

the other two scenarios present major displacement. To further study the way in which the given number 

of attempts is reflected in player satisfaction, the numerical values were placed into Castronova’s 

function. 

 
Figure 10 - Test game, attempts vs. challenge level comparison graphs 

By providing the necessary values for each variable of the function, it became possible to apply them 

for test scenarios in the following way: 

Satisfaction = Pay-out – 20(Challenge level – Player skill level)2 

In the following examples, the calculated satisfaction rates are presented based on the idealistic 

Castronovian player satisfaction model. The table below lists the final calculated satisfaction amounts, 

using the three hypothetical scenarios. The columns of the table represent the satisfaction gained on the 

attempted difficulty, while the rows indicate the scenario mentioned. All numbers are rounded to the 
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nearest whole number. The satisfaction of a player is represented as an integer that can be either positive 

or negative. While a positive number is the representation of the player’s satisfaction towards the game, 

a negative number indicates her dissatisfaction. Furthermore, while the amount of increase in positive 

values is proportional to the satisfaction of the player, the amount of decrease in negative values is 

inversely proportional. Therefore, the higher the satisfaction value, the more satisfied the player, and as 

the value decreases, the more dissatisfied the player becomes. 

Table 1 : Castronovian satisfaction calculation in pre-determined scenarios 

 
Game 1 

‘Beginner’ 

Game 2 

‘Easy’ 

Game 3 

‘Medium’ 

Game 4 

‘Hard’ 

Game 5 

‘Extreme’ 

Game 6 

‘Hardcore’ 

First time 100 130 187 268 293 -198 

Fibonacci 100 130 187 230 280 364 

Double 100 130 140 -124 -1,515 -7,990 

 

Based on the calculations, the final satisfaction values for each game were drawn into graphs for 

each of the three scenarios. This helped to further understand the values the Castronovian satisfaction 

function provided based on the Diablo III torment difficulty system applied on the test games. 

 
Figure 11 - Test game, player satisfaction graphs 

The graphs clearly demonstrate great differences between the three scenarios. While the Fibonacci-

based attempt sequence provided a linearly growing satisfaction rate, the first- and double-attempt 

scenarios yielded vastly different data.  

The first-attempt graph grows slowly, then sharply drops below 0. This means that while the player 

was increasingly enjoying the progression on the first three levels, the satisfaction growth slowed down 

on level 4 and eventually dropped at level 5 to finally make the player dissatisfied on level 6. This can 

be explained by the fact that the last two games were too easy for the player, which is why he or she 

could complete every level on the first attempt. As Castronova explains, a two-piece puzzle does not 

satisfy a player due to its low challenge level. This was exactly the case for this scenario. 

The double-attempt scenario demonstrated an equally satisfied player until level 4, at which point 

the number of attempts was already 42 or 16. From this level, as the number of attempts kept doubling, 

the satisfaction of the player rapidly dropped below 0 and continued dropping exponentially to level 6. 
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According to this graph, the game was too difficult and not worth the tries it took to complete for the 

pay-out amount. 

In each of the three cases, the player was assumed to be starting the game from a personal challenge 

or skill level of 1. This means that the player is a beginner to the game and therefore the beginner level 

with a pay-out of 100 would be satisfactory. To observe how Castronova’s function applies when a 

more experienced player plays the game, another scenario was added where it was assumed that the 

player, who has completed all difficulties based on the Fibonacci example above, plays the game 

regularly. The player’s starting challenge level would thus be 3 instead of 1. It was assumed that the 

player could now complete all the game variations on the first attempt. With these new values, the 

experienced player’s satisfaction values are listed in the table below and then visualised on a graph. 

Table 2 : Castronovian satisfaction calculation for an experienced player 

 
Game 1 

‘Beginner’ 

Game 2 

‘Easy’ 

Game 3 

‘Medium’ 

Game 4 

‘Hard’ 

Game 5 

‘Extreme’ 

Game 6 

‘Hardcore’ 

Experienced player 

first attempt  
-80 -106 -74 34 280 282 

 

According to the calculations, the experienced player was dissatisfied with the first three game 

variations because they were too easy for his experience level, even though they reward proportionally 

high pay-outs. Once the difficulty of the game was satisfactory enough for the player, the values grew 

above 0. Variations five and six demonstrated similar player satisfaction. This can be explained by the 

fact that although the difficulty increased, so did the pay-out, and the player’s skills allowed him to 

complete the game without failure. However, if more increasingly difficult variations were to be added 

based on the same algorithm, which this experienced player completes on the first attempt, then his 

satisfaction would swiftly decline due to the game being too easy.  

 

Figure 12 - Test game, player satisfaction graph for experienced player 
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3.4 User testing 

The four scenarios introduced above were based on made-up players and attempts. While this test 

case proved that Castronova’s model can be applied and explained rationally, to further justify the 

viability of the equation, it had to be put into practice using real players and scenarios. The goal of the 

player testing was to gain the personalised numerical player data to calculate each player’s Castronovian 

satisfaction rating and match it to his or her own perceived, subjective satisfaction ranking for the 

games. 

To gain access to data tested on real players, the author published the test games and a specifically 

constructed survey and distributed them amongst specifically targeted groups of potential testers. The 

target groups were those with an interest in blockchain technology, cryptocurrencies and gaming. The 

decision to choose such groups was to ensure that the motivation for playing games was not biased 

towards purely monetary gains only. It was also important that the participating testers had an interest 

in such a system and understood the goal of the project. 

The survey was designed to gather adequate information about the players to ensure that they 

qualified and met the above-mentioned criteria. To clarify the players’ motivation for playing games, 

they were asked a series of demographic questions as well as questions about their playing habits. This 

way, each tester was assigned a player profile, which provided the required information to enable the 

author to use the test data for justification in the system.  

First, to find the players’ base skill levels, they were asked to provide information about their playing 

frequency, motivation and style, including those of chosen gaming platforms. By providing this 

information, each player was assigned a base skill score from 1 to 3, where 1 represented a casual player 

with little to no experience in gaming, and 3 represented a frequent or so-called ‘hardcore’ player who 

has much gaming experience and allocates a large amount of play time to his day. Each player also had 

to answer the question regarding which game they would choose based on their motivation. The 

following three answers were available for this question: 

1. The game that has the most rewards, regardless of my preference of game choice. 

2. The game that is the most fun, no matter the reward amount. 

3. The game that I enjoy and seems to pay a fair reward as well, even if it is not much. 

This question helped to label each player with a motivational goal. Therefore, if a mismatch on the 

final calculation appeared, the label could provide an explanation. 

The second part of the survey asked the player to provide his or her game stats for each of the six 

game variations, including but not limited to the ‘total plays’ and ‘successful plays’. This data was later 

used in the skill level calculations.  
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Lastly, the players had to rank the six games in two different orders:  

• by their overall perceived satisfaction of the games, including both a fun factor and reward 

gains, and  

• by their overall enjoyment of the games purely based on fun, disregarding the rewards. 

The first ranking question was designed for use in matching the calculated Castronovian satisfaction 

score of the player to his or her subjective ranking of the games. The fun-based ranking question was 

designed to serve as secondary explanation, or safety net, to explain any possible mismatch of the 

outcome. 

The test game files and a brief explanation of the project, along with the survey, were provided to 

the testers via a website. (Kovacs, 2018) The full list of the survey questions can be seen in Appendix 

III. 

3.4.1 User test evaluation 

The test resulted in 15 viable responses, where adequate information was provided by the players to 

evaluate the qualifying response. Those that were missing game data or had incomplete games were 

removed from the results. Only testers with fully completed surveys and completed games qualified for 

the final study.  

As mentioned earlier, the goal for the testing was to compare the players’ calculated satisfaction 

scores to their subjective game ranking. Castronova’s function of calculating an explicit, numerical 

player satisfaction score of a game could be perceived as successful if the relative satisfaction scores 

from one game to another represented similar changes to the player’s subjective satisfaction ranking. 

The increase and decrease of satisfaction between one game and another would ideally match in both 

cases. For example, if the personal, numerical satisfaction rating of the first game is smaller than that 

of the second game, then the player is expected to rank the second game as more satisfying than the 

first.  

During the evaluation of the testing, each player’s satisfaction rating was calculated based on the 

previously introduced formula, where the reward and the challenge rating were provided by the game 

itself and the player skill rating was calculated by the sum of the player’s base skill level and the 

attempts need to successfully complete a game. With these three values given, the satisfaction for each 

game variation were calculated and placed on a graph. Finally, the player’s subjective satisfaction 

ranking was also placed on a graph. The two final graphs were compared and studied for every 

individual. Where major displacement was noticed, other areas of the survey results for that player were 

studied to identify the possible cause of the error. Each result was recorded in a spreadsheet, as displayed 

in Figure 13. The complete list of each participant’s evaluation can be seen in Appendix IV. 

https://www.biankakovacs.com/test-game
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Figure 13 - User test evaluation sample 

3.4.2 User test result 

The individual evaluation of each player resulted in similar outcomes, where the relative change of 

the numerical satisfaction score had an 80% match to the player’s subjective ranking. The final values 

were also used to calculate an average and then placed on graphs, presented in Figure 14. 

 
Figure 14 - User testing overall results comparison 

The average 80% match in relative change proved that while there is a 20% mismatch, Castronova’s 

explicit function for calculating player satisfaction in a game is a good reflection of the realistic player 

satisfaction provided by the players themselves. While this study aimed for a 100% match, the author 

decided to use the current system to continue the project to find a balanced token share allocation based 

on Castronova’s player satisfaction calculations. The nature of the 20% error must be studied further to 

explain the cause and to potentially correct it in order to gain a 100% matching result. This further study 

is not included in the scope of this project. 

Considering the possible error provided by this 20% mismatch, the project was continued further to 

create the DEBA system using Castronova’s function. 

3.5 Application in the global gaming economy 

It might seem obvious that in a monetary-driven environment, the player would play a game in which 

the most rewards are offered for the least effort and time investment, disregarding the aspect of fun. In 

a global gaming economy, where in-game rewards can be turned into real money, this could lead to a 

major problem for the games’ designs.  

As this project intends to solve this problem, the previously explored information about player 

satisfaction can be used as the key element. To balance the issue, the DEBA system was created, based 

on the Castronovian player satisfaction model.  
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Evaluating the previously calculated values and drawn graphs, an enjoyable game in which rewards 

can be turned into monetisable tokens would consider the player satisfaction rate as the base of the 

calculation. Since player satisfaction is based on a balance between the rewards and the game design, a 

function can simply balance out the exploitable scenarios with the addition of a logarithmic calculation 

that decreases the amount of token share for low challenge-level games with high rewards and by 

removing those that are too difficult to complete. This could create a major imbalance in the allocation 

system. The measurements are relative to other games and dynamically calculated based on player 

activity, which constantly alters the player challenge level variable. 

To create a mathematical model to calculate the token share amongst participating games, the 

following rules were applied: 

• ‘Too easy’ games were removed from the token allocation to avoid exploitation issues, 

• ‘Too hard games’ were removed from the token allocation to avoid token share imbalance 

and 

• The remaining games received a linearly proportionate amount of token share based on their 

overall satisfaction scores. 

3.5.1 The DEBA system creation 

Based on the above-mentioned rules, each area was calculated using satisfaction logic gained from 

the player testing evaluation graphs. ‘Too easy’ games were those where the player satisfaction provided 

a negative value. Also, the game’s challenge level, compared to the player’s skill level, was lower, and 

the reward amount was not proportionally lower. ‘Too hard’ games were those where the player 

satisfaction provided a negative value, and the number of attempts, compared to the reward amount, 

were not in proportion.  

The remaining games received token shares from the system based on the following simple equation: 

𝑇𝑇1 = 𝑃𝑃1
∑𝑃𝑃

 , 

where the token share for a game, denoted as T, was calculated by the division of the game’s 

satisfaction score, P, and the sum of all satisfaction scores of every remaining game in the system. To 

adequately calculate this value and to remove the disqualifying games, the following steps were taken: 

1. Games that had negative satisfaction ratings and whose satisfaction scores were lower than 

the average satisfaction score of all the games were categorised as ‘too easy’ or ‘too hard’ 

and removed from the token allocation. 

2. The satisfaction scores of the remaining games were normalised to ensure that all 

satisfaction score values were represented by a positive number. This was necessary for 

percentage calculation reasons. 
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3. The normalised satisfaction values of each game were divided by the sum of all satisfaction 

scores, providing a percentage share for each game. 

This final percentage share represents the token allocation amount of every game in the system. Those 

games that were removed from this allocation were still able to participate in the network; however, 

they received a 0% token share. 

3.6 Token share monitor 

The token share calculations were programmed into the test game project to see how it works in 

practice. This was achieved by the creation of the C# algorithm that followed all the previously 

mentioned rules.  

First, each game’s satisfaction value was calculated using Castronova’s model: 

private float CalculateSatisfaction(int reward, float challengeLevel, float 
skillLevel) 
    { 
        float satisfactionScore = 0f; 
 
        //Castronovian Satisfaction function! 
 
        satisfactionScore = reward - 20 * Mathf.Pow((challengeLevel - skillLevel),2); 
 
        return satisfactionScore; 
    } 

 

This value was then used to create the token share logic, where the qualifying games first had to be 

realised, and the values then had to be normalised.  

private void AddPositiveSatisfaction() 
    { 
        float averageSatisfaction = 
satisfaction.Take<float>(satisfaction.Count).Average(); 
        for(int i = 0; i < numberOfGames; i++) 
        { 
            if (satisfaction[i] < 0f && satisfaction[i] < averageSatisfaction) 
            { 
                positiveSatisfaction[i] = 0f; 
            } 
            else 
            { 
                positiveSatisfaction[i] = satisfaction[i]; 
            } 
        } 
    } 

 

Once the so-called ‘positiveSatisfaction’ was calculated, the final token share function could be 

created. 
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public void AddTokenShare() 
    { 
        //Find the smallest satisfaction and calculate diiference to +1 
        float smallestSatisfaction = positiveSatisfaction.Min(); 
        float amountToIncrease = 0; 
        if (smallestSatisfaction < 0) 
        { 
            amountToIncrease = Math.Abs(smallestSatisfaction) + 1; 
        } 
 
        //Normalise all satisfactions with the difference calculated 
        for (int i = 0; i < positiveSatisfaction.Count; i++) 
        { 
            if (positiveSatisfaction[i] != 0) 
            { 
                positiveSatisfaction[i] += amountToIncrease; 
            } 
        } 
 
        //calculate token share between the by proportionally 
        for(int i = 0; i < tokenShare.Count; i++) 
        { 
            tokenShare[i] = positiveSatisfaction[i] / positiveSatisfaction.Sum(); 
        } 
    } 

 

Thereafter, the final calculation of token share was output to a token share monitor where the 

visualised token share amount and detailed information about each game could be studied. As it can be 

seen on Figure 15.a, the simulator is presenting a token share allocation where 6 games are participating 

in the network. The game satisfaction scores are linearly proportional with the percentage of the token 

share of each game. 

 

Figure 15.a - Token share simulator 
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The simulation monitor also has an option to view the detailed information (Figure 15.b) for each game 

and therefore gain more in-depth insight into the values calculated during the simulation. This system 

was created to help keeping track of each value during the testing and evaluation phases. 

  

Figure 15.b - Token share simulator 

The token simulator provided satisfactory results during the testing phase as the expected allocation 

of token percentage was proportionate to the game satisfaction scores and games labelled “too easy” 

and “too hard” were removed from the allocation system. 
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4. Conclusions 

4.1 Summary 

This dissertation attempted to find answers regarding the current situation of the gaming industry’s 

imbalance of income share between the players and the game owners, the functionality of virtual 

economies and how blockchain technology’s unique aspects can benefit the players to participate in a 

joint gaming economy, where individual virtual economies are connected by a blockchain. 

In the literature review, the imbalance of the gaming industry demonstrates that players have not 

only a small share of the industry’s income but also ownership issues over their acquired virtual wealth 

and belongings. It is also learnt that the inability to liquidate in-game wealth causes cross-game 

migration difficulties and potential losses of progress and time investments. 

With the introduction of blockchain technology, in the next section, it is learnt that the main aspects 

of the newly emerging technology could provide possible solutions to this imbalance by utilising a 

cryptocurrency token to enable virtual wealth liquidity, cross-game transfer and a shift of true 

ownership to the players. The chapter introduced the basic elements and technical requirements of a 

blockchain system and concluded that creating a blockchain-based global gaming economy requires the 

creation of the basic rules of the system, called the consensus algorithm, which served as the base pillar 

for token allocation amongst participating games. By allocating the tokens, the games could provide 

players with functionality that would allow their in-game goods to be tokenised by buying and selling 

in-game items to exchange for this token. This functionality raises the issue of possible exploitation by 

games, where players are encouraged to play a game simply to gain a larger amount of tokens.  

To solve this possible reward and player acquisition-driven exploitation by games, the author used 

a system where games that have such motivation must be eliminated or controlled by the system through 

the allocation of tokens based on specific rules. To create such a set of rules, the player motivation for 

playing a game had to be studied first. Edward Castronova’s work provides the perfect base for this 

research, since his mathematical player satisfaction model provides numerical values for players’ 

satisfaction based on their efforts and reward gains within a game.  

In the main discussion, Castronova’s satisfaction model was tested on a specifically created test 

game series to justify his theory with quantitative research. The results yielded an 80% match of the 

expected outcome, which was accepted for use as the base pillar for the consensus algorithm of the 

token allocation system, DEBA. 

The DEBA system was created and tested on the six test games to form a hypothetical global gaming 

economy based on a blockchain. In the simulation, the token allocation was tested and visualised to 

determine how the tokens are allocated based on the games’ overall satisfaction scores. The simulation 
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resulted in a positive outcome and demonstrates that those games with a higher positive satisfaction 

score gain a proportionally higher token share. Games that had negative satisfaction scores and a 

relatively lower-than-average satisfaction score, in comparison to all the participating games, were 

flagged as potential exploitation hazards. These games received no token share. 

While Castronova’s satisfaction model could be used as the base module of the DEBA allocation 

system, the following questions arose as a result of its 80% success rate: what aspect created the error 

in the final outcome, and what kinds of further research and studies could address the issue? 

The above-mentioned questions are not to be answered in this conclusion. However, it can be 

assumed that the subjectivity of the players’ ranking and their motivation for playing might be 

responsible for the error. Even if this was the case, other aspects of the system must be further studied 

to create a blockchain consensus where any game, regardless of its genre, style of reward and difficulty 

design system, can participate in the network. Only one type of game with the same design, based on a 

strict difficulty system, can currently provide realistic results.  

Considering all aspects of the success and failure throughout the project, it can be concluded that 

Edward Castronova’s satisfaction model could be used as the base pillar of a consensus algorithm for a 

blockchain-based global gaming economy. However, further study and investigation into a unified 

system for calculating game reward, challenge level and player skill level is required. 

4.2 Limitation of the study 

The base of the DEBA system was created with the previously presented mathematical calculations; 

however, the system dynamics are yet to be explained. While the current system utilised the satisfaction 

score of the games based on a single player’s satisfaction calculations, in the final system, a game’s 

satisfaction score would be calculated based on all its users’ satisfaction values, dynamically calculated. 

To provide games their satisfaction scores, all values needed to calculate player satisfaction must be 

dynamically changing with player activity. As players play one game and another, their satisfaction 

must be repeatedly recalculated to avoid exploitation and imbalance.  

A game’s challenge level and reward amount are areas that must be further studied to enable their 

adequate application in such a system, considering that games are different and thus provide different 

types of gameplays, reward systems and experiences.  

Applying the DEBA system to a variety of game types and genres would require further investigation 

into game reward scoring and challenge-level scoring. These studies are not included in the scope of 

this dissertation; therefore, the DEBA system is only concluded based on the test game created 

specifically for this project.  
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To enable any game to be placed in such a global gaming economy, each game must be studied, and 

specific values must be provided for each variable in Castronova’s satisfaction model, including the 

game’s challenge level and the reward offered. The players’ average skill values would also need further 

studies and research. 

4.3 Similar products 

While a global gaming economy such as the one that this dissertation hypothesised does not exist 

yet, there are companies and projects that have been working on similar approaches. In this section, two 

of these projects are introduced, and their approaches are explained. 

4.3.1 Enjin 

Enjin was first introduced in the fall of 2015, with its goal to introduce a new cryptocurrency, the 

Enjin Coin, to provide game developers and communities with a platform for implementing and 

managing their virtual goods. Its initial fundraising campaign was launched on 21 August 2015, and it 

ran for a month, raising over $12 million. (Enjin, 2017) 

The Enjin platforms offers the participating games the ability to create their own coin within the 

Enjin system. This newly created currency is then saved and assigned an exchange rate for the Enjin 

Coin. Further information about the rules behind this system is unavailable at this time. (Enjin, 2017) 

The platform’s approach to tokenise in-game goods relies on the game designers and community 

managers, similarly to the system of this dissertation. Enjin wants to offer gamers the ability to buy and 

sell their goods within its provided platform; however, it does not mention any regulations regarding 

the exchange rate calculated for the created game tokens. (Enjin, 2017) 

4.3.2 DMarket 

DMarket is another Ethereum blockchain-based smart contract that introduced a new token, called 

the DMarket Token. The goal of the system is to enable one-click buying and selling of in-game goods 

in exchange for DMarket Tokens. Unlike Enjin, this system only offers one token. (DMarket, 2017) 

Within the API of DMarket, there is a built in “ready-to-use solution for giving value to an in-game 

item”, which means that its token allocation relies on a set algorithm. Further details about this have 

not been disclosed within the company’s whitepaper document and published data. (DMarket, 2017) 

The approach of DMarket is similar to that of the system of this dissertation. Without further 

information about the system used in DMarket, it is not possible to draw any conclusions about how 

the two approaches might differ or what they have in common regarding the token allocation system. 
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4.3.3 Other systems 

There are a growing number of systems under development that aim to create a connected economy 

amongst different games. The two companies highlighted above were the first two that emerged when 

this dissertation research commenced. Since then, many additional, similar projects were published, 

such as GameCredits and BitCrystals. (GameCredits, n.d.); (BitCrystals, n.d.) 

While these systems are similar and all aim to provide players with liquidity of in-game wealth and 

true ownership, based on a blockchain environment, their approach and solution for balancing such an 

economy is not revealed in any of the cases. This raises the question of how these companies will solve 

the exploitation issue raised in this dissertation.  

4.4 Legal, Social and Ethical Issues 

Organisations that create new blockchains are called decentralised autonomous organisations 

(DAOs), which can be private or public organisations, depending on their chosen structure. Public 

DAOs enable anyone from the general public to benefit from their newly created blockchain by selling 

him or her their new token, which is utilised by their blockchain, at a discounted price for a limited 

time. This stage of a newly created blockchain launch is called the initial coin offering (ICO). In 2017, 

numerous countries, including China, Vietnam, Gibraltar and many more, prohibited these ICOs, 

claiming that some might be risky to the uninformed public. (Venegas, 2017) 

Although the project is based on a hypothetical blockchain and does not intend to offer any ICOs 

privately or publicly, legal issues may arise if the project is created with the blockchain and its token to 

later launch an ICO. 

DMarket Ltd and Enjin Ltd have proposed similar ideas of creating decentralised market places for 

the exchange of in-game good across multiple platforms. While both companies have a similar approach 

to that of this dissertation, the specifics of implementation for the companies are not publicly disclosed. 

However, it is important to remain updated on their published information to avoid any potential 

copyright issues (Enjin, 2017); (DMarket, 2017) 

While decentralisation, shift of ownership and liquidity of in-game wealth all benefit the players, 

the merge of virtual economies into real-world economies can raise possible ethical concerns. Similarly 

to the introduced economical imbalance that occurred during the first clash of economies, explained in 

the literature review resulted in multiple bans of such activities, might again conclude in a dislike and 

ban by game companies. (Castronova, 2002) 

On a micro-economic scale, a cross-game economy based on possible monetary gains, could also 

damage game economies and create imbalance and possible unfairness. The token’s ability to be turned 

into real money also means that it can be bought for real money. This can cause potential dislike by 
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players who invested time and effort into gaining the tokens and in-game goods. This scenario occurred 

when Diablo III announced a real-money auction house where in-game items could be sold and bought 

with fiat currency. The game population demonstrated its dislike for this on community forums, and 

Diablo’s creator, Blizzard Entertainment, soon removed this feature from the game. (Moore, 2013) 
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6. Appendices 

6.1 Appendix I – Game value graphs and calculations 

6.1.1 Diablo III original graphs 
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6.1.2 Diablo III chosen torment level graphs 

 

  

6.1.3 Difficulty v Reward graphs for Test Game 
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6.2 Appendix II – Player perception of difficulty 

 

(Adams, 2010) 
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6.3 Appendix III – Test Survey 
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6.4 Appendix IV – Individual test evaluations 
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