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ABSTRACT 
The recent releases of new and affordable software for developing video games, combined with an 

educated population and the large amount of knowledge available for free on the internet has created 

an explosion in the number of video games being developed and released independently. This project 

details part of the development of a video game based on a previously existing board game. This 

project focuses on the aesthetics and story, two elements of the game design tetrad that, all games 

possess in varying degrees. During this project the interface of the video game was designed, 

prototyped, tested and iterated upon. The game world, its props and characters were also modeled 

and a background story was established for the world, the monuments on it and, for each character 

and where they came from. The development of this project followed processes applied and thought 

by professionals of the game industry and was successful to implement a proof of concept of a video 

game. This work provides a deep insight for anyone that wishes to understand the game industry and 

learn the process of creating a game. 

 

RESUMO 
Os lançamentos de novos pacotes de software a preços acessíveis para o desenvolvimento de vídeo 

jogos, juntamente com uma população formada e a grande quantidade de conhecimento disponível 

de graça na internet geraram uma explosão no número de vídeo jogos a serem desenvolvidos e 

lançados independentemente. Este projeto detalha parte do desenvolvimento de um vídeo jogo 

baseado num jogo de tabuleiro previamente existente. Este projeto centra-se na estética e história, 

dois elementos da tétrade do desenho de jogos que todos os jogos possuem em graus variados. 

Durante este projeto a interface do vídeo jogo foi desenhada, foram criados protótipos desta, estes 

foram testados e iterados. O mundo do jogo, os objetos neste e as personagens foram modelados e 

uma história de fundo foi criada para o mundo, os monumentos deste, para cada personagem e a sua 

origem. O desenvolvimento deste projeto seguiu processos aplicados e ensinados por profissionais da 

indústria dos vídeo jogos e foi bem-sucedido na implementação de um vídeo jogo. Este trabalho 

apresenta uma visão aprofundada para que qualquer pessoa que deseje aprender sobre a indústria 

de jogos e o processo de criação destes. 
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 INTRODUCTION 

1.1 MOTIVATION AND OBJECTIVES 

This work ǎǘŀǊǘŜŘ ŀǎ ŀ .ŀŎƘŜƭƻǊ 5ŜƎǊŜŜΨǎ Ŧƛƴal project in Computer Engineering at the University of 

Madeira which will be referred to as General Game Project (GGP). The GGP was shared between two 

students, Tatiana Vieira and Yuri Almeida. The goal of the GGP was to create a board game to validate 

a game concept and to establish the requirements for its digital implementation, the Game 

Implementation Project (GIP). Due to the sheer amount of work and the complexity of the GIP, the 

workload was divided between the two students. 

The main purpose of the GIP is to implement a working digital prototype of the board game that was 

previously developed with all its rules and requirements (GGP). The biggest challenges to overcome 

were to ensure that the spirit of the board game was maintained in the digital implementation, 

learning and following the development process used in the game industry and collaborating in a 

multidisciplinary team.  

This project, the Design and Aesthetics Project (DAP) into five sections each approaching a major topic: 

state of the art, the board game (GGP), game story development, game interface and the creation 

pipeline of the 3D assets. This last section was also used as a learning experience in 3D asset creation 

for games and all the knowledge and experience gained through the development of the DAP will 

contribute to finding a full-time position as a 3D Designer in a game development company.  

1.2 PROJECT DIVISION 

The GIP division was based on the Elemental Tetrad of Games [1] which divides a game into four 

components: Aesthetics, Story, Mechanics and Technology. The DAP, focusses on the development 

and implementation of the first two components while, the other two can be found in the project 

Keepers of Intheris: Mechanics and Technology [2] which, will be referred to as Mechanics and 

Technology project (MTP). Figure 1 shows the complete game development responsibilities. Part of 

the game design document was done previously when creating the board game.

 

Figure 1 ς tǊƻƧŜŎǘΩǎ ƎŀƳŜ ŘŜǾŜƭƻǇƳŜƴǘ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎΤ hǊŀƴƎŜ ǊŜǇǊŜǎŜƴǘǎ ŜǾŜǊȅǘƘƛƴƎ ŘƻƴŜ ǿƘƛƭŜ ŘŜǾŜƭƻǇƛƴƎ ǘƘŜ ōƻŀǊŘ ƎŀƳŜ (GGP); 

Green represents the scope of the DAP; Blue represents the scope of the MTP. 
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This project is responsible for multiple aspects. Firstly, the development of the interface design and 

implementation. The interface is divided into two parts, the menus which include all aspects of the 

interface before starting a game and the in-game interface which includes all the elements required 

to play the game as in the board game. This project is also responsible for the development of the 

game story which, ƛƴŎƭǳŘŜǎ ǘƘŜ ǎǘƻǊȅ ƻŦ ǘƘŜ ƎŀƳŜΩǎ ǳƴƛǾŜǊǎŜ ŀƴŘ ǘƘŜ background of each character. 

This story also influenced the creation of the 3D assets created in this project. These were created 

according to a 3D production pipeline which started with a piece of concept art and ended with a final 

3D game asset. Another responsibility of this project was to integrate the animations and particles of 

the game with their corresponding mechanics inside the game engine, Unity3D [3]. Finally, this project 

had to ensure that every asset created could be integrated into Unity3D but also that it was compatible 

with the MTP. Figure 2 shows how both projects were connected and the solid green shapes represent 

this projectΩs responsibilities. 

 

Figure 2 ς DLtΩǎ architecture division (white represents the responsibilities of the MTP while solid green represents ǘƘŜ 5!tΩǎ 

responsibilities). 

The game development was planned through a Gantt chart (Annex Gantt) that included the 

responsibilities of the GIP, the dependencies of each part and a deadline for their completion. Both 

parts of the GIP were linked to a server version control, Microsoft Team Foundation [4], which was 

used to integrate both source codes and to be able to work on it simultaneously. 

 



 

 

 

 

 

 

PART I:  

STATE OF THE ART 
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 STATE OF THE ART 

2.1 GAME INDUSTRY EVOLUTION 

Videogames started out as research. At the time, the goal was to push the boundaries of computing. 

The first computer game, Noughts and Crosses, was created in 1952 by A. S. Douglas at the University 

of Cambridge [5]. Despite this, the first recognized example of a game machine was presented in 1940 

ŀǘ ǘƘŜ bŜǿ ¸ƻǊƪ ²ƻǊƭŘΩǎ CŀƛǊ ŀƴŘ ǿŀǎ ŎŀƭƭŜŘ bƛƳ [6]. Many other followed this path starting out as 

research but ultimately becoming entertainment. In 1962, another early computer game was created 

by MIT researchers but it could not be distributed since the hardware was too expensive to mass 

produce. By 1964 the programming language BASIC was developed which became instrumental in the 

creation and sharing of videogames [5]. 

.ȅ ǘƘŜ мфтлΩǎ ǾƛŘŜƻ ƎŀƳŜǎ ƘŀŘ ƳƻǾŜŘ ŦǊƻƳ ǊŜǎŜŀǊŎƘ ǘƻ a form of entertainment. The arrival of arcade 

games and home consoles due to Atari, further contributed to the fast adoption of videogames [5], 

[6]. The development of videogames continued to climb and by 1978 arcade videogames were so 

ǇƻǇǳƭŀǊ ǘƘŀǘ ǘƘŜȅ ǿŜǊŜ ǇŀǊǘ ƻŦ ŜǾŜǊȅƻƴŜΩǎ ƭƛŦŜΦ 5ǳǊƛƴƎ ǘƘŜ ŜŀǊƭȅ улΩǎ, several iconic games were 

created, such as Pac-man, Donkey Kong (which later led to the development of Mario) and Tetris [5]. 

During those early days, the goal was not to inspire the audience, stir up emotions or expose them to 

thought provoking realities or perspectives but, simply to entertain and amuse. A major milestone in 

breaking away from simple entertainment into the rich works of art of today was the appearance of 

the text-based adventure games in 1976. Colossal Cave Adventure, developed by Will Crowther and 

Don Woods, combined elements from video games with tabletop roleplaying video games to create a 

completely new experience (Figure 3 - A) [7]. Narrative was used as a tool to overcome the limitations 

of that time. Computers could not render complex landscapes such as today but, with a detailed 

description, ǘƘŜ ǇƭŀȅŜǊΩǎ ƛƳŀƎƛƴŀǘƛƻƴ could do it. With the release of Donkey Kong in 1981, the world 

saw one of the first complete narratives in video games. A giant ape (Donkey Kong) kidnaps a woman 

while her boyfriend (Jumpman, later named Mario) attempts to rescue her over the course of several 

stages / levels (Figure 3 - B). The gameplay and narrative walked hand in hand since, when the 

protagonist failed, they antagonist smiled, the damsel in distress often shouted for help (through a 

speech bubble) until the player reached her. As this happened, a heart would appear between them 

just to be shattered by the villain as he escaped once again [7]. These simple narrative elements, were 

more than sufficient to convey the classical story of a damsel in distress and the hero that saved her. 

Donkey Kong was also one of the first platform games. Due to technical limitations, these early 

platform game levels were constrained to the size of the screen. The next step in platform games was 

side scrolling which removed these early limitations. As technology evolved, games such as Q*bert, in 

1982, started to emerge. These games had an isometric view giving the illusion of being three-

dimensional but were in fact still 2D games (Figure 3 - C) [8].  
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Figure 3 ς (A) Colossal Cave Adventure screen; (B) Donkey Kong [7]; (C) Q*bert in the arcade [8]. 

The videogame fever continued until the videoƎŀƳŜΩǎ ŎǊŀǎƘ of 1983 [6]. This year was a turning point 

for computer and console games. While consoles started to decline in popularity, home computers 

started to grow. This was undoubtedly fueled by the BASIC programming language and magazines that 

shared videogame code for anyone that had a home computer [6].  

¢ƘŜ улΩǎ ǿŜǊŜ ŀƭǎƻ ŀƴ ƛƳǇƻǊǘŀƴǘ ŘŜŎŀŘŜ ŦƻǊ ǾƛŘŜƻƎŀƳŜǎ ŘǳŜ ǘƻ ǘƘŜ Ŧŀǎǘ ŜǾƻƭǳǘƛƻƴ ƛƴ ǇǊƻŎŜǎǎƛƴƎ ǇƻǿŜǊΦ 

In 1983 8-bit consoles were released, bringing along more detailed colors, sound and processing 

power. By 1987 16-bit processing was a reality, taking another giant leap in these features [6]. 

In 1986, Nintendo released the game Metroid that would later lead to many more Metroid games. 

Metroid is an influential game not because of its narrative but, because of how it was able to deliver 

a clear narrative through aesthetics. The game takes place in the Planet Zebes and through the use of 

dark color pallet, eerie music and sound effects and, the lack of dialogue, the creators of the game 

instantly convey a clear message and the setting of the narrative: this is a harsh world and the player 

is all alone (Figure 4 - A) [7], [9]. Metroid also employed a technique used in other media, the 

ǇǊƻǘŀƎƻƴƛǎǘΩǎ ŦŀŎŜ ǿŀǎ ŎƻǾŜǊŜŘ ŀƴŘ ƴŜǾŜǊ ǎǇƻƪŜΦ ¢Ƙƛǎ ŀƭƭƻǿŜŘ ǇƭŀȅŜǊǎ ǘƻ ƳƻǊŜ Ŝŀǎƛƭȅ ǇǊƻƧŜŎǘ 

themselves onto the role of the protagonist [9]. 

The Legend of Zelda, considered the forerunner of role-playing games (RPG) was also release in 1986. 

One of the main innovations brought by Zelda was a non-linear narrative. This feature was adopted 

by many more games through the years and became an essential part of future RPGs. The influence 

ƻŦ ǘƘŜ ƎŀƳŜΩǎ Ŧŀƴǘŀǎȅ ǎŜǘǘƛƴƎ ŀƴŘ ƳǳǎƛŎŀƭ ǎǘȅƭŜ Ŏŀƴ ǎǘƛƭƭ ōŜ ǎŜŜƴ ƛƴ ŎǳǊǊŜƴǘ ǾƛŘŜƻ ƎŀƳŜǎ (Figure 4 - B) 

[10]. 

 

Figure 4 ς (A) Legend of Zelda 1986 [11]; (B) Metroid [12].  

Technology continued to evolve and in 1993 the internet became part of the public domain. This was 

crucial to the sharing of information but also to the rise of multiplayer games. The main boosters to 

A B C 
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the popularity of these games were Doom and Pathway to Darkness also released in 1993. Doom and 

Wolfenstein 3D brought along the first 3D concepts for games (Figure 5 ς A and B). At the time, these 

games took place in a three-dimensional space but many of the game elements were still 2D sprites 

[13], [14]. 

The following year saw the release of Warcraft: Orcs and Humans which, was one of the first strategy 

games with detailed missions. This franchise would later lead to the development of the most popular 

massively multiplayer online game of all time, World of Warcraft [5].  

By 1996, as a successor of Doom, Quake was release. It managed to overcome the technical limitations 

and all the elements in the game world were now 3D (Figure 5 - C). 

 

Figure 5 ς (A) Wolfenstein 3D [13] (B) Doom [14]; (C) Quake I  [15]. 

Video games continued their course until 2007. This year was marked by the release of smartphones 

and app stores. A new era begun in a new system with new features and restrictions. This new age of 

gamming fueled an inevitable evolution in game interfaces as smartphones had smaller screens but 

still needed to present a lot of information during game sessions. 

Video game aesthetics have been a hot topic in the last few years as consumers and reviewers mistook 

aesthetics for graphics (graphical fidelity). As technology evolved, the graphical fidelity that games 

achieved also improved. This led to the creation of characters that were visually closer to reality and 

moved them away from the uncanny valley. As this happened, games looked better and consumers 

started to associate the technological evolution with better looking games. This made them ask for 

better graphics and the game industry provided better graphics. However, many games that did not 

look better with this technological evolution and,this led to many video games looking bland and 

generic [16]. In the early days of the video game industry, audio, visuals, gameplay and narrative were 

all on the same level or very close to each other. In Figure 6 we can see how Legend of Zelda evolved 

but kept the same aesthetic over the years. While all of them have come a long way, visuals and audio 

are the ones that benefited the most from the technological evolution. As these aspects of games 

evolved they started to grow apart in cohesion since some developers and designers wanted to simply 

incorporate the latest innovation into their games sometimes without care or thought [16], [17]. 

A B C 
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Figure 6 ς Evolution of Zelda through the years [11] 

In the last two years, virtual reality appeared to be the future of videogames but currently it is starting 

to lose popularity due to its high costs and a lack of games using this technology. Regardless of what 

the future holds for videogames it will surely be entertaining [6].  

While the narrative is often an after though in many player versus player (PVP) games, it is essential 

ŦƻǊ ǇƭŀȅŜǊΩǎ ŜƳŜǊǎƛƻƴ ŀƴŘ ŜƴƧƻȅƳŜƴǘΦ Lƴ ǘƘƛǎ ƎŀƳŜΣ ǘƘŜ ƴŀǊǊŀǘƛǾŜ ǿŀǎ ƻƴŜ ƻŦ ǘƘŜ ŦƛǊǎǘ ŜƭŜƳŜƴǘǎ ǘƻ ōŜ 

developed. This was also important to define the setting of the game and its aesthetics.  

2.1.1 THE EVOLUTION OF STRATEGY GAMES AND THE RISE OF MOBAS 

{ƛƴŎŜ ǘƘŜ ƭŀǘŜ флΩǎΣ ǇƭŀȅŜǊǎ have been able to compete with each other and this led to the rise of player 

versus player games. From this competitive atmosphere, two game genres emerged, the strategy 

games like StarCraft, Warcraft, Command & Conquer and first person shooters such as Doom, Quake 

and Team Fortress. These games allowed players to compete in an arena where they could show off 

their skills and knowledge [18]. Due to the scope of the DAP, the focus will be on strategy games. This 

genre can be divided in two gameplay styles, turn-based (TBS) and real-time strategy (RTS).  

Turn based games come from the initial concepts of games. From the early games such as checkers to 

the first multiplayer game, Empire, released in 1973 [6]. In these games, players play in turns where 

each can decide where to move and what to do on their turn and then wait for the other player to 

play. There are many games that can fit in this category, while in Civilization, players can conquer the 

world from a perspective of a god or an observer, in XCom the player is closer to the action and can 

see their troops up close and feel like they are on the field leading them. Even though many games in 

this genre have real time mechanics, this subgenre focus more on strategy and planning than on quick 

execution (Figure 7).  

 

Figure 7 ς (A) Empire game screen [19]; (B) Civilization V gameplay [20]; (C) XCom gameplay [21]. 

A B C 
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Real-time strategy games on the other hand, create anxiety and adrenaline rushes which is something 

that a lot of players enjoy. Games like Dune II, StarCraft and Warcraft led to the creation of this 

subgenre [18]. In this type of games, players can deploy units and create structures under their control 

to secure areas of a map and can ŘŜǎǘǊƻȅ ǘƘŜƛǊ ŜƴŜƳȅΩǎ base and troops. Since the amount of tasks a 

player must perform to be able to succeed in an RTS can be very demanding, complex user interfaces 

had to be created to help the players cope with this big challenge (Figure 8).  

 

Figure 8 ς (A) Dune II gameplay [22]; (B) StarCraft 1 gameplay; (C) Warcraft 1 gameplay. 

Some games also combine these two subgenres. One of the most known examples are the Total War 

series which allows players to play both subgenres at the same time.  In a first phase, players are faced 

with a map where they move around and start spying and exploring the world. In a second phase, they 

must go into battle, to conquer new territories or defend their own. Before the battles start, the player 

places their units on the map and once the battle starts it takes place in real time [23]. 

With StarCraft and Warcraft, Blizzard released a Map editor, where players could create their own 

levels and game ideas. It did not take long for the most curious players to start creating their own 

maps and it was then that another game subgenre came up, Multiplayer Online Battle Arena (MOBAs). 

It started as a StarCraft mini-game called Aeon of Strife and then Defense of the Ancients, another 

mod of a Blizzard game, Warcraft III, that continued to evolve this new subgenre (Figure 9 - A) [18], 

[24].  

In this subgenre, the player controls a single hero as part of a team. The objective is to destroy the 

ŜƴŜƳȅΩǎ ōŀǎŜ ǳǎƛƴƎ ǘƘŜ ƘŜǊƻΩǎ ǳƴƛǉǳŜ ŀōƛƭƛǘƛŜǎ ŀƴŘ the ǘŜŀƳΩǎ ƳƛƴƛƻƴǎΦ This game completely relies on 

the ǇƭŀȅŜǊΩǎ ǉǳƛŎƪ ǊŜŀŎǘƛƻƴs and the number of actions they can perform in a certain amount of time. 

Players have to manage playing as a team and evolving their hero as game time progresses (Figure 9 - 

B). Games such as League of Legends [25] and DOTA2 [26] ǿŜǊŜ ǘƘŜ ŦƛǊǎǘ ah.!Ωǎ ǊŜƭŜŀǎŜŘΦ IŜǊƻŜǎ ƻŦ 

the Storm [27], a more recent MOBA, changed some of the base rules/mechanics.  Players no longer 

need to upgrade the armor on their heroes as they level up and experience is shared between the 

team instead of being personal. Another MOBA that drŜǿ ǇƭŀȅŜǊΩǎ ŀǘǘŜƴǘƛƻƴ ǿŀǎ {aL¢9 [28]. Despite 

not changing the game mechanics like Heroes of the Storm, SMITE chose to change the perspective of 

the player from an isometric view to a third person view [18]. This completely changed the way players 

experienced a MOBA. 

A B C 
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Figure 9 ς (A) Warcraft III map editor; (B) MOBA map explanation. 

MOBAs were one of the big inspirations in the board game. Since the board game shared many 

mechanics and system with MOBAs, its interface will also be influenced by the interfaces of MOBAS.  

The board game was created with the goal of incorporating the most enjoyable mechanics from 

existing games into a single cohesive experience. The digital game, had to go beyond this and provide 

a new experience to players that had already experienced everything that strategy games had to offer. 

2.2 GAME INTERFACES 

The interface is what allows the interaction between the player and the game itself [29]ς[31]. Contrary 

to popular belief, the interface is not just what can be seen on a screen but, it also includes all the 

controllers that help the player bridge the gap between the physical and the virtual world [29].   

¢ƘŜ ŦƛŜƭŘǎ ƻŦ Ψ¦ǎŜǊ ƛƴǘŜǊŦŀŎŜΩ (UI) ŀƴŘ Ψ¦ǎŜǊ 9ȄǇŜǊƛŜƴŎŜΩ ό¦·ύ ŀǊŜ ƻŦǘŜƴ ŎƻƴŦǳǎŜŘΦ The UI is a set of tools 

that the player uses to interact with the game. On the other hand, UX refers to how easy and pleasant 

ƛǘ ƛǎ ǘƻ ŜǎǘŀōƭƛǎƘ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴΦ Lƴ ƎŀƳŜǎΣ ¦· ƛǎ Ƴƻǎǘƭȅ ƪƴƻǿƴ ŀǎ ΨDŀƳŜǇƭŀȅΩΦ hŦǘŜƴΣ ǘƘŜ ƭƛƴŜ ōŜǘǿŜŜƴ 

game interface and gameplay is blurry [29], [32]. Gameplay is defined as the emotionally positive 

experience that users get when interacting with the UI and its visual elements, information 

architecture and navigation [29]. Sometimes, the interface may be user-friendly, while the gameplay 

is challenging and, in other cases, the interface may be difficult to use in order to further separate 

players based on their skill, without compromising the enjoyment of its audience [32].   

In video game design, one of the most important things is to keep a player entertained and engaged 

in the game [33]. Despite being fundamental, the UI has been one of the few things that has been the 

most neglected in the past fifteen years [30]. Other fields, such as physics, artificial intelligence and 

even 3D modeling have been constantly evolving in games [29], [30].  

In many games, UI design moves away from traditional UI designs because it has to accommodate an 

additional element, fiction, which is an avatar of the actual player [34]. It becomes a portal to the 

inside of the game bridging fantasy and reality. Through the years, terminologies have been used to 

identify each type of interface depending on how linked to the game geometry and narrative they are 

[35], [36]. They are divided into four different types: diegetic, non-diegetic, spatial and meta. 

Diegetic interface elements exist inside the game and can be interacted with by the player or its avatar. 

If this type of interface is well executed, it will provide a more immersive experience to the player, 

enhancing their experience of thŜ ƎŀƳŜΦ !ƴ ŜȄŀƳǇƭŜ ƛǎ ǘƘŜ ŜŀƎƭŜ Ǿƛǎƛƻƴ ƘƛƎƘƭƛƎƘǘ ƛƴ !ǎǎŀǎǎƛƴΩǎ ŎǊŜŜŘ 

by Ubisoft [37] where the player can see targets and track patrols behind walls (Figure 10 ς A). On the 
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other hand, non-diegetic interfaces are the ones that are rendered outside the game world and are 

only seen or heard by the player. These are the most common game interfaces (Figure 10 ς B). Spatial 

ƛƴǘŜǊŦŀŎŜǎ ŀǊŜ ŎƻƳǇƻǎŜŘ ōȅ ŜƭŜƳŜƴǘǎ ǘƘŀǘ ŀǊŜ ƛƴǎƛŘŜ ǘƘŜ ƎŀƳŜΩǎ о5 ōǳǘ ŀǊŜ ƴƻǘ ƴŜŎŜǎǎŀǊƛly an entity 

of the game world itself, for example when the amount of damage done to a target is shown over its 

head (Figure 10 ς C).  Meta representations in the interface are elements that can exist in the game 

world but are not necessarily seen spatially by the player, for example blood spatter on the camera to 

indicate the player has been damaged (Figure 10 ς D) [34], [36]. 

 

Figure 10 ς (A) Diegetic interface example ς !ǎǎŀǎǎƛƴΩǎ /ǊŜŜŘ ŜŀƎƭŜΩǎ Ǿƛǎƛƻƴ [38]; (B) Non-diegetic interface  - DOTA 2; (C) Spatial interface 

ς World of Warcraft Scrolling Combat Text; (D) Meta interface ς Blood Spatter in Call of Duty [39]. 

Game UIs come in many forms and should never be limited by static game elements, there is also 

audio, animations and even game effects to make the player aware of what is going on inside the 

game [36].  

Video games often combine different types of interfaces to provide feedback to the player in several 

ways. This feedback is sometimes redundant but, contributes to a higher awareness of the game state. 

In the game being developed, diegetic, non-diegetic and spatial interface elements were combined to 

provide a richer experience while still displaying all the necessary information.  

2.2.1 EVOLUTION OF GAME INTERFACES 

Over the years, there has been a trend on game UIs of the same genre. The similarities include style, 

screen layout and the use of UI elements [30]. Many game genres have been emerging, but the most 

played are Massive Multiplayer Online Role Playing Games (MMORPG), Real Time Strategy games 

(RTS) and First Person Shooters (FPS) [40]. 

A B 
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MMORPGs have been using a standardized layout based on Everquest (1999) [41], [42] and later 

updated with the launch of another game, World of Warcraft (2004) [43], [44]. This type of games 

usually shows a health bar, an action bar and a mini map to help navigate around the open world 

(Figure 11 ς A and B). There are also a lot of player modifications (mods) that can be created for this 

kind of interfaces, making the interface more versatile and deeply customizable [45]. With these new 

features, some researchers  in the field of HCI think that there is a lot to learn from game UIs that can 

help to create better UIs outside of the game industry [46]. 

FPSs have been presenting the same information since the first game of this genre was launched, 

Wolfenstein 3D (1992) (health points, ammunition, armor points, score and equipped weapons) 

(Figure 11 ς C and D) [13], [35], [47]. The launch of the second FPS game, Doom (1993) brought new 

controls [14]. As time went by, some interface elements started to emerge in this type of games only 

in some contexts, showing up only when needed. They became part of the game world, sometimes 

even mimicking a heads-up display (HUD) in an aircraft and creating a more immersive gameplay 

experience [35], [47]. 

RTSs have been using the same set of controls and UI elements since Warcraft II was launched [48]. 

The UI elements of these games include unit health bars, amount of resources, small action bars and 

a mini map to improve strategy and navigation in the game (Figure 11 - E). This pattern has been 

repeating on every Blizzard RTS and it has also been adopted by other RTS games [49]. As mentioned 

previously, these games lead to the development of the MOBA genre. In these games, the UI was 

maintained and as they evolved, some mechanics were removed and so were their representations 

on the interface (Figure 11 - F).  

 

Figure 11 ς (A) Everquest Interface; (B) World of Warcraft interface; (C) Wolfenstein3D interface; (D) Counter Strike: GO interface; (E) 

Warcraft III interface; (F) Heroes of the Storm interface. 

Video games have been through a massive evolution in the last few decades but interfaces have barely 

evolved. This has its benefits but also its problems. On the bright side, once players learn the interface 

for one game genre they will be sufficiently proficient with other games in the genre through 

familiarity. On the other hand, innovation is often left behind or very slow for fear of straying too far 

from the familiar. This would force players to have to learn a new interface for a genre they already 

knew giving them the impression that this new game was needlessly complicated and inferior to the 

others they already knew. 
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2.2.2 HOW INFORMATION IS DISPLAYED IN OTHER GAMES 

Even though the game being developed is a turn-based game it has several components that can also 

be found in other game genres. For the purposes of the DAP, the research on how information is 

displayed for the player focused mainly on turn-based strategy games but, it also included MOBAs, 

(MMO)RPGs and RTSs. 

The main difference between the game implemented and the board game, is that each player controls 

a team of three heroes instead of having each player control a single hero. The board game has a lot 

of information that needs to be displayed at all times but, there is also a lot of contextual information 

that the player needs throughout the game. In this sub-section, research was done based on the type 

of information that is going to be displayed in the digital implementation according to the board 

gameΩǎ requirements (more information can be seen in The Board Game section). The game has a hex 

map. In these games, this type of maps is shown in two different ways: a grid shown at all times or an 

overlay of what are the boundaries the player can move to. For example, in Might & Magic [50], the 

grid is always present but in XCOM [21], the movement boundaries are only shown when the unit is 

playing (Figure 12).  

 

Figure 12 ς (A) Might & Magic game grid; (B) XCom movement phase grid. 

Team structures (such as buildings) are represented in games as 3D objects inside the map, usually 

with a health bar, a resource bar and other information as part of its spatial interface. For example, in 

Heroes of the Storm [27], in addition to its health, each tower has ammunition, so it has a floating bar 

showing the remaining ammunition (Figure 13 ς A).  

Since the early days of multiplayer that teams are represented by blue and red colors. Usually friendly 

units are colored as green or blue and enemies as red or purple (Figure 13 - B). Team units are usually 

represented in the interface as a series of portraits and in addition to their avatar, they also show their 

health and resources (Figure 13 - C).  

When a unit is selected, sometimes, it is possible to see more information about it. Its list of current 

active abilities, state (has played/is dead/other) and a list of current negative and positive effects 

(known as debuffs and buffs, respectively). These effects are sometimes accompanied by animations 

to help the player quickly realize what is going on with their units (Figure 13 - D) [51]. Each unit is also 

represented simultaneously in the map as a 3D object with information as spatial interface (Figure 13 

- B and C).  
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Figure 13 - (A) Tower with ammunitions in Heroes of the Storm; (B) Enemies represented as 3D objects and with information as spatial 

interface; (C) Units selected in Warcraft 3 showing their health at the bottom; (D) Water drops in Magicka 2 representing the element 

affecting the player. 

The score is a very important part in these games. Some of the most popular MOBAs have chosen to 

show the score like an FPS game, where the players can see their kills, assists and deaths. Sometimes 

the score is also positioned at the top of the screen (Figure 14 - A).  

RTS and MOBA games do not have a history list where the players can see the last attacks and recent 

events because more than 20 actions happen each second. These are normally shown in the turn 

ōŀǎŜŘ ƎŀƳŜǎΣ ǿƘŜǊŜ ŜŀŎƘ ǇƭŀȅŜǊ Ǉƭŀȅǎ ƻƴŎŜ ŀƴŘ ƛǘ ƛǎ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ ǘƻ ΨŘƻŎǳƳŜƴǘΩ ǿƘŀǘ Ƙŀǎ ǊŜŎŜƴǘƭȅ 

happened. Hearthstone [52] is a good example of this kind of games. It has a game history of the last 

few plays where each square on the side represents a player action (Figure 14 - C). 

Other interesting parts of the interface are the floating combat text which gives instant feedback on 

health lost and gained for each unit and floating messages that provide feedback for certain events 

that the player needs to be aware of (Figure 14 ς A and B). In fast paced games, using an ability is an 

instant action, the player has a target, presses a key and done, ability used. In turn based games the 

process is a bit lengthier. Normally, players choose the ability, then choose their targets and finally 

decide whether to use it or not. The result is the same, but for interface design, it is completely 

different. A good example of a turn based game where this is done is XCom in which, the player goes 

through the process described above and the ability panel provides additional information such as 

range and damage (Figure 14 - D). 
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Figure 14 - (A) Score and Floating Messages on Heroes of the Storm; (B) Floating combat text on League of Legends; (C) Match history on 

Hearthstone; (D) Target system in XCom 2. 

Outside of the game, this interface should accommodate many more functionalities. Players should 

be able to change settings in their game such as video, audio and key bindings. The interface should 

also provide a way for players to see the information about their heroes and purchase new ones. This 

is usually done through a store. The game Heroes of the Storm is a good example on how this 

information should be displayed (Figure 15). 

 

Figure 15 ς(A) Hero information panel; (B) and (C) Game Shop; All images from Heroes of the storm 
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While developing ǘƘŜ ƎŀƳŜΩǎ ƛƴǘŜǊŦŀŎŜΣ ƛƴǎǇƛǊŀǘƛƻƴ was drawn from different games but, always 

considering the best way to keep the player familiar with it by using solutions from well-known games.  

2.3 TEXTURING AND TEXTURE MAPS 

When thinking about textures, one of the first things that often comes to mind is color, because that 

is normally the base of a texture, color. There are several ways to create a texture, from photographs 

to painting them by hand. Textures are often thought of as a single image, but in fact they are a 

combination of several layers (texture maps), which together form a shader. 

2.3.1 COLOR MAPS 

The most common color map types are the Diffuse and Detail maps. Diffuse maps are the colors seen 

on the model. [53] They are normally used as a base for the other texture maps and are created from 

different photographs of real-world materials. When there are no additional maps, the diffuse map 

will also simulate shadow, light and highlight, all at once [53]ς[55]. For example in mobile game 

development, where there are more restrictions in the amount of memory and CPU usage it is not 

possible to use shaders that have more than two texture maps (diffuse and bump) [56]. 

Detail maps are used to show additional detail when seeing the model up close. By using a tiled texture 

together with a transparency map, it is defined where there should or should not be any detail as the 

camera gets closer to the model [53]. 

2.3.2  TRANSPARENCY MAPS 

Also, known as opacity or alpha maps, transparency maps are usually stored in the alpha channel of 

the diffuse, specular and light maps. They are usually used for blending and for letting the texture map 

know where to show a certain part of its texture [53]. Since it uses the alpha channel, the only colors 

accepted are a full gradient from white to black, where white defines the texture as visible and black 

as completely invisible. This type of map is useful when creating hidden parts of a model, for example 

for low-poly grass. This is accomplished by creating a plane where the grass texture is applied, and its 

alpha map will make sure that only the grass image is visible, hiding everything else in the plane (Figure 

16).  

 

Figure 16 ς (A) Alpha Map; (B) Color Map; (C) Grass model in the game engine. 
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2.3.3 BUMP MAPS 

Textures are not limited to color maps and can be used to ŎƘŀƴƎŜ ŀƭƳƻǎǘ ŀƴȅ ŎƘŀƴƴŜƭ ƛƴ ŀ ƳƻŘŜƭΩǎ 

material. In addition to the Bump map itself, the most commonly known are Normal, Displacement 

and Height maps.   

The first thing to understand about Bump maps is that the detail they create is an illusion.  When 

looking at the model up close, it is clear that the detail is actually not there, it only appears to be. 

These maps are greyscale gradient images where the 3D model reads two things, white for details that 

ŀǇǇŜŀǊ ǘƻ Ǉǳƭƭ ǳǇ ǘƘŜ о5 ƳƻŘŜƭΩǎ ǎǳǊŦŀŎŜ ŀƴŘ ōƭŀŎƪ ŦƻǊ details that appear to push into the surface 

[57]. Bump Maps are valuable when adding small details such as wrinkles, cloth texture and imprints. 

Even thƻǳƎƘ ǘƘŜȅ Řƻ ƴƻǘ ŎƘŀƴƎŜ ǘƘŜ ƳƻŘŜƭΩǎ ǎƛƭƘƻǳŜǘǘŜΣ ǘƘŜȅ ǎǘƛƭƭ ƎƛǾŜ ǘƘŀǘ ǎƳŀƭƭ ŘŜǘŀƛƭ ǘƘŀǘ ƳŀƪŜǎ ŀ 

massive difference, as long as the camera is kept at a safe distance (Figure 17 - B) [54].  

Normal maps can be seen as an improved version of Bump maps (Figure 17 - A). And just like Bump 

maps, the details they create are also an illusion, they do not affect the silhouette of the model. While 

bump maps create this illusion using greyscale maps and only go up and down, Normal maps use RGB 

(red, green and blue) information corresponding to the XYZ axis in the 3D world. The RGB colors give 

the 3D application the orientation of where each polygon is facing, creating the fake detail (Figure 17 

- C) [53]. It is important to notice that there are two different types of Normal Maps, the Tangent 

Space Normal Maps and the Object Space Normal Maps. Tangent Space Normal Maps work best for 

models that will be deformed during their animations (like characters) (Figure 18 - B), while Object 

Space Normal maps are usually used for game assets that do not need to be deformed, like rocks and 

other static assets (Figure 18 -  A) [57], [58]. Normal maps are not so easily created in a 2D Software 

and are normally part of the asset creation pipeline where a normal map is baked using a high 

definition version of the 3D model [57].  

 

Figure 17 ς (A) Bump and normal Map aspects [59] and their texture detail differences a 3D cube [59] (B) Bump Map in use [54]; (C) 

Normal Map in use. 

Displacement maps do not create the illusion of detail. They are equivalent to Bump Maps and the 

ƻƴƭȅ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜƳ ƛǎ ǘƘŀǘ ǘƘŜȅ ŀŎǘǳŀƭƭȅ ƳƻŘƛŦȅ ǘƘŜ ƳƻŘŜƭΩǎ ƎŜƻƳŜǘǊȅ ǿƘŜƴ ǊŜƴŘŜǊƛƴƎΦ .ǳǘ 

because of this, they use a considerable amount of resources at render time (Figure 18 - C) [53], [57].  

Height Maps are usually used in terrain meshes. They are equal to Displacement Maps, using a 

A 
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greyscale texture to define the topography of the mesh but modify the vertex height. Game Engines 

ƻŦǘŜƴ ǳǎŜ ǘƘŜƳ ǘƻ ŘŜŦƛƴŜ ǘƘŜ ƎŀƳŜΩǎ ǘŜǊǊŀƛƴ ƭŀƴŘǎŎŀǇŜ [60]. 

 

Figure 18 ς (A) Object Space Normals; (B) Tangent Space Normals [61]; (C) Displacement Map [62]. 

2.3.4 SPECULAR MAPS 

Specular Maps control how light reflects on a surface. These 

instruct the program on how shiny a certain area of a mesh 

should be. Using a Color Map and changing the image levels 

and curves it is possible to create a good specular map, 

making it brighter to increase the light reflection or darker to 

reduce the amount of light being reflected. This map also uses 

the alpha channel to define which parts of the mesh it will 

affect (Figure 19) [53], [54]. 

 

 

 

 

2.3.5 LIGHT MAPS 

Light Maps are an efficient way to save hardware resources inside a game by storing all the pre-

rendered lightning in it. The most common are Ambient Occlusion and Emissive Maps [63].  

Ambient Occlusion Maps are used to create soft shadows. These make the model look as if it was 

illuminated with indirect light, like on a cloudy day (Figure 20 ς A and B). In the texturing pipeline, 

artists add this map as an overlay of the diffuse or specular map, instead of being stored only as a 

unique map [53], [64].  

Emissive Maps are also known as Glow Maps. They also use the alpha channel to know where to apply 

ǘƘŜ ǘŜȄǘǳǊŜ ƛƴ ǘƘŜ ƳŜǎƘΦ ¢ƘŜȅ ŀǊŜ ǳǎŜŘ ǘƻ ŎǊŜŀǘŜ ŀ ΨƎƭƻǿ ƛƴ ǘƘŜ ŘŀǊƪΩ ŜŦŦŜŎǘ ōǳǘ Řƻ ƴƻǘ ŀŦŦŜŎǘ ǘƘŜ ƻǘƘŜǊ 

surfaces around them [53], [63]. They are very useful when adding glow to details such as magic runes 

and crystals (Figure 20 ς C and D). 

Figure 19 ς Shield model in the game engine with 

light reflecting on the metal material [145]. 
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Figure 20 ς (A) Model without and with occlusion maps; (B) Occlusion Map example [65]; (C) Emissive map example; (D) Model with 

emissive map applied in the game engine [66]. 

2.3.6 CREATING TEXTURES 

As shown previously, textures can be any image that give color or details to a 3D object in order to 

overcome the limitations of game engines and hardware which do not always have memory to process 

3D models with a high number of polygons (check section 2.6 for more information on the 3D creation 

pipeline).  

There are many ways to create textures. These range from creating them in Adobe Photoshop [67] to 

taking photographs, scanning them and even by using 3D applications like ZBrush [68] to model and 

render images. Although there are many ways to create textures for game assets, regardless of the 

way we choose to create them, image treatment will always be required. [69]. 

Adobe Photoshop is also very popular among game artists to create game art. Some use it to create 

concepts while others use it for detailed paintings of objects and characters. Due to it many tools and 

capabilities, Photoshop is considered a standard in digital art [69]. It is also very useful when creating 

seamless textures (a texture that can be tiled without any noticeable joining parts). Starting from a 

raw image from a photograph or online texture library it is possible to turn it into a pattern. Once the 

image editing software has been mastered, it is easier to achieve consistency among the textures 

created.  As such, a program similar to Photoshop is vital to create great textures. 

When creating textures from photos, imagination is key. Regardless of the original photograph and its 

context, it can be used to generate a texture in a completely different setting. For example, small 

cracks on one surface can become large cracks somewhere else, a pebble can be turned into a 

mountain. Even a small vent can become a large sewer grate [69]. To ensure this straight forward 

transformation of images it is vital that they have a large resolution and that they are captured without 

flash. 

When it is not possible to photograph, scan or accurately draw the desired texture, it is possible to 

create the original object in 3D and make a texture out of it. This is an advanced method as it requires 

additional knowledge in 3D modeling and software. The first step in this method is creating a 3D model 

with incredible detail. Then, the model is painted, the shaders and materials are added and finally the 

lights are placed. When all of the elements come together, a high quality render is made and the image 

is applied to a low poly model to achieve the desired results [69], [70]. 

There are several approaches to creating good textures. The texture artist has to choose which 

method to use depending on the resources they have available and the quality they wish to achieve. 

A B C D 
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2.4 STANDARD UV PROJECTIONS VS UV MAPPING 

There are two ways to apply textures to 3D models, standard UV projections and UV mapping. 

Standard projections are very useful for assets with simple geometry such as boxes, metal drums and 

other assets that lack organic shape. On the other hand, UV Mapping is mostly used for organic assets 

such as characters, animals or even trees but, it can also be applied to simpler models to provide a 

more accurate texture to the model [70]. This process consists in placing a 2D texture on a 3D mesh. 

The two-dimensional texture coordinates correspond with the vertex information of the geometry. 

As the name implies, in projections, the textures are projected onto the surface of the 3D object. There 

are four different types of projections, planar, cylindrical, cubic and spherical. The planar projection is 

useful when recreating objects that we perceive as planar such as sheets of paper and posters but if 

the object is not completely flat, it will stretch the texture creating unrealistic results. Planar 

projections are also useful to mimic 3d objects using 2d planes. This type of projection is often used 

in video games to create grass and foliage that looks good but consumes very few resources (Figure 

21 ς A, B and C). Cylindrical, Cubic and Spherical projections are most suitable for objects with these 

shapes. Using any of these projections in other shapes will create distorted textures that will lead to 

undesirable and unpleasant results (Figure 21 - D) [70], [71].  

 

Figure 21 ς (A) Tree wireframe on the game engine; (B) Color and alpha textures; (C) Final Tree on the game engine; (D) Example of each 

projection. 

To overcome the limitations of UV projections, UV mapping is used. The first step to UV mapping is 

deciding whether to use the automatic UV layout created by the 3D application or a manual layout 

created by the artist (Figure 22 - A). The main limitation of automatic UV layout is its inability to 

accurately predict the best place to divide the 3D model. This often results in seams in undesired 

places such as the middle of the face instead of the desired back of the head, considered the standard 

[71]. Despite this, automatic UV layout is useful for models that resemble geometric solids. On manual 

UV mapping the artist divides the surface of the 3D model into several areas. The border of these 
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areas is called a seam and seams should be applied every time that there is a change in the material, 

the color of the texture or if there is a right (90°) angle. One very important consideration is that seams 

should always be placed in the least visible sections of the models regardless of how good they are. 

To improve the quality of the seams, padding should be used. Padding will allow the artist to blend 

the two sides of the seam in order to reduce its visibility [72]. A common practice when mapping the 

UVs is to overlap identical clusters to gain space in the map. This creates more space on the map for 

other objects allowing the overall map to be more detailed and saves the artist time since they only 

have to texture that cluster once (Figure 22 - B).  

 

Figure 22 ς ό!ύ aƻŘŜƭΩǎ ǳƴǿǊŀǇ ƳŀǇ ŎƻƭƻǊŜŘΤ ό.ύ {ƛƳƛƭŀǊ ŎƭǳǎǘŜǊǎ ƻǾŜǊƭŀǇǇŜŘ. 

Keeping all of this in mind, texturing should only be applied to finished models as any change to the 

model will force the artist to repeat at least part of the texturing process.  

2.5 ANIMATION APPROACHES IN GAMES 

Animation brings 3D to life. Animation is typically approached in three different ways, key-frame 

animation, motion capture and procedural animation. In addition, these approaches can be combined 

to achieve better results. 

In key-frame animation, animators decide how objects are animated in specific frames, the key-

frames. This usually means that there will be at least two key-frames, the initial and final state. 

Additional key-frames are added to improve realism and to provide a smoother movement. These 

additional frames can be added manually or automatically by software. The main advantage of key-

frame animation is that it can transcend reality which allows animators to produce animations that 

would be impossible to capture. On the other hand, this is still a very lengthy process despite major 

advancements in both technology and techniques [73].  

Motion Capture is ideal to capture reality. It captures the movement of actors so that it can be mapped 

to virtual characters, making them move just like the actors [74]. Motion Capture can even record 

extremely detailed animations such as facial expressions. The main disadvantage of this type of 

animation is its cost, since it requires expensive equipment in addition to large spaces and actors. The 

main advantage of this type of animation is that it provides instantaneously results and with the 

advancements of technology there are some low-cost solutions such as the Microsoft Kinect [75]. Then 

again, these solutions lack in accuracy and require an animator to polish the animations [73]. Another 

disadvantage of motion capture is that actors are only part of the team for a short period of time, 

further increasing the cost of modifying or creating new animations. Despite common belief, 
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animators are still required when using motion capture in order to improve the animations themselves 

and to overcome the physical restrictions of motion capture [74]. 

Procedural generated animation is used to simulate the effects of the environment on an object. This 

new type of animation is used when it is not viable to animate every aspect of an object as it reacts to 

the virtual world such as cloth moving in the wind. This has proven to be extremely useful in video 

games since animators no longer have to animate a multitude of possible scenarios and it also 

generates slightly different results every time, reducing the possibility that the player (in games) will 

feel that the movement is unnatural or repetitive [73], [76]. 

In spite of the major advancements in animation technology, key-frame animation still remains as the 

most popular form of animation in the game industry [76]. While creating the animations for this 

game, all three types were used playing to each of their strengths. To keep players engaged and 

interested, procedural generated animations should be considered for unanimated objects and for 

any animations that are Ŏƻƴǎǘŀƴǘƭȅ ǊŜǇŜŀǘŜŘ ǘƘƻǳƎƘ ƻǳǘ ǘƘŜ ƎŀƳŜΣ ǎǳŎƘ ŀǎ ǘƘŜ ŎƘŀǊŀŎǘŜǊΩǎ ƳƻǾŜƳŜƴǘ 

ŀƴŘ ŜȄŜŎǳǘƛƻƴ ƻŦ ŀōƛƭƛǘƛŜǎΦ ¢Ƙƛǎ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘ ōȅ ǳǎƛƴƎ ǘƘŜ ƎŀƳŜ ŜƴƎƛƴŜΩǎ ǇƘȅǎƛŎǎ ƻƴ ǘƘŜ ŎƘŀǊŀŎǘŜǊΩǎ 

clothes, hair and accessories. 

2.6 GAME ASSET CREATION ς STANDARD GAME INDUSTRY PIPELINE 

In the game industry, there is a standard pipeline (Figure 23) to create a 3d model ready to be used in 

a game engine. The 3d model can be anything from a character to an environment asset. Although it 

is considered standard, different companies use different sets of software tools to achieve the same 

final product. This section is based on the information that game companies disclose and also in 

professional pipelines created by 3D game artists [77]ς[80]. 

 

Figure 23 ς Game asset creation standard pipeline. 

2.6.1 CREATING THE CONCEPT 

The first step in creating any 3d model is to have a concept which, is a series of sketches of the idea 

being developed. It is the most crucial phase because, if the concept is wrong then the final product 

will be wrong as well. In this phase, modelers, concept artists and creative directors work together to 

ensure that a shared vision is created quickly [77]. Concept design can be seen as a way of prototyping. 

Several concepts are created until the team is happy with them [78]. These concepts are usually made 

in paper and quickly converted to a digital medium. Here, Adobe Photoshop is one of the first choices 
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to begin coloring the concepts. It is also important to consider the type of surface the model will have, 

organic, hard surface or a mixture of both, as this will help to improve the quality of the concept [77]. 

When the concept is approved by the art director, it is sent to the 3D artist that will start to divide the 

concept into different parts while getting as many material and picture references as possible (Figure 

24) [77], [78]. 

 

Figure 24 ς Concept Art of a Persian Warrior from Art Bully Productions [81]. 

2.6.2 CREATING THE MODEL 

The next step is creating the base mesh of the model. A mesh is a group of polygons and a polygon is 

any two-dimensional shape, the most common are triangles which are shapes formed by three 

vertices and quads which are shapes formed by four vertices. There are two ways to accomplish this, 

ǎǘŀǊǘƛƴƎ ŦǊƻƳ ŀ άǇǊƛƳƛǘƛǾŜ ŎǳōŜέ ƻǊ ŦǊƻƳ a previously created base mesh (Figure 25 - A). This choice is 

up to the 3D artist. If the model is something similar to an already existing asset, the asset can be used 

as a starting point. If instead, the artist is starting from scratch, they will usually start from a primitive 

form, such as a cube or cylinder. At this stage, the artist uses Blender, 3dsMax or a similar program to 

create that base mesh. The most crucial rule during this step is ensuring that the base model is only 

made up of quad-based polygons (polygons with four vertices), no triangles or Ngons (a polygon with 

more than four vertices (Figure 25 - B)). This will ensure that in the next steps of the pipeline there will 

be no problems when subdividing the base mesh or rendering it [79], [82], [83]. Some companies 

already have vast libraries of base meshes that can be used as a starting point for new assets. This is 

convenient as it will significantly speed up this part of the process. For example, when creating 

characters, staring from a human base mesh will save valuable time and often resources that can be 

redirected to other areas of the development.   

Once the base mesh is finalized, it should be exported as an OBJ file (a file that has all the data of a 3d 

geometry, such as position of each vertices and texture vertices) so it can be imported in Zbrush, 
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Mudbox or other sculpting program in order to create and provide detail to the high poly model. A 

sculpting software is any software that allows the user to sculpt on a 3D model as if they were sculpting 

clay in real life where the clay tools are the brushes inside the software. To produce the detail, the 

mesh will be subdivided several times, hence the need to make sure the mesh is only made of polygons 

with four-vertices. As each subdivision is made, more detail is added, as show in Figure 25 - C. As detail 

increases, so does polygon count, and several 3D applications cannot handle this many polygons like 

sculpting programs do. To prevent the 3D applications from running out of memory, the model is split 

in different parts to be imported later on 3DsMax, Maya or a similar program for the next step in the 

pipeline [77], [79], [84]. 

 

Figure 25 ς (A) Base Mesh example; (B) Difference between quads, tris and n-gons [85]; (C) Mesh subdivision phases in Zbrush [86]. 

Once all the detail has been added, the divided parts of the mesh are exported again as OBJ files, this 

time to be imported back to 3DsMax, Maya or a similar program.  

This is the time to re-toplogise the model. Computers and game engines do not have the capability to 

render models with millions of polygons, nor can 3D artists afford to spend the extra weeks attempting 

to animate those kinds of models so, a more optimized mesh is required [77], [79]. Re-topology 

consists in creating the final low poly mesh that has the same silhouette as the high polygon mesh and 

that can then be used inside the game engine. There are different plugins and techniques to achieve 

the final product of this step. These range from creating a low polygon mesh on top of the high polygon 

model [79] or, using an automatically generated low polygon mesh from Polygon Crusher, a common 

plugin used in the game industry [77]. This final mesh will be used to animate and rig, so it is vital to 

consider how the topology (the way the polygons are connected to each other) is being formed. There 

are different guidelines that should be followed (Figure 26) to achieve good deformation and decrease 

the odds of having issues on rendering time [87]. A good understanding of the human body (when 

creating a human character) and how the bone structure affects its muscles is a plus when creating 

this mesh [79]. As previously mentioned in other steps, the models should not have any Ngons or 

triangles, since these will make the animating process far more complex.  
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Figure 26 ς Tips to get good topology while modeling characters [87]. 

2.6.3 a!ttLbD ¢I9 ¦±Ω{ 

The next step of the pipeline is to unwrap the mesh. When creating a character for a movie, each 

section of the mesh can have a separate UVW. Unfortunately, game engines only allow a single mesh 

to have up to two UVW maps. As such, texture artists will have to consider which sections will receive 

more attention from players and give them more UVW space (more detail) at the cost of losing detail 

(UVW space) on other sections [77]. The unwrapping process consists of creating the UV maps for the 

mesh and making sure that all the polygons have similar sizes to be able to accurately texturize it in a 

future phase. As UV Mapping was already explained in detail in the Standard UV Projections vs UV 

mapping section it will not be approached any further in this section. Unwrapping can be accomplished 

by any modeling software, such as 3dsMax or Maya but also in a sculpting software like Zbrush.  

2.6.4 ADDING TEXTURES  

²ƘŜƴ ǘƘŜ ƳƻŘŜƭ Ƙŀǎ ōŜŜƴ ǳƴǿǊŀǇǇŜŘΣ ƛǘ ƛǎ ǊŜŀŘȅ ǘƻ ǊŜŎŜƛǾŜ ŀƭƭ ǘƘŜ ƘƛƎƘ ǇƻƭȅƎƻƴ ƳŜǎƘΩǎ ŘŜǘŀƛƭǎ ƻƴǘƻ 

it. To achieve this, it is important to ensure that the low resolution mesh has the same silhouette as 

the high resolution mesh in order to capture all of the details on the projection modifier [77], [79], 

[88]. Using a program such as 3dsMax or XNormals [89] it is possible to render the details of the high 

poly mesh to the low resolution mesh through textures, this process is also known as baking textures 

[78]. In other words, this process will create a Normal Map to save all the details, like stiches, wholes 

and cracks, an Occlusion Map to store all the information related to shadows and a Diffuse map for 
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the colors (Figure 27). Applying these three maps to the low poly model will completely change its 

detail without adding any more polygons, making it look like the high detailed mesh. 

 

Figure 27 ς How using Normal and Occlusion Maps can give a lot of detail on the final low polygon model. 

At this point, the model can finally be textured. There are several routes at this point and this is where 

the pipeline diverges the most. Some companies prefer to use the common Photoshop workflow, 

where the baked textures are imported to Photoshop, the occlusion map is used as an overlay of the 

diffuse map and the detail is patiently added in different layers to the diffuse map [77]ς[79]. Some 

companies prefer to texture the model in a 3D environment, like Zbrush, Mudbox, Quixel [90], 

Substance Painter 3D [91] or Deep Paint 3D [92] where it is possible to paint and see the resulting 

model in real time, so detail is actually painted on top of the model [77]. Other companies prefer to 

use a mix of both methods, they start by using Photoshop to correct any imperfections in the normal 

map, add textures to the diffuse map using the occlusion map as an overlay and even create new maps 

like specular and emissive. When they are happy with the base colors, they use the 3D model painting 

software to add additional color detail to it, making the model even more realistic [77], [78].  

2.6.5 ANIMATING 

When working with a static model, at this point it is ready to be exported as an FBX file (a file that has 

everything an OBJ file has and more, such as animations and skeleton data) and later imported into 

the game engine. However, when working with models that will be animated, such as a car or a 

character, there are still three steps to go. First, a skeleton must be created to be able to connect the 

mesh to an animation. Game companies usually have their own custom skeletons but some also use 

ǘƘŜ ŘŜŦŀǳƭǘǎ ŦǊƻƳ ǎƻŦǘǿŀǊŜΣ ǎǳŎƘ ŀǎ ǘƘŜ оŘǎaŀȄ ōƛǇŜŘΣ /!¢ ŀƴŘ aŀȅŀΩǎ IǳmanIK [77], [83]. These 

skeletons do not necessarily have the same number of bones as a human or animal skeleton. The 

standard humanoid skeleton has: a head bone, a neck bone, between two and three spine bones, a 

pelvis and for each side of the body there are also a hip bone, upper and lower leg bones, upper and 

lower arm bones. The bones of the hand are fused into a single bone as are the foot bones. On the 

hands the number of fingers can range from one to five and their number of articulations from one to 

three. Toes are generally represented by a single bone (Figure 28 - A) [93]. 

Rigging is the process of adding controls to each joint of the 3D skeleton, which can later be used by 

the animator to easily animate the model. There are 3D programs that can help character riggers 

achieve this faster, for example, in Maya, it is possible to create the bones with automatic controllers. 

When animating, if the controller is moved the bones follow. This makes the movement more realistic 
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ŀƴŘ Ŝŀǎȅ ǘƻ ŜȄŜŎǳǘŜΦ CƻǊ ŜȄŀƳǇƭŜΣ ǊŀƛǎƛƴƎ ŀ ŎƘŀǊŀŎǘŜǊΩǎ ǿǊƛǎǘ ƛƴǾƻƭǾŜǎ ƭƛŦǘƛƴƎ ƛǘǎ ǎƘƻǳƭŘŜǊΣ ǳǇǇŜǊ ŀƴŘ 

lower arm and finally its wrist [83]. 

When the rig is created, with all the constraint limitations of how far it can stretch, how much it can 

bend and where it bends, it is time to tell each bone which part of the model will it affect. This process 

is known as skinning. For each bone, weights are assigned to the vertexes in the mesh. For example, 

ƛƴ ŀ ŎƘŀǊŀŎǘŜǊΣ ǘƻ ƳƻǾŜ ŀƴ ŀǊƳ ǿƘŜƴ ǘƘŜ ǎƪŜƭŜǘƻƴΩǎ ŀǊƳ ƳƻǾŜǎ ƛǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŀǎǎƛƎƴ ǘƘŜ ǿƘƻƭŜ ŀǊƳ 

mesh to it. A higher strength needs to be assigned to ensure that the mesh completely follows the 

skeleton. On the joints, the weights must be evenly distributed between the two bones that create 

the joint so that when it is bent, it deforms properly (Figure 28 ς B and C) [79], [83].  

 

Figure 28 ς (A) An example of a standard skeleton (downward arrows show where additional bones can be added); (B) and (C) Skinning 

Envelopes and how they should have their weights [94]. 

!ǘ ǘƘƛǎ ǇƻƛƴǘΣ ǘƘŜ ƳƻŘŜƭ ƛǎ ǊŜŀŘȅ ŦƻǊ ǘƘŜ Ŧƛƴŀƭ ǎǘŜǇΣ ŀƴƛƳŀǘƛƻƴΦ 5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ǿƻǊƪŦƭƻǿΣ 

some will animate the model in a 3D program, some will animate it inside the game engine and others 

will use motion capture data on the character bones [79]. Animators usually create loopable 

animations to be able to use them inside the game without having to create long keyframed 

animations. For example, to be able to animate a character walking, all an animator needs to create 

is two steps of the character walking and then loop them for as long as needed inside the game engine 

[83]. When all the animations have been integrated into the model, it is ready to be imported into the 

game engine to undergo post-processing, such as lighting and animation transitions. 

2.7 SOFTWARE TOOLS 

Due to having to create all the game assets, research was required to better decide which software 

had the functionalities required to accomplish each part of the 3D pipeline process. The selected 

programs must be able to complete at least one of the tasks in the 3D asset production pipeline and 

ōŜ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊΦ [ƛƪŜ ŀƴȅ ƻǘƘŜǊ ǘƻƻƭΣ ǎƻŦǘǿŀǊŜΩǎ ǳǘƛƭƛǘȅ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ ƛǎ ŘƛǊŜŎǘƭȅ ǘƛŜŘ 

to the limitations of the GIP. 

 

A B 
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2.7.1 3D MODELING, RIGGING AND ANIMATING -  3DS MAX VS MAYA LT VS BLENDER 

Currently, video game companies use different software in their game assets development pipeline. 

From modeling to sculpting, there are many tools from which they can choose from. Although there 

are many more tools available, the focus will only be in the three most popular for modeling, animating 

and rigging. They are 3ds Max [95], Maya [96] and Blender [97].  

3ds Max and Maya belong to Autodesk and are the tool of choice for several companies. There is a 

version of Maya targeted for indie companies, Maya Lite (Maya LT) [98]. The big difference between 

them is that Maya can also be used for rendering high quality images, dynamics and physics but it also 

integrates python scripting while Maya LT is aimed at game development since it contains almost all 

the tools needed to produce game assets [99], [100]. Considering that Maya has all the functionalities 

of Maya LT and more, only Maya will be considered. 

3Ds Max is known for its powerful modeling tools and vast modifiers library, that allow anyone to 

create complex 3D models with a fast workflow [101]. Furthermore, it has an easy to learn User 

Interface (UI), making it easier for inexperienced users (Figure 29 - A).  Along with its UV editing tools, 

combination of unlimited number of textures and different projection methods, 3ds Max is a great 

tool when looking for an application specifically for asset creation. On the other hand, Maya is less 

forgiving when it comes to modeling complex assets and has a more complex UI (Figure 29 - B). 

Although Blender is not used often by AAA companies as the other software, it is used by many indie 

game developers since it is one of the only free tools available. Blender is known for its very intuitive 

and easy to understand modeling workflow [102], but it lacks in its UI (Figure 29 - C), being very 

unintuitive for a new user. The only downside of 3dsMax, contrary to Maya and Blender, is that it is a 

Windows-application only, without any cross-platform integration, making it impossible to use on 

Linux or OSX [101], [102].  

 

Figure 29 ς (A) Autodesk 3DsMax 2016 interface; (B) Autodesk Maya Lite interface; (C) Blender interface. 

A B 

C 
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When it comes to animating and rigging characters, 3dsMax has one of the best character animation 

tools available. The user can choose between Character Animation Tools (CAT), Biped and MAX 

customizable bones [103]. Between the three, Biped is the easiest to use, since it is an automated way 

of creating a bone system. CAT was created in an attempt to replace the biped, providing a bigger 

toolset and more animation controllers and finally, MAX bones, can be used when creating a custom 

rig to be fully animated by hand, which is not the case in the DAP [103]. Both systems (biped and CAT) 

allow the layering of animations and the use of motion capture data, which will both be used in this 

work [104]. While Biped is an old system, it is very good for two-legged characters but it falls short 

when trying to rig animals (even though it is possible to add additional bones to it). CAT excels both in 

animal and humanoid rigging and even includes a muscle system, adding some realism to the 

animations (Figure 30 - A). On the other hand, CAT is extremely unstable and will likely crash 3dsMax 

without any reason [104]. Maya has the HumanIK skeleton, similar to the Biped and CAT in 3DsMax, 

which creates a standard skeleton and lets the artist map all the bones so they Ŏŀƴ ǳǎŜ ǘƘŜ ōƻƴŜΩǎ 

controllers later. This feature along with Motion Builder allows the artist to use motion capture data 

later (Figure 30 - B).  This is one of the big reasons why Maya is preferred during the rigging process 

and why so many game development companies use Maya. Unfortunately, Blender is the one that 

falls behind here, since the only possibility is to create a skeleton from scratch, the armature,  which 

works as the MAX bones feature allowing the integration of motion capture later (Figure 30 - C) [101].  

 

Figure 30 ς (A) Maxbone, biped and CAT in 3DsMax; (B) HumanIK in Maya; (C) Armature in Blender.  

As for skinning tools, 3dsMax has two modifiers, Physique and Skin. Physique is a very old modifier, 

created when the first biped plugin was created and has not been updated for several versions. The 

Skin modifier has surpassed Physique in how easy it is to use, the number of additional functionalities 

and in its reliability. Currently, nearly everyone skinning a character will use the Skin modifier in 3ds 

Max (Figure 31 - A) [103]. Maya and Blender have similar tools for the Skin modifier, named Smooth 

Bind (Figure 31 - B) and Skin modifier respectively (Figure 31 - C). In the end, the three tools work in 

the same way, the bones apply weights to the mesh [105].  

 

Figure 31 ς (A) Skinning in 3DsMax; (B) Skinning in Maya; (C) Skinning in Blender.  

A B C 
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Although 3ds Max is a good tool for animation and rigging, Maya is the tool of choice for those specific 

functionalities. Still, any animation can be accomplished on either software. Maya will still be more 

powerful when it comes to animation and rigging since it provides a superior amount of tools including 

MEL and Python scripting which will make these functionalities even more customizable [102]. Since 

2014 it has been evolving and bringing with it great re-topology tools and a faster workflow [101]. 

MayaΩǎ strengths are in its scripting languages, rigging and animation tools, while its weaknesses lie in 

the lack of polygon work creation workflow due to its limited UI and repeated creation of N-gons. 

Being a free software, the Blender community has grown and there is a considerable amount of 

information and support about this software on the internet. Blender is an all-in-one tool, it can be 

used to model, animate, sculpt, rig and even create a game because it has a rudimentary game engine 

on it [102]. However, since it has every single functionality, it lacks a bit on everything. Despite this, 

its modeling workflow outshines both 3ds Max and Maya. As for animating and rigging, Blender has a 

bit more depth than 3ds Max when working with keyframes.  

Table 1 compares and ranks the three software packages through their characteristics and 

functionalities from 1 (very bad) to 5 (very good) considering the information gathered on them. 

Table 1 ς Comparison between the three most popular software for modeling, animating and rigging (1 - very bad; 5 - very good) 

Software/Functionality 3ds Max 2016 Maya 2016 Blender 2.77 

Ease of use 5 3 3 

Modeling capabilities 4 3 5 

Animation 4 5 3 

Rigging 3 5 4 

Skinning 4 5 4 

UV Unwrap 4 4 5 

Available Information 5 5 5 

Cross-Platform 2 5 5 

Price 5 5 5 

Total 36 40 39 

 

/ƻƴǎƛŘŜǊƛƴƎ ǘƘŀǘ ŀƭƭ ƻŦ !ǳǘƻŘŜǎƪΩǎ {ƻŦǘǿŀǊŜ Ƙŀǎ ŀ ǘƘǊŜŜ-year Education free license and it would not 

be required to learn how to use 3ds Max due to one ƻŦ ǘƘŜ ƳŀǎǘŜǊΩǎ ŎƻǳǊǎŜǎ ŀƴŘ ǎƛƴŎŜ ƭŜŀǊƴƛƴƎ ŀ 

software takes its time, 3ds Max 2016 was used for modeling, animating and rigging. 

2.7.2 3D SCULPTING - ZBRUSH VS MUDBOX 

оŘǎ aŀȄΩǎ ƳƻŘŜƭƛƴƎ ŎŀǇŀōƛƭƛǘƛŜǎ Ŏŀƴ ƻƴƭȅ Řƻ ǎƻ ƳǳŎƘΦ ²ƘŜƴ ǇƭŀƴƴƛƴƎ ǘƻ ŎǊŜŀǘŜ ŀ ƘŀǊŘ ǎǳǊŦŀŎŜ ŀǊƳor 

or objects, 3ds Max is a good choice, on the other hand, when creating detailed characters with details 

such as cloth stiches or skin imperfections, 3ds Max starts to fall apart. To accomplish this, it is better 

to use a Sculpting software that can handle working with millions of polygons at a time without 

running out of memory. The most popular are ZBrush from Pixologic [68] and Mudbox from Autodesk 

[106]. Both work on Windows and OSX. 
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Zbrush is a very powerful tool but it has a very complex interface (Figure 32). After getting used to it, 

it is easy to get lost in the vast amount of brushes available (both inside the program and created by 

the community), offering the look and feel of creating a real sculpture. The pen pressure (is a system 

that imitates a fountain pen, more pressure is translated into a wider and deeper line) works perfectly 

both in sculpting and painting and being able to create custom brushes adds a new layer of creativity 

that Mudbox does not allow. In Zbrush, when the topology of the mesh is modified or when it has to 

many polygonsΣ ōȅ ǳǎƛƴƎ ½ōǊǳǎƘΩǎ ½wŜƳŜǎƘŜǊ ŦŜŀǘǳǊŜ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ ǊŜŎŀƭŎǳƭŀǘŜ ǘƘŜ ǘƻǇƻƭƻƎȅ ƻŦ ǘƘŜ 

mesh. This reduces the number of polygons and makes them all of the same size, allowing the mesh 

to have a perfect topology, as shown in Figure 33 [107]. This process vastly decreases the amount of 

time spent on fixing modeling issues. 

Even though ZBrush does not belong to Autodesk, they have created a plugin, GoZ, that connects 

Autodesk programs to it, allowing the modeler to save a file inside ZBrush and refreshing that same 

file in 3ds Max, for example. The only down side of ZBrush is that there is no student or free version, 

there is only a 90-day trial version available.  

One of the most important parts of the sculpting pipeline it to create a low definition model with 

optimized topology. This new topology will be used as the final mesh inside the game and this process 

is known as re-topology. Both ZBrush and Mudbox have methods that support this feature [107]. 

Since Mudbox belongs to Autodesk, it has a very similar interface to 3ds Max (Figure 32). There is no 

need for any plugin to integrate with the other Autodesk applications but unfortunately, it does not 

allow creating a base mesh from scratch. Another downside is the lack of support for different pen 

pressure tablets, as it only supports Wacom tablets [108].  

  

Figure 32 ς (A) Zbrush 4R7 Interface; (B) Autodesk Mudbox 2016.  

Mudbox really shines is in its texture painting features. It supports the creation of different layers for 

different texture maps where each map is assigned to a material and each one can have multiple layers 

blended together, like in Photoshop which can be seen in Figure 33. Since it is based on layers, it is 

possible to see the effects of maps like emissive and specular in real time. Another big advantage is 

being able to use textures that do not depend of the model resolution, like in ZBrush, where a low 

resolution texture will be resized to paint a high definition sculpt, distorting the texture image [109]. 

A B 
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Figure 33 ς (A) Zbrush Zremesher [110]; (B) Mudbox texture layers [111]. 

In the game industry, nearly all companies use a mix of ZBrush and Mudbox to be able to create their 

high detail models. There are even some that only use ZBrush, since it allows everything Mudbox does 

except for the high quality texture maps [107]. 

Based on the information reviewed previously, Table 2 compares and ranks the two software packages 

through their characteristics and functionalities from 1 (very bad) to 5 (very good). 

Table 2 - Comparison between the two most popular software for sculpting (1 - very bad; 5 - very good) 

Software/Functionality ZBrush 4R7 Mudbox 2016 

Ease of use 2 4 

Base Mesh Creation 5 N/A 

Sculpting 5 3 

Texture Painting 4 5 

Re-topology 4 4 

Peripherals Support 5 2 

Available Information 5 4 

Cross-Platform 5 5 

Price 1 5 

Total 36 32 

Since there was no previous knowledge in either software and that the pen pressure features on 

Mudbox did not work with the drawing tablet being used, Zbrush4R7 was selected to create all the 

high detail models. 

2.7.3 TEXTURING 3D OBJECTS ς ZBRUSH VS PHOTOSHOP 

Since Mudbox was discarded due to the fact that it did not support the drawing tablet used (see  

section above for more information), only ZBrush and Adobe Photoshop [67] will be compared 

regarding their painting features. 

Models have many sides and the computer does not have the knowledge to correctly add a 2D texture 

to it, it is important to create a UV Map for each model (for further information check Texturing 

section) [112]. That is the reason for adding Photoshop to this comparison.  

A B 
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Photoshop is an image processing software. Among many other things it allows the user to create high 

detailed textures from scratch. The fact that it supports layers, considerably improves the workflow, 

as it allows the use of clipping masks that ensure that only the desired areas can be manipulated. One 

application of this is to create multi-colored models. This provides a quick and easy way to modify 

and/or update texture maps. This is also useful to create the same model with different color schemes 

which is very popular in videogames, to ŎǳǎǘƻƳƛȊŜ ŀƴŘ ŀŘŘ ǘƘŜ ǇƭŀȅŜǊΩǎ ǇŜǊǎƻƴŀƭ ǘƻǳŎƘ ǘƻ ǘƘŜƛǊ model 

(Figure 34).  

 

Figure 34 ς Different color Maps for the same model. 

On Zbrush it is possible to paint directly on the 3D model. This is also possible on Photoshop but it is 

much less intuitive and requires an additional software pack, Adobe Photoshop Essentials. This is very 

useful as the artists can see their end product in real time while they work on the textures. However, 

the lack of texture layers, considerably hinders the ability to maintain or modify textures once they 

are finalized. To perform this task, the artist is required to have additional third party programs. The 

lack of texture layers, also forces the artist to fragment their work into several files as they cannot 

create different texture maps in a single file (diffuse, specular, emissive, among others). 

Considering the previous experience with Adobe Photoshop and that a student license account was 

available, Photoshop was selected for this part of the production pipeline. In Table 3 the two previous 

software packages are compared and ranked from 1 (very bad) to 5 (very good) considering the 

information gathered.  

Table 3 - Comparison between the two most popular software packages for texturing (1 - very bad; 5 - very good) 

Software/Functionality ZBrush 4R7 Photoshop CS6 

Ease of use 2 4 

Use of Texture Layers N/A 5 

3D Model Visualization 5 3 

Ease of modification  2 5 

Price 1 5 

Total 10 22 
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2.7.4 POPULAR GAME ENGINES ς UNREAL ENGINE 4 VS CRYENGINE 3 VS UNITY3D 5 

One of the most important things to consider while developing the DAP was, which game engine to 

use. The most famous are Unreal Engine 4 (UE4) [113], CryENGINE V (CE5) [114] and Unity3D 5 (Unity) 

[3]. At the end of this section, Table 4 compiles and compares the features of each game engine and 

awards each one a score according to the needs of the DAP. 

Since none of these game engines had been previously used in other courses or projects, ease of use 

was one of the main selection criteria. In this aspect, Unity shines the brightest with its easy to use 

interface, well documented API and many official courses and tutorials available for free. Unity also 

has an easy to use drag and drop system to create the game interface [115]. Despite the usability 

improvements that came with UE 4, it still falls behind when compared to Unity [116], [117].  CEV is 

an advanced game engine recommended for users that are already experienced with other game 

engines. It has a very steep learning curve making it an unreasonable choice as a first game engine 

[115]. While all of these game engines support the same features, one of the main differences is that 

while in UE 4 and CEV the user has instant access to all the properties of an asset, in Unity the asset 

only has the necessary properties to use it as is and all the other properties can be added as is shown 

in Figure 35 [117]. When compared to Unity, UE 4 and CEV also fall behind on their documentation.  

 

Figure 35 ς (A) Unity3D cube properties; (B) UE4 cube properties [117]. 

Until the release of Unity 5, graphic fidelity was one of the main strengths of the other two engines. 

Although Unity is still behind, its current version can compete head on with the other two engines. To 

demonstrate how far Unity 5 has comŜΣ ǘƘŜ ¦ƴƛǘȅ ǘŜŀƳ ōǳƛƭǘ ŀ ǎƘƻǊǘ ǾƛŘŜƻ ŜƴǘƛǘƭŜŘ Ψ!ŘŀƳΩ ǿƘŜǊŜ ǘƘŜȅ 

showcase the power of Unity 5 [118]. In Figure 36 it is possible to see the quality that each game 

engine can achieve. Considering how powerful UE4 and CE5 are, it is no surprise that their editor also 

requires far more resources than Unity [119]. While Unity is the current standard for 2D and small 3D 

games such as mobile and indie games, UE4 and CE5 are still the standard for large open worlds and 

triple A quality games [115], [120].  

A B 
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Figure 36 ς (A) Adam made in Unity3D 5 [118]; (B) Crysis3 made on CE 5 [121]; (C) Doom 2016 made on UE4 [122]. 

All three game engines have an asset store. This is very useful as the assets in these stores can be used 

to significantly reduce the production time of video games. Although all of these online market places 

have an extensive catalog, the Unity Asset store is the biggest and usually the most affordable [119]. 

Each of these game engines has employed a different monetization strategy. UE4 is free  and 

develoǇŜǊǎ ƘŀǾŜ ƴƻ Ŏƻǎǘǎ ǳƴƭŜǎǎ ǘƘŜȅ ŜŀǊƴ ƳƻǊŜ ǘƘŀƴ оллл¦{5 όŀǇǇǊƻȄƛƳŀǘŜƭȅ ϵнсттΦурύ ŜŀŎƘ ǉǳŀǊǘŜǊ 

per game at which point, they have to pay a 5% royalty to Epic Games on all of their sources of revenue 

[123]Φ /9р ǿŀǎ ŀ ƴŜǿ ƳƛƭŜǎǘƻƴŜ ŦƻǊ /ǊȅǘŜƪ όŘŜǾŜƭƻǇŜǊ ƻŦ /9рύ ŀǎ ƛǘ ǿŀǎ ǊŜƭŜŀǎŜŘ ƛƴ ŀ ΨǇŀȅ ǿƘŀǘ ȅƻǳ 

ǿŀƴǘΩ Ǉƭŀƴ [124]. This allows everyone to access CE5 without having to invest into a software license 

they might not use and the fact that it has no royalties makes it more appealing than UE4. Finally, 

Unity3D changed their monetization strategy but not their plan. The full game engine is still available 

for free for yearly revenues of up to 100 000USD (93 сннΦпофп ϵ) while additional functionalities and 

services can be purchased using a paid plan. Like CE5, Unity does not charge royalties. 

When choosing which game engine to use, at the start of the GIP, Unity was instantly favored since at 

that time it was the only game engine which had no costs. Another motivation to choose Unity was 

the release of Hearthstone: Heroes of Warcraft by Blizzard Entertainment [52] which was developed 

in Unity and shared many mechanics and systems with the game developed in the GIP. Finally, Unity 

natively supports several 3D file formats instead of being restricted to FBX, which greatly improves 

the workflow [115].  
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Table 4 - Comparison between the three mentioned game engines (1 - very bad; 5 - very good) 

Software/Functionality Unreal Engine 4 CryENGINE 5 Unity 5 

Ease of use 4 3 5 

3D Programs Integration 4 4 5 

Graphics Quality 5 5 4 

System Requirements 3 3 5 

Asset Store 3 2 5 

Documentation 3 2 5 

Price 4 5 5 

Total 26 24 34 

 

With all the information that was reviewed so far, it is possible to understand the importance of 

narrative and aesthetics in games, how games display the information on their interface and what 

types of prototyping techniques should be used. The game asset creation pipeline for the game 

industry, which was reviewed, will be used throughout the DAP. 3DsMax 2016 will be used for 

modeling, animating and rigging, while Zbrush 4R7 will be used for digital sculpting, and Photoshop 

CS6 for texturizing. Unity3D will be the game engine used to develop the digital game. 
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 THE BOARD GAME 

As mentioned previously, the board game was used as the foundation of the digital game being 

developed. The board game is played between two teams, with one to three players. Each team 

controls three heroes and their goal is to destroy the enemy towers. Lastly, each team has a pool of 

resources shared between all their heroes. 

The game takes place in a hexagonal map which does not cover all of the available area. This map is 

symmetric and has four towers, two for each team (Figure 37 ς A). The mŀǇΩǎ ǘƛƭŜǎ ŀǊŜ ƴƻǘ ŀƭƭ ǘƘŜ ǎŀƳŜΦ 

There are tower area tiles, normal tiles and spawning tiles (Figure 37 ς B). Each tower is represented 

by an object that has information about its health, damage and the team to which it belongs.  

 

Figure 37 ς ό!ύ .ƻŀǊŘ ƎŀƳŜΩǎ ƳŀǇΤ ό.ύ 5ƛŦŦŜǊŜƴǘ ƘŜȄŀƎƻƴ ǘƛƭŜǎ ƛƴ ǘƘŜ ƳŀǇ. 

Each hero is represented by a token on the map. All the information related to it is contained in its 

ƘŜǊƻ ǎƘŜŜǘΦ ¢ƘŜ ƘŜǊƻ ǎƘŜŜǘ Ƙŀǎ ǘƘŜ ƘŜǊƻΩǎ ƴŀƳŜΣ ƘŜŀƭǘƘΣ ǘƻǿŜǊ ŘŀƳŀƎŜΣ ŀ ǇƻǊǘǊŀƛǘΣ ŀ ǘƻƪŜƴ ǘƘŀǘ ǎƘƻǿǎ 

if the hero has already played, the types of abilities that the hero can unlock (polarities), which unlocks 

award resources and which abilities are unlocked, have been used and can still be used. Each hero can 

have a maximum of four abilities unlocked at any time, although each hero can choose from a total of 

eight abilities. The hero sheet also contains the element that empowers the hero and which element 

is currently affecting the hero (Figure 38- A). Hero abilities are divided into three polarities, damage, 

utility and ultra. They also have a title, a description, a cost, a minimum and maximum range and, if 

they are a cycle, a counter or a normal ability (Figure 38 - C). 

IŜǊƻŜǎΩ ŜƭŜƳŜƴǘǎ ƎǊŀƴǘ ŀŎŎŜǎǎ ǘƻ ƻƴŜ ƻŦ ǘƘŜ ŦƛǾŜ ŘƛŦŦŜǊŜƴǘ ŜƭŜƳŜƴǘŀƭ ǇƻǿŜǊ ŘŜŎƪǎΣ ŜŀŎƘ ǿƛǘƘ ŀ 

corresponding theme and purpose. Each card has a title, a description, to which element it belongs, a 

rarity and when it can be used, which affects if the card can be kept or not (Figure 38 - D). Each team 

has an area where they can activate elemental powers, which will affect the map and the objects on 

it. This can only be done at the beginning of each round. Every time a hero uses an ability, he performs 

an elemental combination. At the end of each turn (after a hero has finished playing) elemental 

combinations are calculated and these can be positive, negative or neutral, depending on the 

elements combined (Figure 38 - B). Positive combinations give the team an element power card, 

negative combinations give the enemy team an element power card and neutral combinations award 

each team a card.  

 

B A 
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Figure 38 ς ό!ύ IŜǊƻΩǎ ōƻŀǊŘ ǎƘŜŜǘΤ ό.ύ 9ƭŜƳŜƴǘ ŎƻƳōƛƴŀǘƛƻƴ ǎȅǎǘŜƳΤ ό/ύ !ōƛƭƛǘȅ /ŀǊŘ ŜȄǇƭŀƛƴŜŘΤ ό5ύ 9ƭŜƳŜƴǘ ǇƻǿŜǊ ŎŀǊŘ ŜȄǇƭŀƛƴŜŘ. 

The game takes place over several rounds. A round is completed when all the heroes from both teams 

have played. The actions of a hero can be movement, to use abilities and/or to attack towers. An 

ability is unlocked each time an enemy hero or tower dies. When heroes die, they can resurrect on 

their next turn. Resurrecting uses all of their actions in the current turn, ending it. 

After setting up the board, each team chooses the starting ability for their heroes and which element 

will empower them. To start the game, the teams flip a coin to choose who goes first. After the coin 

toss each team will place its heroes alternatively on the spawning hexes. Once all heroes have been 

placed on the map, the team that won the coin toss will begin playing. The order in which heroes play 

is not defined and can change between rounds. To remove the first turn advantage, the last team to 

play on one round will be the first team to play on the following round. 

For further information on how to play the board game see its rulebook [125]. The main difference 

between the game implemented and the board game is that each a player controls a team of three 

heroes instead of having each player control a single hero.  

 

D C 

B 

A 



 

 

 

 

 

 

PART II:  

GAME DEVELOPMENT 
  



 

 



37 
 

 GAME STORY DEVELOPMENT 

In this section the creation ƻŦ ǘƘŜ ƎŀƳŜΩǎ ōŀŎƪƎǊƻǳƴŘ ǎǘƻǊȅ ǿƛƭƭ ōŜ ŜȄǇƭŀƛƴŜŘ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ ǎǘƻǊȅ ƻŦ 

all the characters and clans. 

There was no background story on the board game. There were five different classes: Assassins, 

Pathfinders, Wizards, Menders and Guardians. Each class had one or two heroes and each hero had 

been given a name and a region where they came from in the real world. In games, it is important to 

have stories (reasons) for everything. Why a certain object exists on the map is just as important as a 

ŎƘŀǊŀŎǘŜǊΩǎ ōŀŎƪƎǊƻǳƴŘ ǘƻ ƳŀƪŜ ǘƘŜ ǇƭŀȅŜǊ ŦŜŜƭ ŜƴƎŀƎŜŘ ŀƴŘ ƪŜŜǇ ǘƘŜƳ ƛƴǘŜǊŜǎǘŜŘΦ  

A background story for the game had to be created, each hero, class and clan also had to be defined 

along with their aesthetics. The ōƻŀǊŘ ƎŀƳŜΩǎ ƳŀǇ ǿŀǎ ƻƴƭȅ ŀ ǎŜǘ ƻŦ ƘŜȄŜǎ ǿƛǘƘƻǳǘ ŀƴȅ ƛƳŀƎŜǎ ƻǊ 

background of how the actual playing field was and this also had to be defined.  

¢ƘŜ ŦƛǊǎǘ ǎǘŜǇ ǿŀǎ ŘŜŦƛƴƛƴƎ ǘƘŜ ƎŀƳŜΩǎ ǳƴƛǾŜǊǎŜΣ ǘƛƳŜ ǇŜǊƛƻŘ ŀƴŘ ǘƘŜ ǿƻǊƭŘ ǊŜƎƛƻƴǎ ŦǊƻƳ ǿƘŜǊŜ ŜŀŎƘ 

clan and consequently each hero came from. This was followed by defining the world where the game 

took place, what existed there and why. 

4.1 D!a9Ω{ ¦bL±9w{9 !b5 STORY 

A brainstorm was made in order to define why and where the battle would take place. Then, a story 

was creŀǘŜŘ ǳǎƛƴƎ ǘƘŜ ƘŜǊƻΩǎ ƧƻǳǊƴŜȅ [126] as a foundation, from the call to action to the completion 

of the adventure. 

There are two main galaxies, Red and Blue. From time to time (around 50 ллл ȅŜŀǊǎύ ǘƘŜ ƎŀƭŀȄƛŜǎΩ ǘŀƛƭǎ 

touch each other and it is possible, during a small window of time, to travel between the two galaxies. 

The people from the Red galaxy are technologically superior. The inhabitants of the Blue galaxy have 

the same level of knowledge that existed in the real world between the 10th and 16th centuries and 

ƘŀǾŜ ƴƻ ƛŘŜŀ ǘƘŀǘ ǘƘŜ wŜŘ ƎŀƭŀȄȅ ŜȄƛǎǘǎΦ ²ƘŜƴ ǘƘŜ ƎŀƭŀȄƛŜǎΩ ǘŀƛƭǎ ǘƻǳŎƘΣ ǘƘŜ ǇŜƻǇƭŜ ŦǊƻƳ ǘƘŜ wŜŘ ƎŀƭŀȄȅ 

travel to the Blue galaxy and attack its planets to harvest their resources, which they need to maintain 

their life. When they attack the planets, they kill nearly everyone and leave them in ruins. This is a 

cycle that happens every 50 000 years. On one of those cycles, Lenam, was the scout on the mission 

from Red galaxy and he was the first to arrive to Theris. He had some problems landing and crashed 

his ship. A woman comes to his aid and eventually they fall in love. Lenam is now faced with a terrible 

choice, he either does what he was ordered to do or he protects his love. Lenam chose to protect his 

ƭƻǾŜ ŀƴŘ ƘŜǊ ǿƻǊƭŘ ǳǎƛƴƎ ǘƘŜ ƭŀǎǘ ƻŦ Ƙƛǎ ǎƘƛǇΩǎ ŜƴŜǊƎȅ ŀƴŘ ōŀǊŜƭȅ ƳŀƴŀƎŜǎ ǘƻ ƘƛŘŜ ¢ƘŜǊƛǎ Ƨǳǎǘ ƛƴ ǘƛƳŜ ŀǎ 

the ships from the Red galaxy attack. The people of the Red galaxy leave a trail of devastation in their 

wake. Every planet except for Theris is devastated and in ruins. Lenam decides that he does not want 

ŦǳǘǳǊŜ ƎŜƴŜǊŀǘƛƻƴǎ ǘƻ ōŜ ƛƴ ƘŀǊƳΩǎ ǿŀȅ ŀƴŘ ŘŜŎƛŘŜǎ ǘƻ ǘŀƪŜ ŀ ǎǘŀƴŘΦ IŜ ǎǘŀǊǘǎ ōȅ ǘǊŀǾŜƭƭƛƴƎ ǘƘǊƻǳƎƘ 

Theris to find each of its clans and to recruit their best warriors. Using the last of his magic, he opens 

portals to other planets and sends the chosen warriors of each class to train there.  On these planets 

the warriors can hone and master their skills so that on the next cycle they are able to defend against 

the people of the Red galaxy.  

¢ƘŜ Ƴƻǎǘ ǊŜƭŜǾŀƴǘ ŀǎǇŜŎǘǎ ŦƻǊ ǘƘŜ ŘƛƎƛǘŀƭ ƎŀƳŜΩǎ ǎǘƻǊȅ ƛǎ ǿƘŜǊŜ ǘƘŜ ƘŜǊƻŜǎ ŎƻƳŜ ŦǊƻƳΣ ǿƘŜǊŜ ŀƴŘ ǿƘȅ 

they fight each other. The most important planets on the Blue galaxy are Theris and Intheris, where 
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the game takes place. Theris is the planet where all the heroes were born and where their clans live. 

LƴǘƘŜǊƛǎ ƛǎ ǿƘŜǊŜ ǘƘŜ ƎŀƳŜΩǎ ŦƛƎƘǘ ƘŀǇǇŜƴǎ ǎƛƴŎŜ ƛǘ ƛǎ ǘƘŜ ŦƛǊǎǘ ǇƭŀƴŜǘ ǘƻ ōŜ ƘŀǊǾŜǎǘŜŘ ƻƴ ŜǾŜǊȅ ŀǘǘŀŎƪΦ  

The world of Intheris will be explained in further detail on the next section.  

4.2 GAME WORLD - WHERE THE GAME TAKES PLACE 

¢ƘŜ ōƻŀǊŘ ƎŀƳŜ ƘŀŘ ŀƭǊŜŀŘȅ ŘŜŦƛƴŜŘ ǘƘŜ ƳŀǇΩǎ ƘŜȄŀƎƻƴŀƭ ƎǊƛŘ ƭŀȅƻǳǘΣ ǎƻ ǘƘŜ ǿƻǊƭŘ ŀǊƻǳƴŘ ƛǘ ƘŀŘ ǘƻ 

ōŜ ōǳƛƭǘΦ ¢ƻ ǳƴŘŜǊǎǘŀƴŘ ǿƘȅ ǘƘŜ ƎŀƳŜΩǎ ǿƻǊƭŘ Ƙŀǎ ƛǘǎ ŀǎǎŜǘǎΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƪƴƻǿ Ƙƻǿ LƴǘƘŜǊƛǎ ƛǎ 

and what events shaped it over the years. This planet has countless trees and green plains. Many 

battles were fought throughout the years and countless civilizations have come and gone. Like the 

people of Red Galaxy, there was once a time when people of the Blue galaxy could control all of 

ƴŀǘǳǊŜΩǎ ŜƭŜƳŜƴǘǎ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΦ !ǎ ǘƛƳŜ ǿŜƴǘ ōȅΣ ǘƘƛǎ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǇƻǿŜǊ ǿŜǊŜ ƭƻǎǘΦ ¢ƘŜ ǇŜƻǇƭŜ 

of the Blue galaxy have lost their connection to the elements and can only ask for the help from one 

element at a time. 

Regarding the requirements for the map, in addition to the hexagonal grid layout, the only other 

requirement was to create a place where the heroes could go when they are defeated in battle since 

they are only training. Figure 39 provides a detailed explanation of every important monument (3D 

asset) on the final ƎŀƳŜΩǎ ƳŀǇΦ 

So far only the game world has been described but the heroes and their clans have also been 

mentioned. The following sections will go into further detail on how each part of their story and 

concepts were created. 

 

Figure 39 ς Game World Assets explained. 

4.3 CHARACTER CLASSES 

As previously mentioned, there are five character classes on the board game. The assassin class which 

can only attack at melee range but are normally know in other games for their ability to manipulate 

and deceive. The Pathfinders are very good at incapacitating their enemies, only have ranged attacks 



39 
 

and are very limited in melee range. Wizards on the other hand control magic and are very powerful 

but also very fragile. Menders also use magic but they use it to manipulate life. While some heal their 

allies, others specialize in stealing health from their enemies. Guardians are on the front lines. With 

their enormous shields, they are there to protect their allies and take all the incoming group damage.  

Defining the classes alone was not enough for the digital game. These required a background story 

and a design concept. For each class, a world concept was developed and their colors were defined. 

The inspirations that should be used when creating new characters of a certain class were also set. 

Each class was assigned a weapon style, so that inside the game it would be possible to easily 

distinguish between the five classes (Table 5). The weapon style was also based on how the world 

where they trained was and how each class is already seen in other games. For example, a wizard is 

known for having a staff or a one-handed sword, but never a shield. The assassin class, to which Malik 

and Wang both belong, will be explained in detail while further information on the remaining classes 

can be seen in annex 9.3.1.  

The world where the assassins travelled to improve their skills is filled with ruins which have been 

taken over by nature. There is a lot of green from large trees and vines covering the stone ruins. It is 

a lonely world and its biggest threat is how hard it is to get around on it. This world was envisioned 

using concepts from the Aztec ruins, Indiana Jones and the Tomb Rider worlds but also the levels of 

!ǎǎŀǎǎƛƴǎ /ǊŜŜŘ н ǘƘŀǘ ǳƴƭƻŎƪ !ƭǘŀƛǊΩǎ ŀǊƳƻǊ (Figure 40). For the assassins, small but sharp and deadly 

weapons were chosen, such as daggers or chains with sharp edges. These needed to be small since 

assassins are going to be jumping around walls and using vines to go from one place to another in 

order to solve tƘŜ ǿƻǊƭŘΩǎ ǘǊƛŘƛƳŜƴǎƛƻƴŀƭ ǇǳȊȊƭŜǎΦ !ǎ ǎǳŎƘΣ ǘƘŜȅ ŎƻǳƭŘ ƴƻǘ ōŜ ŎŀǊǊȅƛƴƎ ƘŜŀǾȅ ƻǊ ōƛƎ 

weapons (Figure 40 - E).  

 

Figure 40 ς Assassins world and weapon inspiration: ό!ύ !ȊǘŜŎ ǊǳƛƴǎΤ ό.ύ LƴŘƛŀƴŀ WƻƴŜǎ ŀƴŘ ǘƘŜ 9ƳǇŜǊƻǊΩǎ ¢ƻƳō Τ ό/ύ ¢ƻƳ wŀƛŘŜǊΥ 

Underworld  [127]Τ ό5ύ !ǎǎŀǎǎƛƴΩǎ /ǊŜŜŘ нΥ !ƭǘŀƛǊΩǎ ŀǊƳƻǊ ǳƴƭƻŎƪƛƴƎ ƭŜǾŜƭ [37]; (E) Assassins weapon inspirations. 
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Table 5 ς Game Classes Process  

Class Weapon Style World inspirations World colors Concept 
Inspiration  

Assassin Small bladed 
weapons  

Aztec and stone ruins, nature 
growing inside buildings 

Brown, green and 
stone grey 

 

!ǎǎŀǎǎƛƴΩǎ ŎǊŜŜŘн 
[37],Indiana Jones, 
Tomb raider[127] 

Pathfinder Bow, crossbow, 
gun 

Steampunk, victorian era 
technology 

Rust brown and 
metallic grey  

 

Bioshock [128], 
dishonored 2 [129], 
Steampunk 
game/worlds 

Wizard Staves Floating towers/buildings, 
magic, pointy buildings, 
small houses, big towers 

Purple, blue, beige Dalaran (WoW) 
[43], sky cities, elf 
cities, crystal cities 

Mender Alchemy flasks 
(different colors 
for different 
types of 
menders 
(death/life) 

Life: round edges and lively 
forest  

Death: dark forest with 
spiked edges 

 

Life: Green,  strong 
colors;  

Death: Dark, grey, 
black, dark purple 

Twisting nether 
legion (WoW) [43], 
Forbidden forest 
(harry potter), 
Mirkwood forest 
(LotR), maleficent 
forest (both life and 
death) 

Guardian Big Shields Mountains with some 
valleys, snow on top of the 
mountains, Castle on top of 
mountains, desert and 
barren ground 

 

Brown, green, stone, 
dark grey, white 

Jurassic Park, Minas 
Tirith (LotR) 

 

4.4 GAME CLANS AND ITS AESTHETICS 

As mentioned before, the only thing that had been defined on the board game was each of the 

ŎƘŀǊŀŎǘŜǊΩǎ ƴŀƳŜǎ ŀƴŘ ǿƘƛŎƘ ǊŜƎƛƻƴ ǘƘŜȅ ǿŜǊŜ ŦǊƻƳΦ 9ŀŎƘ ŎƭŀƴΩǎ ƴŀƳŜΣ ŜǘƘƴƛŎƛǘȅΣ ōŜƭƛŜŦǎ ŀƴŘ ǎǇƻƪŜƴ 

language also had to be defined along with, their colors and aesthetics (Table 6). 

Table 6 ς .ƻŀǊŘ ƎŀƳŜΩǎ ŀƭǊŜŀŘȅ ŜȄƛǎǘŜƴǘ ōŀŎƪƎǊƻǳƴŘ 

/ƘŀǊŀŎǘŜǊΩǎ ƴŀƳŜ Class Region Spoken Language 

Malik Assassin Arabia Arabic 

Ghora Guardian India Hindu 

Lipp Wizard Estonia Old Norse 

Kulla Pathfinder Albania Albanian 

Wang Assassin China Chinese 

Loper Mender Africa Africans/Zulu 
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4.4.1 CLAN CREATION PROCESS 

CƻǊ ǘƘƛǎ ǇŀǊǘΣ ƛƴŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ǘƘŜ ōƻŀǊŘ ƎŀƳŜ όŎƘŀǊŀŎǘŜǊΩǎ ƴŀƳŜ ŀƴŘ ǊŜƎƛƻƴύ ǿŀǎ ǳǎŜŘΦ ¢Ƙƛǎ ƭƛƳƛǘŜŘ 

some decisions, and research was performed on each country/region in order to find what existed 

there at the time where the game takes place. A table was created (Table 7) with the ethnicities, traits, 

beliefs and most commonly known values of each clan. Each clan was given a name according to the 

last coƭǳƳƴ ƻŦ ǘƘƛǎ ǘŀōƭŜΣ Ψ¢ǊŀƛǘǎΣ ōŜƭƛŜŦǎ ŀƴŘ Ƴƻǎǘƭȅ ƪƴƻǿ ǾŀƭǳŜǎΩΦ ¢Ƙƛǎ ǇǊƻŎŜǎǎ ǿŀǎ ŘƻƴŜ ǳǎƛƴƎ DƻƻƎƭŜ 

Translate and some other dictionaries like Old Norse Dictionary [130] to translate these words to the 

spoken language previously defined for each clan.  

Table 8 ǎƘƻǿǎ ǘƘƛǎ ǇǊƻŎŜǎǎ ŦƻǊ aŀƭƛƪΩǎ ŎƭŀƴΣ ǘƘŜ ƻǘƘŜǊ Ŏƭŀƴǎ Ŏŀƴ ōŜ ǎŜŜƴ ƻƴ annex 0 - Table 26. 

Table 7 ς Clan definition process end product 

/ƭŀƴΩǎ 
Character 

Ethnicity Traits, beliefs and mostly known values 

Malik Arab people Religious, lonely, generous, honored 

Ghora Indian people (Sikh) Equality, sacrifice, humility, generous, honest 

Lipp Vikings Brave, courageous, strong, ancestors 

Kulla Albanian people Free people, heroic, resilient, martyrs 

Wang Chinese Monks 
Discipline, many people, strategists, technologically advanced, 
virtuous 

Loper Zulu Value life, ancestors, animal force, animal spirit, community 

 

Table 8 ς tƻǎǎƛōƭŜ ƴŀƳŜǎ ŦƻǊ aŀƭƛƪΩǎ Ŏƭŀƴ ςfinal choice in bold 

/ƭŀƴΩǎ /ƘŀǊŀŎǘŜǊ Traits, beliefs and mostly known 
values 

Translated Traits, beliefs and mostly known 
values 

Malik Religious Almutadiinin 

Lonely Wahidaná (reads Whahoieda), muta Wahid 

Generous Sakhi, Karim 

Honored Sharaf, fakharr 

4.4.2 CLAN AESTHETICS 

The aesthetics for each clan were also created. These were defined using colors based on their region, 

known traditions and other games that had characters that shared the same story or inspiration, such 

as the Zulu tribes from Civilization V [20] ŀƴŘ [ƻǇŜǊΩǎ ŎƭŀƴΦ  ¢ƘŜƛǊ ǎƪƛƴ ŎƻƭƻǊ ǿŀǎ ǎŜǘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƛǊ 

ethnicity and their heights were defined using a list of average human height worldwide [131]. For 

inspirational purposes, a concept inspiration was created as well. All of these can be seen on Table 9. 

For the digital game, it was decided that there would also be a way to easily distinguish which 

characters were from the same clan. It was defined that characters from the same clan would all share 

a head accessory which can be seen in Figure 41. ¢Ƙƛǎ ŀŎŎŜǎǎƻǊȅ ǿŀǎ ŎǊŜŀǘŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ŎƭŀƴΩǎ 



42 
 

ƛƴƘŀōƛǘƛƴƎ ǊŜƎƛƻƴ ŀƴŘ ǘƘŜƛǊ ƪƴƻǿƴ ǘǊŀŘƛǘƛƻƴǎΦ ¢ƘŜ ŎƻƴŎŜǇǘ ƛƴǎǇƛǊŀǘƛƻƴ ŦƻǊ aŀƭƛƪΩǎ Ŏƭŀƴ όYŀǊƛƳύ Ŏŀƴ ōŜ 

seen on Figure 42 and all the other clans concepts can be seen on annex 0.   

Table 9 ς Clan Aesthetics Definition 

Clan Clothes Colors Average Heights Concept Inspiration 

Male Female 

Malik - Karim Beige, blue and brown 1,70m - Arabian Warriors 

Ghora - Immandari Red and blue 1,64m - Sikh warriors 

Lipp - Hungrakur Brown, white and dark orange 

 

1,70m - Vikings  

Kulla - Deshmor Brown, green and gold  - 1,61m Albania traditional vests 

Wang - Mingzhi Gray, beige and dark grey (leather) ~1,67m - Shaolin warriors 

Loper - Voorváders Yellow straw, dark brown, brown ~1,68m - Zulu warriors 

 

Figure 41 ς Head accessory that represents each clan. 
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Figure 42 ς The Karim Clan, where the character Malik comes from. 

4.5 GAME CHARACTERSΩ BACKGROUND AND AESTHETICS 

As mentioned previously, the names of the six existing characters, their class and the mechanics of 

their abilities were obtained from the board game. For each character, a small story of how they 

became who they are in the game and how they arrived to Intheris was defined. Their school of magic, 

ǘƘŜ ƛƴǎǇƛǊŀǘƛƻƴ ŦƻǊ ǘƘŜƛǊ ǿŜŀǇƻƴǎ ƻŦ ŎƘƻƛŎŜ ŀƴŘ ǇŀǊǘƛŎƭŜǎΩ Ǿƛǎǳŀƭ ƭŀƴƎǳŀƎŜ ǿŜǊŜ ŀƭǎƻ ŘŜŦƛƴŜŘ (Table 10). 

Since in the board game each hero had eight abilities and only their mechanics were described, it was 

also vital to establish a fantasy for each ability in order to properly animate it inside the game. 

Table 10 ς DŀƳŜ ŎƘŀǊŀŎǘŜǊΩǎ aesthetics process creation 

Character 
Name 

Weapon 
Inspiration 

School of Magic tŀǊǘƛŎƭŜǎΩ Ǿƛǎǳŀƭ 
language 

Some Accessories 

Malik Arabian Daggers N/A Poison & smoke 
(green/gray) 

Balloon pants made of linen; 
arm bandages 

Ghora Sikh swords & 
shields 

N/A  Sikh bracelet; Sikh symbol in 
his clothes 

Lipp Wooden staves and 
magic crystals 

Evocation & 
Conjuration 

Arcane Magic 
(purple) 

Drinking horn; warm clothes 
made of animal pelts 

Kulla Mechanical bow  N/A Leaves (green) Green hoodie; clothes with 
dirt; 

Wang Chains N/A Incense (white) Socks and shoes like shaolin 
monks; orange robe; 

Loper Alchemy flasks Necromancy & 
Transmutation 

Death and Blood 
Magic (black/red) 

Zulu arm and ankle/leg bands;  
naked body with white 
tattoos on one side; 

After defining each ŎƘŀǊŀŎǘŜǊΩǎ ŎƻƴŎŜǇǘΣ ǘƘŜƛǊ ŎƻƴŎŜǇǘ ŘŜǎƛƎƴ ǿŀǎ ǎǘŀǊǘŜŘΦ  ¢Ƙƛǎ ŘŜŦƛƴŜŘ ǘƘŜ ǘȅǇŜǎ ƻŦ 

clothing, its colors and materials to use later on the 3D pipeline.  

¢ƘŜ ōŀŎƪƎǊƻǳƴŘ ǎǘƻǊȅ ŀƴŘ ǘƘŜ Ŧŀƴǘŀǎȅ ŦƻǊ ŜŀŎƘ ƻŦ ǘƘŜ ŎƘŀǊŀŎǘŜǊΩǎ ŀōƛƭƛǘƛŜǎ ƳŜŎƘŀƴƛŎǎ ǿŜǊŜ ŀƭǎƻ 

establisheŘΦ aŀƭƛƪΩǎ ŎƻƴŎŜǇǘ ŘŜǎƛƎƴ Ŏŀƴ ōŜ ǎŜŜƴ ōŜƭƻǿ ƻƴ Figure 43 followed by his background story 
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Figure 43 - Malik concept inspiration and story. 

 

and the fantasy of his abilities. The concept design for the other five characters, background stories 

and ability fantasy can be seen on the annex 9.3.4. 

 

aŀƭƛƪΩǎ Background Story: 

άaŀƭƛƪ ǿŀǎ ŀ ǘƘƛŜŦ ŦƻǊ ŀ ƭƻƴƎ ǘƛƳŜΦ His family was killed and he chose to avenge them by killing everyone 

ǊŜǎǇƻƴǎƛōƭŜΦ !ŦǘŜǊ ŜƴŀŎǘƛƴƎ Ƙƛǎ ǊŜǾŜƴƎŜΣ ƘŜ ōŜŎŀƳŜ ŀƴ ŀǎǎŀǎǎƛƴ ΨŦƻǊ ƘƛǊŜΩΦ !ŦǘŜǊ ǳƴŘŜǊƎƻƛƴƎ ǘƘŜ 

assassination trials he arrived at the Intheris arena.  He uses two Arabian Daggers, one smaller than 

the other. Like other assassins, he learned to brew poisons from some exquisite herbs. He now uses 

his knowledge to make his daggers even deadlier. One of the skills learned while being a thief was the 

ŀōƛƭƛǘȅ ǘƻ ǇƛŎƪǇƻŎƪŜǘΦέ 

aŀƭƛƪΩǎ ŀōƛƭƛǘƛŜǎΥ  

¶ Malik1 - Malik can hide in the shadows. By throwing a smoke bomb on the ground Malik 

disappears, making him almost invisible in game. When leaving the shadows, Malik sneaks 

behind his target and attacks them in the back  

¶ Malik2 - Malik attacks with his main weapon, if he does not know how to hide in the shadows 

he also attacks with his secondary weapon.  

¶ Malik3 ς Malik attacks once or twice, depending if he had to move to reach his target or not.  

¶ Malik4 ς Malik Pickpockets the target. / Malik creates an impenetrable smoke cloud around 

him making him immune to abilities.  

¶ Malik5 ς Malik throws a rock to set off a trap. / Malik wraps one of his bandages around his 

arm, healing his wounds.  

¶ Malik6 ς Malik creates a thick smoke cloud, which protects everyone around him from abilities 

but also prevents them from using abilities.  

¶ MalikU1 ς Malik attacks his target with both weapons. If anyone is around him, Malik will steal 

their weapons for a moment and attack the target with all of the stolen weapons.  

¶ MalikU2 ς Malik poisons and sharpens his daggers, making them glow green. When attacking 

his target, Malik attacks with both weapons at the same time. 
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 GAME INTERFACE 

This section will explain how the game interface was developed, implemented and tested.  

To easily implement the game user interface (GUI), the work load was divided into two parts, the first 

before starting a game (menus) and the second inside the game (in-game). The menus consist of the 

part of the game where the player is not yet playing. Players can choose their team, change their 

ŀǾŀǘŀǊΣ ŎƘŜŎƪ ǿƘƛŎƘ ƘŜǊƻŜǎ ǘƘŜȅ ƻǿƴ ŀƴŘ ǘƘŜƛǊ ƛƴŦƻǊƳŀǘƛƻƴΣ ōǳȅ ƴŜǿ ƘŜǊƻŜǎ ƛƴ ǘƘŜ ƎŀƳŜΩǎ ǎƘƻǇΣ 

change the game settings and invite friends to play among other things. The in-game consists of the 

playing field, with the hex grid map where the heroes play against each other and all the current match 

information that is displayed such as: health bars, timers, important messages, score and any other 

relevant information. 

The menus section was implemented first since, Unity3D had not been mastered at that time. This 

part was considered easier to start off since, it was mostly navigation between panels instead of 

complex game mechanics such as timers and health bars.  

5.1 GAME INTERFACE REQUIREMENTS 

¦ǎƛƴƎ ǘƘŜ ōƻŀǊŘ ƎŀƳŜ ǘƻ ŦƛƴŘ ǘƘŜ ƎŀƳŜΩǎ ƛƴǘŜǊŦŀŎŜ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ŀƭƭ ƻŦ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭƛǘƛŜǎ ƴŜŜŘŜŘ ǘƻ 

implement the game on the computer were raised. There are some requirements that cannot be 

raised from the board game alone, but from the way the game was idealized in the first place. 

In this type of games, players have an account with all of their information, from statistics to their 

unlocked heroes, this is known as their profile. It is also common to purchase and customize heroes 

and all of their information can be accessed before entering a game. Players are also able to prepare 

their team before joining a new game. 

The list containing both functional and non-functional requirements can be reviewed in the Annex 9.2. 

All of these functionalities must be implemented in the computer game in order to achieve an accurate 

representation of the board game. In addition to these functionalities, others will be required in order 

ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǇƭŀȅŜǊΩǎ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜ ǿƘƛƭŜ ǇƭŀȅƛƴƎ ǎƛƴŎŜ ŦƻǊ ŜȄŀƳǇƭŜΣ ƛƴ ǘƘŜ ōƻŀǊŘ ƎŀƳŜ ǇƭŀȅŜǊǎ ƘŀǾŜ 

to remember every action that has happened. 

5.2 MENU 

The first step in the development of the menus was a brainstorm to identify how the navigation 

between each screen was made and where each button would lead the user (Figure 44). By 

researching how the most popular games displayed this same information, it was possible to create a 

paper prototype of the entire menus interface. This was accomplished with a horizontal prototype 

combined with a task-oriented strategy. The first strategy was useful to find issues and lack of 

ŎƻƴǎƛǎǘŜƴŎȅ ǿƛǘƘƛƴ ǘƘŜ ƎŀƳŜ ǎŎǊŜŜƴΩǎ ƴŀǾƛƎŀǘƛƻƴΦ !ŦǘŜǊ ŎǊŜŀǘƛƴƎ ǘƘŜ ǇǊƻǘƻǘȅǇŜΣ ǎǇŜŎƛŦƛŎ ǘŀǎƪǎ ǿŜǊŜ 

used to stress test the interface and ensure once again, that all the interface requirements were met. 

It is important to note that this part of the interface was not present on the board game and that it 

was created in the way that most fit the game.  
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Figure 44 ς First sketch of the menu navigation screens depicting their interaction. 

A complete menu navigation tree (Figure 45) was created for the menus of the game. It was based on 

both the brainstorming and paper prototypes created previously. This was then used to assist in the 

design of user tasks to test the interface later in the development process which, can be seen in more 

detail in sub section User tests.  

 

Figure 45 ς Menus navigation tree ς small version (for a full view of the tree check annex 9.4.1). 

After achieving a satisfactory low fidelity prototype, it was then implemented in Unity3D using its 

ƛƴǘŜǊŦŀŎŜ ŘŜǾŜƭƻǇƳŜƴǘ ŦŜŀǘǳǊŜǎΦ ¦ƴƛǘȅо5Ωǎ ƛƴǘŜǊŦŀŎŜ ŦŜŀǘǳǊŜǎ ŀƭƭƻǿ ǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ ǇǊŜ-made buttons, 

text boxes, radio buttons and check boxes which, can then be dragged to their position around the 
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canvas. This main purpose of this new prototype was to create an automated navigation system. The 

board game did not have any icons aside from range and resources. As such, there was a need to 

ŎǊŜŀǘŜ ƛŎƻƴǎ ŦƻǊ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ŎƭŀǎǎŜǎΣ ŦƻǊ ŜŀŎƘ ƘŜǊƻΩǎ ŀōƛƭƛǘȅ ŀƴŘ ƻǘƘŜǊ ƎŀƳŜ ŜƭŜƳŜƴǘǎΦ ¢Ƙƛǎ ǿŀǎ ŘƻƴŜ 

using the Game Icons open source library [132] along with Adobe Illustrator and Photoshop (annex 

9.4.2). 

/ƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ƛƴǘŜǊŦŀŎŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ ǘƘŜ ǇǊŜǾƛƻǳǎƭȅ ŎǊŜŀǘŜŘ ƴŀǾƛƎŀǘƛƻƴ ǘǊŜŜΣ ǘƘŜ ƳŜƴǳΩǎ 

interface was divided into six categories: Login, Play, Shop, Profile, Leaderboard and settings.  These 

were also sub divided into smaller categories to ease the implementation process (Table 11). The 

leaderboard screen was not developed. 

Table 11 ς Menus interface divided by sub categories 

Login and 
Main Menu 

Play Shop Profile Settings 

  ω ¢ŜŀƳ 
ω IŜǊƻΩǎ LƴŦƻǊƳŀǘƛƻƴ 
ω IŜǊƻΩǎ tǊŜǎŜǘǎ 
ω DŀƳŜ aƻŘŜǎ 

ω 5ƛŦŦŜǊŜƴǘ LǘŜƳ 
lists 
ω {ǇŜŎƛŦƛŎ LǘŜƳ 

ω {ǳƳƳŀǊȅ 
ω !ǾŀǘŀǊ 
ω DŀƳŜ IŜǊƻŜǎ 
ω aŀǘŎƘ IƛǎǘƻǊȅ 

ω hǇǘƛƻƴǎ aŜƴǳ 
ω ±ƛŘŜƻ ǎŜǘǘƛƴƎǎ 
ω !ǳŘƛƻ ǎŜǘǘƛƴƎǎ 
ω IŜƭǇ 

5.2.1 LOGIN AND MAIN MENU 

This type of games only allows the player to create an account on their website. Considering this, the 

login screens only ask for the information required to login. Below (Figure 46) ), it is possible to see 

the login screen used as inspiration (Warframe [133]) and the corresponding prototype.  

 

Figure 46 ς (A) Warframe login screen; (B) First digital prototype of the login screen; (C) Final login screen. 

B A 

C 
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wŜƎŀǊŘƭŜǎǎ ƻŦ ǿƘŜǊŜ ǘƘŜ ǇƭŀȅŜǊ ƛǎ ƛƴǎƛŘŜ ǘƘŜ ƳŜƴǳΩǎ ǎŎǊŜŜƴΣ ǘƘŜ Ƴŀƛƴ ƳŜƴǳ ǿƛƭƭ ŀƭǿŀȅǎ ōŜ ǾƛǎƛōƭŜΦ 

Several games have big colored buttons on the top or bottom of the screen that are always displayed. 

¢Ƙƛǎ ŘŜǎƛƎƴ ƭŜŀŘǎ ǘƘŜ ǇƭŀȅŜǊΩǎ ŜȅŜǎ ǘƻ ǘƘŜ Ǉƭŀȅ ōǳǘǘƻƴ ǿƘƛŎƘ ƛƴ ǘǳǊƴ ƛƴŎŜƴǘƛǾƛȊŜǎ ǘƘŜƳ ǘƻ Ǉƭŀȅ ƳƻǊŜΦ  

The same method is used in the interface of keepers of intheris. A big button on top of the screen with 

a Home title with a small button on each side to be able to go to the shop and check the leaderboard 

ŜŀǎƛƭȅΦ hƴ ōƻǘƘ ǘƻǇ ŎƻǊƴŜǊǎΣ ǘƘŜ ƎŀƳŜ ǎŜǘǘƛƴƎǎ ŀƴŘ ǇƭŀȅŜǊΩǎ ǇǊƻŦƛƭŜ ōǳǘǘƻƴǎ ŀǊŜ ŘƛǎǇƭŀȅŜŘΣ ǳǎƛƴƎ ǘƘŜ 

same GUI design approach as Magicka and SMITE (Figure 47).  

               

Figure 47 ς (A) Smite main menu; (B) Magicka: Wizard Wars main Menu; (C) CƛǊǎǘ LǘŜǊŀǘƛƻƴ ƻŦ ǘƘŜ Ƴŀƛƴ ƳŜƴǳΩǎ ǇŀǇŜǊ ǇǊƻǘƻǘȅǇŜΤ ό5ύ Final 

Game Menu. 

5.2.2 PLAY 

It is not common for a player to have a team of heroes in this type of games, especially MOBAs, since 

each player controls a single hero. Despite this, XCom is a good example of a game where the player 

controls a squad. With the lack of resources on how to show and edit the current team, a similar 

approach was used to show the player their current team composition (Figure 48). The player can 

select their ǘŜŀƳ ŀƴŘ ŎƘƻƻǎŜ ŜŀŎƘ ƘŜǊƻΩǎ ƛƴ-game element. 

 

Figure 48 ς (A) XCom2 team screen; (B) Paper prototype of the team screen; (C) Final team screen. 

B 

A 

C 

D 

B A 

C 
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hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ Ƴƻǎǘ ah.!ǎ ƘŀǾŜ ŀ ƘŜǊƻΩǎ ǎŎǊŜŜƴΦ ¢Ƙƛǎ ǎŎǊŜŜƴ ǎƘƻǿǎ ƘŜǊƻ ƛƴŦƻǊƳŀǘƛƻƴ ǎǳŎƘ ŀǎ 

health points, abilities, difficulty, small background story, available skins, currency cost, and other 

information. There is also a place in this section that shows all the heroes inside the game. In some 

ƎŀƳŜǎ ǘƘŜǎŜ ǘǿƻ ǎŎǊŜŜƴǎ ŀǊŜ ǎŜǇŀǊŀǘŜŘ ǿƘƛƭŜ ƛƴ ƻǘƘŜǊǎ ǘƘŜȅ ŀǊŜ ŎƻƳōƛƴŜŘΦ ¢ƘŜ ƎŀƳŜΩǎ ƘŜǊƻ ǎŎǊŜŜƴ 

was created using the second approach. On one side, there is a panel with all the available heroes 

inside the game and on the other, all the information of selected hero is displayed. In addition to all 

the information mentioned previously, each hero also has a list of Presets and their ability slot 

polarities. This interface design was based on the Heroes of the Storm hero selection screen (Figure 

49). 

 

Figure 49 ς (A) Heroes of the Storm Hero selection screen; (B) Final hero selection screen; (C) Heroes of the Storm abilities panel; (D) Final 

ƘŜǊƻΩǎ ŀōƛƭƛǘƛŜǎ ǇŀƴŜƭ. 

¢ƻ ƘŜƭǇ ƴŜǿ ǇƭŀȅŜǊǎ ŀƴŘΣ ǘƻ ǎƛƳǇƭƛŦȅ ƘŜǊƻŜǎΩ ƛƴ-game progress, each hero has a list of presets that the 

player can use/add. Each preset is made up by fours abilities (based on the ability slots available to 

ǘƘŀǘ ƘŜǊƻύΣ ŀ ǿŜŀǇƻƴ ǎƪƛƴ ŀƴŘ ŀ ƘŜǊƻΩǎ ŎƻƭƻǊ ǇŀƭƭŜǘΦ ¢Ƙƛǎ ǎǇŜŎƛŦƛŎ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ƴƻǘ ǳǎǳŀƭƭȅ ǎŜŜƴ ƛƴ ǘƘƛǎ 

type of games but, MOBAs are known for hero progression through item acquisition/upgrade during 

a match. Using this mechanic, although different from the ƎŀƳŜΩǎ presets, a player can create item 

ǎŜǘǎ ŦƻǊ ŜŀŎƘ ƘŜǊƻΣ ǎƻ ǘƘŜ ǎŀƳŜ ƛƴǘŜǊŦŀŎŜ ŘŜǎƛƎƴ ŀǇǇǊƻŀŎƘ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŎǊŜŀǘŜ ǘƘŜ ƘŜǊƻΩǎ ǇǊŜǎŜǘ ƭƛǎt. 

! ƎƻƻŘ ŜȄŀƳǇƭŜ ƻŦ ǘƘƛǎ ƛǎ ŘŜǎƛƎƴ ŀǇǇǊƻŀŎƘ ƻŦ [ŜŀƎǳŜ ƻŦ [ŜƎŜƴŘǎΩΦ ¢ƘŜ ƎŀƳŜΩǎ ǇǊŜǎŜǘ ƭƛǎǘ ǿŀǎ ŎǊŜŀǘŜŘ 

using the same idea (Figure 50). 

B A 

D C 
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Figure 50 ς ό!ύ [ŜŀƎǳŜ ƻŦ [ŜƎŜƴŘǎ LǘŜƳ ǎŜǘǎ ǎŎǊŜŜƴΤ ό.ύ DŀƳŜΩǎ final preset list screen. 

Players can choose between different game modes when they want to play a game. These game 

modes are presented to the player in several ways. Some games have a game mode selection screen 

which is the last step before going into a match. Other games allow the player to choose the game 

mode and then let them navigate throughout the game menus until it finds a match to join. This 

second option is usually used when several players are required for each team to create a game. 

Considering that the game being developed only needs two players to start a match, the first approach 

was chosen. Its design was based on the game interface of Magicka Wizard Wars which has three 

choices: Practice mode, versus and custom (Figure 51).  

 

Figure 51 ς (A) Magicka: Wizard Wars Game Modes screen; (B) Final game modes screen. 

5.2.3 SHOP 

Since many games have an in-game shop that allows players to buy game items, a shop menu was also 

created. Like game interfaces, shop interfaces are similar to each other within the same game genre. 

¢ƘŜ ƎŀƳŜΩǎ ǎƘƻǇ ǿŀǎ ƛƴǎǇƛǊŜŘ ōȅ ǘƘŜ ah.! ǎǳōƎŜƴǊŜ ŀƴŘ ƛǎ ǾŜǊȅ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ IŜǊƻŜǎ ƻŦ ǘƘŜ {ǘƻǊƳ 

shop (Figure 52). 

 

Figure 52 ς (A) Heroes of the Storm Shop Menu; (B) Final game shop screen. 

B A 

B A 

B A 
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When buying an item, especially a hero, a lot of information needs to be displayed. Heroes of the 

Storm is again a solid example on how this information can be displayed. Its interface design concepts 

were used in the DAP. Each hero has information about its abilities, background story and currency 

cost as shown in Figure 53. 

 

Figure 53 ς (A) Heroes of the Storm Shop specific item screen; (B) Game shop specific hero screen. 

5.2.4 PROFILE 

The profile is a common piece of information in any game. Players enjoy having their account progress, 

statistics and all other information in a single place. MOBAs in general show this information very well 

(Figure 54). They have a tab with statistics and recently played heroes, a tab with information on all 

the heroes in the game and another tab with information about every match the player has played 

(Figure 55 ς A and B). 

 

Figure 54 ς (A) Smite profile summary; (B) Game final profile summary screen; (C) Heroes of the Storm profile hero list screen; (D) Game 

final profile hero list screen. 

B A 

B A 

D C 



52 
 

{ƻƳŜǘƘƛƴƎ ŜƭǎŜ ǘƘŀǘ ƛǎ ŀƭǎƻ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ǇƭŀȅŜǊǎ ƛǎ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ΨǎƘƻǿ ƻŦΩ ǘƘŜƛǊ ǊŜŎŜƴǘ ƎŀƳŜ 

ǎǳŎŎŜǎǎŜǎΦ tŀǊǘ ƻŦ ǘƘƛǎ ƛǎ ǘƘǊƻǳƎƘ ǘƘŜƛǊ ŀŎŎƻǳƴǘΩǎ ŀǾŀǘŀǊΦ Lƴ ǘƘŜ ǇǊƻŦƛƭŜΣ ǘƘŜǊŜ ƛǎ ŀ ǇƭŀŎŜ ǿƘŜǊŜ ǇƭŀȅŜǊǎ 

can change between avatars that they have unlocked (Figure 55 - C and D). 

 

Figure 55 ς ό!ύ {ƳƛǘŜ ƳŀǘŎƘ ƘƛǎǘƻǊȅ ǎŎǊŜŜƴΤ ό.ύ DŀƳŜΩǎ Ŧƛƴŀƭ ǇǊƻŦƛƭŜ ƳŀǘŎƘ ƘƛǎǘƻǊȅ ǎŎǊŜŜƴΤ ό/ύ IŜǊƻŜǎ ƻŦ ǘƘŜ {ǘƻǊƳ ŀǾŀǘŀǊ ƭƛǎǘ ǎŎǊŜŜƴΤ ό5) 

DŀƳŜΩǎ Ŧƛƴŀƭ ŀǾŀǘŀǊ ƭƛǎǘ ǎŎǊŜŜƴ. 

5.2.5 SETTINGS 

Like in all other games, a game settings panel is required. In general, all games display it in the same 

way and, the only deviation is in the amount of settings provided. On the audio panel, the volume can 

be changed and all the audio channels can be turned off and on. The video settings panel is where all 

the game quality settings can be adjusted and the resolution can also be changed (Figure 56). In 

ŀŘŘƛǘƛƻƴΣ ŀƭƳƻǎǘ ŀƭƭ ƎŀƳŜǎ ŀƭǎƻ ŀƭƭƻǿ ǇƭŀȅŜǊǎ ǘƻ ŎƘŀƴƎŜ ǘƘŜ ƎŀƳŜΩǎ ŘŜŦŀǳƭǘ ƪŜȅ ōƛƴŘƛngs and language. 

In the DAPΣ ŀƭƭ ǘƘŜ ƎŀƳŜΩǎ ƛƴǘŜǊŦŀŎŜ ǿŀǎ ŘŜǎƛƎƴŜŘ ŀƴŘ ǇǊŜǇŀǊŜŘ ŦƻǊ ƭŀǘŜǊ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ 

the settings mentioned above.  This was one of the screens that was not implemented in the final 

version of the game since, this was a proof of concept of the board game. 

 

Figure 56 ς (A) Magicka: ²ƛȊŀǊŘ ²ŀǊǎ ǎŜǘǘƛƴƎǎ ǎŎǊŜŜƴΤ ό.ύ DŀƳŜΩǎ Ŧƛƴŀƭ ǎŜǘǘƛƴƎǎ ǎŎǊŜŜƴ. 
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Players also enjoy it when the game explains everything through tooltips and helpers. The Civilization 

series is known for its civilopedia menu, which works as an in-game encyclopedia. Although the game 

being developed is much smaller, it still has a fair amount of complex information. A similar system 

ǿŀǎ ŎǊŜŀǘŜŘ ŀƴŘ ƴŀƳŜŘ ΨYŜŜǇƻǇŜŘƛŀΩΦ ¢ƘǊƻǳƎƘƻǳǘ ǘƘŜ ƎŀƳŜΩǎ ƛƴǘŜǊŦŀŎŜ ǘƘŜǊŜ ƛǎ ŀ ƘŜƭǇ ōǳǘǘƻƴ ǘƘŀǘ 

ǇƭŀȅŜǊǎ Ŏŀƴ ŎƭƛŎƪ ŀƴŘ ǘƘŜȅ ŀǊŜ ǊŜŘƛǊŜŎǘŜŘ ǘƻ ǘƘŜ ΨYŜŜǇƻǇŜŘƛŀΩ ǎŜŎǘƛƻƴ (Figure 57). 

 

Figure 57 ς ό!ύ /ƛǾƛƭƛȊŀǘƛƻƴ ± ƘŜƭǇŜǊ ǎŎǊŜŜƴΤ ό.ύ DŀƳŜΩǎ Ŧƛƴŀƭ ƘŜƭǇŜǊ ǎŎǊŜŜƴ. 

5.3 DEVELOPMENT OF THE IN-GAME INTERFACE 

A brainstorming session was also done for the in-game portion of the game interface. This helped to 

ŘŜŎƛŘŜ ǿƘƛŎƘ Ǉƻǎƛǘƛƻƴǎ ǿŜǊŜ Ƴƻǎǘ ǎǳƛǘŀōƭŜ ŦƻǊ ŜŀŎƘ ǇŀǊǘ ƻŦ ǘƘŜ ƎŀƳŜΩǎ ŦǳƴŎǘƛƻƴŀƭƛǘƛŜǎΦ ! ǇŀǇŜǊ 

prototype was created to verify if all the game elements required were being displayed but also to 

experiment with different layouts. These prototypes were created using the same approaches as the 

aŜƴǳ ǎŎǊŜŜƴǎΩ ǇǊƻǘƻǘȅǇŜǎΣ ōȅ ǳǎƛƴƎ ǘƘŜ ǇǊŜǾƛƻǳǎƭȅ ǊŜǎŜŀǊŎƘŜŘ ƎŀƳŜǎ ŀƴŘ Ƙƻǿ ǘƘŜȅ ŘƛǎǇƭŀȅŜŘ ǘƘŜƛǊ 

information (Figure 58). The only difference between the creation of the two prototypes was that for 

this part of the interface, the board game already provided all the requirements. It was simply a matter 

of finding the best way to position and display information to ensure that players felt that the interface 

was familiar. 

 

Figure 58 ς First paper prototype of the in-game screen. 

B A 






















































































































































































