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Abstract 
 
Game development involves both traditional software activities combined with creative work. As a result, game design 
practices are characterized by an extensive process of iterative development and evaluation, where prototyping is a 
major component to test and evaluate the player experience. Content creation for the virtual world the players inhabit 
is one of the most time-consuming aspects of production.  
 This experimental research study focuses on analyzing and formulating challenges and desired properties in a 
prototyping tool based on Procedural Content Generation to assist game designers in their early ideation process. To 
investigate this, a proof of concept was iteratively developed based on information gathered from interviews and 
evaluations with world designers during a conceptual and design study. The final user study assessed the tool’s 
functionalities and indicated its potential utility in enhancing the designers’ content exploration and risk management 
during pre-production activities. Key guidelines for the tool’s architecture can be distilled into: (1) A modular design 
approach supports balance between content controllability and creativity. (2) Design levels and feature representation 
should combine and range between Micro (specific) to Macro (high-level, abstract). The result revealed challenges in 
combining exploration of the design space with optimization and refinement of content. 
 However, the thesis specifically concentrated on one specific type of content - city generation, to represent world 
design content generation. To fully understand the generalizable aspects different types of game content would need 
to be covered in further research.  
 
 
 
  



Sammanfattning 
 
 
Spelutveckling består av både traditionell programutveckling i kombination med kreativt arbete. Detta resulterar i att 
speldesign kännetecknas av en omfattande process av iterativ utveckling, där prototyper är en viktig komponent för 
att kunna testa och utvärdera spelupplevelsen. En av de mest tidskrävande aspekterna i produktionen är skapandet av 
innehåll till spelets virtuella värld.  
 Denna experimentella forskningsstudie har fokuserat på att analysera och identifiera utmaningar och användbara 
egenskaper i ett prototypverktyg baserat på Procedurell Generering. Verktyget syftar till att assistera spelvärlds 
designers i deras initiala kreativa process för att generera, utveckla och kommunicera idéer. För att undersöka detta 
utvecklades en proof of concept iterativt baserat på den information som samlats in från intervjuer och utvärderingar 
med speldesigners, under en konceptuell och design fokuserad fas. Den slutliga användarstudien utvärderade 
verktygets funktionaliteter och användbarhet. Resultatet indikerade att ett prototypverktyg baserat på Procedurell 
Generering potentiellt kan förbättra både utforskandet av spelinnehåll och riskhantering. 
De viktigaste riktlinjerna för verktygets arkitektur kan sammanfattas av: (1) Användandet av moduler i designen stöder 
balansen mellan kontroll och kreativitet vid skapandet av innehåll. (2) Funktioner i verktyget gynnas av att kombinera 
och variera mellan Mikro (specifik representation) till Makro (abstrakt, övergripande representation) designnivåer. 
Studien identifierade ett antal utmaningar med att både kunna utforska material och optimera det.  
 Viktigt att uppmärksamma är att denna studie enbart koncentrerade sig på en specifik typ av innehåll – 
stadsgenerering, vars syfte var att fungera som en representation av innehållsgenerering i spelvärldsdesign. För att 
mer omfattande kunna identifiera de generaliserbara aspekterna skulle flera olika typer av spelinnehåll behöva testas 
i ytterligare forskning.  
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ABSTRACT 
Game development involves both traditional software 
activities combined with creative work. As a result, game 
design practices are characterized by an extensive process 
of iterative development and evaluation, where prototyping 
is a major component to test and evaluate the player 
experience. Content creation for the virtual world the 
players inhabit is one of the most time-consuming aspects 
of production.  
 This experimental research study focuses on analyzing 
and formulating challenges and desired properties in a 
prototyping tool based on Procedural Content Generation to 
assist game designers in their early ideation process. To 
investigate this, a proof of concept was iteratively 
developed based on information gathered from interviews 
and evaluations with world designers during a conceptual 
and design study. The final user study assessed the tool’s 
functionalities and indicated its potential utility in 
enhancing the designers’ content exploration and risk 
management during pre-production activities. Key 
guidelines for the tool’s architecture can be distilled into: 
(1) A modular design approach supports balance between 
content controllability and creativity. (2) Design levels and 
feature representation should combine and range between 
Micro (specific) to Macro (high-level, abstract). The result 
revealed challenges in combining exploration of the design 
space with optimization and refinement of content. 
 However, the thesis specifically concentrated on one 
specific type of content - city generation, to represent world 
design content generation. To fully understand the 
generalizable aspects different types of game content would 
need to be covered in further research.  
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1. INTRODUCTION 
Game worlds for modern video games are continuously 
increasing in scale and detail, requiring more resources to 
create this content [1]. The increased anticipation of content 
is a result of two forces. The first is the rapid improvement 
in computing power, making it possible to realise highly 
detailed and expansive virtual worlds with the improvement 
of real-time 3D graphics. The second force is the customer 
expectation to experience a content rich game world that 
matches or outperforms the competitors’ [2]. Developers 
are faced with the challenge to create large, believable 

fictional worlds with interactive assets and stories to 
provide players with an immersive experience and have 
competitive advantage on the market [1]. This is highly 
demanding in resources and development time. The 
increase in growth is reflected in the development process 
where project sizes originally consisted of single-person 
developers or a small group of coders. Now development 
requires multidisciplinary teams of hundreds of people and 
the development time is measured in years for the big 
productions [3]. Many of the game environments have 
become so large that the scope to effectively articulate and 
manually create content is exceedingly resource intensive. 
According to [4] the generation of content in modern video 
games is one of the major bottlenecks in terms of resources.   
 In this race for increased content quantity, methods for 
procedurally generating content has been enhanced in the 
game industry over the years [5]. Procedural Content 
Generation (PCG) refers to the practice of creating content 
by using algorithms rather than manual methods. PCG can 
assist in content creation by automating part of the 
production, it is also a way to generate exploration material 
for fast representative versions to ideate upon and provide 
creative advantages [6]. There has been little emphasis in 
research on introducing PCG as a design space exploration 
method [7] to prototype content in early game development, 
thus making it an interesting area to investigate.  
 
1.1 Case Description 
Published games have used Procedural Content Generation 
for over three decades [2]. During the past few years there 
has been a rise of interest in academic research in PCG, 
where researchers from rather different academic 
backgrounds have tackled the problems of game content 
generation with new perspectives and methods [3]. The 
solutions to content generation problems explored by 
academic research have been predisposed to focus more on 
controllable and sometimes very complex algorithms. 
Game studios instead tend to be far more focused on using 
faster and simpler solutions [8]. The gap between current 
research and the industry’s more practical implementation 
was of interest to bridge in this thesis. Therefore, the thesis 
placed more emphasis on the designer’s needs.  
 To investigate the development of content and early 
production activities the research was conducted in 
cooperation with designers from the Swedish game 
development company Avalanche Studios. Avalanche is 
niched towards open world level design and to fill the large-
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scale environments with content is something that is 
challenging and straining from a resource perspective. The 
starting point when crafting game development tools is to 
analyse current processes and problems [9]. In order to map 
problem areas and opportunities the study was supported 
with game designers’ practical knowledge and experiences 
from working at a variety of large-scale projects. Then a 
proof of concept tool could be contextualised and put in a 
work environment with the aim to contribute to the process. 
 
1.2 Problem Statement 
The thesis was a design-oriented experimental research 
study. It focused on understanding what challenges 
designers face in early game world production and how the 
content development pipeline could benefit from 
prototyping content procedurally. Little work has examined 
how procedural content can be used when moved to an 
earlier part of production or investigated how a PCG-based 
prototyping tool can be used to support designers. Most 
research has been focused on optimization and creating 
game-ready content [7]. It is challenging to produce 
procedural algorithms that create in-game ready content, 
due to the risk of unpredictable results and effect on 
gameplay [10]. By limiting the content to only be part of 
prototypes, it puts less demand on the algorithm’s 
performance. Therefore, the choice was made to focus only 
on the game pre-production process, to take advantages of 
the strengths in PCG - such as creating rough content fast 
[3], which is appropriate early in production [11].  
 The aim of the research was to understand and articulate 
limitations and desired properties of a prototyping tool that 
uses procedurally generated elements. This was done by 
developing a proof of concept interactive tool to assist game 
world designers with content ideation. Consequently, the 
research first needed to investigate designers’ practices in 
the pre-production phase in order to describe the content 
development pipeline activities and user needs in early 
decision-making. To investigate this, two research 
questions were formulated:   
 

What are key pre-production activities in world design 
and what major risks are involved?  
 

In a pre-production setting - what are desired properties 
and challenges for a prototyping tool architecture based 
on Procedural Content Generation for improvement in 
content ideation for game world designers?  

 
1.3 Delimitations 
The data collection and analysis produced several 
appropriate examination areas within world design. 
However, due to the scope of the research, only one proof 
of concept focused on location generation was 
implemented. The study did not analyse or test optimal 
algorithms to compute the procedural content. The 
procedural systems were only used as a tool for prototyping. 
The program did not have to be run-time and did not aim to 

optimise the result time. The research did not include user 
interface design. 
 
2. BACKGROUND 
This chapter will first present aspects of prototypes and 
prototyping techniques. This is followed by the general 
workflow for the development of a video game, focused on 
concept and pre-production. The section finishes with 
previous work in PCG.  
 
2.1 Prototyping 
Prototypes serve as tools to interactively solve design 
problems and allow developers to explore a design space 
[12]. Prototyping as a process can have positive influence 
on: Creativity, by supporting the designer to generate and 
capture ideas. Successful prototype artifacts support 
communication, both internal and external. Internal by 
helping actors to understand ideas and collaborate with 
team-members. External through supporting feedback and 
discussion with clients or other stakeholders to obtain 
shared understanding. Prototypes also benefit the process 
by reducing resource costs such as time and money by 
permitting early evaluation to collect user feedback or test 
the design [9].  
 Prototyping objectives include refinement, the process of 
progressively improving a design and exploration, the 
process of searching for new design concepts. On a high-
level, the prototyping design process distinguishes between 
divergent and convergent approaches. Divergent activities 
gather information to open up the design space, with the aim 
to be generative and suggestive. While convergent activities 
refine concepts by being selective and discriminative [12].  
 

The aspects of prototypes and prototyping techniques can 
be analysed along four dimensions - representation, 
precision, interactivity and evolution using [13]’s 
definitions.  
 Representation describes the form of the prototype, 
which ranges from offline prototypes such as paper sketches 
to online prototypes such as software simulations. All 
prototypes provide information about some aspects of a 
design while at the same time ignoring others. Therefore, 
the design questions and purpose of the current stage in the 
process should guide what representation type is best suited. 
Offline prototypes have the advantage of being quick, 
flexible and inexpensive. As a result, the design space can 
be explored rapidly to investigate a diversity of alternatives. 
The fast iteration cycles help counteract the risk that the 
designer becomes too attached to a solution. Online 
prototypes often have a higher producing cost, they take 
longer to build, and developers can become reluctant to 
change something they have spent hours crafting. Testers 
are more inclined to comment on surface-level aspects, 
rather than content [13].  
 Precision refers to the level of detail with respect to the 
intention of the prototype, it can range from rough and 
informal to highly refined. Those aspects that are not 
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precise in the prototype have been left open for future 
examination and design space conversations. Some 
literature instead uses the term fidelity [14]. Low-fidelity 
translates high-level design concepts into testable artifacts 
focused on functionality, rather than visual appearance. 
Only key elements, visual attributes, such as shapes of 
elements, and basic visual hierarchy are included with 
limited interactivity. Low-fidelity prototypes serve as 
means for exploration and are not meant to be integrated 
into the final product. High-fidelity prototypes are closer in 
appearance and functionality to the end product, they serve 
as an intermediate between the idea and the 
implementation. The visual design and content are similar 
to real content and allows for realistic interactions. 
Therefore, usability testing sessions can understand non-
functional requirements such as performance conditions, 
look and feel [14].  
 Prototypes can provide and illustrate different degrees of 
interactivity. Fixed prototypes are non-interactive and 
often employed to test situations, methods such as video 
clips or pre-computed animations are used to represent what 
the interaction might resemble. Fixed-path prototypes 
support limited interaction in pre-specified scenarios. Open 
prototypes support a wider range of interactions similar to 
the real system with limitations on certain aspects. 
Typically, they only cover part of the system, 
compromising either on depth of functionality provided 
versus breadth. The first is known as vertical prototyping, 
trading a high degree of detail for only showcasing limited 
functions. The latter, horizontal prototyping, provides a 
broad range of functions but excludes details [13].  
 Evolution refers to the prototype’s expected life span. 
There are two different types of development philosophies. 
In evolutionary prototyping, a prototype evolves into part 
or all of the final system. Throwaway prototyping together 
with rapid prototyping use the prototypes as stepping-
stones towards the final design [14]. These are created for a 
specific purpose and are to be discarded before building the 
final product from scratch. In this case, rapid prototypes are 
created to explore a wide variety of possible interactions, 
which is especially important in the early stages of design. 
Rapid prototypes can be both offline and online. The 
evolutionary approach deals with iterative prototypes, 
which reflect a design in progress, with the specific purpose 
to refine and evolve the components through several design 
iterations. In this case, the prototypes require more 
planning. The evolutionary prototypes make it more 
difficult to explore alternative designs since the built system 
tightly connects the design phase and the implementation 
[13]. 
 
2.2 Game Production Pipeline 
Game development involves fundamental software 
activities such as design, development and quality 
assurance on the product in development. In addition to 
traditional software projects, computer game development 

has similarities to the movie industry as games are forms of 
creative work. As in the movie industry, requirements are 
more subjective, e.g. the product ‘needs to be entertaining’ 
[15]. Creativeness shapes the product to an extensive 
degree, while still being a commercial product that needs to 
be developed with systematic processes within a budget and 
schedule [16].  Some of the essential differences between 
software and game development are identified by [17]. 
Their study found that game development is characterized 
by: 1) A design phase based on expertise, experience and 
emotions, 2) a lack of strict functional requirements where 
user requirements rarely are provided and 3) more manual 
testing processes, when compared to software development. 
This results in game development work often being 
unpredictable and highly iterative according to [16]. The 
researchers found that the design process is more likely to 
have a reactive approach based on rapid prototyping than 
using a systematic, plan-driven decision-making process. 
The result from [16]’s research indicates that processes in 
game development more often are ad hoc than formal. Late 
changes are often needed, even in the last stages of 
development. 
 
2.3 Game Production Phases 
Game production can be structured into a set of 
development phases. A majority of the phases are used in 
standard software development processes, others are 
inspired from the film industry [18]. The following section 
is mostly based on [11]. 
 

Concept and pre-production: The first step in game 
development is pre-production. During pre-production the 
concept is defined together with the goals of the game. 
Typically, this phase is a collaborative process by a small 
multidisciplinary team responsible for taking a game 
concept and turning it into a design. Many concepts start off 
as vague, and the initial concept phase is dedicated to the 
team exploring ideas and making decisions on key elements 
of the game, such as specifics on the game world, setting, 
characters, mechanics and storyline. Stakeholders, like the 
studio management, determine if these game design 
decisions are approved and in line with what has been 
envisioned or if the team needs to keep iterating or move 
direction. Therefore, continuous communication between 
the parties is necessary.  
 The early development uses a highly iterative process 
model. As costs increase drastically in the production phase 
it is important to use the early stages in the development 
pipeline to explore and prototype content. In order to test 
out and demonstrate the game design’s key points 
prototyping is a major component of game development, 
especially during the pre-production phase. Prototyping 
allows the team several opportunities to test a proposed 
game mechanic or idea and understand the player’s 
experience early [11].  
 Exploratory prototypes are used for anything that is not 
well-defined to be prototyped and to investigate new ideas, 
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research alternatives or identify requirements. 
Experimental prototypes are used to validate system 
requirements and help the designer learn about strengths 
and weaknesses in the concept. The fidelity can vary for 
prototypes depending on the goal, it is not necessary to have 
a playable prototype. Often the process starts with low-
fidelity prototypes [11]. In game world creation and level 
design the initial assets are prototyped using a blockout 
stage [19]. The blockout stage, also referred to as 
greyboxing, is a design method where the designer breaks 
down a level into its most essential and basic components. 
In level design this can be done by representing objects in 
the level with basic geometric shapes. The purpose with 
greyboxing is to keep the design simple to allow for fast and 
easy modification. In the beginning it is about getting an 
idea of distances and heights, the layouts and feel of the 
game [19]. Eventually higher fidelity is used to demonstrate 
a feature dynamically and give a closer representation of the 
gameplay experience [11]. 
 Feedback from actual gameplay is important to determine 
the ‘fun factor’ and make adjustments or change the 
functionality based on the retrieved information. A single 
prototype can be reworked in several iterations until the 
team or designer have determined the specifications to use 
for the final version. By iterating regularly, the designers 
ensure the appeal of the design [11]. In the study done by 
[20] producers identified ‘fun factor’ as a major risk as it is 
seen to be a key to a successful and well received game. 
Development needs to create a product that will appeal to 
the audience. This is a unique aspect of developing 
entertainment software and extends the usual usability 
aspect of a product which all software development needs 
to be concerned with. The pre-production phase is focused 
on fostering the creative and artistic elements to create an 
engaging product that the target audience will be interested 
in buying [20].  
 In pre-production the concept and elements start off as 
abstract, making communication challenging as team 
members risk misunderstanding one another. Lacking 
something concrete to reference can cause arguments [11]. 
Using prototypes makes it easier for team members to 
communicate and give their perspective about a tangible 
reference. An often-occurring problem in game 
postmortems (a designated document to summarize positive 
and negative aspects of a completed development cycle) is 
communication between teams [21]. 
 

Production: The production phase focuses on development 
which can range from a few weeks to several years. For 
bigger productions the number of developers drastically 
increases to start bringing life into the proof of concepts 
from the pre-production phase. Multidisciplinary teams of 
programmers, artists and designers work on making the 
game playable from start to finish. The cost in time and 
money to make changes in the production phase is 
exceptionally higher compared to the initial stages [11].  
 

2.4 Procedural Content Generation 
Shaker et al. [3] define PCG as “the algorithmic creation of 
game content with limited or indirect user input”. The 
meaning of this is that PCG refers to a computer software 
that is capable of creating game content either by itself or 
in cooperation with a human user or designer. Originally, 
PCG techniques were developed and used to overcome 
hardware restrictions. PCG debuted as a method to escape 
the limitations of the 1980's computers' memory space 
available, forcing designers to use other methods for 
generating and saving content to create a richer game 
experience [22]. The development of the computer industry 
and advancement in technology have consequently changed 
the demands and needs for procedural content. The legacy 
of the original PCG lives on in the form of the desire to 
create richer gameplay, however, the restriction is no longer 
the hardware power but rather in the form of human 
resources. 
 PCG systems are designed to create various types of 
content, for example vegetation, terrain, narrative design, 
and can have different ways of interacting with the overall 
game design process. PCG systems can be tools that aim to 
help a designer with a part of the design process and 
improve the designer’s workflow [3]. Other PCG systems 
aspire to be fully autonomous. This work will focus on PCG 
that provides designers with instruments which aim to 
enhance their process. PCG can be either constructive, 
generated in one pass, or be a part of a loop in the form of 
generate-and-test where the content undergoes iterations 
until it results in a satisfactory output. PCG has mostly 
permitted limited input from the users. However, recently a 
new mixed-initiative paradigm has emerged, focused on 
incorporating the game designer through cooperating with 
the algorithm through the design process to generate the 
content [3]. To help understand the possible relationships 
between PCG and designers, [23] developed a set of design 
metaphors, one of these being Tools. The definition of Tools 
within a PCG context are mechanisms meant to achieve 
specific goals and act as an extension of the user. They are 
intended to enable users to perform tasks more efficiently 
and effectively.  
 PCG is a versatile algorithmic tool and is used within a 
range of applications to meet individual user requirements. 
PCG can be utilised to either create necessary game content, 
needed for the player to complete the level, or it can be used 
to generate optional content that can be exchanged later. 
While Indie games use PCG to build complete levels and 
maps the AAA games,  a game produced by a large studio 
with a higher budget, are usually more concerned with 
environment, terrain and vegetation models [4]. The use of 
procedural content is extensive and diverse. The content can 
be put on a spectrum of how related the algorithm is to the 
game’s design. In the beginning of the spectrum, is content 
with little influence on gameplay, such as ‘SpeedTree’ [24] 
which focuses on filling environments with foliage. These 
are algorithms that supply the game with non-interactive 
props with some influence on game art and feel but which 
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main purpose is to fill in empty space [6]. The other end of 
the spectrum are algorithms, an example being the game 
‘No Man’s Sky’ [25], where the procedural aspects are 
tightly intertwined with the core game design. The thesis 
focused on the middle part of the spectrum, where the 
procedural algorithm serves design goals with effect on 
gameplay.  
 

2.4.1 Challenges with PCG 
Procedural generation can give many possibilities and 
enhancements to video games, however, there are also 
challenges when implementing procedural algorithms. 
Compton [10] describes the most common reason for 
generators to fail is that the content the algorithm produces 
looks too generic. Generating content with rules might risk 
the content to become repetitive or start to follow patterns.  
Another important challenge addressed by [8], is interfaces 
and controllability for PCG systems. Their research found 
that most existing procedural systems are not easy for 
human users to control. Many classic implementations have 
no parameter of control at all and simply use random seeds 
to output levels. The researchers emphasised that it is an 
important goal for the development of PCG algorithms to 
study ways to give the user more control of generated 
artefacts and to make appropriate interfaces to enhance the 
interaction between the user and the tool. Other challenges 
include creativity and believability, where the generated 
content struggles to look similar to being human created.  
 

2.4.2 Procedural Algorithm Design 
Kerssemakers’ [6] work covers a flexible approach for 
procedural algorithm architecture development. The 
purpose is to allow for meeting shifting design goals. In 
summary, there are three desired design properties: 
modularity, specificity and sequentiality. The content 
should be separated into modules to allow for isolated 
changes of components that might be altered, swapped out 
or reordered. Modularity is the use of discrete units to 
assemble larger structures. The modules assist the user’s 
conceptual understanding of building blocks in the 
algorithm and keep shifts in the design proportionate. The 
design should target an expressive range that is as specific 
as possible. Sequentiality tries to simulate the designer’s 
step-by-step thought and work process. This aids the 
generation process’ visualization to be more intuitive and 
foreseeable for the user. A parallel process risks making it 
hard for the designer to know how to tweak the algorithm 
to improve the output. The challenge as a developer of a 
PCG system is to understand the designer’s thought process 
to be able to mimic and capture this type of creative output 
in an algorithm. Often an artist-in-a-box analogy is used to 
describe the approach of trying to design computational 
creativity [6].  
 

2.4.3 Procedural Algorithms – Voronoi Diagrams 
One common procedural generation method suitable for 
game development is Voronoi diagrams [26]. A Voronoi 
diagram is the decomposition of any arbitrary, usually 

random, set of points on a map or area. The algorithm 
determines the distance to the nearest point and separates 
cells based on distance to each center. The resulting cells 
consist of the space that is closest to the matching point and 
each boundary line is positioned equidistant between each 
pair of adjacent points. Voronoi diagrams are used for more 
organic looking division and the wide range of patterns that 
can be created can be used in many different ways, for 
example city, vegetation, terrain and texture generation 
[26]. 
 
3. METHODOLOGY AND METHOD  
The following chapter will present the scientific methods 
used in the study and the development process of the proof 
of concept. This was an explorative study, characterised by 
initiating new research within the PCG field. The aim was 
to contribute to discovery and understanding of problems in 
the concept and pre-production phase in game design. The 
work had a user-centred, participatory design approach with 
an iterative process. This meant that potential users of the 
tool were consulted and actively involved throughout the 
development, as recommended by [13]. All design 
decisions were taken within the context of the users, their 
environment and work. 
 
3.1 Conceptual Study 
The aim of the first activity was to understand as much as 
possible about the users - their work and its context, an 
approach supported by [9]. In accordance to [14], the 
research started with investigating users’ needs, their work 
process and examined the context in which the tool would 
be used, in order to provide appropriate constraints. This 
required understanding the users’ current tasks and goals. 
The evaluation aimed to produce descriptions of key work 
activities, useful requirements and relevant variables for the 
tool.  
 To analyse this, primary data needed to be gathered. The 
data used for the conceptual study was collected through 
semi-structured interviews and complemented with 
contextual inquiries. A qualitative research approach was 
particularly suited due to its flexible nature for exploratory 
work [27]. When performing qualitative research, un-
structured and semi-structured interviews are the most 
widely used methods [28]. The choice of method was 
supported by the work of [29], where interviews is an 
appropriate method for the researcher to gain in-depth 
information and knowledge from a sample of smaller 
magnitude.  
 

3.1.1 Interviews Data Collection 
Semi-structured interviews provided the opportunity to 
recreate the interviewee’s picture of cause and effect in the 
work process. Interviews were conducted with five world 
designers. All the participants had worked in different 
projects within the studio and they also had experience from 
other work environments. An interview guide was prepared 
by the author with question areas, however, characteristic 
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for semi-structured interviews is that the participant will 
guide the direction by their answers [30]. The guide 
contained a formal set of questions mixing both closed- and 
open-ended questions divided into four sections based on 
prevalent areas in the background: (i) Pre-production 
activities (ii) Communication (iii) Prototyping methods (iv) 
Risks.  
The purpose of the interview guide was to promote data to 
be collected in a consistent and unbiased manner. The 
questions were designed to understand the context in which 
the participants work and understand how they think [9]. 
All interviewees participated voluntarily. Before each 
interview session the participants were verbally informed 
about the purpose of the interview and how the data would 
be treated. Each interview was audio recorded and 
transcribed. If needed, follow-up questions were asked to 
understand the answer better. Each interview was 
completed in an average of about one hour.  
 The process mapping was done iteratively together with 
the world designers. First, information was gathered, then 
the data was organised into a first version of a conceptual 
network activity map by the researcher. A process map 
serves the purpose of data reduction and display of 
information [31] [32]. The process network map was used 
as a base for the second iteration where the interviewees that 
participated in the first round could react to activities and 
relationships whilst using a whiteboard to collaboratively 
cover the steps of pre-production. The process map could 
then be further developed with a higher representation and 
correspondence to the participant’s view of the process.  
 

3.1.2 Conceptual Design 
Design activities could begin once some requirements had 
been established. The conceptual study finished with a 
conceptual design to capture what the tool would do and 
how it would behave. According to [33], it is essential to 
start with low-fidelity materials, for instance quick 
sketches, before implementing anything in code. The pre-
design for a first evaluation was therefore designed using a 
more open-ended conceptual design. The low-level 
prototype consisted of paper and whiteboard sketches to 
understand the cornerstones of the tool instead of focusing 
on details. In this case, it served as a way for users to clarify 
requirements and suggest features to determine appropriate 
direction before the implementation was made in the 
software, as suggested by [9]. 
 
3.2 Design Study 
 

3.2.1 Iterations - Interactive Prototype 
The feedback from the pre-design was used to plan the next 
iteration. The study’s iterative design approach used cycles 
of ‘design, evaluation and redesign’, influenced by [14]. 
The next step was to build an interactive proof of concept. 
The proof of concept was used to visualize and evaluate 
ideas and design solutions in cooperation with the end 
users, the world designers. The proof of concept served as 
a useful aid for discussing ideas, encourage reflection in the 

design and support choosing between alternatives [33]. The 
first prototype iteration had the purpose to test whether the 
interactions and content were sufficient in performing the 
desired tasks for the target user group. The iterations 
functioned as a form of inductive approach to go from the 
collected data to try to reach general conclusions.   

Mid-evaluations were held between the iterations and 
additional functional aspects were gathered from the 
designer test group. The second iteration development of 
the tool was supported by complementing with a framework 
for flexible algorithm design in procedurally-based 
systems. The design decisions in the second proof of 
concept was inspired by Kerssemakers’ [6] three desired 
properties for procedural algorithm architecture: 
modularity, specificity and sequentiality. 

 

3.2.2 Final Evaluation 
In the selection process users should be picked with a 
profile appropriate for the tasks and it is also important to 
test with similar users [9]. Therefore, the final evaluations 
were held primarily with world designers. The user study 
was conducted based on a combination of feature analysis 
and semi-structured interviews, in accordance to [9]. Four 
user tests were conducted in the final evaluations.  

User tests were prepared by building a walk-through plan 
of the different features in the tool. The feature plan was 
based on tasks and scenarios created during the analysis 
phase as well as being based on user goals identified in the 
conceptual study [9]. Data was collected by having users 
react to features with think-aloud impressions and 
improvement suggestions so that the performance of the 
tool could be analysed. This was complemented by having 
participants fill out a ‘Perceived Usefulness’ questionnaire 
based on Davis’ [34] measurement scales. The 
questionnaire’s purpose was to better measure and predict 
use by focusing on the degrees a user believed the tool 
would enhance their job performance. The measurement 
was chosen since the scales exhibit significant empirical 
relationship between self-reported perceived measures and 
actual usage behaviour [34]. 

The qualitative data gathered from the user study was 
submitted through a condensation process with the purpose 
of isolating the most significant information in perspective 
of the research questions. The qualitative data was 
processed through the following four stages in the blueprint 
provided by [31] [32]:  

 

Material sourcing: consisted of audio recordings from the 
user study, interview materials and the author’s 
observations.  
 

Transcription: was made by combining and documenting 
the interview answers together with the observations for 
each user study participant.  
 

Unitization: the data was then divided in accordance to the 
tool’s features and procedural algorithm principles of the 
tool.  
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Categorization: the data was organized by identifying 
occurring patterns, properties and dimensions. It combined 
what was most frequently mentioned by the participants and 
what was most significant to the research question. By 
taking a systematic approach to evaluating the tool, the 
assessment was then used to produce generalised 
knowledge and validate or reject the principles and 
guidelines. 
 
4. CONCEPTUAL STUDY - PROCESS MAPPING 
This section covers the result from the Conceptual Study. 
To begin with, an outline of the objective and structure of 
the process mapping is given.  
 This is followed by an overview of the major components 
in a world designer’s pre-production phase. These include: 
(1) The context of Pre-Production, (2) methods and 
challenges in Communication, (3) major World Building 
elements and its relation to (4) Prototyping Techniques 
used, focusing on Greyboxing. The section finishes by 
summarizing the risks found in the pre-production 
activities.  
 The content presented for these activities is a result of 
synthesis and categorization of the interviewees’ collective 
answers. 
 
4.1 Process Mapping Objective and Structure  
The conceptual study was done as a first step in preparation 
for the design process. The five designers that participated 
in the study had knowledge and experiences from a variety 
of projects and had worked at different studios. This 
contributed to giving diversity and insight into what could 
be generalised about processes, risks and needs in game 
content development. The data retrieved from the 
interviews in the conceptual study was used to make a 

process map of a general world designer’s pre-production 
process. The result can be seen in Figure 1.  
 Information was gathered to identify and understand the 
designers’ needs and challenges linked to the activities in 
their work process. The purpose was to provide context in 
the design phase for the tool development. The data was 
organised into the same categories the semi-structured 
interviews were based on: (i) Pre-production activities (ii) 
Communication (iii) Prototyping methods (iv) Risks.  
 These areas were used to identify dynamics between 
process activities, dependencies and decision points as well 
as relationship with other actors and stakeholders. 
Similarities were mapped between the interviewed 
participants and the activities were put on a timeline. The 
major components will be covered in the following section, 
which is based on the categorization of the participants’ 
combined answers.     
 
4.2 Purpose of Pre-Production  
The objective for the designer is to get a better sense of what 
they want to make, before making it. Pre-production can be 
described as the creative space between concept and 
manufacture. The whole initial purpose is to define the 
‘what, where and why’ for the game. It doesn’t really matter 
if it is an open world with multiple cities or if it is a linear 
game. The purpose is still to know - why is the player here, 
what are they doing and what is the function of the world?  
 The process starts off at a very high level - what does the 
world look like at 100 000 feet? Then the designer gets 
down closer and closer until they are down on the ground. 
The pre-production team is trying to achieve the ‘what, 
where and why’ before getting into the ‘how’. It is important 
to not get too exact in the pre-production phase. The 
different teams are coming at the problem from their 

Figure 1. An overview of the major process activities in pre-production for a world designer. Beginning at the Concept stage, the game has a rough outline 
from the game proposal. The work is concentrated around producing low-fidelity representations during iterative activities. In the Exploration phase, the 
designer starts building the major world elements, including terrain and locations. These locations are represented using greyboxing focused on testing and 
exploring densities and distributions. This phase is closely interrelated with System Design to try and establish metrics to support gameplay aspects. All work 
is subjected through continuous feedback loops with stakeholders to be able to produce a blueprint for production.  
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respective areas and hope to meet in the middle, hence, 
there needs to be constant communication between the 
disciplines. World design is responsible to design the world, 
what it looks like and in what ways it supports gameplay.  
 
4.3 Actors and Stakeholders  
The game industry is similar, yet unique to other software 
industries, as it is challenged with several added 
requirements in terms of visual presentation, creative 
design and artistic aspects [21]. The major stakeholders are 
the Game Director, which is responsible and have a vision 
for the experience, and the Art Director, which is the owner 
of the visual components. World design is responsible for 
translating their vision and with their expertise make 
recommendations for solutions. They take input from these 
major stakeholders as well as interact with system design 
and art to make appropriate alterations or to give feedback.  
 The multidisciplinary aspect of development is the need 
for constant feedback, it is a tension back and forth in 
communicating needs and requirements. The danger is if 
someone in the team has been creating their perfect system 
in an isolated bubble. The risk then arises when trying to 
bring all the disciplines’ work together, this almost always 
fails because there has to be mutual understanding and 
information exchange constantly.  
 
4.4 Communication 
Since the first output is on a more conceptual and abstract 
level it can pose a risk in communication between actors 
due to interpretation differences or lack of understanding 
the vision. The world designer needs to understand the 
receiver and what type of output they best can interpret. 
Some stakeholders are able to look at a conceptual 2D 
image and translate it in their head, where sometimes the 
designer needs to construct a more detailed 3D 
representation to help the receiver wrap their head around 
what is being presented. Situations can arise where actors 
translate abstract images into their own version, making 
problems arise later on where something has been approved 
because the receiver thinks that they’ve understood. 
However, sometimes the stakeholder hasn’t understood 
what they’ve said yes to, and things then have to change to 
fit their vision.   
 

4.4.1 Iterations and Feedback loops 
In the pre-production stage, the purpose for the designer is 
to put something down that they then can react to and then 
adjust. The philosophy of pre-production is to draw some 
lines in the sand, where those lines probably will end up 
being erased. However, until the designer has something to 
react to, they cannot make any real progress. The designer 
creates something initially to get a notion of boundaries and 
definitions, at this stage it is not important that the design is 
right. What is important is to make the most informed steps 
and get feedback from other actors and stakeholders. The 
designer is trying to make something right over time by 

continuous iterations. Therefore, it is essential to collect 
feedback, because changes are inevitable in pre-production.  
 
4.5 Prototyping Techniques 
 

4.5.1 Concept Phase  
In the concept stage, the game has a rough outline from the 
game proposal and the design document. This is the base 
for the world designer to collaborate with the game’s 
vision-holders to research and come up with low-fidelity 
representations of possible layouts of the major elements in 
the world, such as important locations.  
 

4.5.2 Exploration Phase - World Building 
The initial low-fidelity version of the world undergoes 
iterations using research and feedback from stakeholders. 
This step transitions by moving into an editor and iterating 
the mapping of terrain, biomes, locations and initial 
infrastructure. Some world designers like to develop on 
paper first before moving into an editor because it is easier 
to throw away a concept on paper and start from scratch. 
The more time that is spent in an editor or generally 
working with development there becomes a psychological 
resistance to throw it out, it is a sunk cost fallacy. A sunk 
cost is a cost that has already occurred and cannot be 
recovered. Thus, it essentially no longer has relevance for 
future decisions. However, the sunk cost fallacy, as referred 
to by the world designers in the interviews, constitutes a 
mental barrier to discard the work. Instead, the already 
made investment falsely justifies further time spent on a 
design. If the designer feels too invested in the work 
timewise there is a risk that they keep trying to make it 
work. Even though the best thing to do in the situation 
would be to discard it and start from the beginning. 
 Prototyping tools should be built in a way that the 
designer quickly can set up an environment and evaluate it. 
The faster they can set it up, the easier it is for them to 
establish if it is a good or bad idea. The risk is if a designer 
starts making too much detailed work at the beginning and 
haven’t established a good starting point and tries to polish 
and iterate on things that aren’t working. 
 

4.5.3 Exploration Phase – Greyboxing 
Parallel with the world building the designers use 
greyboxing to get an overall idea of locations and 
settlements. Greybox compositions go through multiple 
iterations of reworking. The designer is not going to the 
point of actually making the assets. Instead the purpose is 
to quickly get the idea down, test and iterate the map’s 
layout by using rough primitives. Greyboxing serves two 
main purposes. 1) Establish aesthetic quality to make the 
map stand out and have visual appeal. 2) Establish metrics 
from a gameplay perspective - does the level feel fun to play 
and does it support core mechanics?  
 The designer explores where buildings are going to go, 
the overall spatial relationships of various buildings and the 
landscape elements within the world. It is focused on 
placement and footprint (area the building covers), 
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densities, distribution and height map. That way the 
designer can react to the placement.  This phase is closely 
interrelated with System Design. The designers need to test 
and establish metrics and get hard numbers for supporting 
gameplay features and core mechanics. For example, 
distance between objects - the alleyways have to be X 
meters wide for cars to drive through and for the Artificial 
Intelligence to navigate.  
 
4.6 Risks 
A reoccurring challenge expressed by the designers was 
communication, particularly interaction with other 
disciplines and stakeholders to convey content vision and 
dependencies. The process therefore heavily depends on 
frequent feedback-loops to avoid content not aligning, such 
as different disciplines building systems that don’t work 
together or are diverging from the shared vision. There still 
remains a risk for the designer to successfully convey the 
vision of the concept, especially due to its abstract nature in 
the pre-production phase. Therefore, misunderstanding and 
assumptions are challenges tied to pre-production.  
 Other major challenges included fast iteration. In order to 
move forward there needs to be content to react to and that 
is susceptible to feedback. The risk is for the designer to get 
too attached to work created. As well as a mental barrier to 
want to overwork material, such as adding too much detail 
when not necessary. The sunk cost fallacy ties to the 
designer’s aversion to discard work and increases with time 
spent.  
 
5. CONCEPTUAL DESIGN 
This section begins with motivating the choice of city 
modelling to represent an aspect of world building, to then 
summarize the identified user goals and their general 
feature requirements for the tool. 
 
5.1 Tool Aspects 
There are several aspects of world building, the major ones 
include terrain, biomes, infrastructure and locations, such as 
cities. To limit the scope of the research the tool focused 
only on the location aspect of world design. City building 
served as a representative for prototyping using PCG. 
Procedural generation is especially suitable for urban 
modelling since it requires a large number of models 
combined with many repeating structures [35]. 
 The first iteration started with formulating a conceptual 
design together with the designers. This step further 
investigated the user challenges identified in the process 
mapping to tie these to product design needs when 
exploring possible solutions.  
 

The user goals with pre-production content creation can be 
summarized as:  
 

• To quickly explore and get feedback to ideas, 
research alternatives and identify content 
requirements.  

• Obtain a shared vision with other actors.  

• Determine aesthetic quality and validate fulfilment 
of gameplay – does the content support core 
mechanics and is the experience of playing fun?  

• Establish metrics that support gameplay.  
 

Furthermore, the conceptualization interviews broadly 
outlined which features and requirements the designers 
considered to be useful in a pre-production design tool. 
These insights can be described as:   
 

• PCG should be used to find a starting point – for the 
designer to quickly try out and play around with 
metrics and layouts without having to commit.  

• The procedural output should not feel like a lottery, 
as if the output is too random and beyond the 
designer’s control. There needs to be controlled 
randomness. 

• A prototype that is interactive and playable in order 
to provide live feedback to test gameplay, how the 
content feels and if it has ‘fun factor’.   

• Give the user ability to move between fidelity levels. 
The work should be iterative and not need to be 
thrown away when moving to the next stage.  

 
6. DESIGN STUDY  
This part will present the design process of the proof of 
concept tool. It covers the result from the first and second 
iteration made in collaboration with the designers. The 
continuous evaluation and feedback from the interviews are 
presented along with their connection to design decisions. 
The final section comprises key takeaways. 
 
6.1 First Iteration  
Using the information retrieved from the interviews, a first 
iteration of an interactive proof of concept was designed 
and developed. The nature of this procedurally-based 
prototyping tool was to be in the early stages of exploration 
and idea generation. Therefore, there was less of a need for 
realism and believability in the output. Instead, the focus 
was rather on creating fast, representative content at the 
appropriate abstraction level. The tool’s procedural systems 
were built using research standards on algorithms [26] [36]. 
However, the focus of the research was not in advancing 
location and city building algorithms but rather to test 
general structures of a prototyping tool based on PCG in the 
world design pre-production stage. 
 

Prototypes serve different purposes and thus take different 
shapes. To organize the aspects of design choices in the tool 
development, Beaudouin-Lafon & Mackay’s [13] four 
dimensions for analyzing prototyping techniques – 
representation, precision, evolution and interactivity were 
applied. In order to establish important qualities and guide 
aspects of the development of the tool these dimensions 
cover the implementation choices. Figure 2 shows the first 
iteration of the tool.       
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6.1.1 Prototype Representation 
The first aspect describes the form of the prototype. A 
software prototype was deemed most appropriate to allow 
for continuous iteration and make the concept more tangible 
when communicating with other actors. 
 The tool was built using Houdini by SideFX  [37], a 
procedurally-based 3D Visual Effects software with special 
focus on procedural generation. Houdini uses a node-based 
procedural workflow which allows for flexibility when 
developing and modifying the work. The digital assets 
created in Houdini can be given interactive parameters and 
custom interfaces. The procedural assets can then be loaded 
into other host applications. Based on the users’ need for 
the tool to be able to evaluate gameplay, the proof of 
concept was required to be interactive and playable. 
Therefore, the decision was made to use Unity [38] as a host 
environment. Unity provides a real-time development 
platform which would allow the tool to supply live feedback 
and for users to test how the content would be experienced 
as a player. Unity served as a representative of a general 
game engine.  
 

6.1.2 Precision 
The second aspect refers to the level of detail and 
functionality included in the prototype. The first iteration 
looked at the relevance of detail with respect to the purpose 
of the prototype. Since the tool concentrated on layout and 
composition ideation it utilized an intermediate between 
low- and high-fidelity. By having a lower precision in a 
software representation, the intention was to attain the 
benefits from working rapidly and flexible whilst making 
the concept less abstract. For that reason, the tool built a 
rough block-out version of a city, keeping the visual design 
simplified and focused on primitives, using greyboxing as 
established in the process mapping, to explore distributions, 
densities and footprints. The following section looks at the 
content included in the first iteration.  
 
Key elements of the tool content 
An arbitrary terrain was provided for the city to be placed 
on. First, the city is given a high-level layout by the user 
setting basic parameters based on [35]’s work. The city 
blueprint included: (1) Location on the terrain (2) City size, 
shape and borders (3) City center and (4) Landmarks.  
 Cities are large-scale complex systems that have evolved 
over a span of time. Their structure has been influenced by 
a number of factors that include environment, culture and 
population over time [36]. It is therefore difficult to create 
a realistic model of such a complex system and this 
approach aimed to provide simplified influences of these 
factors.  
 Parallel to the basic city configuration the user’s inputs 
served as a base for generating the underlying road network 
and buildings. This aspect of the tool utilized an exploratory 
prototyping approach, since the location starts out 
undefined and the elements allow for researching 
alternatives and identifying requirements. 
 

Location on the terrain: The city’s location was established 
by marking a designated area on the 3D terrain. The terrain 
could be adjusted and served as an inspiration and limitation 
to the characteristics of the city. The designer could choose 
to change textures to mimic common biomes or place the 
city close to a river or mountain area to help determine 
shape and size.  
 

City size, shape and borders: The designer was limited to 
choosing a circular or rectangular shape for the city and they 
could adjust the footprint size of the city. The city was then 
mapped to the underlying terrain by a ray operator that 
projected the city by calculating the collisions of the 
normals with the terrain’s surface geometry.  
 
City center: The city center was represented by a colored 
sphere that could be moved around. The distance from the 
center translated into numbers between 0-1. To give the 
impression of a more natural building height transition, the 
distance from the center of the sphere translated into 
gradually decreasing heights.  
 
Roads 
Road networks are a key aspect of a city’s character as they 
serve as underlying transportation networks that form the 
structure of the city. The main difficulty in generating road 
networks is finding the right balance between randomness 
and structure. The patterns applied within a city are the 
result of numerous factors including neighborhood location, 
historical growth, geography etc. [39]. Most cities contain 
a number of different patterns depending on region within 
the city. They are difficult to generalize, and this 
implementation was a simplification of their complexity.  
 The implementation used Voronoi diagrams as it is a 
commonly applied procedural generation method to rapidly 
create urban geometry [26]. The algorithm operated by 
sampling a set of points across the city space to define a set 
of possible paths that separated the shape into cellular 
patterns based on distance. The roads were plotted using the 
Voronoi edges to decompose the urban space into separate 
city cells. This gave the user a controlled randomness and 
let the designer determine a structural or more irregular 

Figure 2. First iteration of the tool in the Houdini editor.   
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appearance. The first iteration allowed the user to influence 
the following parameters: number of roads in the city, 
density and width.  
 
Buildings 
The last aspect of the first iteration’s content was the 
construction of buildings. The city cells created by the road 
network provided space for buildings to be placed. The 
program’s algorithm calculated the available area in the 
enclosed city cells and subdivided these into smaller areas 
referred to as lots, inspired by [26] [40]. The algorithm 
computed the amount of buildings that could fit into the city 
cells and at what distance the next building needed to be 
placed at to not cause any intersecting geometry. Candidate 
footprints for the buildings were generated based on the 
density influenced by the user along with available space. 
The buildings’ representation was made with basic greybox 
geometry. Using an L-system algorithm, the buildings 
could be given different shapes to avoid a too uniform look. 
Some noise was added to the height of buildings to achieve 
a more realistic look. 
 
6.1.3 Evolution 
This aspect of the prototype refers to its expected life cycle. 
Prototyping is a progressive process and this step looked at 
the feasibility of building a tool that was able to evolve and 
be developed to reflect a design in progress. The process 
analysis found the iterative workflow to be central and the 
designers expressed a tendency to avoid work that risks 
being discarded. Therefore, the choice was to use 
evolutionary prototyping instead of the throwaway or rapid 
prototyping approach. The designers wanted the ability to 
work iteratively and increase the fidelity level. To increase 
the precision and evolve the building components, the tool 
utilized an asset library to switch the placeholder greyboxes 
into assets with higher level of detail.  
 
6.1.4 Interactivity 
The interactivity focused on horizontal prototyping to 
provide the user with breadth while ignoring details to limit 
the designer’s tendency to overwork material, and as a 
result become too attached to a solution. To be able to 
support experimental prototyping and validate system 
requirements, such as game mechanics, the tool needed to 
simulate a playing experience and have clear metrics. 
 The interactivity was mainly handled by an input window 
that allowed the user to control aspects of the procedural 
output. This was done through parameters that were defined 
and adjusted to directly correspond to a specific behavior in 
the procedural generation. The metrics were represented as 
numeric expressions of properties, displayed to the user as 
sliders or number input boxes. The constraints were 
described as a class of suitable potential outputs, for 
example a user was able to express the range of the city 
area, road width and average space between buildings. The 
user could tweak the parameters and see the effect in an 
updated generation. The layout of the parametric 

constraints was through a hierarchical view to indicate a 
sequential workflow.  
 Similar to a geographical map, the first iteration allowed 
the user to adjust the semantic zoom. The overview of the 
city level was given by a world view, to mimic the 
perspective described in the process mapping of beginning 
the design at 100 000 feet, and then moving closer to the 
ground. The user could then change to the player level to 
have different perspectives of the design. As found in the 
background [17], the game production pipeline differs from 
other software development by being based on more 
manual testing, emotions and experience. The design choice 
was therefore to give the tool’s user the possibility to 
themselves test by playing and interacting with the 
prototype to see how the design felt.  
 
6.2 Mid-Design Evaluations 
The first iteration had the purpose to test whether the 
interactions and content in the tool were sufficient in 
performing the desired tasks for the target user group. 
Before moving forward with additions to the proof of 
concept, it was valuable to evaluate whether the 
fundamental components of the design were satisfactory. 
From the mid-design evaluation additional functional 
aspects were gathered from the designer test group. The 
main feedback was that the tool was too inflexible and 
static.  
 

The insights can be aggregated as the following:  
 

• Need for expanded controllability by giving the user 
the option to make changes manually. Ability to 
lock areas of content and create areas that are 
excluded from new content generation.  

• Modules that isolate changes into components and 
add customization.   

• Visual markers that communicate metrics.  
• Increased precision and ability to target specific 

elements in the generation.  
 

The first iteration’s algorithm lacked in level of control and 
adaptability. The development of the tool’s second iteration 
was supported by complementing with a framework for 
flexible algorithm design in procedurally-based systems. 
The design decisions in the following prototype step was 
inspired by Kerssemakers’ [6] desired properties for 
procedural algorithm architecture: modularity, specificity 
and sequentiality. The second iteration of the tool in Unity 
can be seen in Figure 3 and a segment of its accompanying 
parameter input window is seen in Figure 4. 
 
6.3 Second Iteration 
 

6.3.1 Modularity 
By implementing a modular design strategy, the tool turned 
the content into building blocks with their own parameters. 
In the context of a city builder, this was made through 
subdividing the overall area into separate city districts. This 
approach addressed the requirement of modularity and 
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global data access, each district was structured as its own 
object with isolated values. A city district functioned as an 
abstract representation of an area in the city. The user was 
given control of the type of buildings the district contains, 
the range of height of these buildings and the density of the 
populated area. An example would be a suburb district 
differentiating from a metro center district by having lower 
ranging buildings with more space in between them. This 
way the user doesn’t have to constantly adjust on a micro 
scale.  
 The concept of modularity was taken further by 
introducing a template save function for the user to be able 
to return and reuse a created district by saving to a template 
library. This played a key role in the update of the tool. The 
designer then had the possibility to create their own pre-set 
characteristics of district areas and then use these as 
building blocks to create a more believable city 
representation. The user was able to adapt their modules by 
making their own templates and save these. The districts 
provided variation throughout the city and the user could 
make customizations to individual districts instead of 
changing everything on a high-level and then going in with 
manual adjustments. By modularizing the system, it 
ensured that when the rules of one design aspect change, 
simply one module will have to adjust accordingly.  
 This approach allowed for many use cases when building 
different types of settlements. One designer used the 
example of building a world with a type of village that 
should be really close and squared. Then they’ve 
established a visual language and rule framework that they 
like and can return to. The designer has found that those 
parameters work for this type of settlement and save those 
off. Similar to pre-sets of brushes in Photoshop, they have 
ready-to go values and the user doesn’t have to start from 
scratch.  
 

6.3.2 Specificity  
To support the controllability and the user’s precision a 
‘lock-content’ functionality was added. This entailed 
selecting parts of the generation that should remain the 

same and kept unchanged during a procedural re-
generation. There was a user consensus in the need to be 
able to manually override the procedural generation. To 
reserve special areas to be unaffected as well as being able 
to micromanage the content by hand. This included 
functionality to manually add or remove objects from the 
algorithm output they were dissatisfied with and lock areas 
to avoid work being undone by the algorithm later.  
 Overall features became more specific, some examples 
include distribution adjustments and visual feedback in 
building heights. Distribution adjustments were expanded 
and now allowed designers to put in a minimum and 
maximum as well as percentage distribution of ranges.  
 The following illustrates an arbitrary use case for the 
specificity principle in practical use: A user could state that 
a city area is a suburb module and input that these buildings 
in the outskirt of the city should never go over 3 stories 
high, only occasionally. The user could specifically state 
that only one out of ten buildings should in order to create 
a more natural result. Moving on to the metro center, these 
buildings could be controlled to be high-rise and mid-rise, 
which in this case the user could put in should range 
between 5 – 25 stories with a 2/10 deviation.  
 This functionality of combining modules and specificity, 
allowed the user to make more isolated and controlled 
changes on a macro level. The visual feedback from the 
buildings’ heights was made more distinct with floor 
numbers.  
 Important to note is that specificity not always was of 
value and risked cluttering or overwhelming the designers 
with choices. The mid-design evaluation helped to find 
unnecessary precision and in what aspects the users wanted 
to have more precision. Specifying effects such as lighting, 
or details such as graffiti on buildings to communicate 
mood and aesthetic was deemed unnecessary by the users 
at this point in production.  
 
7. USER STUDY 
The user evaluation consisted of a feature analysis followed 
by a questionnaire and a semi-structured interview. The 
user study assessed the impact of the features in the proof 
of concept tool and aimed to collect information on the 
different impressions of the prototype, both in perceived 
usefulness and from a functional perspective. 
 

Figure 3. Second iteration output from the tool in Unity. The City Centre 
module is highlighted. 
 

Figure 4. Section of the procedural parameter’s interface that 
accompany the City districts.  
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Four game developers participated in the study, which had 
the following structure, inspired by [31]:  
 
Introduction to the purpose of the study: participants were 
given a brief overview of the project.  
 
Demonstration of the tool: the workflow and features were 
showcased with a short example of building a city.  
 
Feature analysis: systematic walk-through of the different 
features in the tool together with the designers. Think-aloud 
from the designers to express their impressions and 
improvement suggestions.  
 
Perceived usability questionnaire: first some basic 
background information was gathered from the participants, 
such as years in the industry and within what work fields 
they had been active in.  
 
Semi-structured interview: qualitative data was gathered in 
a discussion about the prototype, the participants analysed 
their experience of the tool and contributed with their 
suggestions for improvements to indicate limitations with 
the current proof of concept.  
 

7.1 Feature Analysis 
The feature analysis covered the main areas of the tool – 
high-level city blueprint, city district modules, roads and 
buildings. Table 1 shows the users general consensus on the 
usability and capability to support ideation. The users 
perceived the tool to improve their performance as well as 
ability to accomplish tasks more quickly. However, the user 
study revealed various limitations in the implementation 
and structure of the program. The feature analysis result 
showed a reoccurring theme in a lack of sufficient 
controllability. As PCG works on a rule-system this was 
partly perceived as restricting to the users. Therefore, a 
pattern in the participants’ functionality request was manual 
input and ability to override the procedural output further. 
Additionally, the user study suggested that the evolutionary 
approach in the design caused a conflict in the level of 
believability with the rough and fast nature of the 
exploration phase. Another feedback was the ease-of-use of 
the tool. The impression from some designers was that the 
tool was overly technical. Since this classifies as an expert 
tool, it required a certain learning curve to the system. There 
is a challenge in how to take an expert tool’s complexity 
and make the usability aspect more tailored for non-
technical users.  
 

Table 1. General feedback on features and most requested functionality in the second iteration of the tool.  
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8. DISCUSSION 
This chapter discusses the results of the study from a 
functional and design perspective together with 
speculations around the findings. Moreover, the section will 
review the chosen methods used in the study, how this 
might have affected the results as well as recommendations 
for future research to expand the study and counter the 
established shortcomings.    
 
The purpose of this study was to analyse the pre-production 
activities in game world development to support the 
explorative design of a tool for early content ideation. This 
was done through the proof of concept development of a 
city prototyping tool based on PCG. With the attempt to 
investigate and map out potential affordances and 
challenges.  
 The Conceptual Study’s process mapping, distilled into a 
visual overview in Figure 1, aimed to answer the first 
research question - what key pre-production activities are 
there in world design and what major risks are involved? 
  The study found that the world designer’s work first is 
concentrated around exploring the ‘why, where and how’ of 
the game in a Concept phase. This is followed by an 
Exploration phase focused on constructing the properties of 
the major world elements and to test gameplay aspects. Two 
important themes were found: (1) the need for rapid 
creativity to overcome the risk of sunk cost fallacy and (2) 
the challenge of creating representative content at the 
appropriate abstraction level to overcome the risk of 
miscommunication between actors. The purpose of the 
Conceptual Study was to provide context in answering the 
second research question which was done in the Design 
Study, focused on the development of tool’s components. 
 
The following section will focus on the second research 
question - what are some categories of properties that are 
useful when designing a prototyping tool based on 
procedurally generated content? To successfully capture a 
user’s vision for a procedural system is a challenging task, 
the user study found the balance between control and 
creativity to be one of the cornerstones in a successful 
implementation. The result indicates that a modular 
approach, as suggested by [6] and [41], is effective to 
achieve this. In this tool a modular implementation was 
done by using city districts as building blocks. The 
creativity aspect in the tool was achieved through using 
PCG to find a starting point and quickly try out and play 
around with metrics and layouts without having to commit 
to a design. As found in the process mapping, the designers 
need to get aspects and restrictions of a design defined to be 
able to react to it. The tool assists in generating ideas, 
exploring the design space and encouraging communication 
by helping users discuss options to help achieve shared 
understanding. The prototype also permitted early 
evaluation since it could be tested in various ways.  
 To a certain degree, the users expressed controllability to 
be preferred over expressivity. This result is similar to [31], 

where their research found that users are more likely to 
sacrifice exploration and expressivity to some extent in 
procedural tools in favor of achieving control of the 
generated content. A pattern in the participants’ 
functionality request was manual input and the ability to 
override the procedural output, meaning they wanted 
increased control. This poses challenges both 
implementation-wise and can also cause users to become 
too detail-oriented. One major risk identified in the process 
mapping was the tendency to overwork material, making 
designers become too attached to work created. Thus, 
resulting in aversion to discard work as time spent 
increases. The low precision in the content and limited 
manual input were ways to restrict the user from trying to 
polish and iterate on a content composition which wasn’t 
working fundamentally. Therefore, the degree of manual 
input allowed in this type of tool would need further 
investigation to find the right balance between control and 
fast ‘good enough’ generation. 
 Furthermore, the user study indicated that requiring the 
tool to be able to increase in fidelity level collided with the 
algorithm’s structural focus on abstraction meant to allow 
for quick exploration and representative result rather than 
exact output. The work of [7] found that procedurally 
assisted systems built to support iterative refinement in 
video game prototypes are more suited for exploration, not 
optimization. As found in the process mapping, in pre-
production it is not important that the design is right. What 
is important is to make the most informed steps and get 
feedback from other actors and stakeholders. The designer 
is trying to make something right progressively. They 
cannot get a notion of boundaries and definitions until they 
create something they can react to. Reference [7] put 
forward that creativity support tools with a semi-automatic 
design process have especially good potential in supporting 
exploration of the design space. Although, issues pertain 
whether it is a suitable medium for enhancing designs.  
 Game prototypes are divided into early concept 
prototypes, that explores an idea, and take place before the 
final prototype. The latter is centered more around 
production, resulting in a complete set of representative 
assets, game-ready art and allows for play-through of most 
of the components [42]. The different phases have different 
purposes. Therefore, it causes difficulty in creating a system 
that supports and can handle both phases, since at each stage 
the conversations are different. The initial ideation process 
needs the system to react rapidly and sketch ideas out. As 
the design turns more focused, the conversation instead 
shifts to being more detailed. The flexibility needed of the 
tool in the ideation stage to produce concept prototypes 
collides with the design framework of a final prototype that 
needs to produce output that is precise and believable. The 
first stage looks at an intention to rapidly explore an idea by 
abstracting certain aspects rather than show the content’s 
exact requirements and limitations. 
 Reference [42] discussed a prevalent underlying 
paradigm in the game industry, that developers instinctively 
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want to build things. Therefore, a software concentrated on 
ideation in their research caused the user to feel aggravated. 
This was due to conflict in the user’s habit of wanting to 
build something in a tool meant to focus on exploring a 
space of interaction. The users had a tendency to want to 
create rather than contain solely on ideation. Comparable, 
the participants in this study’s concept phase felt strongly 
about an iterative evolutionary prototype that would lead to 
a finished product.  
 A challenge identified with building an evolutionary 
prototype was that the exploration phase was too different 
from the optimization phase. The level of specificity and 
believable output required put a lot of emphasis on spending 
time on getting the design ‘right’ instead of reacting to 
quick representative designs. As identified in the process 
mapping, one of the major pitfalls in the pre-production 
workflow is the sunk cost fallacy, where designers become 
increasingly committed to the work with time spent. To 
avoid this, the tool was designed to find what isn’t working 
earlier in the process and front-loading work, so the 
designer isn’t iterating on something and lose sight of where 
the initial design went wrong. Therefore, the design 
decision was to move to a rapid prototyping philosophy 
with a more fixed set of interactions to shift from refinement 
to exploration. This put more emphasis on divergent 
activities to open up the design space to be more generative 
and suggestive to enhance creativity.  
 
Another identified desired property for the tool’s 
architecture was micro and macro design levels. This 
expands the specificity principal [6] which essentially deals 
with micromanagement of the content, in this case exhibited 
in manual control of single entities and precise ranges with 
distribution control. The micro level refers to the level of 
granular and detailed control a user has over units. The 
macro level focuses on high-level visualization and 
abstraction of data.  Both are needed to visualize different 
types of information and different scales of data in this type 
of tool. 
 Pre-production starts off trying to define a vision that 
describes the player experience and outlines the game’s 
conceptual design. The macro aspect means for the system 
to have an overview of the layout that removes unnecessary 
details. In a pre-production tool, the macro level is the most 
important in order to set the vision and scope and reduce 
risks of major changes later in production [11].  
 An important aspect that was distilled from the findings 
in the process mapping and the user study was the 
importance of first establishing overall size, density, 
heightmap, interest points and distributions. Before 
creating the implementation, the base layout and 
infrastructure need to be created.  Too much specificity at 
the micro level can cause clutter and the user to needlessly 
focus on polishing. The process mapping established 
greyboxing as the preferred method to focus on layout and 
composition. To avoid distractions by keeping it simple and 
efficient and not focus time and energy on details. A lower 

precision was found to support this. The aim was to try and 
capture the quick, flexible and inexpensive way to 
investigate the design space that sketches or other offline 
methods allow, but in the form of an online, software, 
prototype representation.  
 The challenge is to implement the proper abstraction 
level. If the tool’s output is too abstract, it risks being 
misinterpreted by stakeholders in the process and can have 
a negative effect on communication. It can also cause 
frustration for the user, which was reflected in the user 
study as an expressed need for more specificity in the 
control. The micro level will be iterative and constantly 
changing during feature creation. Therefore, the suggestion 
is to not let the user get too specific in the tool. Instead, the 
tool’s system design needs to allow for both macro and 
micro level management. In order to allow the user to find 
balance in the big picture while having control over the 
units at the micro level. These properties need to be viewed 
as a gradation where different systems might need various 
level of specificity, high-level management and control.  
 
8.1 Method Criticism  
There are several limitations to consider when interpreting 
the result and factors that could have affected the result. 
This section will evaluate improvements for future studies. 
One factor concerns the participants in the study. The 
findings have constrained generalizability due to that the 
study only interviewed a few designers. Factors connected 
to this also include the participants entirely being from 
Avalanche Studios. Although the designers chosen had 
experience from other companies, a majority had spent 
most of their work at this studio which might influence their 
view and the results may not generalize elsewhere. The 
participants had been involved in the project from the pre-
design interviews and concept phase which might have 
influenced their answers. Future studies should test on more 
designers, a broader selection in terms of experience level 
and industry background (for example indie game 
production) as well as designers having a first-time 
impression of the tool.  
 Furthermore, the study depended mostly on qualitative 
data and the subjective feedback from the participants. This 
study had a proof of concept end product which limited 
quantitative measurements such as clicks, or time spent to 
complete a task. A suggestion for future studies is to 
implement counters or loggers. The program was also 
limited in optimization and a more finished product 
wouldn’t put as much demand on the participants ingenuity. 
Another recommendation is to complement the interviews 
with observations of workflow [14]. Subjective opinions 
may sometimes differ from reality. The observations’ 
purpose would be to eliminate dissonance in what 
participants think they do in their work, with what they 
actually do. As well as to observe needs that the participants 
may not be aware of themselves.  
 The research of this paper took the approach of focusing 
on city generation to have a concrete example to test on and 
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to discuss general properties of a procedurally-based 
exploration tool. This approach was necessary to confine 
the scope. As a result, the generalizable aspect is limited by 
using only one specific example. The properties found 
might not be translatable in other implementations or prove 
as valuable in other applications such as road, terrain or 
vegetation system design. The design decisions could have 
been carried out differently and does not represent all 
options in implementation. 
 
8.2 Future Work 
In order to improve the contribution towards understanding 
tool requirements, one would need to test for different 
applications than city generation and create more 
implementations and test variations. The study was oriented 
towards world design and city generation, it would be 
interesting for future studies to investigate how well similar 
tool principals would perform or be translatable in other 
fields. Other research areas could include terrain and road 
generation. Further iterations would need to focus on User 
Interface and User Experience design for procedural tools 
together with algorithm optimization for generation time 
and overall performance improvement.  
 The study provided a glimpse into one studio’s practices 
when it comes to workflows in world building. Given that 
different companies have different processes, it is important 
for future studies to investigate additional teams and 
companies during a longer period of time. It could be of 
value to interview other stakeholders in the process to gain 
a multitude of perspectives and evaluate whether 
communication is improved by the tool.  
 
9. CONCLUSION 
This was a design-oriented, explorative study with a 
participatory design approach which aimed to analyse 
properties of a procedurally-based ideation tool for content 
exploration in early game development. Two important 
themes were recognised in the pre-production phase: rapid 
creativity and communication. The approach was to make 
users more creative without as much investment by helping 
designers more quickly illustrate a variety of concepts they 
want to explore as well as encourage dialogue by a more 
concrete idea representation. The data from the case-study 
sessions indicated the tool’s potential utility for game world 
designers. The study result has been distilled into proposed 
desired properties for designing a prototyping tool 
architecture based on PCG. In summary, these include: (1) 
Modularity to support balance between controllability and 
creativity. (2) Micro (specific) to Macro (high-level, 
abstract) design levels.  
 

As this thesis is an experimental research study, there are 
many potential improvements to the proof of concept and 
further studies are recommended to cover more than one 
specific content example. The study provided a glimpse into 
the use of PCG in outlining early content experiments to 
support the creative design process.  
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