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Abstract
The time and money spent on video games are rapidly increasing, as the annual U.S game
industry consumer spending has reached 23.5 billion dollars. The cost of producing video
game content has grown in accordance with the consumer demand. Artificial intelligence
(AI) has been suggested as a way to scale production costs with the demand. In addition
to lowering content production costs, AI enables the creation of new forms of gameplay
that are not possible with the current toolbox of the industry. The utilization of AI in game
design is currently difficult, as it requires both theoretical knowledge and practical
expertise. This thesis improved game designer workflow in PCG-based game design by
explicating the necessary theoretical frameworks and practical steps needed to adopt AIbased practices in game design.
Game designer workflow in PCG-based game design was improved by utilizing the
design science research method (DSR). The constructed artefact was determined to be a
method in accordance with the DSR knowledge contribution framework, and it was
evaluated by using the Quick & Simple strategy from the FEDS framework. The risks
related to artefact construction were assessed in accordance with the RMF4DSR
framework. The metrics used to measure the performance of the artefact were determined
by employing the GQM framework. Finally, the proposed method was evaluated by
following it in constructing a simple PCG-based game with an accompanying AI system.
The evaluation was performed by utilizing the FEDS framework in an artificial setting.
After gathering and analysing the data from the artefact construction and evaluation, the
method was modified to address its shortcomings.
The produced design method is the main contribution of this thesis. The proposed method
lowers the threshold for adopting PCG-based game design practices, and it helps
designers, developers, and researchers by creating concrete and actionable steps to follow.
The necessary theoretical frameworks and decision points are presented in a single
method that demystifies the process of designing PCG-based games. Additional
theoretical knowledge has been contributed by studying the topic from a practical
perspective and extracting requirements from an actual design process. The method can
be used as a practical cookbook for PCG-based projects and as a theoretical base for
further studies on PCG-based game design.
Future research tasks include evaluating the proposed method in an organizational context
with real users. An organizational context also warrants means to managing risks in PCGbased game design projects. Finally, generator evaluation and explicit guidance on
generator control are important future research topics.
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PCG, Procedural content generation, procedural content generation-based game design,
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1.

Introduction

According to the Entertainment Software Association (ESA, 2016) report, 63% of U.S
households are a home to at least one person playing video games regularly, with an
average of 1.7 gamers per game-playing household. More and more people are becoming
involved in video games and the annual U.S game industry consumer spending has
increased to 23.5 billion dollars. Togelius, Yannakakis, Stanley and Browne (2011b)
discuss the rising costs of using artists and programmers to create game content and
suggest using artificial intelligence (AI) techniques to scale the production process to
match the demand. While algorithms are capable of creating desirable content by
themselves, their most intriguing aspect lies in their potential. Eladhari, Sullivan, Smith
and McCoy (2011) mention that with the current set of tools available to game designers,
a large portion of potential games and even whole genres cannot be reached. Previously,
technological innovations have driven the rise of new forms of gameplay, yet games have
not made significant leaps in new gameplay experiences. The authors suggest that AI
plays a vital role in reaching the currently unavailable types of games.
According to Kelly and McCabe (2006), the computer game industry requires a skilled
workforce. Technological advances drive the growing consumer demand for large
amounts of detailed game content, raising development costs radically. Traditionally
game designers, programmers and artists have created game content manually, but this
approach does not scale satisfactorily with the costs related to it. Using twice as many
artists does not result in twice the profit from the created content. These resources could
have been used to improve other aspects of the game, which might have resulted in more
desirable returns for the invested resources. Eventually, all additions to the cost of the
development fall on the consumer. Togelius et al. (2011b) have proposed procedural
content generation (PCG) as a solution to the scaling problem of content generation by
alleviating the workload on game designers, while still retaining control of the design
process. The authors define PCG as automatic creation of game content by algorithmic
means.

1.1 Artificial intelligence as an enabler of new gameplay
experiences
According to Smith (2015), PCG has been used throughout the history of digital games,
with replayability, reduction of authorial burden, or adaptive creation of personalized
content reported most frequently as the motivation. Games like Rogue (Epyx, 1980), Elite
(Acornsoft, 1984), Diablo (Blizzard Entertainment, 1996) and Spelunky (Mossmouth,
2008) have an iconic way of utilizing PCG in their own ways, such as storing content in
minimal space or creating new levels and monsters. Smith, Othenin-Girard, Whitehead,
& Wardrip-Fruin (2012) note that while PCG has previously been used to provide
replayability and variety, the gameplay experience of the player generally stays the same.
Without directly affecting the mechanics of the game, this approach does not leverage
PCG enough to create new forms of gameplay. According to Eladhari et al. (2011), robust
AI design in generative processes allows for thorough exploration of new gameplay
experiences, which can lead to the unlocking of the new types of games that are currently
unattainable. Therefore, PCG-based game design has been suggested as a way to unlock
these new forms of gameplay, in which the use of PCG is integrated into the mechanics
and aesthetics of the game, making gameplay revolve around content generation (Smith
et al., 2012).
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When choosing or building a PCG system, the game designer must address a variety of
design decisions related to how the PCG system is used, what the inputs and outputs of
the system are, and how the content is generated. Before any content generation can be
performed, these problems have to be addressed by transferring the designer knowledge
into the generative process and the artefacts being created. Depending on the case, the
mechanics and aesthetics of the game might require specific decisions from the PCG
system and the design of the game, which cannot be secured without a thorough
understanding of the relationship between game design and PCG. (Smith, 2014.) The
designer might be challenged by the inherent problems induced by the adoption of PCG,
such as the challenges in predicting what the system might need to produce, and how
content instances should be represented as data and eventually evaluated. While the
generative processes of PCG might be well researched, the core problems of PCG
adoption can be more design centric than algorithmic. The system will be able to produce
optimized solutions to problems, but ultimately it is the responsibility of the designer to
know what those problems are and how they are represented and evaluated.
Togelius et al. (2013) discuss the future of generalized content generators and note that
they should be able to create various types of content for multiple games. This requires a
flexible PCG system so that its affordances can be realized, and the proper feature tradeoffs mapped and planned. Each of the features that are modifiable by the designer should
provide a clear interface with a consistent scale on which the parameter modification
affects the outputs of the system. Current PCG systems are mostly tailored pieces of
software that are created on a game to game basis and require a significant effort to be of
use elsewhere. These systems are not ideal for the workflow requirements of game
designers and this calls for a new way of interacting with PCG systems.

1.2 Game designer workflow with procedural content generation
systems
The process of designing a game begins with an idea that can be analysed into mechanics,
dynamics and aesthetics. The mechanics, dynamics and aesthetics help to understand how
changes made within the game reflect to base mechanisms of game systems, the
overarching design goals and the overall expected player experience. When contrasted
with other consumable media, video games require interaction to be experienced. The
resulting interaction between the game and the player can be viewed as the content of the
game. (Hunicke, LeBlanc, & Zubek, 2004.)
Togelius et al. (2013) mention that the current state of PCG is not easy for humans to
interface or control. According to Smith, Whitehead and Mateas (2011b), most of the
design knowledge that affects the produced artefacts is built into the generating algorithm,
leaving designers and players to tweak its parameters. This approach is an unintuitive and
laborious way of iterating with the system. Even though PCG-based game design offers
guidance on implementing games with PCG, the workflow problems created by the
treatment of PCG as a core mechanic have not yet been addressed thoroughly (Smith et
al., 2012). To evoke the preferred gameplay experiences, the designer has to implicitly
embed his knowledge into the generative procedures of the PCG system. The PCG
methods that create content can be viewed as formalizations of designer knowledge.
(Smith, 2015; Dahlskog, Björk, & Togelius, 2015.)
When developing games that employ PCG systems, the development workflow changes
depending on the commitment to the use of PCG. The practical employment of PCG in
game design has multiple different options, each affecting the roles that the game designer
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and the PCG system take during the development. (Khaled, Nelson, & Barr., 2013.) The
choice of using PCG in game design requires an informed decision based on how it is
intended to shape gameplay experiences. Khaled et al. (2013) have devised design
metaphors that help in choosing how the PCG system will be used and how the creative
responsibility will be divided between the system and the game designer. Smith (2014)
has made similar contributions that help the designer to understand the relationship
between game design and the design of the PCG system. In order to fully utilize PCG
systems, the designer must be able to effectively iterate between game and AI design to
discover the full potential of the system, while providing context for the decisions of the
system. (Eladhari et al., 2011; Smith et al., 2012.) In cases where the game mechanics
and aesthetics are deeply connected to the use of PCG, Eladhari et al. (2011) highlight the
importance of iteration in the design process. They devised a design loop where the
actions of the AI are placed into game context and the game then determines what needs
to be generated by the system. Without reflecting the game and AI design to each other,
the game designer risks losing the unique benefits of PCG-based games. (Eladhari et al.,
2011.)

1.3 Research objectives
Smith et al. (2012) describe that the main goal of PCG in the context of content creation
is to replicate human designers or replace them entirely. The additional benefits of PCGbased game design include the unlocking of new forms of gameplay or even whole genres
based on the interaction with AI systems. Previous research demonstrates the usefulness
of PCG quite well, but rarely approaches the subject of how to actually integrate PCG to
a game design process. The primary problem with the integration stems from designers
and developers not properly understanding the relationship between game and AI-design.
Multiple authors argue that when the designer can properly operate in a way that PCG
design frameworks suggest, the resulting games can unlock new forms of gameplay
through PCG based game design. In order to fully realize the potential behind it, the game
designer must be able to properly adopt PCG into his workflow. The current use of PCG
systems has mostly been researched from an AI perspective, with a new field emerging
in relation to design related aspects of PCG.
This thesis aims to improve the workflow of a game designer when designing PCG-based
games and working with PCG systems. The motivation for doing this revolves around the
current state of designer workflow where the application of design knowledge in the
generative processes is not very straightforward (Smith et al., 2011b). The core topics of
PCG adoption in design practices feature the role and purpose of PCG in games, and the
formalization of designer knowledge in the generative processes that affect the final
gameplay experience, as built through interaction with AI systems. The game design
aspect is not the only issue preventing the widespread use of PCG, as human designers
maintain an advantage over computational methods in creation of varied and meaningful
content through higher overall consistency. Furthermore, Togelius et al. (2013) note that
while the game industry aims to produce reusable and generic technology such as game
engines, no generic PCG systems exist. The authors mention the exception of SpeedTree
(IDV, 2002), which is used as middleware to generate plants and foliage in multiple
commercial games. The system still only produces one category of content and has zero
functionality in the games, making it safe to employ without any negative effects in the
gameplay experience. Current PCG systems are reportedly not general enough to use
commercially and display varying degrees of maturity in the creation of different types
of content (Hendrikx, Meijer, Van Der Velden & Iosup, 2013). These problems reflect the
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state of current research into PCG that makes tailored PCG systems the norm due to the
lack of advances in current research.
In the book “Game engine architecture” Gregory (2009) notes that game engines are core
software components that do not directly affect the players gameplay experience. Gregory
(2009) also notes that what separates game engines from other game code, is the datadriven architecture, which allows parts of the codebase to be reused. Parallels can be
drawn between game engines and PCG systems, as general PCG systems have been
envisioned as a solution to promote their commercial adoption (Togelius et al., 2013).
Even though game engines and PCG systems share many features in their planned use
and adoption, they cannot be hold equal by all standards. While game engines focus on
the parts of the code that do not directly affect the experience of the player, the player
experiences the game through generated content. Each of the technical decisions made
eventually surfaces and shapes the overall player experience. Current PCG systems
mostly operate beyond the game, where they can be parametrized by the actions of the
player but cannot be built or modified within the game. The transparency of current
systems is not ideal, as content is generated and the designer then has to rely on separate
tooling to properly interface with the PCG system to change its parameters. PCG systems
share many features with game engines, as they both would be ideal to use as off-theshelf products. According to Togelius et al. (2013), PCG systems employed by games are
usually built to fit a specific game and are interfaced as such. Currently, frameworks that
focus on the end results of successful PCG usage exist, but not many address the steps of
designer workflow and iteration of game and PCG system design. These shortcomings
inspire the research questions for this thesis:
1. How to improve game designer workflow in PCG-based game design?
1.1. How PCG-based game design differs from general game design?
1.2. What is the process of formalizing designer knowledge in PCG-based game
design?
1.3. How will players and game designers be able to interface with PCG systems?
To answer these questions, the design science research methodology (DSRM) by Peffers,
Tuunanen, Rothenberger, and Chatterjee (2007) will be used. The DSRM consists of six
steps of conducting research:
1. Identification of the problem and motivation. The research problem is defined
as how to improve game designer workflow in PCG-based game design. The
motivation behind this is the lack of proper workflow or interaction guidelines in
the early phases of game development. Prior research has identified what proper
use of PCG-based techniques can achieve, but rarely discuss how one can reach
that point in practice. This thesis aims to improve on previous work done by
Eladhari et al. (2011), Smith et al. (2012), and Smith (2014) by analysing them
through traditional game design research, for example, meaningful play by Salen
& Zimmerman (2004), and by focusing on the steps needed to formalize designer
knowledge in PCG-based game design.
2. Definition of an objective for a solution. The objective of this thesis is the
formalization of the early phases of the design process when the designer starts
the adoption and configuration process preceding the use of a PCG system. A
method describing the preferred workflow will be created with an instantiation
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that proves the usefulness of the method. The objective of the method is to provide
a way that makes effective iterations possible between the game designer and the
PCG system.
3. Design and development. A method to improve the designer workflow will be
designed and developed.
4. Demonstration. The developed method will be used to create a PCG-based game
and an accompanying AI system in order to demonstrate its usefulness.
5. Evaluation. The developed workflow method will be evaluated against criteria to
assess how well it solves the problem it has been designed to solve. The evaluation
will be designed as Venable, Pries-Heje, and Baskerville (2016) describe in their
framework for evaluation in design science research (FEDS).
6. Communication. The research problem and its importance, the method, its
properties, design and efficacy will be reported in the form of this thesis.
Research will be conducted from the first step of the method, as the DSRM suggests for
problem centred research derived from suggestions of further research. This thesis aims
to improve pre-existing solutions, as is determined from the DSR contribution framework
by Gregor, & Hevner (2013). The end product of this study will be the method artefact, a
set of steps or guidelines, that describes how game designers can properly achieve PCGbased game design and, as a result, improve their workflow when interacting with PCG
systems. Based on the work of Venable et al. (2016) the produced method can be classified
as a process artefact, which is a socio-technical solution that requires human interaction
to prove its usefulness.
This thesis aims to contribute to workflow improvement and, as such, is restricted to do
so without perfecting the game or PCG system context. The secondary instantiation
artefacts are used in a supportive role to demonstrate the efficacy of the method. No play
testing or external user testing will be performed, as the model will be evaluated in
artificial conditions due to the resources available for this thesis. The artificial evaluation
strategy with criteria-based evaluation method is one of the main restrictions of this thesis,
as it has a medium risk of giving false positives on its usefulness (Venable et al., 2016).
The following chapters of this thesis will go over how to design and implement the
improvement method and the demonstrative instantiation artefacts. Firstly, the design
science research methodology will be introduced, and a review will be given on how the
research of this thesis will be conducted. The scope and limitations of this thesis will be
further discussed in the research methodology chapter. Secondly, a review of existing
literature will be done to learn the necessary theoretical workings of PCG, designer
workflow related to PCG systems, and the technical aspects of implementing the
demonstrative artefacts. After that the artefacts will be designed and implemented,
following the design science methodology. Upon completion, the results will be displayed
and discussed. Finally, a summary will be given on the thesis.
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2.

Research methods

The research method chosen for this thesis is the Design Science Research Methodology
(DSRM) by Peffers et al. (2007). The authors describe information system research as an
applied research discipline, where relevant theories from multiple other disciplines can
be used to solve problems related to information systems and organizations. The authors
note that design science shares characteristics with action research which also aims to
create solutions through active participation. However, the focus of action research is
shifted more towards the organizational context, while design science approaches focus
more on designing and proving the usefulness of the created solution. The DSRM
methodology aims to guide researchers working with design science approach and
provides them with a mental model of its outcomes. (Peffers et al., 2007.)
March & Smith (1995) describe that, instead of studying natural phenomena, IT research
focuses on artificial phenomena created by humans, such as organizations and
information systems. When compared to natural sciences, which try to answer the
questions of how and why, design science is oriented towards the creation of solutions to
problems that serve human purposes. The produced solutions are called artefacts which
are evaluated based on their utility and value. The authors divide the created artefacts to
four categories: constructs, models, methods, and implementations. (March & Smith,
1995.) Ostrowski, Helfert, & Xie (2012) review literature related to the DSRM method
and describe constructs as concepts, vocabularies or symbols that act as abstract concepts
used to describe tasks in natural and design science. Models describe problems situated
in the real world by using concepts and represent the connection between the problem
and its solution. Methods are described as a set of steps that describe how a task can be
performed; for example, in the form of an algorithm. Finally, the implementation is
described as a prototype, tool, or working system.
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Possible starting points

Problem centered
initiation

Problem identification
and motivation

Objective centered
solution

Define objectives
of solution

Design and
development
centered initiation

Design and
development

Client or context
initiated

Demonstration

Evaluation

Communication
Figure 1 The design science research method by Peffers et al. (2007)

The DSRM consists of six steps:
1. Identification of the problem and motivation. The first phase focuses on
defining the research problem and justifying the value of the solution. In order to
properly answer the presented research questions, the problem specification helps
to process the complexity of the problem into smaller pieces. This step requires

13
knowledge on the state of the problem and the importance of its solution. The
motivation and justification for the solution is intended to motivate the researcher
and the audience to search for a solution, while conveying the scientist’s
understanding of the problem. (Peffers et al., 2007.)
2. Definition of an objective for a solution. In this phase the objectives for the
solution, derived from the definition of the research problem, are defined. The
step requires an understanding of the currently existing solutions, their
effectiveness, and the state of the research problem. The derived objectives can
be quantitative or qualitative in nature, answering whether the solution produced
will be more effective or if it offers a new kind of solution. (Peffers et al., 2007.)
3. Design and development. This phase focuses on the creation of the solution,
which requires knowledge on the theory that is applied to produce it. The desired
functionality and architecture of the artefact are determined, and the creation
process executed. The possible artefact types include a construct, model, method,
or an instantiation. (Peffers et al., 2007.) The artefact being designed and
developed in this thesis is a method.
4. Demonstration. The feasibility of the produced solution is demonstrated by using
it in a suitable activity, such as a simulation, experimentation, case study or proof.
In order to determine the most suitable use for the artefact, knowledge on its use
is necessary. (Peffers et al., 2007.) This thesis will mimic the work of Eladhari et
al. (2011) and Smith et al. (2012) who created games as demonstrations.
5. Evaluation. The developed artefact will be evaluated against specified criteria to
assess how well it deals with the problem it has been designed to solve. The
evaluation will be designed as Venable, Pries-Heje, and Baskerville (2012)
describe in their DSR evaluation framework. According Peffers et al. (2007), after
this phase the researcher can either continue to the next phase or return to the third
phase. Iterating the design of the artefact may be necessary to achieve the correct
level of detail for the solution.
6. Communication. In this phase, the research problem and its importance, as well
as the artefact and its properties, design and effectiveness will be reported to the
relevant audience. In order to properly communicate the conducted research, it is
necessary to understand the review culture of the audience. (Peffers et al., 2007.)
According to Peffers et al. (2007), the described method is usually executed in the order
of the phases, but in suitable cases the researcher can start from any phase though one to
four. Problem centred research from an observation or a suggestion of future research
usually starts from the beginning of the method. The second phase is a suitable starting
point for an objective centred solution, of which the authors use consulting experiences
as an example. Following these, the third research phase can be an entry point for design
and development focused studies, in which an existing artefact is used as a solution to
another problem that it is not meant to be used in, for example. The final starting phase,
number four, can be used for observations of practical solutions, in which researchers
work backwards to retroactively apply rigour to the process. (Peffers et al., 2007.) The
method can be seen in Figure 1.
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Figure 2 Design science research knowledge contribution framework by Gregor & Hevner (2013).

Gregor & Hevner (2013) discuss design science research in their essay and present the
DSR knowledge contribution framework that can be seen in Figure 2. According to them,
the contributions made by employing the DSR methodology can be divided into four
categories based on application domain maturity and solution maturity. This thesis aims
to contribute to the design knowledge pool by improving previous designs, which should
result in artefacts that are more efficient or effective than the previous ones. Since the
focus of this thesis is on the improvement of previous design artefacts or suggestions for
further research, the thesis will start from the first phase of the DSRM. Figure 3 identifies
how each chapter of this thesis relates to the general structure of the DSRM. The
improvement approach can be justified through the review of AI and PCG research, which
concluded that the problems that the PCG system should address have existed for quite
some time. The number of individual solutions to generative processes is high on the AImethod level, but an established design for PCG systems that combines the technical
solutions has yet to emerge. Gregor & Hevner (2013) note that the most significant
challenge in this quadrant is to clearly demonstrate how the produced artefact improves
on the previous ones. Research that assumes the improvement approach will be evaluated
based on how clearly it can represent and communicate the design of the new artefact.
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Figure 3 The application of the DSRM by Peffers et al. (2007) in this thesis.

The improvements on the artefact can be obtained in the form of efficiency, productivity,
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quality and other measures. Venable et al. (2012) discuss the goals of design evaluation,
known as the five E’s: efficacy, effectiveness, efficiency, ethics and elegance. These
aspects of design evaluation form at least three competing goals which can be viewed as
rigor (consisting of efficacy and effectiveness), efficiency and ethics. Valid DSR should
rigorously demonstrate the usefulness of the artefact, while being efficient regarding time
and resource constraints and avoiding putting people, animals, organizations, or the
public at risk. The authors left elegance out of their design evaluation goals but note that
an elegant solution is still preferred to an inelegant one.
According to Venable et al. (2012), the evaluation process of DSR is “... what puts the
‘Science’ in ‘Design Science’.” Without rigorous evaluation the results of the thesis are
merely unsubstantiated design theories or hypotheses of the artefact working. According
to them, evaluation serves five different purposes in DSR literature: evaluation of utility
and efficacy, evaluation whether the artefact achieves its purpose, evaluation compared
to other artefacts that answer similar problems, evaluation of undesired results of the use
of the artefact, and identification of weaknesses and areas of improvement in the design
of the artefact. Before the produced artefact is evaluated, the authors classify the evaluable
artefacts into product and process artefacts. Product artefacts are viewed as technologies
that act as means to accomplishing tasks, such as software, tools and diagrams, whereas
process artefacts can be viewed as methods or procedures that guide the process of
accomplishing a task. In addition to distinguishing product artefacts from process
artefacts, the authors also note socio-technical and technical aspects of artefacts which,
respectively, reflect whether or not human interaction is required after the creation to
provide utility. Product artefacts can be either technical or socio-technical, while process
artefacts are always socio-technical. (Venable et al., 20120.) The contributions of this
thesis can be viewed as socio-technical artefacts, as they require human interaction to
prove their usefulness. The produced methods are always viewed as socio-technical
artefacts and in this case the secondary instantiation artefacts also represent the sociotechnical approach, as they require the game designer to apply his knowledge in the
generative process.

Figure 4 DSR evaluation strategy selection framework by Venable et al. (2012).

Venable et al. (2012) present the DSR evaluation strategy framework which can be seen
in Figure 4. The framework consists of ex-ante and ex-post evaluation which are further
divided into naturalistic and artificial evaluation. The ex-ante evaluation is intended for
the evaluation of uninstantiated artefacts, such as designs or models. The ex-post
approach is the evaluation of instantiated artefacts, in other words instantiations.
Naturalistic evaluation aims to study the artefact in the environment in which it is meant
to operate in; for example, in real organizations with real people. This approach allows
the artefact to be evaluated with all the complexities that are associated with human
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operations. The strength of naturalistic evaluation is the internal validity it brings to the
research. Artificial evaluation, however, focuses on evaluating the artefact in a controlled
environment or lab settings, which makes repeatability and falsifiability its strong points.
The authors note that one should prioritize either criteria while doing research, as they
contradict each other. (Venable et al., 2012.) In this thesis, the main artefact produced will
be evaluated artificially through an ex-post approach, due to the lack of resources and the
end result being a method artefact. According to Venable et al.’s (2012) DSR evaluation
method selection framework, the suggested methods of ex-post artificial evaluation
approach are mathematical or logical proof, criteria-based evaluation, lab experiment, or
computer simulation, of which criteria-based evaluation will be used. As evaluation has
previously been identified as a crucial part of DSRM, the lack of available resources,
together with a medium chance of false positives, can be viewed as a limitation for the
external validity of the study.
By focusing on the process of creating the selected artefacts, valuable design information
is gathered about the problem at hand. This design information can be used in similar
attempts to create better PCG systems and to help advance the commercial adoption of
PCG into games. To reach these goals the following chapters will go through previous
research, a selection of artefact evaluation strategies, artefact design and development,
the goal question and metric framework, evaluation, analysis, discussion, until finally a
summary is presented.
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3.

Prior research

The primary goal of this thesis is to produce a method to improve game designer
workflow in the context of PCG-based games. In order to design and implement a method
that produces improvement over previous solutions, the central concepts, methods, and
unique challenges of employing and interfacing PCG systems must be discovered. The
purpose of this chapter is to introduce the central topics that relate to conducting research
in this thesis. To answer the main research question, one must first know what PCG
systems are, how they are used, and how they are built. The chapter begins in section 3.1
where the definition of games, game design and other adopted frameworks are introduced.
After the core frameworks have been presented, section 3.2 starts by reviewing how PCG
is presented in current research literature and identifies the most important taxonomies,
surveys, and frameworks. The literature reviewed presents important viewpoint
differences in studying PCG, divided into artificial intelligence and design aspects of
PCG. Continuing on to lay the theoretical foundations of this thesis, section 3.3 introduces
PCG as a concept and identifies its core features from a viewpoint that focuses on
introducing the technical aspects of building PCG systems. The section begins with
subsection 3.3.1 that describes what game content is and presents a hierarchical model by
Hendrikx et al. (2013) that identifies how game content can be viewed from a PCG
viewpoint. Following this, the section 3.3.2 introduces PCG and its variants as based on
research by Togelius, Yannakakis, Stanley, & Browne (2010, 2011). Search-based and
experience driven PCG have been identified as the most important and trending
alternatives to content generation methods and their definitions are given in sections 3.3.3
and 3.3.4 respectively. Section 3.3.5 introduces the mixed-initiative co-creation, an
approach to game design where PCG acts as a peer to the designer.
When approached with the PCG based design methodology, these questions regarding the
technical aspects of the system cover only half of the problem domain. Traditionally, PCG
systems have been viewed as a collection of procedural methods tailored into subsystems
that are implemented on an individual game basis. The differences between these
approaches manifest in the role of PCG and the way it is used in games. The second part
of the problem revolves around the identification of PCG-based game design in section
3.4.1, followed by the analysis of designer roles in PCG-based game design and game
design in section 3.4.2. Section 3.4.3 discusses the relation of PCG to the mechanics,
dynamics, and aesthetics framework. Lastly, the generalization of PCG systems is shortly
discussed in section 3.5 and the objectives of the proposed method being produced in this
thesis is presented in section 3.6.
The selected articles have been collected by utilizing a method similar to the snowball
method by Biernacki & Waldorf (1981). First the most important taxonomies, surveys,
and frameworks were identified, and their most relevant sources were selected for further
review. This approach was supported by searching articles with various terms related to
PCG-based game design, such as PCG and PCG-based game design. The most used
databases include Google Scholar and IEEE Xplore.

3.1 Definition of games, game design and adopted frameworks
In this chapter the definitions of games and game design are provided as a base for further
discussion. The first section begins by defining games as a term, followed by a definition
of game design. Afterwards, game design is situated within game development. Finally,
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the MDA framework that will be used as a lens when discussing games in the following
chapters is presented.

3.1.1 Definition of games
In this section the concept of a game is defined by reviewing the most dominant
definitions present in literature. In order to discuss and perform analysis on games and
game design, a definition of games is adopted as a framework. An important note
regarding this section is that the following definitions cover games in general, even
though some definitions separate analogue and digital games while others do not. The
main focus of this thesis is on PCG-based games. Even while PCG might affect how one
views games or game design, a topic covered later in this thesis, the following definitions
fundamentally apply to games in general.
Salen & Zimmerman (2004) reviewed research literature revolving around definitions of
games and extracted systems, players, artificiality, conflict, rules and quantifiable
outcome as the main ideas governing game definitions. The authors distilled these ideas
into their own definition of games:
“A game is a system in which players engage in an artificial conflict, defined
by rules, that results in a quantifiable outcome.”
Salen & Zimmerman (2004) note that the English language allows for one to differentiate
meaning between play and game and, consequently, the definition of games can be
achieved from two perspectives. The first perspective defines games as subsets of play
among other forms of playful activity. The authors offer a second perspective which
frames play as a subset of games, where play is contained within games. In this definition
games are viewed as a complex phenomenon which consists of three aspects: rules, play
and culture. Schell (2014) has reached a similar definition and notes that games consist
of ten characteristics; they are interactive, closed formal systems, are entered wilfully, can
be won and lost, create their own internal value, engage players, have goals, conflict,
rules, and challenge. From these characteristics Schell (2014) defines games as:
“Game is a problem-solving activity, approached with a playful attitude.”
Salen & Zimmerman (2004) define play as “… free movement within a more rigid
structure.” Schell (2014) notes that the definition of play by Salen & Zimmerman (2004)
is too broad and provides his own definition of play as “manipulation that satisfies
curiosity”. The authors note that these definitions will not be perfect but show the
difficulty of formally defining play and playful activities.
The concept of systems appears in both definitions. Salen & Zimmerman (2004) describe
systems as “a set of parts that interrelate to form a complex whole”, which can be then
framed, for example, as formal, experiential, or cultural systems. The system types can
all exist simultaneously, but they are embedded to each other. An experiential system
always has a formal system embedded inside it, and a cultural system contains both formal
and experiential systems. These systems can also be open or closed, depicting whether
they interact with the environment or are isolated from it. Formal systems are always
closed, experiential systems can be closed or open systems, and cultural systems are open
systems. All ways of framing systems still share four elements that are common to them
all: objects, attributes, internal relationships, and the environment. Objects can be viewed
as parts, variables, or elements within the system that are either physical or abstract,
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depending on what kind of a system the game is framed as. Attributes determine the
properties and qualities of the objects or the entire system. Internal relationships describe
how the objects within the system interact with each other. Finally, the environment
describes where the system is situated in, i.e., the context of the play. These elements are
described differently depending on what frame is chosen for the system observation.
(Salen & Zimmerman, 2004.) Schell (2014) does not go into detail about defining formal
systems and instead describes them being clearly defined by the virtue of having rules.
An interesting observation about this definition is that games are viewed as closed
systems in which no interaction happens between the system and its environment.
The concept of interaction is present in both definitions, which means that the players
interact with the game in order to experience something. Salen & Zimmerman (2004) take
the definition of interacting slightly further and form a definition consisting of four modes
of interactivity: cognitive, functional, explicit, and beoynd-the-object-interactivity. They
also note that designed interaction, contrary to interaction without specific context within
a system, has an internal structure and a context that assigns meaning to actions. The
simplest units of interaction are the action-outcome units which help representing choices
in games. The choices are also divided into internal and external events, depending on
whether they are presented to the system or the player. (Salen & Zimmerman, 2004.)
Conflict is another concept present in both definitions. When players have goals they wish
to complete, it usually results in conflict within the game. Salen & Zimmerman (2004)
describe that the definition of victory conditions is an important piece of game design, as
it, in a sense, defines player goals. How the players then reach their goals is bound to the
rules of the game that represent its formal structure. Salen & Zimmerman (2004) note that
all game rules share the following features: they limit player action, are explicit and
unambiguous, fixed, binding, repeatable, and shared by all players.
One of the most interesting features in these definitions is the notion of a quantifiable
outcome. According to Salen & Zimmerman (2004), these outcomes can be outcomes or
goals that can somehow be measured, yet also note that this might not be possible for all
types of games. For example, puzzles have right answers and can be treated as goals, but
free-form sandboxed roleplaying games might not have specified outcomes anywhere in
their definitions. The goals and outcomes are emergent qualities that are formed by the
experience of the player, when players wish to continue the adventure or reach certain
levels for their characters. (Salen & Zimmerman, 2004.) In Schell’s (2014) definition the
definition of quantifiable outcomes does not exist as such, but in a bit different form.
Schell (2014) treats games as problem-solving activities in which the player reduces the
initial problem or goal into a simplified internal version of the problem space, and the
solution does not need to make sense outside the player’s own problem space, unlike in
the real world. As a conclusion to both definitions, a game does not necessarily have to
have a quantifiable outcome specified in its rules, but it is still necessary to engage the
player in a way that enables him to form goals to reach certain outcomes by interacting
with the system. (Schell, 2014.)
Another topic related to studying games is the distinction between analogue and digital
games. Salen & Zimmerman (2004) describe the difference of analogue and digital games
as a difference in medium, as digital technology can be viewed as an element in its larger
system. According to them, both analogue and digital games share the following traits,
but digital game embrace them in a more rigorous way: immediate but narrow
interactivity, manipulation of information, automated complex systems, and networked
communication. Finally, the authors note that the properties of these features apply to
both analogue and digital games, regardless of the medium. A topic related to the division
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of real world from digital world is the artificiality of play. Salen & Zimmerman (2004)
note that while games also take place in the real world, artificiality is one of their defining
features. (Salen & Zimmerman, 2004.) Schell (2014) does not differentiate between
analogue and digital games but notes that players focus on the internal problem space of
the system instead of the real world in a problem-solving activity. Thus, real-world
restrictions might not be relevant within a game. (Shell, 2014.)
Freyermuth (2015) argues that the discussed definitions are not applicable when
introduced to the contemporary forms of gaming, such as massively multiplayer roleplaying online games (MMORPGS), simulations, or sandbox games. The author notes
that digital games can be viewed as aesthetic constructions whose contents are underlain
by forms of social and cultural change. When viewed from this perspective, games can
only be defined in their historical context. Freyermuth (2015) notes that definitions should
focus on categorical differences, although most definitions do not consider the division
into analogue and digital games, where digital games are seen to rely on audio-visual
technology. Freyermuth (2015) defines digital games in two parts, in which analogue
games are an “alter”, the other side of the relationship, to digital games:
“Digital games are not something entirely different from analog games, but
rather that digital games are the specific other of analog games.”
The same goes for other types of media, for example television:
“Digital games are neither the same as nor radically different from linear
audiovisions, but that digital games are the specific other of linear
audiovisions.”
Consequently, it is not immediately blatant which of these presented definitions should
be adopted for this thesis. Even while games have been studied for some time, the
reviewed literature is divided on the exact definition of games, as a multitude of authors
have each come to their own definitions on what a game is, depending on what theorems
they employ. Each of the authors note difficulties in defining (digital) games due to the
nature of audio-visual media and forms of play. Even though Freyermuth (2015) does not
provide a very formal definition, the presented arguments for digital games as
counterparts to analogue games can be adopted due to the nature of digital media and
generative systems. When discussing games in this thesis, the term game refers to digital
games unless otherwise specified.

3.1.2 Definition of game design
Similar to the definition of games, one needs to define and analyse the meaning of game
design in order to improve aspects related to it. Salen & Zimmerman (2004) define game
design as follows:
“Game design is the process by which a game designer creates a context to
be encountered by a participant, from which meaning emerges.”
The designer represents the designer, team, or some cultural entity such as a fan base that
creates the game. The context represents the behaviours, narratives, objects, and spaces
that form the game. Participants are the players experiencing the game that results from
meaningful play. Meaning in this context represents the actions of the players and their
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outcomes. (Salen & Zimmerman, 2004.) Schell (2014) takes a bit broader approach to
describing game design:
“Game design is the act of deciding what a game should be.”
Schell (2014) also notes that design in itself is about solving problems and game design
is no exception. The act of game design begins with an explicit identification of a design
problem that game designers then solve. Salen & Zimmerman (2004) describe game
designers as the kind of designers that focus on designing gameplay, rules, and structures
that result in an experience for a player. Schell (2014) shares this view by stating that the
game designer creates experiences for the players by designing the interaction between
the players and the game.
According to Salen & Zimmerman (2004) the experience of the player stems from
interaction with the game, which in turn results in the goal of game design: meaningful
play. The authors describe meaningful play in two parts. The first part is the descriptive
perspective:
“Meaningful play in a game emerges from the relationship between player
action and system outcome; it is the process by which a player takes action
within the designed system of a game and the system responds to the action.
The meaning of an action in a game resides in the relationship between action
and outcome.”
The descriptive perspective describes what happens in games: the players act within the
game system, which then results in an outcome. The second perspective is called the
evaluative perspective which is aimed to evaluate the relationships between actions and
outcomes in order to find out if they are meaningful or not:
“Meaningful play occurs when the relationships between actions and
outcomes in a game are both discernible and integrated into the larger context
of the game. Creating meaningful play is the goal of successful game design.”
The term discernible refers to communicating the result of an action to the player in a
comprehensible way, conveying the information of what happened after the action. The
pair of discernible in this definition is the term integrated that refers to establishing how
the action will affect the rest of the game. The authors continue by defining the term game
play as “the formalized, focused interaction that occurs when players follow the rules of
a game in order to play it”. (Salen & Zimmerman, 2004.)
According to Schell (2014), game mechanics define what a game really is: the basic
interactions and relationships when everything else is stripped off. Schell (2014)
distinguishes six different game mechanics: space, actions, rules, chance, skill, and
objects, attributes, and states. The first mechanic of space is described as a mathematical
construct that acts as the space of the game where everything in the game exists in, such
as a grid for tic-tac-toe. Space is also referred with the term “magic circle” which defines
the different places that can exist in the game. (Schell, 2014.) Salen & Zimmerman (2004)
refer to the magic circle as a frame of time and space where the game is situated in. Within
this magic circle, the rules of the game create meanings for the player. Schell’s (2014)
second mechanic of objects, attributes, and state refers to the objects that fill the game
space and their attributes and state. Salen & Zimmerman (2004) identify this as the
context of the game which results from behaviours, narratives, objects, and spaces. The
third mechanic in Schell’s (2014) list is the mechanic of action, which the authors divide
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into operative and resultant action. Operative actions form the base for possible actions
and describe what a player can do. Resultant actions describe how the player uses
operational actions to reach certain goals, such as move a checker to king it in a game of
checkers. Schell’s (2014) final mechanic is the rules mechanic which forms the base for
the previous mechanics.
Salen & Zimmerman (2004) do not provide their own definition of game mechanics, per
se, but refer to the term core mechanic. The core mechanic represents an activity that the
players take repeatedly through the whole game. The authors provide a simple example
of moving with a joystick and pressing the jump button, but a more complex example
could be, for example, resource management in strategy games. The core mechanic is
aimed to create larger patterns of experience. (Salen & Zimmerman, 2004.)
Salen & Zimmerman (2004) approach design problems through three main framing
schemas, namely the rules, play, and culture schemas. The authors define schemas as
ways of framing and organizing information that act as conceptual lenses when analysing
games. The schema of rules frames games as formal systems in order to focus on studying
the logical structure of the game. Play represents the experiential representation of games,
which allows the researcher to study player experience and interaction with the game and
other players. Finally, the schema of culture depicts the larger cultural context of games,
which encompasses the way games are played and designed. (Salen & Zimmerman,
2004.) Schell (2014) notes that good game design results from viewing the game from as
many perspectives as possible. Schell (2014) does not formally frame elements of game
design but uses instead different lenses, sets of questions, to view the design problem
from multiple perspectives. Salen & Zimmerman (2004) note that the framing systems
should be kept in mind, as game design is not only about creating rules but also about the
experience of those rules in a cultural context. The authors describe game design as a
second-order design problem. The term refers to the relationship of the designer to the
experience of the player that stems from the player experiencing the rules of the game.
The designer is not always introduced to the experience resulting from these rules while
designing the game, thus making the game designer’s task an indirect design problem.
(Salen & Zimmerman, 2004.)
There is a multitude of other things to consider when designing games, such as the
projected demographics, game testing, clients, and profit mechanisms. As this thesis
focuses on the act of designing games within a specific context, these marketing,
production and distribution related aspects will be left out the scope of this thesis.

3.1.3 Situating game design in game development
An important distinction should be made about the relationship between game design and
game development. According to Ramadan & Widyani (2013) and Kanode & Haddad
(2009), game development can be divided into the following main phases: preproduction,
production, and testing. The development process begins from the preproduction phase
where designers and developers work together to create prototypes in order to find the
fun aspect of the game (sic). The following production phase is where most the game is
produced, featuring challenges in project management, development cycles, and methods.
Finally, the game is internally tested for usability and playability, before continuing to
releases. (Ramadan & Widyani, 2013.) It is important to understand that game design is
a part of the overall game development process. This thesis focuses on examining the
game design part of the development process and as a restriction the other parts are left
outside the scope of this thesis.
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Figure 5 Game Development Life-Cycle by Ramadan & Widyani (2013). The grayed phase of pre-production houses
game design activies.

Ramadan & Widyani (2013) have created a game development life-cycle model, which
can be seen in Figure 5, by reviewing the development processes of two game studios.
Even though the sample size is very small, the authors found common main phases such
as initiation, preproduction, production, testing, beta, and release. This thesis will use this
game design life-cycle as a base when situating game design within in a larger context.
Since our target of interest is the pre-production phase, we will start by dissecting it.
The preproduction phase starts from the the creation or revision of the design of the game,
focusing on defining to a document the genre, mechanics, gameplay, characters, storyline,
challenges, technical aspects, and the fun factor. At the end of the preproduction phase, a
game design document (GDD) is produced, containing a description of the game, ranging
from storyboards and paper prototypes to programmed prototypes. The purpose of the
GDD is to allow the development team to focus on implementation instead of
experimentation on different designs. The GDD is then used in the creation or refinement
of a prototype of the game. (Ramadan & Widyani, 2013; Kanode & Haddad, 2009.) Schell
(2014) has a different opinion on the GDD, stating that the magical template does not
exist, and never will. Instead Schell (2014) notes that documents are important in game
development, but they serve exactly two purposes: memory and communication.
Additionally, Schell (2014) mentions six groups of documents that design teams might
use to communicate: design, engineering, management, writing, art, and player
documents. The focus of this thesis lies within the design phase itself and no work shall
be done in teams, meaning the documents mentioned will not be produced, as they are
situated outside the scope of this thesis.
Salen & Zimmerman (2004) advocate an iterative approach to game design, in which the
development cycles alternate between prototyping, playtesting, evaluation, and
refinement. Ramadan & Widyani (2013) divide the prototyping activity further into two
sub-phases: foundation and structure. The first prototype is called a foundation, a mockup of the game’s core abilities and gameplay, which is then refined further in the structure
phase to a play-testable prototype. Similar to Raman & Widyani’s approach, Salen &
Zimmerman (2004) note that the first prototypes are done as early as possible with a focus
on the fundamental rules and core mechanics. After that, the prototype is playtested,
evaluated and changed accordingly, while designers make informed decisions based on
the successful iterations of the game. According to Schell (2014), game design mainly
consists of stating the design problem, developing an initial idea and refining it through
eight filters: artistic impulse, demographics, experience design, innovation, business and
marketing, engineering, social goals, and playtesting. These activities are performed in
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an iterative way that results in an improved design on each loop. Schell (2014) refines the
loops further to consist of the following steps: statement of the problem, solution
brainstorming, choosing a solution, listing risks for using the chosen solution, building of
a prototype to mitigate those risks, and finally testing the prototype or going back to
solution brainstorming. These steps can be seen if Figure 6.

Figure 6 Game design flow by Schell (2014).

This thesis will use the aforementioned game design life-cycle and flow as a base when
situating game design within in a larger context. The focus of this thesis lies within the
design phase itself and no work shall be done in teams, meaning the documents mentioned
will not be produced as they are situated out the the scope of this thesis.

3.1.4 The mechanics, dynamics, and aesthetics framework
In order to properly discuss games between different fields of expertise, Hunicke et al.
(2004) created a design method called the mechanics, dynamics, and aesthetics (MDA)
framework. The framework focuses on understanding the different levels of game design
and how they affect each other. The authors describe that all professionals working with
games should understand, regardless of their background, how changes outside their
particular focus area will reflect on the base mechanisms of game systems, the
overarching design goals, and the overall expected player experience.

26
According to Hunicke et al. (2004), games are artefacts produced by game designers to
be consumed by players. The authors note that in comparison to other forms of
consumable entertainment, video game consumption is relatively unpredictable. The
sequence of events during gameplay and their outcome is unknown when the artefact is
finished and only become apparent during actual gameplay. This guides towards the
treatment of video games as designed artefacts with certain behaviour, instead of only as
media that is streamed to the consumer. How the game behaves when interacted with
determines the content of the game. The MDA framework deconstructs the consumption
of video games into three components; rules, system, and fun. These components are
referenced by their design counterparts; mechanics, dynamics, and aesthetics. Aesthetics
describe the overall atmosphere of the game, in a more defined manner. Hunicke et al.
(2004) note that terms like “fun” should be avoided, as they are not very descriptive.
Instead the authors present a more directed vocabulary with terms such as sensation,
fantasy, narrative, challenge, fellowship, discovery, expression, and submission.
Aesthetics are used as goals that stem from the underlying dynamics and mechanics. The
authors give an example of challenge which stems from dynamics like time pressure and
opponent play. Mechanics are the basic actions the player can take in the given context.
The authors give an example of a card game in which mechanics like shuffling and betting
can lead to dynamics such as bluffing.
The MDA framework supports iterative approach to designing games. By stating the
aesthetic goals of design, the supporting dynamics can be extracted along with the
selection of mechanics that allow those dynamics. By understanding how formal
decisions mechanics, dynamics and aesthetics affect gameplay experience, they can be
adjusted accordingly. This thesis will use the MDA framework as a viewpoint when
discussing games. Hereafter, all discussion mentioning mechanics relates to the MDAframework instead of the previous ones by Schell (2014) and Salen & Zimmerman
(2004).

3.2 Procedural content generation in reviewed literature
This chapter presents the core findings in PCG-related literature from the perspective of
AI and game design research. AI-related literature primarily focuses on studying how
content can be created with procedural methods, presenting the necessary level of
technical understanding to design such systems. The technical aspects are not the only
problem domain in literature, as one of the most pressing concerns in relation to PCG
adoption is the lack of general solutions and controllability. To fully realize the usefulness
of PCG, its potential use must be examined from the perspectives of the game developer
and the player, as they are the key to understanding the affordances and requirements set
to PCG in order to unlock the promise of new forms of gameplay.
The first step to studying these aspects of research is to examine the pool of available
literature related to PCG and how it reflects on other areas of research. Yannakakis &
Togelius (2015) studied the interrelations of different game related research areas in the
field of artificial and computational intelligence and found ten areas of interest: nonplayer character (NPC) behaviour learning, search and planning, player modeling, games
as AI benchmarks, procedural content generation, computational narrative, believable
agents, AI-assisted game design, general game AI, and AI in commercial games.
The authors divided the viewpoints of their study to three different perspectives; AI
methods (computers), humans (potential end users of the game AI), and the interaction
between the player and the game.
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•

AI method perspective (computation): Yannakakis and Togelius (2015) note
that video game AI is comprised of methods, processes and algorithms that are
applied or used to inspire game development. Thus, game AI can be studied by
identifying the dominant AI approaches in each research area. The most
prominent AI methods identified between the ten research areas were evolutionary
computation, reinforced learning, supervised learning, unsupervised learning,
planning, and tree search. In the context of PCG, evolutionary computation was
identified as a dominant method of choice with planning as a secondary method
of choice. The authors note that the AI methods are chosen with a task or goal in
mind. (Yannakis & Togelius, 2014.) Togelius et al. (2010) note that search-based
PCG has been identified as the most commonly used category of PCG, with most
of the cases of its use bound to creating content prior runtime or during loading
screens. Yannakakis & Togelius (2015) identify evolutionary computation as
evolution-based global stochastic optimization algorithms and note that
evolutionary computation has been regarded as an offline training method in the
context of AI research, as it is computationally intensive. The authors identify
planning as any method that builds plans that cover the creation of paths from start
state to an end state. Examples of planning methods are given as the STRIPS
system and partial order planning. Other AI research areas have a more diverse
relation to the available AI methods, making PCG the most closely bound to
distinct methods. (Yannakis & Togelius, 2014.) Togelius et al. (2010) note that
while search-based PCG uses mostly evolutionary computation as its search
method, other stochastic and metaheuristic search methods can still be used.

•

Human perspective (potential end users of game AI): With the second human
perspective, the main focus of observation becomes the end user of AI technology
or the outcome of it which can be either a product or a solution. The authors start
the analysis with the question of “what can AI do within a game”, which can be
answered by identifying three potential actions; modeling, generating, or
evaluating. The possible AI actions need to be set into a context and the authors
identify possible outcomes of these actions as content and behaviour. Finally, the
targets, or the end users, of these actions are identified as the designer, player, AI
researcher, and producer or publisher. (Yannakis & Togelius, 2014.) Yannakis &
Togelius (2014) note that out of the possible end users the player benefits most
from the AI research areas, as six out of ten of them influence player experience.

•

The player-game interaction perspective. The third perspective focuses on
studying the six research areas that affect the player experience: player modeling,
PCG, computational narrative, believable agents, search and planning, and NPC
behaviour learning. (Yannakis & Togelius, 2014.) Yannakakis & Togelius (2015)
identify that game content is primarily affected by the study of PCG and
computational narrative. The interaction between player and game content is
influenced primarily by player modeling, which also has the most influence over
player experience, as it has been identified as the only research area relating
directly to the player-game interaction. The authors note that search and planning
affect the game and, thus, indirectly the player experience. Out of the rest, PCG
affects player experience the most, as all games have some sort of environment
representation and mechanics relevant to it. (Yannakis & Togelius, 2014.)
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Figure 7 AI research areas affecting PCG by Yannakakis & Togelius (2015). The black solid areas represent an
existing and weak influence and the dotted areas represent a potentially strong influence.

Yannakakis & Togelius (2015) also discuss how PCG affects and is affected by other areas
of AI research. As can be seen in Figure 7, most of the AI research areas influence PCG
research in some way. The largest group of existing research areas of weak influence
(search and planning, NPC behaviour learning, general game AI, and games as AI
benchmarks) focuses on game content evaluation via checks and simulations or
evaluation of AI performance in generated game content. Advances in AI agent
performance and generalization allow game content to be evaluated in a more consistent
way, especially in the context of PCG where the AI agents need to be able to perform in
a collection of varied environments. The area of search and planning contributes to lighter
evaluation of content, as content can be evaluated without using full-blown simulations.
The second group of research areas, consisting of player modeling and computational
narrative, focuses on improving player experience. Player modeling is the cornerstone of
experience driven PCG by Yannakakis & Togelius (2011), in which game content is
personalized to individual player performance based on computational models of players.
The area of computational narrative focuses on representing larger game content
categories, such as plot lines and how they are represented in the game environment. The
generation of cinematic experiences also falls into this category, as virtual camera lenses
affect the players experience. The research area of AI in commercial games studies how
AI can be used in games and shows that games such as Diablo III (Blizzard Entertainment,
2012), Spelunky (Mossmouth, 2008), Civilization V (Firaxis Games, 2010) and Minecraft
(Mojang, 2011) use PCG heavily. The foliage creation tool SpeedTree (IDV, 2002) can
used as a prime example of a successful PCG system in commercial use. (Yannakis &
Togelius, 2014.)
The research area of AI-assisted game design has been identified as a potentially strong
influence on PCG research and might be the most important research area for the study
in this thesis. AI-assisted game design focuses on the content design process as a whole,
assisted by AI. The concept of mixed-initiative PCG aims to fuel designer creativity by
incorporating AI to the creative force driving designer workflow (Yannakakis, Liapis, &
Alexopolous, 2014). Mixed-initiative approaches can be found from Tanagra,
SketchaWorld, Sentient World and the Sentient Sketchbook systems, with high amounts
of human interaction within computation. When combined, the advances in AI agent
performance, player experience modeling and AI-assisted game design shape PCG and
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potentially drive it forward towards a more successful commercial adoption. (Yannakakis
& Togelius, 2015.)

Figure 8 PCG affecting other AI research areas by Yannakakis & Togelius (2015). The black solid areas represent
an existing and weak influence and the dotted areas represent a potentially strong influence.

The outward influence of PCG to other research areas can be seen in Figure 8. The
outgoing research influences mostly relate to the creation of better artificial agents, as
they can be trained and benchmarked in different environments or even entirely generated
games, which is necessary for the development of more generalized AI agents. The
influence on AI-assisted game design stems from the creation of varying content and
mixed-initiative co-creation with the game designer, giving immediate feedback on the
made designer choices. Yannakakis & Togelius (2015) also note that recently PCG has
influenced AI in commercial games by being a part of multiple games that heavily use
PCG, such as Minecraft (Mojang, 2011), Spelunky, Diablo III (Blizzard Entertainment,
2012), and Civilization V (Firaxis Games, 2010). The authors also mention that the
gaming industry is open to contributions from PCG research, but some technical
difficulties exist. An example would be how game engines are not yet suited for runtime
content creation. (Yannakakis & Togelius, 2015.)
PCG-related research is currently maturing, as it is driven forward by the advances in
multiple other disciplines. The trending of simulation-based content evaluation, player
experience modeling, and mixed-initiative co-creation shift the way of utilizing PCG
from only a collection of methods towards an important design tool with the potential for
proactive involvement in designer workflow. (Yannakis & Togelius, 2015.) As identified
by Yannakakis & Togelius (2015), the AI research areas have the most to offer for player
experience, with PCG being one of the most important of them. Player modeling has been
adopted previously to PCG by Yannakakis & Togelius (2011) and it uses these
computational models together with simulation-based content evaluation to create content
instances. In addition to these technical research areas, the study of PCG from the game
designer viewpoint features important contributions to the pool of research. The MDA
framework by Hunicke et al. (2004) is considered as the base for communicating game
research by most PCG related design literature, defining a framework for game
mechanics, dynamics, and aesthetics. The framework emphasises that innocuous changes
in algorithms and tools will surface and affect the final gameplay. Likewise, the preferred
user experience must eventually be represented on the programming level as data
structures and algorithms. In relation to interaction with PCG systems, the use of PCG in
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designer workflow as a way of boosting creativity has been introduced by Yannakakis et
al. (2014) to shows how designers can interface with a PCG system. The interaction of
the designer with a PCG system depends on the role in which the designer uses the system.
Khaled et al. (2013) have identified design metaphors that help in determining the role of
PCG in designer workflow as the tool, material, designer, and expert. Each of these roles
provide different examples of use for different scenarios. Based on the MDA framework,
Smith (2012, 2014, 2015) and Smith, Gan, Othenin-Girard, & Whitehead (2011a) discuss
the concept of PCG-based game design, taking the use of PCG to a next level. PCG-based
game design features interaction with the PCG system in a key role, providing affordances
which might result in new gameplay experiences and even completely new game genres.
Most of the designer related PCG literature present topics that consider the role of PCG
in game development and design as an issue important to fully realizing the potential
presented by the PCG system. As Smith (2015) notes, PCG problems can be viewed as
problems of formalizing design processes. Smith (2015) also notes that PCG overlaps
with game design, as it “... implicitly encodes a formal theory for both the game design
process and the product that is being procedurally created.”
This section aimed to explore the state of PCG-related research with its main topics and
authors. Previous literature shows how interdisciplinary and interconnected different
research areas are and presents a distinction between studying PCG on an algorithmic and
on a design level. The designer aspects expand the required workflow with mechanics,
dynamics, and aesthetics that shape the end product being realized as an instantiation.
Nevertheless, the low-level implementation details affect designer workflow and eventual
gameplay. These trending research areas offer guidance in defining objectives and
requirements for the creation of a method that improves designer workflow by outlining
the overall outputs, use cases, features, requirements, structure, and architecture of PCG
systems being used. The following sections of this thesis will be divided to two main
topics: the technical aspects from the AI research viewpoint and the designer viewpoint
in discussing the role, use and workflow induced by PCG-based game design.

3.3 The generative processes behind procedural content
generation
The aim of this section is to study PCG from an AI perspective and identify the
affordances provided and requirements set by AI methods in the context of the artefact
being produced in this thesis. According to Yannakakis and Togelius (2015), video game
AI is comprised of methods, processes and algorithms, which are then applied or used to
inform game development. The authors determined that evolutionary computation has
been established as the most dominant AI method in the field of PCG research, with
search and planning as a secondary method. These findings pave the road for identifying
the functional requirements for PCG systems being produced, as eventually all features
bottom out as algorithms and methods, according to Hunicke et al. (2004). This section
begins by introducing a definition for game content in the context of PCG. The second
section defines PCG and discusses its defining features. The rest of the section will focus
on presenting search-based and experience-driven procedural content generation with
their technical aspects.
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3.3.1 Game content
In order to understand PCG systems, their main output, game content, must be
understood. This section reviews the definition of game content and describes what sort
of content can be procedurally generated. In a survey by Togelius et al. (2010), the authors
treated all aspects of the game that related to gameplay as game content, except for the
game engine and NPC-AI. Hendrikx et al. (2013) came to a similar definition of
procedurally generatable game content by classifying it into six categories sorted
according to complexity; game bits, game space, game systems, game scenarios, game
design, and derived content.
•

Game bits. According to Hendrikx et al. (2013), game bits are the basic building
blocks of a game that will not usually interact with the player by themselves. The
authors identify six different types of game bits: textures, sound, vegetation,
buildings, behaviour, fire, water, stone, and clouds.

•

Game space. Hendrikx et al. (2013) note that game space makes up the
environment where the game takes place, and which is partially filled with game
bits. The authors define game spaces as one, two or three-dimensional areas,
where game bits have a relative position. The authors note that their definition
differs from that of Nitsche (2009), who acknowledges the importance of game
spaces in creation of dramatic experiences and suggests that players often start
their interpretation from the game space at hand. Hendrikx et al. (2013) divide
game spaces to bodies of water and indoor and outdoor maps.

•

Game systems. Game systems are the application of models or systems theory to
simulate parts of the game. They can be divided into four categories; ecosystems,
road networks, urban environments, and entity behaviour. (Hendrikx et al., 2013.)

•

Game scenarios. Hendrikx et al. (2013) define that game scenarios “… describe,
often transparently to the user, the way and order in which game events unfold.”
The authors classify game scenarios into four different categories; puzzles,
storyboards, story, and levels.

•

Game design. Hendrikx et al. (2013) describe game design as a composition of
content, for example, rules and goals. The authors note that questions like “what
can be done in a game” and “what is the player trying to achieve” together with
an aesthetic element, such as a story arc, form a combination that a game can be
seen as an instance of. Game design as content can refer to all other previous
classes of content and recursively to itself. Hendrikx et al. (2013) divide game
design into systems design and world design components.

•

Derived content. Hendrikx et al. (2013) define derived content as “… content
that is created as a side-product of the game world.” The authors classify derived
content into leaderboards, and news and broadcasts.

These categories form a hierarchy in which each higher body of content is built by
aggregating content from lower levels of the hierarchy. The categories can be seen in
Figure 9. Even though generatable game content can be defined and classified, advancing
on the hierarchy makes game content more abstract and interconnected. The final
category of derived content does not even reside inside a game but can be called the “game
beyond the game” or “metagame”. (Hendrikx et al., 2013.) Hendrikx et al. (2013) also
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note that PCG is difficult, because generating content instances alone is not enough, but
they also have to be evaluated with both technical and cultural aspects. Some aspects of
content are difficult to even evaluate properly, as they should be experienced before they
can be assigned a value. The authors point out game rules as an example of this.

Figure 9 Types of game content by Hendrikx et al. (2013).

Yannakakis & Togelius (2011) conclude that PCG has traditionally been used to generate
content in specific categories. The reason for this is that not all content categories can be
generated with the quality and consistency required for commercial games. Even when
the content instance is generated without problems, it might not fit in with the other pieces
of content currently residing in the game. Hendrikx et al. (2013) also found that the
maturity of PCG methods for generating content in each category is inversely relative to
its position in the hierarchy.
Dahlskog et al. (2015) use a pattern-base approach consisting of three pattern categories
to create dungeon levels for role playing games: micro-, meso- and macro-patterns.
Micro-patterns are individual features of levels that also act as building blocks of mesoand macro-patterns. Micro-patterns consist of fundamental components such as tiles,
walls, items, agents and such. Examples of micro-patterns include corridors, rooms, doors
and stairs. Meso-patterns are then defined as combinations of micro-patterns, but they are
explicit in the sense that they can be observed from static instances in games. Examples
of meso-patterns include choke points, dead ends, flanking routes. Macro-patterns are the
largest of the abstractions they use, and they can be viewed as collections of micro- and
meso-patterns, with a focus on longer gameplay sessions or specific gameplay aspects
that rely on specific circumstances. Examples of macro-patterns include quick turns,
backtracking levels, and sniper location. (Dahlskog et al., 2015.) The patterns are built
quite similarly to the content pyramid of Hendrikx et al. (2013) with all patterns drawing
parallels to the lower levels of categories presented by Hendrikx et al. (2013). Both
approaches indicate that game content is usually represented in tiers when examined from
a mechanical perspective.
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The hierarchical categorization of content is supported by the division of necessary and
optional content. As the name implies, necessary content is somehow essential for the
player to progress in the game. Thus, necessary content cannot be broken, nor should it
be low in quality. Optional content, however, can tolerate more variation in content
quality, as it does not carry the risk of breaking the game. (Togelius et al., 2010; Togelius
et al. 2011b). The categorization of optional content is somewhat challenged when PCG
is viewed from the viewpoint of the player experience. Smith (2014) notes that all content
affects the player experience and describes content as decorative, instead of unnecessary.
Zafar & Mujtaba (2012) have recognised unplayable content as catastrophic failure,
which occurs when the player is no longer able to progress further because of a content
instance. Catastrophic failures can be tolerated in optional content, but should be avoided,
as they affect the player’s opinion of the game. Togelius et al. (2011b) note that
catastrophic failures are defined on a game to game basis, as various games treat
necessary content differently.
The role of game content to different stakeholders varies depending on the used
framework. With the distinction that the content of a game is its behaviour, Hunicke et al.
(2004) treat video games more like artefacts rather than traditional media. Traditional
media such as books and movies rely merely on streaming media towards the player,
whereas games need to be interacted with to build behaviour. The authors describe that
together game mechanics and game content support the dynamics that rise from them,
which eventually leads into aesthetics. This is also the viewpoint for the game designer,
while the player approaches gameplay experiences through aesthetics that set the tone of
the game, which result from noticeable dynamics and ultimately from mechanics.
Togelius et al. (2013) note that current challenges in PCG research include the creation
on non-generic, original game content, and representing style in the created content
instances. The authors explain that levels in games such as Rogue (Epyx, 1980) and the
Diablo (Blizzard Entertainment, 1996, 2000, 2012) series show a lack of originality in
level output, rarely giving the impression of good design. The lack of design manifests in
the lack of grand-scale content structure and progression. The authors note that the game
Galactic Arms Race and Browne’s Ludi game creation system have shown features of
creating original content, surprising both designers and players alike. In addition to the
hardships in creating original content, the problem of representing style was also raised
by the authors. Even with dedicated effort in representing the style of human artists, the
content created by generators mostly displayed the style of the generator itself. A third
content related challenge in PCG is the animation bottleneck of generated content. Even
if an original and novel representation of something is created, the animation of
procedural content remains a significant problem. (Togelius et al., 2013.) The proposed
method should still try to consider how the designer would be able to represent specific
content themes, styles, and compositional complexity. Overcoming these shortcomings,
however, is beyond the scope of this thesis.
Parallels can be drawn between general game software, such as game engines, and PCG
systems. Gregory (2009) notes that what really makes game engines generic is their datadriven architecture. Content categories beyond game bits might be enabled by extending
the PCG system somehow and creating content in a production pipeline style, where
extension modules can be used to build content hierarchically. This approach would allow
for effective customization of generic tasks to build the content creation pipeline
necessary for each game. The problem with offering generalized creation of content will
be the trade-off between designer control and off-the-shelf features for easy adoption.
Off-the-shelf products usually allow integrations to other systems and the proposed
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method of this case should take into consideration steps such as generating foliage with
SpeedTree (IDV, 2002).
This section has presented how various authors view game content from different
viewpoints. The common themes identified include content categorization, control over
content and its structure, and the difficulty of algorithmically producing grand scale
content. In order to produce content in other categories beyond game bits, the designer
should be able to build content instances hierarchically to maximize designer control on
each content piece. Some designers might not be interested in minute details, but they
might want more large scaled content, which makes ready-made template content an
option to allow a trade-off between control and easy adoption.

3.3.2 Procedural content generation
PCG offers multiple benefits for game developers such as compact content representation,
conservation of development resources, and emergence in the form of novel gameplay
experiences. Besides content generation, PCG also helps with the creative aspects in the
workflow of a human designer. These benefits do not come for free though. According to
Zafar and Mujtaba (2012), procedurally generated content is not always enjoyable or even
desirable. Unplayable content has been aptly named as catastrophic failure and is the main
reason the adoption rate of PCG has remained small.
Smith (2015) argued that while PCG has been regarded as a feature of digital games, a
broader definition can be determined as the creation of content by following a specific
procedure. Thus, the entity creating content does not necessarily have to be a computer.
Smith (2015) analysed the analogue history of PCG and how it has affected the
foundations of digital games. Tabletop role-playing games can be viewed as predecessors
in assisted creativity, as the Dungeon Master has to act as an on-demand game designer.
Even though randomness is usually seen as a core feature of PCG, from the game design
perspective uniform randomness should be substituted by more directed methods. Smith
(2015) proposes the careful authoring of individual content pieces and altering creation
algorithms as examples of directing randomness. An example of modular design is the
“Dungeon geomorphs” from Dungeons & Dragons, as the dungeon floor would be
assembled from modular pieces that fit together, enforcing playability while providing
variety for the play session. Algorithmic tweaking took place in Advanced Dungeons and
Dragons terrain generation, where dice rolls and multi-layered lookup-tables were used
to drive the algorithm to provide different results for each run. Games such as
Carcassonne (Wrede, 2000) and Betrayal at the house on the hill (Glassco, Daviau,
McQuillan, Selinker, & Woodruff, 2004) substituted randomness with player control,
where the generation process is co-driven by human players. Smith (2015) also notes that
the earlier forms of PCG encountered problems with creating meaningful player
experiences, as they were bound by strict rules and formalism.
Smith et al. (2011b) note that most older games with PCG methods utilized them to
improve replayability and to feature more content than a human author could produce
given the restrictions on the timetables and hardware resources. Smith (2015) notes that
the motivation for generating content for games has not changed much during the last
decades, with the recurring goals being replayability, variety, and an element of surprise
for the player. Smith et al. (2011a) describe adaptability as a similar goal to replayability,
as it changes content instances based on the player skill and actions. Adaptability can
potentially lead to a larger player base, as content is tailored to suit the skills and
performance of each player and supports different playing styles and skills.
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Even though PCG still lacks wide adoption by the game development community, the
methods behind PCG techniques have been used throughout modern gaming history.
Games such as Elite (Acornsoft, 1984) and Rogue (Epyx, 1980) have been considered as
pioneers in the use of PCG as a part of their design. In a time when memory was not as
readily available on computers as today, Elite (Acornsoft, 1984) demonstrated the benefits
of deterministic PCG by generating whole galaxies and star systems from individual seed
values. The compact representation of game content was revolutionary, as it enabled game
worlds that were by far larger than what was previously possible. Togelius et al. (2010)
describe that all PCG algorithms create content by expanding it from a smaller
representation. These representations vary a lot, depending on the algorithm and its
context, which will be further discussed in section 3.3.3. As was pointed out, the
stochasticity of PCG algorithms, or in other words how much the results with identical
parameters will differ between runs, affects how they can be used. Deterministic PCG
algorithms can act as compression methods, as proven with Elite (Acornsoft, 1984).
Another example of PCG compression can be seen in the game .kkrieger (Farbausch,
2004). The game demonstrated that impressive graphics can be packaged into
approximately one hundred kilobytes. Meanwhile, Rogue (Epyx, 1980) featured
nondeterministic generation of levels, resulting in unique player experiences for each play
session. According to Togelius et al. (2011b), nondeterministic generation has sometimes
been regarded as random generation, which implies that content is generated without a
thought to structure and placement. The authors note that most generators feature
constraints on the content they output, as purely random content would be unplayable.
These notes are in line with Smith (2015), who noted that the analogue predecessors of
digital games also directed randomness instead of using entirely random content.
Constructive
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Rules

Construct
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Yes

No

Figure 10 Types of PCG by Togelius et al. (2011b).

PCG algorithms can be divided by the type into two main categories; constructive and
generate-and-test. The types of PCG can be seen in Figure 10. Constructive methods build
content by following a strict set of rules without performing any search for good candidate
solutions and, therefore, produce content that is guaranteed to not be broken. Generateand-test methods create content and test it against criteria, repeating the process if the
content instance does not fulfil the requirements. Generating and testing trades
predictability to the production of varying and novel solutions. Another core difference
in these approaches is algorithmic runtime, which divides PCG into two more categories;
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online and offline. Online generation takes place during the runtime of the game, while
offline generation is performed prior to runtime in loading screens and other sections,
making time less of a problem. Constructive methods have predictable and usually short
runtimes, but they lack the ability to generate novel content without risking a catastrophic
failure. Intermediary solutions are available, but PCG has mostly been used to create
content offline, during the development of the game. (Togelius et al., 2010.)
Togelius et al. (2013) discuss the future of generalized content generators and note that
generators should be able to create various types of content for multiple games. The
authors suggest generator parameterization that relates to aesthetics and/or functionality
as a way of approaching automatic content creation for each game and note that treating
PCG algorithms themselves as content might be a way of achieving this goal.
In order to provide game designers with a flexible design method, the affordances of PCG
and especially the features with trade-offs should be considered. Each of these trade-offs
should be clearly described and there should be a way to reflect the effects of these
decisions on the design as a whole. Additionally, time and quality constraints are
important aspects of design and should be carefully considered.
The concept of content randomness is another important aspect to consider while
designing a PCG system. While PCG has sometimes been called random generation based
on the outputs of stochastic algorithms, the overall structure of created content is not
random. In order to provide meaningful experiences through the produced content
instances, they need to vary within a well-defined spectrum of acceptable solutions within
a specified context. Individual content instances can be created quite freely, but the
content instances have to somehow relate to each other within their binding context to
establish a meaningful, consistent and thematic body of content.

3.3.3 Search-based procedural content generation
Search-based PCG (SBPCG) is an instance of the generate-and-test method, with the
distinction that the content being generated is assigned a fitness value instead of straight
rejection or acceptance. As Togelius et al. (2010) note, while SBPCG is not necessarily
tied to evolutionary computation, it is still the most overwhelmingly popular choice of a
search method in SBPCG. Besides the selected search method, the most important tasks
in SBPCG include determining content representation as data structures, forming a search
space from which to select content instances from, and writing the evaluation function
that actually grades each content instance based on the problem one wishes to solve
(Togelius et al., 2010). This section presents the relevant topics of SBPCG in the context
of evolutionary algorithms in order to understand what processes convert designer ideas
to game content.
Successful content generation requires an understanding of how game content is
represented and what operations are to be performed in order to achieve the wanted
results. SBPCG creates content by utilizing evolutionary computation; a stochastic
optimization method which aims to create better solutions by comparing the fitness values
of candidate solutions in a population. The algorithm initially creates a population of
candidate solutions and a fitness value is assigned to each of them. (Togelius et al., 2010)
The population is also known as the search space, which Mitchell (1998) defines as a
group of possible solutions to a certain problem with a measurable distance between each
solution. After the candidate solutions have been graded, methods such as selection,
crossover, and mutation are applied to the population, and the process is iterated as many
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times as is necessary. (Togelius et al., 2010.) The process used to generate content via
SBPCG can be seen in Figure 11.
Search-based

Population

Fitness function

Done?
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No

Figure 11 Search-based PCG by Togelius et al. (2010).

Regardless of the chosen search method, evolutionary or not, the candidate solutions have
to be represented as data structures in order to have an algorithm evaluate them. In the
case of evolutionary computation, Rothlauf (2006) notes that nature differentiates the
genetics representation of an individual, the genotype, from its looks, the phenotype.
Genotypes are the data structures that contain all necessary information to create the
content from, and they can be thought of as instructions on how to assemble the content
instance. Phenotypes are the manifestations of these instructions as completed content
instances. (Togelius et al., 2010.) The genotypes of candidate solutions are encoded into
one or more chromosomes, which is a string containing all information of the solution.
The chromosome consists of alleles, which in turn represent individual characteristics of
a solution. If the phenotypic property of an individual is represented by one or more
alleles, the group of alleles is called a gene. (Rothlauf, 2006.) The core concepts of the
content evaluation process can be viewed as genotype-to-phenotype and phenotype-tofitness mappings. The division into genotypes and phenotypes is an important one, as the
generation algorithm operates on the genotypes of content instances, while their
phenotypes are experienced by the player and used to evaluate its fitness value. (Togelius
et al., 2010.)
The mapping of phenotypes to fitness values is encoded in the evaluation function. The
most used evaluation functions include direct, simulation-based, and interactive
approaches. The direct evaluation function rates content based on certain features of the
content instance, which results in a direct mapping between features and the assigned
fitness value. This approach usually requires a small amount of computation and supports
adaptive content, as the mapping is tailored to specific content types or games. (Togelius
et al., 2010.) Togelius et al. (2010) further divide direct evaluation functions to theoryand data-driven functions. Theory-driven direct evaluation uses some sort of a theory in
relation to player experience evaluation or just plain intuition. Data-driven direct
evaluation functions use some sort of data as the basis for assigning a fitness value. The
data might be collected through questionnaires or be measured physiologically from the
player. Simulation-based evaluation functions use an artificial agent to interact with the
content instance and a fitness value is extracted from observing the performance of the
agent. This approach is useful in cases where direct evaluation of content might not be
feasible, such as content needs to be experienced in order to be evaluated. Togelius et al.
(2010) classify simulation-based evaluation functions into two classes; static and dynamic
evaluation. Static simulation-based evaluation assumes that the agent evaluating the
content instance does not change during the process. Dynamic simulation-based
evaluation takes the changes in the agent into consideration and, therefore, it is used in
determining the learnability of content, for example. Interactive evaluation functions
assign fitness values by interacting with the player during gameplay. Data can be read,
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for example, from the user input, questionnaires, or the way the player acts in the game
world. (Togelius et al., 2010.) Continuing the simulation-based approach, Liapis,
Holmgård, Yannakakis and Togelius (2015) introduce procedural personas that are
artificial agents capable of reproducing the decision-making process of a player as a way
of evaluating content. The authors used different personalities to evaluate content from
different perspectives by letting them play small dungeon levels on a roguelike game.
Personas such the monster killer, treasure collector, baseline persona, speedrunner, and
the survivalist must complete the level and their experience is used in the generation
process. Thus, the personas act as critics of the content, judging its quality and playability.
When an individual of the population proceeds to breed, its genotypic characteristics are
being passed on to its offspring instead of its phenotypic traits. How the genotypic traits
are transferred to the phenotype determines the directness of this mapping. Togelius et al.
(2010) note that one of the most thoroughly researched methods of representing the
genotype within the field of evolutionary computation is by a vector of real numbers.
When the genotype and the phenotype are of the same size and each genotypic part maps
to specific parts of the phenotype, the mapping is said to be direct. Indirect mappings do
not require such specific mappings between the two but suggest a greater deal of
computation required to transform genotypes into phenotypes. Longer vectors can hold
more information and result in more direct and predicable changes to the phenotype,
while smaller vectors might not be able to properly represent all traits of the candidate
solution. When a trait in the genotype is modified, the made changes should result in
small and predictable changes in the phenotype, which in turn affect the fitness value.
This relation is called the locality of changes. Higher locality produces phenotypes that
have similar properties with their neighbours. This makes their fitness values correlate,
as their offspring also resembles them. In the case of low locality, evolutionary methods
such as crossover and mutation will become ineffective, as the offspring will not
necessarily share phenotypic traits with its parent. Locality should be kept as high as
possible to maximize algorithmic search performance, within the limits of feasibility.
(Togelius et al., 2011b; Rothlauf, 2006.)
After each content instance in the population has been given a fitness value, the candidate
solutions start to reproduce through methods such as selection, crossover, mutation. The
selection method, as its name suggests, selects certain chromosomes from the population
based on their fitness value. The selection is usually done with a certain percentile chance
derived from fitness values and, thus, while the most fit individual is not guaranteed to
reproduce, it is likely to. The selection process can select the same individual more than
once. After two parent solutions have been selected, crossover uses them to produce an
offspring. Crossover changes the genetic material from two parents from a selected allele
and produces an offspring as a result. Mutation is applied to the offspring, which changes
the value of each locus based on a (usually low) percentile chance. Finally, the previous
population is replaced with a new one, until the process is iterated as many times as is
needed. (Mitchell, 1999, p. 8-9.) The genetic search process in SBPCG can be seen in
Figure 12.
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Figure 12 Genetic search in search-based procedural content generation (Togelius et al., 2010). The gradient box
represents a continuum of choices between two ends. White boxes with multiple children represent exclusive
selections.

The size of the genotype and the directness of genotype-to-phenotype mapping greatly
impact the size of the search space. Large genotypes provide a high amount of locality,
but they can quickly encounter the “curse of dimensionality”, where the space required
to encode all solutions becomes too large. Smaller and more indirect approaches bring
the size of the search space down. Most of the time an intermediate solution is the most
suitable one, as the algorithm should maximize locality in the binding context of effective
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search. (Togelius et al., 2010.) Smith & Mateas (2011) note that content generators are
usually non-deterministic by nature and descibe the term of generative space used to
describe the artefacts being eventually generated when given specific input. The authors
note that generative space faces two main challenges: the search performed by the
computer via algorithms, and the design of procedures with desired properties done by
human designers. These problems together form a larger challenge of designing a search
space for the problem at hand that is both expressive enough to create good solutions and
simple enough to sample algorithmically. It can be difficult to explicitly define the search
space, or the problem with the generated instances, as designers do not necessarily know
beforehand what solutions the they wish will we generated. The authors tried to combat
this by creating the search space via answer set programming which uses logical rules to
create a group of solutions. (Smith & Mateas, 2011.)
Togelius et al. (2010) note that there is no general proof of evolutionary algorithms
eventually converging, thus, there is no guaranteed completion time for the algorithms,
nor any guarantee that the content produced will be of high enough quality. As SBPCG
algorithms spend most of their time in evaluation functions, the selection of evaluation
method drastically affects the total runtime of the algorithm. For time consuming actions,
such as simulating content, SBPCG has been considered as an offline generation option.
(Togelius et al., 2010.)
Technical aspects such as the structure of the genotype, its size, directness of the
genotype-to-phenotype mapping, evaluation functions, phenotype-to-fitness mapping,
and locality all provide customizable trade-offs when designing a prototype of PCG
system. From the player perspective short loading times and content novelty might be the
most desirable properties in the context of the pure content generation process, without
taking game design aspects into consideration. In order to decide on the trade-offs, the
designer first has to identify what exactly needs to be generated. This is an important
challenge when discussing the generalization of PCG systems, as Smith & Mateas (2011)
note that even tailored PCG systems suffer from the lack of explicitly defined search
space. When deciding what sort of content is to be produced, the complexity of generation
and evaluation rise with each content category. According to Hendrikx et al. (2013), the
maturity of the methods used to create content in higher categories is inversely
proportional to is location in the hierarchy. The higher content categories will likely be
represented less directly, as all possible features of the more abstract content might be
hard to represent in its genotypic form directly.
The trade-offs regarding algorithmic runtimes and potential content novelty might impose
restrictive factors on what a PCG system is able to create. On one hand, if the generative
space is left uncontrolled, it will contain undesirable solutions. On the other hand, if it is
controlled too strictly, the novelty of possible solutions can be diminished, as the pool of
choices becomes more homogeneous. It can be argued that in the context of SBPCG
novelty should be a point of attraction. If the goal was to produce content fast and without
much regard to its novelty, constructive methods offer more predictable runtimes coupled
with a lower chance of catastrophic failure. The degree of shaping the search space
depends of the case of each project using the system. The choice of evaluation functions
is also situational to games and content classification. Direct evaluation functions work
well for simple content, but they imply that the designer embeds his knowledge in the
algorithm itself. Depending on what basis the content will be evaluated on, aspects like
“interestingness” and “fun” might be difficult to gauge. Simulation based evaluation
makes experience driven approaches possible, but it relies on good player profiles.
Experience-driven approaches are discussed later in the next section.

41
While developing the puzzle game Symon, Fernandez-Vara (2014) encountered problems
with the workflow induced by PCG. Without proper interfacing or tooling, the game
designer was not able to affect content instances properly, which prohibited the creation
of more complex structures. The author noted that some problems with PCG workflow
related more to design than algorithms. Even if the system could in theory produce any
content, it must still operate on the terms of the designer. The design aspects of PCG will
be further discussed in the beginning on section 3.4.

3.3.4 Experience-driven procedural content generation
Experience-driven procedural content generation (EDPCG) is a search-based approach
that is driven by computational player models. The reasons behind the experience-driven
approach are the ever growing and diversifying player base that should all have an equal
gameplay experience. The collection of different skill sets, emotions, and preferences call
for a way of producing a gameplay experience of equal quality for everyone. Video games
offer a rich form of interaction and produce a great amount of emotional responses from
the player. In the context of EDPCG, games are treated as enablers of player experiences.
As games are mostly composed of game content, the pieces of game content can be
considered as the building blocks of player experiences. (Yannakakis & Togelius, 2011.)
To accomplish the task of gameplay experience optimization, Yannakakis & Togelius
(2011) suggest using computational models of player experience to provide personalized
content for each player. Höök (2008) describes that players express their emotions
through physical interaction with artefacts, such as a keyboard or a mouse. The system
then displays affective content, such as images and colours, to elicit emotional response
in the player, which in turn makes them feel more involved with the system. Yannakakis
& Togelius (2011) note that in order to leverage this approach, the personalization of
content should match the individual affective responses of each player. The authors also
note that content should be adapted based on a rich variety of affective interaction and
generated content should have fast adaptation times. Yannakakis & Togelius (2011)
couple EDPCG with search-based methods of content generation, as it “… allows the
designer and/or player experience model to explicitly specify desirable properties of the
content in gameplay terms ...“
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Figure 13 Experience-driven procedural content generation (EDPCG) by Yannakakis & Togelius (2011). The
gradient coloured boxes represent continuums of possible approaches. White boxes represent exclusive options.

As can be seen in Figure 13, EDPCG consists of four components; player experience
modeling (PEM), content quality, content representation, and content generator. The goal
of player experience models is to evaluate content based on the personal preferences and
abilities of individual players. The created model is afterwards used in the content quality
component to create an evaluation function capable of utilizing the produced model. After
the model has been paired with the fitness evaluation process the component of content
representation is responsible for the creation of a proper genotype that takes into
consideration the experience of the player. Finally, content is generated by its
corresponding component that maximizes the specified aspects of player experience.
(Yannakakis & Togelius, 2011.) When situated in the context of EDPCG, player
experience, content quality and generation of content, components have slightly different
focuses, while content representation remains similar to SBPCG.
The component of player experience modeling is responsible for creating the models used
in the evaluation process and it uses three main approaches to do so; subjective, objective,
and gameplay-based PEM. The three approaches differ in the way player data is collected
and evaluated to form the model. Subjective PEM is the most direct approach and works
by asking the players themselves about their experiences. It should be noted that the
reported player data is only accepted from the individuals themselves and not through
expert opinions or observers. The method distinguishes between free-response and forced
questionnaires, which respectively consist of free responses and feedback that are harder
to analyse or premeditated questionnaires. Self-reporting can contain multiple biases that
need to be considered. The second approach of objective PEM, instead, focuses on
measuring the affective state of the player via monitoring certain player input modalities.
A few of the most famous examples include heart rate and skin conductivity and have
been reported to have a connection between the physiological phenomena and player self-
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reports. These objective models are built within a continuum of techniques ranging from
model-free to model-based approaches. Model-based approaches rely on interpreting the
collected data with emotional theories, connecting the readings to affective states
represented in other fields of research. Model-free end of the continuum instead uses tools
such as machine learning and statistical analysis to create a model between user
modalities and emotional state as represented by user annotated data. The objective PEM
approaches can usually be viewed as hybrids between the two ends of the spectrum.
Gameplay-based PEM utilizes player actions and real-time preferences that are reflected
on the cognitive focus and state of the player. The method analyses the affective state
from the patterns of interaction and from aspects related to associations of the context. As
was the case with objective PEM, gameplay-based PEM can also be divided to modelbased and model-free approaches. (Yannakakis & Togelius, 2011.)
The component of content quality is very similar to the previously presented SBPCG
evaluation process, featuring the familiar direct, simulation-based, and interactive
evaluation functions. Besides judging content based on how well it solves the problem at
hand, EDPCG focuses on evaluating its potential for inducing specific affective states.
The creation of evaluation functions remains challenging, though the focus might shift
from content characteristics to inducing emotional responses. The utilization of player
models in direct evaluation functions can be viewed as elements of personalization, as the
models might acknowledge different play styles, preferences, or affective states.
(Yannakakis & Togelius, 2011.) According to the literature surveyed by Yannakakis &
Togelius (2011), direct evaluation functions have seen basically no use in purely
subjective or objective PEM. Gameplay-based and hybrid models are the most popular
choices in EDPCG. What comes to simulation-based evaluation functions, Yannakakis &
Togelius (2011) note that they can only be utilized with gameplay-based PEMs.
Otherwise they resemble their SBPCG counterparts. Interactive evaluation functions can
be viewed implicit when coupled with objective PEM, otherwise explicit. (Yannakakis &
Togelius, 2011.)
The generation of game content operates in a similar way to SBPCG with certain
exceptions in the focus of operations. EDPCG inherits a few of SBPCG’s main problems,
namely the difficulty in specifying the correct evaluation functions and representing
content as data. Player experience models can be incredibly useful tools in content
evaluation, but they rely on gathering data from the player. Whether a subjective,
objective or gameplay-based method is used in the creation of PEMs, the process still
requires design decisions specific to the game and prior knowledge on what is to be
generated. Yannakakis & Togelius (2011) note that an ideal content generation would be
able to detect, firstly, if the player enjoys or rejects the notion of content adaptation and,
secondly, how often and how much content should be generated for the player. The
authors also note that the closed-loop nature of EDPCG is problematic, as the method
lacks prior knowledge to accurately predict the effect the generated content will have on
the player experience.
When PEMs are used in the evaluation process, the mapping that describes affective
responses to data must be created by the game designer. Alternative methods include the
use of statistical analysis methods, but they would most certainly require input or
validation from the designer. The PCG system can also provide an interface for storing
data and connecting profiles to phenotypic characteristics, but it would require proper
tooling with this specific workflow in mind. A middle ground exists where the PCG
system accepts a standardised format of PEMs and provides a mechanic for connecting
them to the evaluation process. Even with this approach, the designer workflow demands
proper tooling and interfacing for the system to be adopted to work practises.
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3.3.5 Mixed-initiative co-creation
Anderson, Engel, Comninos and McLoughlin (2008) mention that game engines are
usually accompanied by specific toolsets. Modern 3D-modeling programs, such as Maya
(Alias Systems Corporation, 1998) or 3D Studio Max (Autodesk inc., 1996), are used to
create assets to games, which might require additional software to import and export
models to the specific game engine. According to Liapis, Yannakakis and Togelius
(2014a), digital games attract large amounts of people with various backgrounds wanting
to contribute to their favourite games. Some game studios encourage this behaviour by
providing accessible tools and editors. The authors note that the main problem with this
approach is that the tools might still require expertise and ingenuity to achieve proper
results. Togelius et al. (2013) mention that the current state of PCG is not easy for humans
to interface or control. According to Smith et al. (2011b), most design knowledge that
affects produced artefacts is built into the generating algorithm, leaving designers and
players to tweak its parameters. This approach is an unintuitive and laborious way of
iterating with the system. Fernandez-Vara (2014) also ran into PCG-related workflow
problems while developing the game Symon. Problems arose when the game designer
attempted to interact with the PCG-system, as the content generation pipeline was not
designed for it. Consequently, proper tooling was listed as the next step for future
development in order to fully utilize PCG in a development pipeline.
Smith et al. (2011b) have introduced the Tanagara mixed-initiative level design tool that
allows the game designer to directly interact with the content generator. The tool aims to
reduce the designer’s authorial border by allowing him to address the creative aspects and
apply aesthetic decisions on content. Tanagara features on-demand playability checks on
the created content. Yannakis et al. (2014) have also addressed the problems and
introduced mixed-initiative co-creation (MI-CC) which is an approach that promotes
proactive participation from both the designer and the AI system. The authors describe
the method as “… the task of creating artefacts via the interaction of a human initiative
and a computational initiative.” The approach differs from previous ones where the AI
only performs supportive tasks, since the AI takes an active role beside the designer to
pitch ideas and helps to drive the generation process. Liapis, Yannakakis & Togelius
(2013) designed the Sentient Sketchbook which could be used for creating tile-based 2D
strategy game maps from rough sketches as a demonstration for MI-CC. The authors
created the tool under the assumption that game designers are driven by gameplay related
goals such as game pace and balance. Sentient Sketchbook supports these goals by
providing real-time feedback from the level sketches in the form of playability, balance,
navigation and gameplay evaluation. In addition, it demonstrates the unique nature of MICC workflow by suggesting alternative designs to the game designer. The tool is able to
autonomously search for solutions via genetic algorithms by having a population of
feasible and infeasible solutions. The authors note that evaluation functions are usually
highly subjective, as quantitative requirements for content are difficult to specify. The
infeasible solutions are optimized by using a novelty search that aims to maximize
population diversity over straightforward content fitness. This approach relies on
uncovering an unseen solution of high quality from the search space to suggest to the
game designer. Liapis et al. (2013) conducted an experiment with the Sentient Sketchbook
using five experts that interacted with the system as they saw fit. The reception was
overall positive, even though the suggested solutions were rarely picked. The test subjects
gave positive feedback on the tool’s ability to rapidly suggest new maps. The authors
explained low selection rates by noting that expert map sketches initially have good
balance, which makes the alternative suggestions less attractive. Further research
encouraged testing the tool with novice designers.
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Liapis, Yannakakis, & Togelius (2014a) continue on these tracks and introduce designer
modeling as an approach to identifying preference, style, and intentions of designers in
order reduce authorial burden in computer assisted design tool usage and to speed it up.
Novel suggestions aim to break the usual working patterns of a designer in order to find
new feasible ideas for the designer to consider. The authors note that designer modeling
is demanding, as the tool is intended to help designers that are trying to create content for
specific player experiences. The creative tasks of the designer are also difficult to define
and measure. Yannakakis, Liapis & Alexopolous (2014) studied computational creativity
and note that the key characteristics behind creative design processes are novelty and
usefulness. Even while AI systems are able to autonomously search the generative space
and create solutions, their outputs have to be useful and valuable to the designer, as they
are still evaluated based on their usefulness and novelty. Liapis, Yannakakis & Togelius
(2014b) argue that studying computational creativity in the context of games differs from
any regular approach to it, because the multi-faceted nature of games requires interaction
for them to elicit certain emotions in the player. The use of spectators in judging the
creativeness of games is ill-advised, as players and designers both have their own
motivations and goals which affect how each party interacts with PCG systems.

3.4 The relation between game design and procedural content
generation
Some of the presented literature regarding the technical aspects of PCG indicated that
PCG, SBPCG and EDPCG all offer solutions for achieving the goals in more or less welldefined problems. The creation of interconnected content categories, definition of
evaluation functions and content representation, and personalization of content via player
models all require design knowledge and decisions on a game to game basis. Hunicke et
al. (2004) note that design choices eventually culminate as code, while the reverse also
applies on technical solutions affecting the final gameplay. The goal of a game designer
is to induce the wanted gameplay experience by specifying the rules together with the
mechanics, dynamics, and aesthetics of the game, in conjunction with other design
decisions. To evoke the preferred gameplay experiences the designer has to implicitly
embed his knowledge into the generative procedures of the PCG system. Smith (2015)
notes that PCG overlaps with game design, as both the design of the game and the
generated artefacts indirectly encode a formal theory. Dahlskog et al. (2015) raise a
similar observation by describing a content generator as a generative formal design
theory. All technical choices made while implementing PCG systems are consciously or
unconsciously based on game design choices. Decisions in content representation, search
space, the choice of search method and so on, all require game designer input. Or to cite
the aforementioned authors, they are formalizations of design processes.
In this chapter the role of PCG and aspects related to designer workflow in previous
literature will be discussed. The selected topics aim to develop an understanding of how
designer knowledge is represented, used and transferred to the generative AI processes
that result in content instances. This section begins by introducing PCG-based game
design. Following this, the relationship between game design and PCG is studied. Finally,
the relationships between the MDA framework and PCG are presented.
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3.4.1 Procedural content generation-based game design
Throughout gaming history, board games, video games and such have featured formal
game systems that aid player creativity. The basic motivations for utilizing PCG have not
changed much during the years, as game designers have used it to provide replayability,
adaptability, and variety. (Smith, 2015.) Games such as Rogue (Epyx, 1980) and Elite
(Acornsoft, 1984) have been regarded as prime examples of using PCG in game design.
Smith et al. (2012) examined their relation to PCG-based game design and noted that,
while the games employ PCG, they cannot be classified as PCG-based games. Rogue
(Epyx, 1980) and its descendants Diablo (Blizzard Entertainment, 1996) and Spelunky
(Mossmouth, 2008) have an iconic way of using PCG to create new playable experiences,
but their mechanics and aesthetics remain unaffected by it. The deterministic PCG utilized
by Elite (Acornsoft, 1984) and .kkrieger (Farbausch, 2004) is used mainly as a packaging
method, without it having any effect on gameplay. Smith et al. (2012) note that games
such Civilization (Firaxis Games, 2010) employ PCG to create varying starting conditions
for games, which makes players to react to generated content. However, other game
mechanics, such as technology and resources, overshadow PCG in their relation to the
gameplay experience. Games such as Minecraft (Mojang, 2011) and Terraria (505 Games,
2011) utilize PCG in expanding the game world, creating an aesthetic of exploration.
While this makes PCG a part of the gameplay experience, the player cannot influence the
generation process. Without a way to participate in the generation, the player is unable to
form strategies around the content generation, which in turn prevents new forms of
gameplay from emerging.
Smith et al. (2012) note that the current selection of PCG-based games is quite limited,
with few examples being Galactic Arms Race and Inside a Star Filled Sky (Jason Rohrer,
2011). Galactic Arms Race is an experimental multiplayer game by Hastings, Ratan,
Guha, and Stanley (2009), and it features combat with armed spaceships. Weapons are
generated by an online PCG system that is parametrized with values evaluated from the
player statistics. Due to using a specific type of weapons, the player is awarded more
weapons of that type. This allows the players to steer the direction of content generation
and form their strategies around it. Inside a Star Filled Sky (Jason Rohrer, 2011) features
nested levels that are created based on previous levels. The players actions affect the state
of the current level, which in turn then affects the other levels around it. This sort of
behaviour would be impossible to achieve by hand authoring all content, which makes
gameplay revolve around content generation. Smith et al. (2011a) have also noted that the
border between games using PCG and PCG-based games is hard to determine, and it is
more of a spectrum determined by the game’s mechanics, dynamics, and aesthetics, and
its contribution to replayability and adaptability.
Smith et al. (2012) describe that the main goal of PCG in the context of content creation
is to replicate human designers or replace them entirely. Currently human designers hold
an edge over computational methods in creation of diverse, interlinked content types and
overall consistency. Traditionally, PCG has been used to create content on distinct
subcategories in areas where failure can be tolerated. According to Smith et al. (2012),
this approach does not leverage PCG enough to create new forms of gameplay. They have
suggested PCG-based game design as a solution to unlock new types of games that are
currently unattainable. The authors define PCG-based game design as:
“A PCG-based game is one in which the underlying PCG system is so
inextricably tied to the mechanics of the game, and has so greatly influenced
the aesthetics of the game, that the dynamics— player strategies and emergent
behavior — revolve around it.”
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The original concept of AI-based game design by Eladhari et al. (2011) is defined as:
“An AI-based game is one that has an AI system closely integrated into its
core mechanics and aesthetics, and also into the setting and story.”
Eladhari et al. (2011) describe AI-based game design as an iterative practise in which AI
and game design are reflected on each other, as can be seen in Figure 14. The authors note
that robust AI design allows for a thorough exploration of new gameplay experiences,
which can lead to a new space of games. The reasoning behind this argument can be seen
in the effects of AI systems, since they usually directly affect the mechanics and aesthetic
of a game, and indirectly the dynamics. Game genres are mostly defined by similarities
in the mechanics and aesthetics, which makes AI a potential candidate to create new
genres of games. (Eladhari et al., 2011.)

Figure 14 AI-based game design by Eladhari et al. (2011).

Treanor, Zook, Eladhari, Togelius, Smith, G., Cook & Smith, A. (2015) proposed a model
of AI-based game design patterns for designing games around AI. The model presents AI
in different roles and suggests game mechanics that start from AI technique or require an
AI technique to operate. In the presented patterns AI is cast as visualized, role-model,
trainee, editable, guided, co-creator, adversary, villain, or spectacle. According to the
authors, AI-based games can be viewed as a combination of one or more of these patterns.
To fully understand AI-based game design, we must first study how AI systems are
perceived and how they affect the experience of the player. Eladhari et al. (2011) discuss
the role of AI in games, mentioning that systems that are completely predictable appear
mechanical and lifeless to players. When an object is moved by the physics system, it
moves as told by the laws of physics. The player does not have to assign meaning to the
object’s actions, as the player understands that those actions are governed by the physics
system. Despite being important for the general gameplay, the authors note that this does
not bring life to the system. When these lifeless objects are compared to humans and other
entities, one tends to rationalize their behaviour. Even while the reasons behind an entity’s
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behaviour can be rationalized, most often their actions cannot be accurately predicted.
The complexity of the entity’s behaviour leads to abstracting away the details and rather
than reasoning about its goals and intentions. The authors note that this behaviour is also
applied in the actions of AI systems in games. When the players are not supplied with
behaviour that is complex enough, they understand that they no longer need to abstract
the reasoning of the AI for its actions, which is called the Eliza-effect. In order to
rationalize AI behaviour, players need to be able to understand its decisions. The authors
note that while players need detailed information regarding the AI-system, the amount of
the provided information should not overwhelm them. Instead the player should be
offered aggregated and abstracted information that can be used to make decisions. The
other side of the Eliza-effect is the Simcity-effect, where players are able to determine
how the system works, which is only possible if the game is informed of the underlying
system’s affordances. As game design represents the rules and context of the game, the
AI should also be bound by the same setting. By allowing game design to affect AI design,
the AI can be contextualized to encourage the reading of intentionality from its actions.
Correspondingly, game design should be affected by AI design, as players should be able
to reason intentionality behind the AI’s decisions. (Eladhari et al., 2011.)
AI-based game design states that AI and game design are informed by the project
domains. Eladhari et al. (2011) mention three of the most common domains as game
design conventions, AI architecture, and knowledge domains. The AI architecture domain
represents how the decisions of the AI are made. The authors present an example from
their AI-system Mind Module which is based on the spreading-activation theory. The
system represents a character’s mood by activating these nodes, which in turn directly
affect the actions the character may take. The structure of the AI system directly affects
its generative space, as can be revised from the previous chapters discussing what and
how the AI should generate. The second domain in the authors’ list is the knowledge
domains. Knowledge domains represent all the various theories and subjects on which
the design of the game is based on. Mind Module employs affect theory, personality
psychology, and basic emotions as its knowledge domain in order to represent moods for
characters. Lastly, game design conventions describe how most games are classically
designed within a certain genre. An example of this could be the left-to-right movement
and jumping in 2D platformer, or side scrolling games. (Eladhari et al., 2011.)
Eladhari et al. (2011) conducted a case study by developing the game Rathenn which used
the Launchpad AI system. The authors report that player control exerted over the
generative process resulted in previously unexplored and unexpected details in the AIsystem and presented emergent gameplay within the game itself. The authors note that
emergence can be viewed as an important and mostly positive aspect in games, as it
expands the expressive range of content creation systems. Despite its positive effects, the
problem with emergence is that it stems from gameplay interaction that was not planned
for. Emergent gameplay is described as unplanned interaction that results from the use of
mechanics based on the intelligent responses of an AI system to player actions. This
resulting gameplay can be studied to further increase the designer’s understanding of the
expressiveness of the AI system. The authors note that game designers should prepare for
emergent gameplay, which can be a difficult task, as designers might lack the authorial
control to script gameplay experiences. (Eladhari et al., 2011.)
Eladhari et al. (2011) present three methods for controlling emergence in games: adapting
to player preferences, providing guidance on the generative space, and setting open-ended
goals as and letting players reach them through whatever ways they choose. The first
method of adapting to player preferences suggests having players evaluate content as
good or bad, which is then used as a basis for further generation. In the second method of
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providing explicit guidance on the generative systems the authors displayed a 2D map of
the generative space in one of their projects, which enabled players to make informed
decisions about moving in the generative space. Finally, the authors tackled the openended approach by having each story consist of chained sub-stories that each had
individual goals that the player can work towards, while being loosely tied to the main
story. The authors mention that balancing the amount of expressivity for a specific context
is an important task, as the search space might contain harmful solutions to the gameplay
experience, while still allowing emergent gameplay and avoiding repetition. Combating
these problems may lead to longer testing cycles, as the designer has to be familiar with
the AI-system’s expressive range. (Eladhari et al., 2011.)

3.4.2 The role of procedural content generation in game design
Smith (2014, 2015) notes that the field of PCG has mostly been studied from an AI
research perspective, where the research problems are framed as search problems.
Togelius, Justinussen & Hartzen (2012) describe problems solvable by PCG as generating
content artefacts to a specific game and players in a certain context, while being evaluated
as good enough by some criteria. Smith (2014, 2015) argues that by examining PCG
problems in a more abstract way, one can draw parallels between formalizations of design
in PCG and other generative processes. Smith (2015) notes that before any search for
solutions can be performed, the content evaluation functions have to be defined by the
game designer. By doing this, the designer implicitly embeds his knowledge in a formal
theory into both the generative process and the artefact being created.
Khaled et al. (2013) contributed towards bridging the gap between game designers and
developers by creating design metaphors for describing the relation of PCG to game
designers. The metaphors include the tool, material, designer, and the expert. The authors
note that the provided design metaphors do not contribute to any technical knowledge,
but instead answer the questions of who and what PCG is for. To begin, the first metaphor
of tool displays PCG as a way of extending the capabilities of the designer to reach
specific game design goals. The designer assumes an active role in using PCG with the
tool approach, where he is in control of the creative process. This assumes some
responsibility from the designer, as the driving force behind creativity comes from him.
The designer is also responsible for deciding when and where to use the tool. The second
metaphor of material takes a more malleable approach, representing a substance that can
be moulded by the designer. Materials take a more passive role, usually being acted upon
by the game designer. Selecting and creating proper materials and revising them before
deployment becomes the responsibility of a game designer. Moving on to a more
responsible role, the designer approach assigns the PCG system to solve specific design
problems autonomously. The degree of autonomy splits this approach into assistant and
lead designer roles, depending on the capabilities of the system and the trust being placed
on its performance. The assistant designer takes care of easier and smaller tasks, as
usually planned by the game designer. Rising up to the challenge, the lead designer
instead takes care of most of the designing, making the game designer more of a manager
for it. The designer approach aims to solve actual game related problems, such as the
adaptation of content. Some concerns arise from giving the PCG system large amounts of
autonomy, as their capabilities become the limiting factor. Besides pure trust, some
methods might be hard to interact with, such as neural networks. The authors note that a
hybrid approach, where the PCG system and the game designer work together, is also
feasible. (Khaled et al., 2013.) Mixed-initiative co-creation (MI-CC) by Yannakakis,
Togelius & Alexapolous (2014) can be viewed as an example of this, as the interaction
between the two actors drives the creative process. Following the designer approach, the
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final metaphor is the commonly used expert. This approach goes beyond dealing with
purely game related problems, and instead focuses on gathering and analysing gameplay
data, providing services beyond regular game design objectives. The expert metaphor
contains two approaches; the player expert that focuses on player experience, and the
domain expert that focuses on specific areas of expertise. This approach allows the game
designer to use the expert system when making game design decision, promoting
collaboration between the two.
As Khaled et al. (2013) mostly answered the question of how PCG is used in the design
process, Smith (2014) approached PCG from the perspective of what it can be used for.
Smith (2014) divides the approaches to content generation into five different categories;
generation as optimization, constraint satisfaction, content selection, generation with
grammars, and generation as a constructive process. The generation as optimization is an
approach to PCG that treats the process as a search for elements that best fit the provided
evaluation criteria. SBPCG can be viewed as an example of the optimization approach.
Smith (2014) notes that most of the optimization-based approaches are computationally
demanding and, thus, seem more suited for offline generation. The second approach of
constraint satisfaction is mostly used in designer tools. The method utilizes a pool of
declaratively specified properties and constraints, which the search process uses to create
solutions within the binding constraints. The strong point of this approach is that
declarative representations are not influenced by the search methods inner workings, but
they can be hard to properly set up and debug. Following the previous methods, the
generation as content selection is a simpler approach that pieces together content to create
environments for the player to explore. Smith (2014) notes that the approach might be
considered as too simple by some but recognizes it as a form of PCG suitable for online
generation. Lastly, constructive generation uses the design knowledge embedded within
the algorithm to piece together blocks of content. (Smith, 2014.)
These approaches help to identify the different viewpoints and cases that the game
designer might face. PCG as a tool is used in systems such as SpeedTree (IDV, 2002) to
allow the design team to focus on more meaningful tasks that require creativity. The
Sentient Sketchbook by Liapis et al. (2013) provides an MI-CC approach, in which the
designer and the PCG system work as peers, feeding each other’s creativity. Some PCG
systems can outright replace the human designer in certain tasks, requiring very little
human interaction or guidance. All aforementioned approaches also help to distinguish
how design knowledge is applied to the PCG system and its generative processes.
Additionally, the different balances of control and types of interaction demand different
approaches to the distribution of control over the generative process between the
generator, designer and players. Treating PCG as a core game mechanic comes with its
own challenges. According to Smith et al. (2012), the traditional way of designing games
relies on hand authoring to allow detailed control over content structure and the
experience of the player. PCG-based games imply that the player has some sort of control
over the generation process in order to form strategies around the generation process. Not
all elements in the game should be affected by the player, as such as aspects as pacing,
difficulty and overall gameplay experience should still be controlled by the game
designer. Smith et al. (2012) note that introducing PCG into the design process means
giving up autonomy in the creation process and transferring it to the PCG system,
allowing it to make decisions on the content it creates. PCG-based game design requires
a shift from hand authoring content to creating ranges of meaningfully controllable
content. The roles of PCG and the game designer can be viewed as a spectrum of authorial
control, where the approach of the designer changes from hand authoring content to
providing ranges of meaningful content, supervising, and interacting with the PCG
system to direct the gameplay experience of the player. The commitment to shaping
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player experience with PCG requires trust in the system, which stems from the ability to
understand and control the generative processes. Restrictive aspects such as time
constraints and catastrophic failures affect the extent of autonomy the PCG system can
be granted.

3.4.3 The relation of procedural content generation to the
mechanics, dynamics and aesthetics framework
Smith (2014) has introduced an analytical framework for understanding the role of PCG
in games. The framework is based on the MDA framework and aims to provide a
vocabulary for discussing the role of PCG in games from a design viewpoint. Adopting
Smith’s (2014) framework in this thesis, in addition to the MDA framework, helps to
understand the unique affordances of PCG.
Table 1 Technical aspects of PCG by Smith (2014).

Building blocks

Game stage

Interaction type

Player experience

Experiental chunk

Offlline

None

Indirect

Template

Online

Parameterized

Compositional

Component pattern

Preference

Experiental

Subcomponent

Direct manipulation

The technical aspects of Smith’s (2014) framework start with mechanical aspects, where
Smith (2014) specifies them in a way that tries to capture both the AI viewpoint of how
things work and the designer viewpoint of how the generator is used. The mechanical
aspects are building blocks, game stage, interaction type, and player experience. Building
blocks represent how designer information is represented to the generator and shapes the
possible search space with its series of choices sorted according to authorial burden:
experiental chunks, templates, component patterns, and subcomponents. Experiental
chunks represent the highest amount of authorial burden and are the largest pieces of hand
authored content that can be experienced on their own and recognized as such. Templates
take a more generalized approach to chunks, as most of the content is hand authored and
the system fills in the blanks. Component patterns are deemed large enough to be
recognized as human designed, but they do not greatly affect the experience of the player.
The lowest level of authorial burden can be seen in the subcomponent approach of
building blocks, in which the generator operates on the internal representation level of
content similar to the designer himself. The presented aspect of building blocks draws
from a very similar consideration that can be seen on purely algorithmic level, when the
designer specifies the representation of the content and the directness of its mappings.
Again, very similarly to the technical aspects, generation is divided based on when it
happens. The mechanical aspect of game stage in the framework distinguishes online and
offline generation. Similar to the previously presented literature, intermediate solutions
are possible. Smith (2014) notes that an example of this would be to generate content
prior playing and then alter it during gameplay. (Smith, 2014.)
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Table 2 Dynamics-related aspects of PCG by Smith (2014).

Other
mechanics

Memorization
vs. reaction

Strategizing

Core

Memorization

Partial framing

Reaction

Player
builds Player seeks out Player practices
strategies
for new content in a game mechanics
influencing the vast world
in new settings
content
generator

Decorative

Searching

Practising

Smith (2014) notes that to understand how to situate the PCG system within the game and
to understand the dynamics that it creates, it should be thought through how the player
interacts with the system and how the generated content affects the experience of the
player. The framework introduces the dynamic of how PCG relates to other game
mechanics, which covers three values; core, partial framing, and decorative. When the
experience created by generated content is an integral part of the players experience, the
dynamic is in the core setting. The next part of partial framing uses PCG to shape some
parts of the players experience without taking full control of it. The last option for the
dynamic is decorative, where PCG is used to create purely decorative content. (Smith,
2014.)
Smith’s (2014) framework studies generator interaction with the mechanic of interaction
types, which breaks out of pure technicalities and describes how the player interacts with
the content generator during gameplay. As interaction with the generator is introduced to
the player, the second approach does it via parametrization. The player can make
decisions on a provided set of values, which indirectly affect the outputs of the generator.
However, Togelius, Kastbjerg, Schedl, & Yannakakis (2011a) disagree with this approach
and argue that purely player generated content, such as found in level generators, cannot
be considered as PCG. Smith (2015) notes that humans can indeed create content that is
defined as procedurally generated, as long as they follow a formal procedure. Togelius et
al. (2011b) raise their concerns on whether adaptive PCG can be treated as PCG at all,
depending on the time scale, locality and directness of the changes made. Yet, what all
authors seem to agree on, is that intention and predictability are the keys to preventing
the adaptive mechanism from becoming an exploitable game mechanic for the player.
Togelius et al. (2011b) also note that adaptability as a mechanic can lead to game design
failures that are hard to detect, such as getting stuck in an adventure without the possibility
of getting help, since the content is tailored to the player. Related to this, the dynamic of
player community interaction in Smith’s (2014) framework describes how PCG affects
the player community revolving around specific games. As PCG is usually adopted into
games with the focus on affecting the player experience of individual players, the
introduction of PCG encourages the community to discuss and learn of the inner workings
of the generator as a community.
Continuing on the indirect generator control approach, the preference control affects the
outputs of the generator via preferences as stated by the player (Smith, 2014). Galactic
Arms Race is a game by Hastings et al. (2009) that features PCG that creates content
according which weapons he uses to progress in the game. Player preferences are
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evaluated by implicit evaluation functions and new weapons are presented to the player
based on their usage. The authors note that the use of implicit evaluation acts as a
balancing factor between players, as popular weapon choices and their variants were
obtainable through use. The implicit approach is useful, as it considers different player
preferences, such as novelty, beauty and plain fun of weapons, instead of only evaluating
them based on their damage potential. This led the authors to circumvent the problem of
issuing value to weapon properties themselves and instead let the players be the judge of
what approach suited their gameplay style. According to Smith (2014), the last generator
interaction mechanical aspect gives the player direct access to the inner workings of the
generator and the control of its outputs. This approach to interaction has mostly been used
in tool applications and it raises the same concerns regarding playability that
parametrization does.
The dynamic of memorization vs. reaction arises from games that use online or offline
PCG in a core role and offer no player control over content creation. These details lead to
reacting to unforeseen circumstances. This reaction can be used in combination with time
restraints or with unfamiliar spaces to create endless runner games. A key distinction in
this dynamic is randomness, as it prevents players from memorizing content in order to
optimize their play. The potential for memorization of authored content leads to players
trying to beat high scores on individual levels. A similar dynamic of practising in different
environments raises from the use of uncontrollable offline PCG to create environments
that act as frames for player actions. (Smith, 2014.)
The final mechanical aspect of PCG in Smith’s (2014) framework is player experience,
which indicates whether the generator purposefully creates content to produce certain
gameplay experiences. Smith (2014) argues that all generators affect the players
gameplay experience in some way, making the relation to player experience indirect
instead of non-existent as in a default case. Togelius et al. (2011b) share the same notion
on EDPCG that uses player models in the evaluation process of content. According to
them, games are comprised of game content, which in turn makes game content act as
building blocks of player experience. This indirect approach can be seen, for example, in
Rogue (Epyx, 1980), where new levels are generated without any intention of evoking
specific player experiences. The next step is compositional control which changes
specific content components but does not aim to directly control what is being generated.
Smith (2014) identifies Endless Web as an example of this approach, as the player can
affect what sort of content is generated without also being provided a way to affect the
pacing or difficulty of the game. Lastly, the experiental approach gives the generator full
control over what kind of experiences it generates with an optional opportunity for the
player to affect this as well. EDPCG can be viewed as an example of an experiental player
experience option. (Smith, 2014.)
The dynamic of building generator strategies is truly unique to games that use controllable
online content generation. When players are able to inform the content generator of their
wishes regarding what sort of content should be created, a loop is formed where the
generator can provide adapted content that in turn affects the future decisions of the player
that influence the generation of further content. Generators that provide more direct than
indirect control, since players should be able to determine the generators action to effect
relationships in order to learn to control it. (Smith, 2014.)
Games such as Rogue (Epyx, 1980), Diablo (Blizzard Entertainment, 1996) and
Minecraft (Mojang, 2011) can be viewed as examples of games in which PCG plays an
important role for the gameplay experience without including any interaction with the
content generator itself. Most current games featuring PCG offer no forms of interaction
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with the generator, which can be usually seen in games based on exploration or in endless
games. Without offering any other mechanics than moving through endless terrains, this
approach still presents an aesthetic of discovery which has frequently been used with PCG
to keep games replayable and fresh. This aesthetic is supported by the exploration of a
vast world and by building generator strategies, as they both result from mechanics that
support discovery through exploration. The aesthetic of challenge is supported by the
dynamics of memorization vs. reaction, building generator strategies, and practise in
different environments. Each of these dynamics results in different kinds of challenges,
with the combined feature of providing different kinds of content that result in new
challenges. Lastly, the aesthetic of fellowship encourages players to discuss the
underlying generator, which shapes the way the players converse about the game. The
aesthetic is supported by the community of players dynamic. (Smith, 2014.)
This framework presented by Smith (2014) will be used alongside the MDA framework
as a lens to study PCG from a combination of AI research and game design research
viewpoints. The mechanic of building blocks relates directly to the presented AI research,
but it also offers a broader view on how design knowledge is represented on a lower level.
The mechanic helps in shaping content representation and balancing authorial burden of
the created content. The framework also provides insight on online and offline PCG, since
some forms of gameplay are unique to PCG, namely the building generator strategies. As
for its technical demands, the framework specifies it as a feature of online controllable
PCG. The interaction between the generator and the control exerted over it has a large
effect on how players experience gameplay in games that feature PCG in a core role.
Player experience is a key component in the design of PCG systems, as all game content
affects the players experience, whether it is seen as decorative or core element. When
games are designed top-down, the desired aesthetics should arise from dynamics that are,
in turn, created from the interaction of mechanics and the player. The study of Smith’s
(2014) framework helps to assess how design choices affect the requirements of the PCG
system and what the PCG system contributes to game design.

3.5 Generalization of procedural content generation systems
As game design and the PCG system can be developed in parallel, according to Togelius
et al. (2013), the only other limiting factor for the generative space of a PCG system is
the game engine. While game design determines the available game mechanics, they must
also be supported by the underlying engine. According to Anderson et al. (2008), game
engines are considered as not only useful but sometimes even necessary. Despite their
common use, research targeting game engines themselves is not readily available.
Existing literature was found to be focused on implementation details of game engines,
rather than overall architectural design. There seems to be a lack of a formal game design
language and even disagreements on what the exact definition of a game engine is.
Kerssemakers, Tuxen, Togelius, & Yannakakis (2012) also note that a language for
encoding playability constraints and a way for AI to automatically learn how to play the
game would be key steps in order generalize content generators.
In the book “Game engine architecture” Gregory (2009) notes that the term “game
engine” first appeared in mid-1990s as a response to first person shooter (FPS) games
such as Doom (id Software, 1993). These were the first games that featured a well-defined
separation of core software components and other assets that make up the experience of
the player. This allowed the modding community to emerge, as individual persons and
small studios modified existing games. Some of the games were built with modding in
mind, such as Quake III Arena (id Software, 1999) and Unreal (GT Interactive, 1998).
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The engines were made to be customizable with specific scripting languages and allowed
an easy interface to modify the existing game. Eventually, game engine licensing was a
viable revenue stream for game studios, which lead to the birth of modern game engines.
Gregory (2009) mentions that the line between games and game engines is often hard to
determine, but he raises data-driven architecture as the main design principle
distinguishing the two. Games engines should aim to be a reusable foundation for
different games, with a minimal need for modification. (Gregory, 2009.) Eladhari et al.
(2011) discuss the reuse of AI systems, and note that even though AI-systems are
designed for certain contexts, they can be reused if they are general enough. This can be
difficult to achieve as the design of the game would have to be limited in a way that it
will not establish new requirements for the AI system. The amount of work that the
modification of the AI system would require is based on the domains and the AI
architecture of the game.
Togelius et al. (2013) note that while the game industry aims to produce reusable and
generic technology, such as game engines, no generic PCG systems exist. The authors
acknowledge the exception of SpeedTree (IDV, 2002), which is used as middleware to
generate plants and foliage in multiple commercial games. The system still only produces
one category of content and has zero functionality in games, which makes it safe to
employ. Even though generation techniques and algorithms are shared by multiple
different PCG systems, they still require significant engineering to fit into a particular
game. The authors note that a general content generator should be able to create content
for multiple types of games by, for example, passing on requirements of aesthetics or
functionality.
According to Togelius et al. (2010), the indirect genotype-to-phenotype mappings can
also be viewed as PCG algorithms themselves. Continuing on this thought Kerssemakers
et al. (2012) devised a solution that features a content generator that produces content
generators. The driving force behind this scenario is that content generators are not yet
very general and require significant re-engineering to fit into new games. The outer
generator generator would provide parametrization for the inner generator, which would
result in a customized generator for each game. This approach seems very promising, but
it relies greatly on general AI agents to be able to evaluate the playability of content. The
authors also note that a language capable of describing playability constraints would be a
significant step towards generator generalization.
The shape and size of search space and the effectiveness of the search itself all depend on
the decisions made by the game designer. This implies that when a designer is using a
generalized PCG system, he must be aware of all the possible trade-offs to properly utilize
its features. This applies especially to online generation, as the algorithm must be
remarkably fast to guarantee real-time content streaming. The core problems in creating
and using generalized PCG systems might not be algorithmic but design centric; the
system can output optimized solutions to specific questions, but can the designer ask the
right questions?

3.6 Identifying objectives for the proposed method
The main objective of this thesis is the improvement of designer workflow in the context
of designing and creating PCG-based games. This goal is achieved through the creation
of a method that combines the workflow related aspects of previous methods. It would be
impractical to set quantitative objectives for the solution, as PCG-based games are still
quite rare, each has unique requirements, and, frankly, they would not be feasible to
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measure with real developers with the resources available. Instead, the set objectives are
qualitative in order to describe how the result would be beneficial. The method produced
in this thesis aims to meet the following objectives:
•

Outline a method based on and consistent with prior research from both design
and AI research perspectives.

•

The method provides guidance and concrete steps for designers creating games
that are heavily influenced by PCG systems.

•

The method improves designer workflow.

Prior literature has viewed PCG and game design from two main research perspectives:
the AI and design perspectives. Even though previous research has provided a good
overview of game design, its goals, and generic structure, there is a void in providing
designers actionable and concrete steps that can be taken to ensure the presented iterative
processes will be completed successfully. Methods from both disciplines do well in their
own domain, but they lack an umbrella method that takes into consideration their usage
in the whole design effort, instead of only focusing on individual nuances. Therefore, the
proposed method tries to encompass these different phases of PCG based game design
from both perspectives. The consistency within these different research perspectives is
paramount for retaining validity.
The produced method will act as a guideline to provide insight on technical and designrelated aspects for the designer. When executed in a nominal order these steps aim to
support designers in their activities, while ensuring they understand how design and
technical decisions affect each other and, most importantly, how they translate into a
concrete set of steps to take. The following sections begin to formalize the steps taken in
a design process in the order that they would be taken in a development situation. Each
section analyses the relevant pieces of previous research and tries to identify gaps in it.
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4.

Selection of artefact evaluation strategy

In this chapter, an evaluation strategy as a part of DSR will be selected for the artefacts
being developed. The first section presents the goals and purposes of evaluation, as in
what to expect from evaluation in DSR. The second section presents the framework for
evaluation in design science research. After that, the goals of evaluation are presented in
the fourth section along with the final selection of the proper evaluation strategy in
accordance with those goals. The fifth section describes what properties of the artefact
are evaluated. Finally, the evaluation episodes are described.

4.1 Goals and purposes of evaluation
Gregor & Hevner (2013) present the knowledge base of design science research as
descriptive and prescriptive knowledge, respectively answering the what and how
knowledge of human made artefacts. The authors argue that relevant information is
derived from descriptive knowledge to support research questions and goals. From the
prescriptive pool of knowledge, the researcher draws existing solutions and design
theories that have solved the same or similar problems in the past. Together they provide
a base for the evaluation of newly created artefacts. According to Peffers et al. (2007),
evaluation serves an important role in design science research, as it is an activity that
observes and measures how well the produced artefact solves the problem at hand. The
objectives of the solution are compared to the observed results of the artefact to reach a
conclusion whether the artefact provides relevant contributions or not. Gregor & Hevner
(2013) note that evaluation is performed to answer the question of why anyone should
believe you.
Venable et al. (2016) present numerous reasons for evaluation, of which one of the most
important ones is to reach an understanding of how well the proposed solution achieves
its main purpose. Design theories need to be substantiated somehow to provide evidence
on why they lead to these problem-solving artefacts. In the case of proposing
improvements to existing solutions, the old and the new artefact should be compared to
determine whether an actual improvement has been reached. An evaluation process can
also reveal side effects or undesired qualities of the artefact, which will reflect on its
usefulness. Through rigorous evaluation and demonstration one can determine features
of the artefact beyond its main task and find out why it works. (Venable et al., 2016.)

4.2 The framework for evaluation in design science research
The evaluation strategy that is to be used is selected in accordance with the framework
for evaluation in design science (FEDS) research by Venable et al. (2016). The FEDS
framework aids in choosing a proper evaluation strategy for DSR artefacts and considers
the questions of why, when, how, and what to evaluate. To answer the question of why
evaluation is done, the FEDS framework uses a distinction between the functional
purposes of formative and summative evaluation. Formative evaluation focuses on
enhancing the characteristics or performance of the evaluand. Summative evaluation,
however, tries to determine how well the evaluand fulfils its requirements. The different
functions of evaluation answer why it is necessary: either to improve effectiveness or to
judge the efficacy of an evaluand, or something in between. The question of when is
addressed by dividing the time of evaluation into ex-ante and ex-post evaluation. Ex-ante
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evaluation happens before the design or development of the artefact begins and can be
used, for example, to support the decision whether or not to develop technologies or
which one of several should be adopted. Ex-post evaluation happens after an evaluand
has been designed or constructed to gauge its value. The authors note that formative
evaluation episodes are usually done iteratively to measure the development process of
an evaluand and are mostly found in ex-ante or hybrid evaluations. Vice versa, summative
research is usually seen in ex-post evaluations, but the authors emphasise that ex-ante and
ex-post only refer to the time of evaluation without any binding factors for either
formative or summative evaluation. The question of how evaluation is performed is
divided into artificial and naturalistic evaluation. Artificial evaluation aims to test design
hypotheses and the utility of artefacts. Naturalistic evaluation, however, focuses more on
the artefact performance in real settings with real users and real problems. It is always
empirical, whereas artificial evaluation can be either empirical or non-empirical. Both
artificial and naturalistic evaluation could be used with summative of formative
evaluation, each combination having its distinct advantages and disadvantages. (Vemable
et al., 2016.) Originally, the distinction between artificial and naturalistic evaluation is
based on the three realities by Sun & Kantor (2006), i.e. real or unreal users, problems,
and systems. Venable et al. (2016) present an evaluation selection framework based on
two axes, where one axis spans from artificial to naturalist evaluation, and the other from
formative to summative evaluation. The selected evaluation episodes are mapped into the
graph and convey how the artefact will be evaluated, which is also known as the
evaluation strategy. The FEDS framework consists of a four-step process for selecting the
correct evaluation strategy: explicate the goals of the evaluation, choose the evaluation
strategy or strategies, determine the properties to evaluate, and design the individual
evaluation episodes. These goals of evaluation affect which strategy is to be employed
for rigorous research. The authors indicate Quick & Simple strategy for small and
uncomplex projects, Human Risk & Effectiveness strategy for user-oriented risks or when
the main goal is to prove effectiveness, and Technical Risk & Efficacy strategy for
technical risks, expensive projects, rigorous demonstration of efficacy, and for the purely
technical approach where the artefact has no social aspects. (Venable et al., 2016.)

4.3 Explication of evaluation goals
The evaluation process will require detailed and rigorous evaluation to demonstrate the
usefulness of the artefact. The evaluation process begins by explicating the goals of the
evaluation. This step is done by analysing at least four different competing goals:
uncertainty and risk reduction, ethics, rigor, and efficiency (Venable et al., 2016). When
considering the goal of ethics, the produced artefact faces few problems. It is not intended
to be safety-critical, nor will it hopefully ever end up as such. The artefact does not pose
any risk to animals, people, or the public. In theory, an organization could be at risk if the
artefact was adopted as a core design tool and it then fails to provide the promised aspects.
Therefore, the development group should include an experienced leader who can in
advance determine the shortcomings of the artefact or its potential ineptness for the
development team or organization.
In relation to the goal of ethics, the goal of rigor is further divided into efficacy and
effectiveness, of which the former demonstrates that the results are only caused by the
artefact and nothing else, and the latter shows that the artefact works in real situations
(Venable et al., 2016). In this case efficacy defeats effectiveness, due to the actual case
being less important than demonstrating the viability of the artefact. Thoroughly rigorous
study might also be difficult to achieve, as the demonstration of usefulness for this sort of
an artefact would require extensive formative and naturalistic approaches to truly
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demonstrate its superiority. A group of real users and an organizational context would be
necessary to demonstrate the effectiveness of the artefact, which in this case are not
feasible. Due to these challenges in demonstrating effectiveness, efficacy becomes the
key element to demonstrate regarding of the goal of rigor. The demonstration of efficacy
is not entirely without problems either, since each game and their AI systems are different.
Demonstrating efficacy encounters problems in the form of false negatives, when either
game design or AI design or the practical implementations are inadequate, or as false
positives when the artefact is insufficiently evaluated. These are difficult and broad
challenges to overcome and all strongly affect the end result. Therefore, the key element
of inspection should be the design process itself and not the end result. Examination of
the end result is more suitable for the demonstration of effectiveness, whereas efficacy is
demonstrated through meticulous execution of the proposed method.
The goal of efficiency extends to the aspect of resources by balancing them to the
available resources. Naturalistic evaluation tends to be costlier in comparison to artificial
evaluation, and usually requires more time. (Venable et al., 2016.) Efficiency is the most
limiting factor in this thesis, as no game designers or monetary resources are readily
available for the evaluation process. Time is also a critical aspect of this thesis, due to the
nature of master’s thesis itself. The only resources available are the writer himself and a
limited amount of time.
After setting the other goals for evaluation, its risks must be considered in accordance
with the goal of uncertainty and risk reduction. Pries-Heje, Venable & Baskerville (2014)
note that all DSR have three-linked cycles of performing research: a relevance cycle, a
design cycle, and a rigor cycle. This method of conducting research presents unique
challenges in risk management due to the associated software and product development.
Venable et al. (2016) include uncertainty and risk reduction as a goal of evaluation, yet
do not provide concrete examples of this. To combat the lack of risk analysis in the FEDS
framework, a risk evaluation framework by Pries-Heje et al. (2014) is to be used to
evaluate the risks that artefact design, construction, and evaluation might face.
As this thesis aims to produce an improved method for creating PCG-based games, its
contributions fall into the improvement section of Gregor & Hevner’s (2013) DSR
contribution framework. A critical notion in this approach is that the most important task
in evaluation is to clearly demonstrate the improvements of the solution. The authors note
that improvements are judged on “… its ability to clearly represent and communicate the
new artifact design.” and they can be evaluated based on convincing evidence of positive
changes in metrics dependent on research goals. Due to the importance of efficacy over
effectiveness, summative evaluation should provide the most rigorous results to
demonstrate the viability of the artefact. Effectiveness in an organizational context is a
secondary problem after the viability has been demonstrated.

4.4 The evaluation strategy
The second part of choosing a strategy, in accordance with the evaluation strategy
selection framework, is done by examining the prioritized evaluation goals and
comparing them to the evaluation strategy selection framework. The following aspects
are to be analysed: prioritizing design risks, evaluation of costs, determining whether the
artefact is technical or socio-technical, and finally evaluation of construction complexity.
(Venable et al., 2016.)

60
Usually software project risk analysis includes some project related aspects such as time,
cost, and the quality of results, but in this case these aspects are at least partially fixed.
For example, the project has no financial costs and the time frame is fixed at the earliest
convenience. Thus, the only variable aspect is the quality of the end results. Risk analysis,
explanation of terms and strategies used, and the prioritization of risks can be found in
Appendix A. The risk analysis was performed in accordance with the risk management
framework for design science research (RMF4DSR) by Pries-Heje et al. (2014). The
framework provides four risk treatment strategies: self-insure, self-protect, transfer, and
avoidance. The five most impactful risks identified were in order of significance:
•

Risk 1 (High, C3 x P5 = 15): It is difficult to get enough information about the
existing PCG-based game projects. The pool of research regarding these games is
very limited and no open source code exists. Releasing source code is against
developer interests.
Transfer: Not much can be done about the lack of information on the inner
workings of previous game projects. To reduce the risk somewhat, the game
Endless Web is to be used as a benchmark when information about existing PCGbased games is needed.

•

Risk 18 (Medium, C4 x P3 = 12): The limited resources prevent efficacious
evaluation of the artefact, resulting in lowered rigor.
Self-Protect: The evaluation cycles should be limited to the required minimum
for decent rigor. If the artefact requires software components, OSS or free-to-use
ones should be used as parts whenever possible.

•

Risk 11 (Medium, C4 x P3 = 12): Success or failure are difficult to measure or
the improvement on designer work cannot be conclusively determined.
Self-Protect: The issue is difficult to counter at this stage. This risk should be
addressed later, and a decision should be made on which of the five E’s by Venable
et al. (2012) should be measured.

•

Risk 16 (Medium, C3 x P3 = 9): The method does not allow for the use of
existing commercial products like game engines or other standard software.
Self-Protect: The proposed method is designed around workflow, although
tooling is a part of it nowadays. The risk can be mitigated by using OSS or freeto-use software in artefact evaluation if necessary.

•

Risk 6 (Medium, C4 x P2 = 8): The developed artefact is inefficacious in solving
the problem or it is not the real source of the improvement.
Self-Protect: Multiple naturalistic evaluations would be the proper way of
determining whether the improvements result only from the method itself.
However, due to the limited resources, the only possible way to mitigate this risk
is to aim for as rigorous demonstration and evaluation as possible to distribute risk
detection between evaluation phases.

Venable et al. (2016) recommend the Technical Risk & Efficacy strategy for technically
oriented risks and Human Risk & Effectiveness strategy for studying whether the artefact
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fulfils the need it was created for. Finally, the Quick & Simple strategy is recommended
for projects lacking resources.
When it comes to cost evaluation, the resources required for a game studio, however small
or large, to use the artefact to design a game would be too high for the available resources.
Even if monetary resources and a game project would be readily available, the time
required to complete a commercial game or demo would exceed the time frame of a
master’s thesis. When resources are not available Venable et al. (2016) suggest the
Technical Risk & Efficacy strategy. Pries-Heje, Baskerville, & Venable (2008) and
Venable et al. (2012) recommend that naturalistic evaluation should be used for sociotechnical artefacts to capture the complexities of human interaction but note that artificial
evaluations are also possible, especially in the case where real settings are deemed too
costly or dangerous.
The produced artefact is a socio-technical one and requires human interaction to be useful.
Together with formative approaches, naturalistic evaluation would be the best option to
demonstrate efficacy and efficiency of the artefact. Venable et al. (2012) also divide
evaluands into two categories: product and process artefacts. A product artefact is
something that someone uses to accomplish a task, such as software, tools, or other
concrete artefacts. A process artefact can be viewed as a method or procedure that guides
the process of accomplishing a task. The artefact produced in this thesis falls into the
category of process artefacts, as it aims to improve game designer workflow by providing
a set of steps for the creation of PCG-based games that consider both the design and the
aspects related to AI during the design process. The construction of the artefact itself is a
small and simple task, due to it being a method. However, the instantiations based on it
can be quite extensive and complex. Venable et al. (2016) suggest following the Quick &
Simple strategy for small and simple tasks, which is supported by the lack of the risks
discussed earlier.
Consequently, the Quick & Simple evaluation strategy will be chosen to balance the
previously determined goals with the available resources. Multiple evaluation instances
might be necessary to achieve higher rigor for the demonstration of the usefulness of the
artefact, but this has been determined unreasonable due to the lack of necessary resources.
Furthermore, formative evaluation would reduce design flaws in the proposed method,
allowing for higher rigor when performing the actual summative evaluation. Instead, only
one evaluation will be performed, in which an example artefact will be created in an
artificial ex-post manner to reach a summative view of the proposed method.

4.5 Artefact evaluation properties
The third step in FEDS is to determine which properties of the artefact should be
evaluated.
1. Frame potential evaluands. According to Gregor & Hevner (2013), DSR
contributions in the improvement category consist of one or more artefacts. The
authors group artefacts based on their level of matureness and abstractness on
distinctive levels from one to three, with three being the highest. Level one
artefacts are considered “situated implementations of artefacts” that consist of
instantiated pieces of software or implemented processes. A second level artefact
is more mature as it consists of design theories such as constructs, methods,
models, design principles, and technological rules. The third level includes welldeveloped versions of the second class artefacts, raising the bar to mid-range or
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grand theories. (Gregor & Hevner, 2013.) In this thesis, the primary artefact is of
level two: a method presenting a design theory. The secondary artefacts produced
will be of level one: a PCG-based game with its AI system.
2. Align candidate evaluands with evaluation goals. The method itself is
obviously crucial in rigorously demonstrating its usefulness. It might be
challenging to demonstrate that the artefact itself is responsible for a successful
design task without implementing any design tasks that would support such
claims. An instantiation produced by adhering to the guidelines of the method
would add more rigor to the thesis, as summative evaluation would prove
beneficial in demonstrating its efficacy. Nevertheless, as was mentioned
previously, it is more important to demonstrate the efficacy of the artefact than its
effectiveness in an organizational context. In relation to the risks, the model itself
is quite low risk to design and construct, as it requires only time resources. An
instantiated artefact from the method, however, poses a multitude of risks to
development and resources.
3. Reflect evaluands and evaluation strategies. The proposed method will be
evaluated through a demonstrative artefact to establish its viability, i.e., efficacy
in relation to its stated purpose. Since the means of measuring efficacy are
dependent on the individual cases and there exists no general, ideal practice for
this, the measuring will focus on how well the artefact produces its desired effect
and reaches the intended improvement. This notion is supported by Pries-Heje et
al. (2008) who discuss process artefacts and note that “the main idea in processbased quality is that a good process will lead to a good product.” The product in
this case will be the complementary artefact that will be created to demonstrate
the usefulness of the method.
4. Choose evaluands. The chosen evaluand is the method itself which is then
evaluated via the demonstrative artefacts: a game implementation with its AI
system.
Prat, Comyn-Wattiau & Akoka (2014) provide a different view on DSR evaluation, as
they treat IS artefacts as systems. The authors argue that DSR evaluation literature
presents a fragmented and incomplete list of evaluation criteria and methods. They aim
to address these shortcomings by applying general systems theory to IS artefacts to
provide a holistic view on their evaluation. Based on a review of 26 research papers the
authors present a list of evaluation methods, out of which one fits the previously discussed
evaluation strategy for this thesis. The method M1 is used as “demonstration of the use
of the artefact with one or several examples.” The criterion it evaluates is efficacy (goal
in general systems theory) and its form of evaluation is analysis and logical reasoning.
The M1 method evaluates artefacts through one or more instantiations, where the
instantiation is required to prove the efficacy of the method, i.e., whether the artefact
achieves its goal. (Prat et al., 2014.) Regardless of whether artefacts are treated as
systems, constructs, models, methods, or instantiations, the chosen method is supported
by both approaches as a valid option.

4.6 Evaluation episodes
The final step in FEDS is to design the individual evaluation episodes.
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1. Analyse environmental constraints. The evaluation process will have very
limited resources, as the only human resource available is the writer himself, there
is no budget, research site, or ample time. Every resource must be used sparingly.
2. Prioritize contextual factors. The summative evaluation of the method will be
critical for the demonstration of its utility. This includes an instantiation to prove
its worth. Formative evaluation is not mandatory in the beginning, but it
significantly lowers the risk of the method failing in summative evaluation. Other
aspects are coincidental due to very limited resources.
3. Finalize the evaluation plan. The evaluation of the method is performed by
evaluating the demonstrative artefact in an artificial, summative, and ex-post
manner to demonstrate the usefulness of the method. In addition, Baskerville,
Pries-Heje, & Venable (2011) suggest risk monitoring at milestones, which will
be performed after the initial evaluation of the artefact.

4.7 Additional risks
After deciding how the evaluation process will be conducted, the following new risks
were uncovered for the demonstration phase:
•

Risk 21 (Medium, C4 x P3 = 12): The construction of the demonstrative artefact
faces severe technical problems.
Transfer: If possible, OSS or free-to-use software should be used as parts of the
demonstrative artefact to reduce the chance of technical problems.

•

Risk 24 (Medium, C4 x P3 = 12): The demonstrative artefact is too specific and
cannot be treated as a good example of a typical project.
Transfer: The risk can be mitigated by searching for an example of a typical
project and trying to mimic it.

•

Risk 22 (Medium, C5 x P2 = 12): The construction of the demonstrative artefact
cannot be completed in time.
Transfer: OSS or free-to-use software components should be used as parts of the
demonstrative artefact to reduce the amount of the required time.

•

Risk 23 (Medium, C2 x P3 = 6): Lack of expertise in all required disciplines.
Self-Insure: Having expertise on all the topics that might become relevant is not
feasible. It is necessary to pay extra attention to the literature review and to be
ready to change the selected approach.

•

Risk 25 (Medium, C2 x P3 = 6): Gathering ideas from other projects or using
OSS or free-to-use software defeats the purpose of the design.
Self-Protect: Efficacy has been chosen as the most important evaluation topic.
The point is to demonstrate that the designer can use the method. Revisit this risk
after formative evaluation.
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•

Risk 26 (Low, C3 x P1 = 3): The demonstrative artefact cannot be classified as a
PCG-based game.
Self-Protect: It must be ensured that the mechanics of the demonstrative game
revolve around content generation. A way to be certain is to imitate an existing
PCG-based game.

The updated risks mostly focus on mitigating the potential problems in the construction
of the demonstrative artefact. Due to the limited resources, OSS and free-to-use software
should be used when creating the demonstrative artefact.
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5.

Design and development

Designer workflow is not a common motif in the literature revolving around PCG.
Previous research has focused on uncovering the unique benefits of PCG by researching
it through the AI focus. Lately, a more design centric approach has emerged, but most
papers that recognize designer workflow only report the problems caused by the lack of
proper support for designers in their activities. In this chapter, an artefact that solves this
problem will be designed and developed. In order to improve on previous work, this
analysis will identify the theory behind workflow modeling by gathering the most
relevant pieces of information. Next the most important elements of previous research
will be identified in the order of apparent usefulness for the overall design process. The
gathered theoretical knowledge will then be applied to create a method that aims to
improve on the presented solutions. Finally, an artefact that fulfills the objectives is
produced using the information presented in previous chapters.

5.1 Workflow patterns
The concept of workflow has yet to be formally defined in this thesis. While
interdisciplinary and theoretical approaches also exist, the current solution would benefit
more from an information technology perspective. Van Der Aalst, Ter Hofstede,
Kiepuszewski & Barros (2003) systematically analysed commercial workflow
management systems and extracted patterns of workflow as a result. In addition to these
patterns, the authors note that workflows can be viewed from multiple perspectives: the
control-flow, data, resource, and operational perspectives. The control-flow perspective
describes how activities, atomic pieces of work, are executed within the context of various
constructors, including sequences, choices, parallelism, and joint synchronizations. A
collection of activities also defines their order of execution. In addition to this, the data
perspective reflects how business objects and documents flow within the workflow,
defining preliminary and ending conditions for the order of activity execution. The
resource perspective displays human and device roles as a binding factor to organizational
contexts. Finally, the operational perspective brings out the different activity tasks
completed on an application level, allowing the modelling of data manipulation within
applications. (van Der Aalst et al., 2003.) The control-flow perspective is the most
relevant to this thesis due to the current simplistic nature of designer workflow
representation in relation to PCG-based games. The most interesting aspects of research
include what activities the designer should engage in and in what order to achieve the
wanted results. The rest of the discussed workflow aspects will be delegated to future
research, as they will not be considered while developing the new method.
Even though workflow management systems are not directly related to the creation of the
proposed method, they provide concrete examples of how workflow is understood and
implemented in various systems and contexts. In addition, the work of van Der Aalst et
al. (2003) focuses on more approachable business-originated patterns instead of defining
a new language. These patterns are still quite low-level for the creation of the proposed
method, but they offer some indication of the tool set used to formally model workflows.
Some of the patterns are useful to remember while implementing the method, but the
exhaustive, formal representation of the improved designer workflow is left for future
research.
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Van Der Aalst et al. (2003) divide the uncovered patterns into categories: basic control
flow, advanced branching and synchronization, structural, state-based, cancellation
patterns, and patterns involving multiple instances. The basic control flow patterns offer
simple tools for representing workflow, e.g. sequences, parallel splits, synchronization,
exclusive choices and simple merges. (van Der Aalst et al., 2003.) Sequences and
synchronizations serve the main purpose of this thesis, which is to improve workflow by
elaborating on the different tasks the designer must complete in order to formalize his
knowledge into designs, generative processes and implementations. The goal is to provide
a high-level depiction of the different activities and to offer guidance on what their order
of execution could or should be. In relation to the category of advanced branching and
synchronization patterns, the most important aspect would be the synchronization
construct. Each phase of the design process offers a natural point for grouping the
activities of the process together and allows for different tasks to be joined as one, before
continuing to design the other aspects of the artefact being produced. Structural patterns
offer the important cycle pattern construct to the iterative design process. Variation in
cycle-based patterns include the prior knowledge of how many times the cycle has been
completed, which in this case can be interpreted in many ways. Within a single iteration
the designer can freely cycle through activities, but conceptually iteration offers a more
meaningful way of cycling activities, if it is based on objectives. This is further supported
by a state-based pattern called milestone. Some activities are enabled and disabled based
on a certain state. (van Der Aalst et al., 2003.) Implementing an AI system before
evaluating whether it can support meaningful play can be viewed as an example of this.

5.2 From ideas to designed interaction
In this section the creation of player experience through meaningful play, the goal of game
design, is defined as a base for further improvement. This study of player experience is
based on Salen & Zimmerman’s (2004) descriptive definition of meaningful play which
states that meaning is assigned through the relation between player action and system
outcome. This view describes what happens in all games and describes how meaning
emerges from gameplay, which ultimately manifests in player experience through
interaction. The first steps of designer workflow start from the refinement of design ideas
into something more concrete, which in this case is the player's experience. Since game
design is an indirect task, we start by dissecting the creation of player experience into
actionable phases which eventually result in the said experience. The steps include the
refinement of mechanics, dynamics and aesthetics, game rules, designing of interaction,
meaning, and meaningful play. Finally, the section ends with the evaluative side of
meaningful play, where the resulting play is viewed through its context. The steps in
general game design provide a good starting point for expansion, since it covers the basic
actions needed from the conception of ideas to the end of prototyping activities. The
process is dissected into a set of instructions which are then expanded upon in the next
section where PCG-related design aspects are presented. These steps are approached from
a practical point of view as instructions for the game designer to follow when creating
games.
Designing a game begins with an idea of what the game should be like. How can the
designer know if the idea is a good one? Salen & Zimmerman (2004) and Schell (2014)
note that the act of designing is mostly about solving a design problem. Even though this
might sound obvious, the statement has a powerful message: state your design problem
explicitly. All of the cited authors agree that the primary goal of the designer is to create
experiences, and Salen & Zimmerman (2004) refine it further into meaningful play. Schell
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(2014) notes that good ideas can come from anywhere, but they are useful to the designer
only if they allow him to create better experiences. Schell (2014) presents the lens of
essential experience that helps the designer to refine the initial idea:
“What experience do I want the player to have? What is essential to that
experience? How can my game capture that essence?”
Once the idea has been refined into the core experience, the designer can start to analyse
which aesthetics are important for that experience. Hunicke et al. (2004) acknowledges
that designers and players approach the evaluation of gameplay experiences from
different directions. Designers start to create experiences upwards from the mechanics
that form the base for the dynamics, which in turn create the aesthetics of the game, while
players view these same components from the opposing order, as aesthetics are derived
from the dynamics of the game which in turn rise from the available game mechanics.
Salen & Zimmerman (2004) share this approach and describe game design as a secondorder problem, where the designer must approach gameplay experiences first through the
rules which only indirectly contribute towards the final gameplay experience. Even
though the designer creates experiences first through the formal system of the game,
Hunicke et al. (2004) advice that designers iterate through the levels of the framework to
establish how each of them affect the overall design of the game. When approaching from
the experiential viewpoint, the player’s view of MDA, aesthetic models can be used to
describe the dynamics of the game and dynamic models to describe the mechanics. The
authors provide examples, such as building the aesthetic of challenge which is supported
by the dynamics of time pressure and opponent play. The authors note that identifying
feedback structures within the game allow for fine tuning of its behaviour. Finally, the
mechanics of the game support its dynamics, such as depleting resources over time
leading to the dynamic of time pressure. In addition to the collection of mechanics,
dynamics, and aesthetics, Salen & Zimmerman (2004) argue that games also feature a
core mechanic: a recurring player activity that acts as a building block of player
interaction. The core mechanic creates patterns of behaviour through moment-to-moment
gameplay which then manifest into the player experience. The authors note that
identifying the core mechanic of the game helps to define the most important forms of
player interaction.
Salen & Zimmerman (2004) note that a system of experience covering all games can be
abstracted into inputs as players take an action, outputs where the system responds to the
players actions, and to the internal processes of the player as he makes decisions. The
authors describe that the aspects of the game which accept player input and determine
their outputs are essentially its rules and control what the player can do and what happens
in the game. Both Salen & Zimmerman (2004) and Schell (2014) make a distinction
between constitutional and operational rules. Constitutional rules encompass the core
logic, formal structure, and state of the game, and most of the time they are represented
as program code in digital games. Operational rules instead handle the transition of inputs
into outputs and define the actions the players can take. Schell (2014) provides a slightly
different approach as he considers the goal of the game to be its most important rule. The
goal of the game is stated as a clear statement, ensuring that the player is can effectively
work towards that goal. Schell (2014) notes that good goals have three properties; they
are concrete, achievable, and rewarding.
Once the designer has a basic understanding of mechanics, dynamics and aesthetics, he
can start to think about play which is, as Salen & Zimmerman (2004) describe,
experienced through participation in the formal system of the game, i.e., its rules. By
directly creating the rules of the game, the designer indirectly creates the experience of
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the player. The designer then has the option of shaping this experience by designing the
interaction between the player and the rules of the game. This interaction allows the player
to make meaningful decisions, as they experience the rules in action as play. (Salen &
Zimmerman, 2004.) This process can be seen in Figure 15, where the designer creates a
game system and its formal structure. The internal structure of the system allows players
to interact with the space of possibility created from the combinations of possible actions
and their meaning that stems from the relationship between action and outcome within
the system.
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Figure 15 Designed interaction by Salen & Zimmerman (2004).

When an interactive context presents choices to the player, he assigns meaning through
the connection between actions and outcomes. These choices can be divided into microchoices and macro-choices that respectively describe the momentary interaction and the
long-term progress of the game experience. Each of the choices within the game system
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feature five stages divided into internal and external events: game state, communication
of possibility of choice, form of choice, result of choice, and communication of outcome.
These different stages can be seen in Figure 16. The internal events of game state, form
of choice, and result of choice are passed to the game system itself, as it needs to know
the state of the game before the decision, what action was performed to make it, and what
is the resulting state of the system after it. The external events of communication of
possibility of choice and communication of outcome convey the possibility and outcome
of decisions to the player. (Salen & Zimmerman, 2004.)

Figure 16 Interactive meaning in designed interaction. The five stages of constructing choices in games by Salen &
Zimmerman. (2004) White boxes represent internal events where the AI-system makes a choice, and black ones
external events where the player makes a choice.

This section has thus far presented through the descriptive definition of meaningful play
how meaningful play is achieved through designed interaction that results in the
experience of the player. Salen & Zimmerman (2004) also present the evaluative
description of meaningful play which focuses on evaluating whether the meaning
between actions and outcomes is meaningful enough. To achieve this goal the correlation
between actions and outcomes must be discernible and integrated. Discernible refers to
the communication of player action outcomes in an informative manner. This is
important, as players need to be able to determine what happened after their action took
place, as otherwise the game would appear mostly random. Integration is a similar
concept that relays how the action affected the rest of the game. In addition of representing
the direct effects of an action, the player should know how the action affects the rest of
the game. This brings true meaning to actions. (Salen & Zimmerman, 2004.) The steps of
this section have been compiled to Figure 17.
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Figure 17 Steps for creating meaningful play via fundamental rules and mechanics. Based on the work of Hunicke et
al. (2004), Salen & Zimmerman (2004) and Schell (2014).

5.3 Designed interaction and the AI-system
The goal of this section is to integrate PCG-based game design principles into the phases
from Figure 17 by further analysing and refining it from the perspective of PCG-based
game design. Since the last section established how the essential experience is created via
interaction between players and the space of possibility, the focus of observation in this
section shifts more towards the relationship between MDA and AI systems. Salen &
Zimmerman (2004) argue that a designer “… creates a context to be encountered by a
participant, from which meaning emerges.” The context in games represents various
spaces, narratives, objects, and behaviours, where game content plays a large role. Prior
literature in PCG has plenty of references to meaningful content, but it does not provide
an explicit definition on what it actually means. Salen & Zimmerman (2004) note that
signs are used to designate objects and ideas, and they also represent something else than
themselves. These signs are then discerned by the player in the context that shapes how
they are to be interpret. Game content and rules thus shape how players interpret meaning
in games. Salen & Zimmerman (2004) argue that meaning emerges from the relation
between player actions and system outcomes. The pool of possible actions is determined
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by the game’s operational rules, which can also be viewed as the possible game mechanics
awarded to the player. Hunicke et al. (2004) describe mechanics as the control
mechanisms, actions, and behaviours that the player can perform in a specific game.
Mechanics require assets, levels, and other forms of game content to support dynamics.
For example, different weapons, ammunition, and spawn points result in different player
strategies and experiences, such as sniping and camping. (Hunicke et al., 2004.) This
relation between mechanics and game content directly affects the space of possibility,
since specific mechanics require the supporting game content. Following this line of
thought, the content produced by the AI system affords new mechanics, directly shaping
the space of possibility. This notion is supported by Eladhari et al. (2011) who note that
AI systems provide affordances to game design and promote iterative cycles between
game design and AI design. Likewise, Smith (2014) shares this thought with Yannakakis
& Togelius (2011), who argue that game content acts as a building block of player
experience. Smith et al. (2012) argue that designers shift their role from authoring tailored
experiences to producing ranges of meaningful content. Smith et al. (2012) do not offer
an explicit definition for meaning in content, so it is assumed that the player should find
the content somehow meaningful. In PCG-based game design the range of content varies
depending on the design of the AI system and its expressive range that is defined as the
space of all possible solutions it is able to create.
After the designer has specified the essential experience and determined the core
mechanics of the game, he can start to refine the AI system. According to Eladhari et al.
(2011), the iterative loop between game design and AI design is the core element of AIbased game design. The loop can be entered from both sides, but in this scenario, we will
begin from the game design side with our initial mechanic ideas already set in place. The
game design side of the loop informs AI design by setting the context for decisions made
by the AI system. The AI system in turn provides affordances to game design, such as
new dynamics that would not be possible without it, e.g., building generator strategies
(Eladhari et al., 2011; Smith, 2014.). Eladhari et al. (2011) note that entry from the other
side of the loop can be motivated by the study of PCG where games act as critical tools
for validation. The authors distinguish domains and the AI system itself as aspects of AIbased game design that affect the mechanics and aesthetics of the game. The authors argue
that usually at least three domains are used in the design process: game design
conventions, knowledge domains, and AI architectures. Design conventions reflect the
genre of the game being developed and mostly affect its mechanics and aesthetics.
Examples of notable design conventions include 2D side scrollers where movement from
left to right and jumping on platforms are notable features of the genre. Knowledge
domains can also have a large impact on design decisions for both game design and AI
design, as they can form a basis for some mechanics. As an example, the authors mention
one of their case study games, Prom Week (Expressive Intelligence Studios, 2012), that
simulates the sociological drama related to the week prior prom dances. The knowledge
domains of dramatical analysis and hallway politics were used to extract interaction
patterns that represented the designer knowledge in the generative process. This allowed
the developers to represent interpersonal relationships through game mechanics. Finally,
the domain of AI architecture represents how the AI reaches its decisions. The authors
demonstrated this domain via using the spreading-activation theory as a basis for their AI
system Mind Module. (Eladhari et al., 2011.) These domains can act as supporting
elements for crafting the essential experience, since certain theories can be directly
analysed into sequences of interaction between the system and the player. Figure 18
demonstrates the initial steps for achieving meaningful play with PCG-based game
design.
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Figure 18 Essential experiences inform domains in PCG-based game design. Based on the work of Schell (2014) and
Eladhari et al. (2011).

5.4 Formalizing designer knowledge to a generative process
Designed interaction and meaningful decisions require an AI system that the player can
somehow interact with. If mechanics and dynamics revolve around the content generation
process, it is necessary that the players can form strategies around it, which in turn
requires some amount of player control in the generation process (Smith, 2014). Smith
(2014) identifies this concept as the mechanical aspect of interaction type. Interaction
types vary from indirect to direct approaches, depending on how the player is intended to
interact with the content generator itself. Smith (2014) argues that directly controllable
online generation is the best approach to create the dynamics of player strategies, whereas
indirect control is seen as unsuitable, since it might not provide a straight enough mapping
between actions and reactions of the generator. Smith (2014) additionally notes that
games without control over the generation process fall into the memorization vs. reaction
category, where players react to “unforeseen circumstances”. Salen & Zimmerman (2004)
support the notion of direct control with their definition of meaningful play which states
that the relationship between actions and outcomes should be both integrated and
discernible. The basic integration of an AI system to the proposed steps of creating
meaningful play can be seen in Figure 19.

74

Figure 19 Integration of the AI system to game design through mechanics, dynamics and aesthetics to achieve
meaningful play.

While developing Endless Web and its AI system, Launchpad Smith et al. (2012) argued
that one of the most important aspects of Launchpad was the separation of difficulty and
pacing from the overall generative space of physical level elements. Following these
findings, it makes sense to feature a division of controllability between different actors.
Players can directly control the generator through the mechanics of the game and possibly
indirectly through player models and adaptation, while designers need to have a more
specialised way of controlling and interacting with the generator.
Based on the framework by Smith (2014), the method currently being produced in this
thesis mostly approaches PCG from the optimization viewpoint, where PCG is treated as
a search process for content that best fulfils certain evaluation criteria. Evolutionary
search methods and EDPCG fall under this category and, according to Yannakakis &
Togelius (2011), it allows designers and players to specify features of content directly in
gameplay terms. Smith et al. (2015) argue that generation algorithms are formalizations
of designer knowledge. This argument is based on how content instances share the same
formal theory between game design and AI design. This reflects on the generation
process, as potential content instances have to be identified, represented, evaluated and

75
generated somehow. The basics of SBPCG can be divided to genotype-to-phenotype and
phenotype-to-fitness mappings, where the creation algorithm operates on the genotype
and its phenotype is then evaluated and finally experienced by the player (Togelius et al.,
2011b).

Figure 20 Basic tasks in search-based PCG.

The steps needed to establish these generative processes can be seen in Figure 20. In the
identification step the designer determines what content should be generated. The
possible options for content can be seen from the category by Hendrikx et al. (2013). This
might sound easy, but sometimes the designer might not be able to explicitly define what
has to be generated and how. The content pyramid by Hendrikx et al. (2013) suggests that
the higher pieces of the pyramid are built from the lower pieces of the pyramid. This
means that the complexity of the generation process rises as the designer moves upwards
in the pyramid. Another topic for consideration would be the generalizability of the
solution, where the higher stages require tailored solutions. After identification, the
proposed content instance needs a representation. The representation task requires the
designer to express content in a form that can be operated on by the search algorithm. The
next task is about deciding how to evaluate content instances based on their phenotypes.
The final task of search is to implement and parametrize the actual search algorithm. The
designer has multiple important trade-off decisions to make with these steps. The relevant
technical aspects include the structure of the genotype, its size, directness of the genotypeto-phenotype mapping, evaluation functions, phenotype-to-fitness mapping, and locality.
Some of these features have larger repercussions than the others. According to Togelius
et al. (2010), the algorithm spends most of its time on the evaluation functions. A
significant effort should be made on content evaluation, since the direct, simulationbased, and interactive fitness functions have their own requirements, such as player
models and simulations that the designer must satisfy. Simulations, for example, can
directly affect the structure and deployment of the final product as the designer must
decide how and, more importantly, where the simulation takes place.
It should be noted that the generation pipeline pictured in Figure 20 only covers the
generation of one content class. In order to generate multiple types of game content, the
generator has to house multiple pipelines. Other options include the use of a different
generator for each of the content classes and the generator generators. According to
Togelius et al. (2013), one of the current challenges in content generation includes
representing the style of the designer in the content, instead of creating content that only
brings out the own style of the generator. The authors note that generated content lacks
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originality and grand-scale structure, and even if original content was possible, it would
be very difficult to animate properly. Even while these problems are beyond the scope of
this thesis, the proper place to address these issues in the proposed method should lie
within the generator that houses multiple generation pipelines that each should be affected
by the parent generator. The benefits of centralization should allow for increased cohesion
in produced content, which is needed for the first steps towards properly reflecting
designer style in created content. AI system design process can be seen in Figure 21.

Figure 21 Steps for designing a content generator.

Shaker, Togelius, & Nelson (2016) argue that evaluating the generative space of the
generator is an important task, since building a generator is not the hard part, but building
a good generator is. An evaluation of generators results in better understanding of the
ranges of content being produced, thus, making it possible to guarantee the produced
content instances. The authors also note that evaluation makes iterations easier, because
one can make sure the capabilities of the generator match the intent of the designer. Most
of these adjustments will have to be tested somehow, before the designer can make
informed decisions on whether the changes are good or not. Previous literature
unanimously agrees that AI system development should be done in iterations in tandem
with game design. The results of the previously discussed topics in PCG-based game
design combined with meaningful play result are presented in Figure 22.
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Figure 22 Steps for achieving meaningful play in PCG-based game design.
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5.5 The player’s perception of AI and emergent gameplay
After the integration of the AI system, the requirements to meaningful play are now
satisfied, but the question of how well this was done partially remains. The way the player
perceives AI in games differs from the perspective of the designer, as he mostly has to
determine the state of the system from the controls granted to him. To address how well
the player is able to gauge the state of the system, Wardrip-Fruin (2007) has presented the
Eliza, Tale-spin, and Sim City -effects that describe situations where players form an
understanding of the underlying AI system. In the case of the Eliza effect, the AI system
seems more complex on the outside than it actually is. Further interaction with it reveals
that the AI is not as smart as the user thought it would be and the illusion of intelligence
perishes. The user is now able to learn how to control or even abuse the system, since its
core logic can be figured out. The opposite of this is the Tale-spin effect, where the
complexity behind the underlying decisions of the AI system is not conveyed to the
player. While the Eliza effect causes the illusion of intelligence to break due to the lack
of complexity, the Tale-spin effect fails to convey the underlying complexity behind its
decisions. Both effects can be viewed as failures in AI design. However, the Sim City
effect is regarded as a positive one. The effect is similar to the Eliza effect, as the system
operates like the player expected it to. Eventually the illusion of intelligence will break
like in the Eliza effect, due to the simplifications on the internal model of the system. The
difference between Eliza and Sim City effects is that the Sim City effect manages to
convey analogous information between the AI system’s surface and its internal processes.
This enables the player to learn how the system operates through experimentation
similarly to the Eliza effect, but encourages further play. (Koskimaa, 2011.) It is important
to properly align controls and the display of information through mechanics and AI design
to enable players to make informed decisions that affect the AI system. Similarly, for
meaningful play to be discernible and integrated, the player's perception of the AI system
affects the overall gameplay experience. Eladhari et al. (2011) note that providing more
information is not always better, as the information needs to be aggregated to suit the
decisions that required from the player. The intelligent responses made by a robust AI
system result in emergent gameplay, which Eladhari et al. (2011) describe as a mostly
positive aspect of AI-based game design. The mechanics bound to AI systems and their
emergent properties have previously been connected to the unlocking of new ways of
playing games or even whole new genres of games. The adverse effects of this
phenomenon are the unwanted player strategies and harmful solutions created by the AI
system. Eladhari et al. (2011) suggest that designers should prepare for unwanted
emergence in their systems by familiarising themselves with the expressive range of the
system and providing explicit guidance to players on the generative space of the system.
The previous ideation regarding the player perception of AI and emergent gameplay
connected to the steps of achieving meaningful play in SBPCG can be seen in Figure 23.
This figure is the final version of the proposed method for improving designer workflow
in PCG-based game design.
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Figure 23 The proposed method for improving designer workflow in PCG-based game design.
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5.6 Responding to artefact development risks
Some of the risks should be addressed before continuing to the formative evaluation. The
self-protection strategy to be employed concerning risk 2 states that all steps of the
method should be understandable to game designers. Currently, the artefact only displays
transitions from one work procedure to another, but offers no explanation on how each
step should be executed. Additionally, risk 3 indicates that the steps should allow for
freedom in execution and, therefore, the detailed guidelines should be lenient, yet offer
enough guidance. To mitigate risk 5, a mention of risk management is injected into the
method. For risk 7, the kernel theories of the method are explained as some of the most
important decisions that the designer has to make. Risks 10, 13, 14, and 17 feature the
explication of the roles between the designer and the AI system, in addition to the
responsibility and freedom of implementation. To combat those risks a short prologue is
written to make sure the designer understands how the method should be employed.
To mitigate the aforementioned risks the proposed method can be summarized as follows:
•

Prologue: The following method is intended to aid you in establishing your
workflow. The described steps are suggestions about the order of completing work,
with the goal of designing and creating a PCG-based game and its AI system. In
order to successfully integrate AI into your project, it should be considered as
something to be interacted with, instead of hand authoring all content. The steps
are left open-ended on purpose to allow you to implement them as you please.
Please note that the steps are merely suggestions and how you should interpret them
depends on your project.
1. Refinement of ideas. Turn your ideas into interaction between the game system
and the player. Consider the risks that are associated with those ideas. When
finished, move on to the game or AI design section.
1.1.Extract the player's essential experience. Define the essential elements of
the experience that you wish to create. Ask yourself three questions: What
experience do I want the player to have? What is essential to that experience?
And how can my game capture that essence?
1.2.Extract information and theories supporting the essential experience.
Think about the information and theories you need to support the essential
experience. Reflect on the three domains: AI architecture, knowledge
domains, and design conventions.
2. Game design. Design and implement the game itself. Start by creating rules that
convey your ideas and interactions, and turn them into actions. Consider the
affordances provided by your AI system. When ready, return to the refinement of
ideas, or continue to the AI design or gameplay section.
2.1.Approach the essential experience through aesthetics and find the
supportive dynamics and mechanics. Break down the essential experience
into the desired emotional responses elicited from the player and the tone of
the game. Find mechanics that give rise to dynamics that support those
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aesthetics. Bind mechanics to content generation in order to fully utilize your
AI system.
2.2.Create rules that convey the required mechanics. Rules represent the
formal structure of a game. Rules that limit player action are fixed, binding,
repeatable, explicit, and unambiguous, and shared by all players.
2.3.Design the interaction between rules and players. Study the relations
between player actions and system outcomes. Specify the inputs when
players take action and outputs where the system responds to action.
Determine an interface where game state, possibility of action, and the
outcome of an action are displayed to the player. Represent the internal
process of how the system decided how it should respond.
3. AI design. Design and implement or integrate the AI system you wish to use. It
should serve the purposes of your game. Consider the context provided by your
game design. When finished, move on to the game design or gameplay section.
3.1.Content generator. Design and implement the content generator that supplies
content for your game. Create an API for transferring content and an interface
for pipeline management, if necessary. Consider how the generator is to be
controlled by the player and the designer.
3.1.1.

Generator pipelines. Order your generative processes to pipelines
and determine their inputs and outputs.

3.1.1.1.

Decide what to generate. Decide what kind of content is
to be generated by the pipeline in question. Use game bits,
spaces, systems, scenarios, designs and derived content as
a base classification.

3.1.1.2.

Create representations and data structures. Represent
desired content in a format operable by the search
algorithm. Determine how genotypes map to phenotypes
and how phenotypes map to fitness.

3.1.1.3.

Design evaluation methods. Design how content
instances should be evaluated. You can use direct,
simulation-based, and interactive fitness functions as
base choices. Determine the need for player models and
how they are used.

3.1.1.4.

Search for solutions. Pick a search method to determine
which solution best suits the situation. Reflect the choice
on the need for speed and how your content instances are
represented and evaluated.

3.1.2.

Establish pipeline cohesion by representing designer intention.
Normally content generators represent their own style. Specify the
overall style and inputs and outputs of different pipelines in order to
create a unified style, if necessary. This step is more or less optional.
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3.1.3.

Produce an interface for all necessary inputs and outputs.
Create an API for your generator in accordance with the needs of
your game design and player and designer control.

3.1.4.

Store and access common data such as player models. Determine
how the generator handles player models or other shared data
between pipelines.

3.2. Evaluate the system's controllability and expressive range. Reflect
whether the system can be controlled enough to produce content that suits your
intentions. Analyse the expressive range of the system by using metrics far
away from your inputs.
4. Gameplay. Test how the game plays out. Return to the refinement of ideas or the
game design section, if necessary.
4.1.Ensure meaningful play. In an interactive context, the player experiences
meaning through the relation between actions and outcomes. Make sure that
the relation between player action and system outcome is both discernible
and integrated.
4.2.Study the player's perception of the AI system. Ensure necessary depth
and opaqueness of the AI system. Revise gameplay for subpar solutions or
unwanted player strategies.
The method can be iterated as many times as necessary, but it should be noted that the
designer should redefine goals for each iteration. Earlier in this thesis Figure 5 described
the game development life-cycle by Ramadan & Widyani (2013) which states that the
design process begins with the initiation activity in the concept phase. Moving from the
concept phase to alpha phase, the activities of pre-production, production and testing take
turns iterating for as long as necessary for the product to reach beta testing maturity and
finally the release to the public. As the maturity of the solution grows, the goal and focus
of each iteration changes to reflect the stage of development. Figure 24 demonstrates the
incremental nature of using the proposed method, which is in accordance with Salen &
Zimmerman (2004), Ramadan & Widyani (2013), Schell (2014) and Eladhari et al.
(2011).
The main difference between the phases are their goals, focus, and the way of receiving
feedback. The concept phase features the initial development effort on a conceptual level,
where game and AI design are planned and design documents created. The goal of the
concept phase is to create an initial design that can be used as a reference for development.
The designer should focus on corresponding basic mechanics, rules and interactions to
the essential experience, while moving towards a working AI system. Accurate feedback
might be difficult to receive in this phase, as the game might not yet be playable.
Therefore, the alpha phase focuses more on refining the initial implementation to a
version that can be released for playtesting. Feedback can be received from simulated or
in-house playtesting to encourage the development effort. The form of the AI system
should now be defined and the designer moves on to a more interactive role with it. Beta
testing features a limited group of individuals playing the game in order to eliminate the
final bugs before launch itself. The most important feedback comes from players and
statistical analysis of their performance. The goal of this phase is to refine the product to
a stable and release-ready form. Finally, in the release phase the game is made available
to the audience and the more traditional game lifecycle begins.
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The method is currently built to be used by a single designer and that should be treated as
a limitation. There is no reason why a team of designer could not use the method, but it
has been created with one active participant in mind. Future research should answer if the
method can be successfully employed by a team.

Figure 24 Product maturity and development phase.
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6.

The goal, question and metric framework

In order to gauge the usefulness of the proposed method, it has to be measured somehow.
In the case of various design processes, a standard way of measuring usefulness and
success does not exist. Thus, a suitable measurement practice is developed using the goal,
question and metric (GQM) framework. The chapter begins by discussing risk mitigation,
where some of the identified risks are addressed. This is followed by introducing the
GQM framework and using it to create proper measurements for this artefact.

6.1 Risk mitigation
Before we continue to the evaluation specifics, some risks should be addressed. Risks 21
and 22 benefit from OSS or free-to-use software, while risk 16 could be mitigated by
employing something used by commercial game development projects. A suitable
candidate has been found in the Unity 3D (Unity Technologies, 2005) game engine that
is one of the market leaders in high quality game engines and features a permissive license
for personal usage. Unity also provides a tutorial game project called the ‘2D Roguelike
tutorial’ (“2D Roguelike tutorial”, 2018), which is used to demonstrate the capabilities of
the game engine. The tutorial game provides an excellent base for mitigating risk 24 that
requires information on a good example of a typical game project in the industry. Thus,
the demonstrative artefact is to be built using the Unity 3D (Unity Technologies, 2005)
game engine and by utilizing the assets of the tutorial project as a starting point to mitigate
the risks related to resources and commercial aspects.
The remaining risks that can be mitigated before the development phase include risks 1
24, and 26. The PCG-based game Endless Web by Smith et al. (2012) provides a great
benchmark when information about PCG-based games is not readily available. The
generator Launchpad (Smith et al., 2011c) has been reviewed in literature with Endless
Web employing it. Endless Web can also be viewed as a quintessential PCG-based game
that offers a relatively simple premise that can be imitated to ensure success, mitigating
the aforementioned risks. Finally, the risk 11 remains as one that can be addressed in this
stage by defining explicit measurements. The following section presents metrics for
measuring success when evaluating the proposed method.

6.2 The goal, question and metric process
The goal of improving workflow in PCG-based game design is a slightly abstracter task
than the more common business process modeling. As the method is open-ended on
purpose, fitting objective measurements are challenging to find. The initial hypothesis for
improving designer workflow in this thesis resides in explicating the necessary design
activities of PCG-based game design and binding the process to a more classic context of
meaningful play. In other words, the method should help designers formalize their vision
to create appropriate designs, generative processes and implementations, while helping
them retain control of the design process itself. This improvement can be measured by
observing the design process, its activities, encountered problems, and lessons learned.
Thus, the goal, question and metric framework by Basili, Caldiera & Rombach (1994)
was chosen as it is a goal-focused, top-down approach to measure projects in a purposeful
way.
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The GQM framework begins on a conceptual level by defining a goal, before continuing
on to operational level by defining questions to characterize the assessment of the goal,
and finally to quantitative level to define metrics that answer those questions. Figure 25
displays the basic structure of the GQM method. It should be noted that it is not necessary
to treat the collected metrics as absolute truths. The goals, questions and metrics act as a
basis for the analysis and as indicators on whether the measured quality aspect is
sufficient. The most important aspect of employing the GQM in this thesis is to provide
transparency to the evaluation process and to make the thought process behind it clearer.
Since this evaluation focuses on the control-flow perspective discussed by van Der Aalst
et al. (2003), the primary aspects of study will be the activities, phases (groups of
activities), the order of their execution, and iterations. Basili et al. (2007) have also
defined a GQM+ method as an extension to regular the GQM, but at this time high level
business goals or exploring different levels of organizational goals are not very relevant
to determining whether the method is feasible or not. Although, the GQM+ might be an
interesting approach for future research.

Figure 25 The goal, question and metric framework by Basili et al. (1994).

The GQM method focuses on finding meaningful measures for a set of goals. On the
conceptual level the goals are set through the lenses of purpose, issue, object and
viewpoint. The current goal can be set as improving the formalization of designer
knowledge in the workflow of a game designer, so that it corresponds with the research
questions set earlier. On the operational level questions are devised for characterizing the
way of assessment for the measured object through the quality aspect, as defined from a
specific viewpoint. These questions can be difficult to form in the current case, as
improvements on the workflow are hard to measure without proper comparison targets.
The following table 3 presents the identified goal for improving the designer workflow.
Table 3 Identification of the goal in accordance to GQM.

Goal

Purpose
Issue
Object (process)
Viewpoint

Improve
the formalization of
designer knowledge
in the workflow
of a game designer.

The following set of questions and metrics can be used to characterize the way the goal
should be achieved and measured. It should be noted that the method will have to cater
for design processes in general, making the measured aspects also quite general.
Additionally, it might not be feasible to measure aspects like the expended time or other
similar process specific features, as all the design processes will differ from each other.
Prior literature enforces this decision, as PCG-based game projects are still quite unique
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without explicit design guidelines. An exception to this is made on the measurement of
problems and errors, which is necessary to form a comprehensive view of whether the
method works or not.
Type

Identifier

Questions

Question

Q1

What is the rate of problems encountered while
using the proposed method?

Metrics

M1
M2
M3
M4

Total number of problems.
Number of problems per activity and activity name.
Number of problems per phase and phase name.
Number of problems per iteration and the number of
iterations.

Question

Q2

How well can the designer interact with AI systems
during the development process?

Metrics

M5

Number of problems encountered in the AI design
phase.
Can the designer form reasonable goals per activity
in the AI design phase? (Yes / no.)
Can the designer achieve his goals per activity in the
AI design phase? (Yes / no.)

M6
M7

Question

Q3

Can the designer achieve his goals by using the
method?

Metrics

M8

Can the designer form a goal for each phase? (Yes /
no.)
Can the designer reach the specified goal for each
phase? (Yes / no.)

M9

Question

Q4

Does the proposed method impede the designer’s
workflow?

M10

How many times must the designer interrupt the task
at hand to rethink it or because the activity is too
large? (Number)
How many times must the designer do something he
would not have otherwise done? (Number)

M11

Question

Q5

Can the designer make predictions about his work
using the proposed method?

M12

Estimated effort per activity, phase, and iteration.
(High / medium / low)
Actual effort per activity, phase, and iteration. (High
/ medium / low)

M13
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M14

How much does the accuracy of predictions change
per phase? (Percent)
How much does the accuracy of predictions change
per iteration? (Percent)
Is the accuracy improving on each iteration?
(Percent)

M15
M16

Question

Q6

Is the resulting artefact of sufficient quality?

M17

Subjective evaluation by the designer.

Table 4 Questions and metrics to support the identified goal.

Since each design process is likely to differ from one another, one important aspect to
measure is how well the process suits designers. This can be achieved by studying the
design process itself. Most of the measured aspects benefit from keeping a record of
which activity, phase and iteration the measurement took place in. The measurements can
be combined into an impact analysis performed on each iteration. To measure the
estimated and actual impacts of activities the designer should estimate how impactful or
relevant each phase and activity will be in the current iteration. These predictions will
then be matched to the recorded actual impacts. Thus, the metrics can be refined as
follows:
Table 5 Refined measurements for GQM.

Measurement
category

Measurement

Achievement of
goals. (Yes / no)

Can the designer form a goal per: iteration, phase?
Can the designer reach the specified goal: per iteration, phase,
number of iteration?

Estimation of impact. Estimated impact per: activity, phase.
(High / medium /
Actual impact per: activity, phase.
low)
Accuracy of
predictions made.
(Percent)

How accurate were the predictions overall?
How accurate were the predictions per: activity, phase,
iteration?

Rate of problems
encountered.
(Number)

Total number of problems.
Number of problems per activity and activity name.
Number of problems per phase and phase name.
Number of problems per iteration and the number of iterations.
Severity of each problem. (Low, medium, high.)
Type of each problem. (Deficiency, redundancy, infeasibility,
other.)

Quality of results.

Subjective evaluation by the designer.
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In order to establish whether phases and activities are of high, medium or low impact,
they can be classified as follows: a low impact activity is viewed as non-relevant and is
skipped over, medium impact denotes normal use of the current activity, and high impact
signifies a focus for the current iteration or a decision that affects how the iteration will
eventually play out. Impact estimations are listed per activity and a total impact estimation
is provided per phase. Phase scores are calculated by assigning values high (3), medium
(2) and low (1) per activity and calculating their average score. The rates of problems are
counted according to the activity, phase and iteration, in addition to their severity and
type. The problem types are divided into deficiencies, redundancies, infeasibilities and
other problems. A deficiency is a problem that directly results from the design of the
method. Redundancies are problems in which an activity is unnecessarily executed only
because it is a part of the method. Infeasibilities are activities that are carried out without
reaching their goal due to situational reasons. Finally, the type of other covers the rest of
potential problems.
In a real world situation with more resources available the evaluation should include an
organizational context. The created metrics should also include quantitative data of the
designers’ work and interviews to find out the hidden aspects of workflow.
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7.

Evaluation

The goal of this chapter is to evaluate the produced design method artefact by following
it through a process of creating a simple PCG-based game. The produced method is
evaluated in accordance with the Quick & Simple strategy by Pries-Heje et al. (2014).
This strategy consists of a single evaluation round and is especially suitable for projects
that lack resources. The evaluation will be performed after method construction, which is
described as ex-post in the DSR evaluation strategy selection framework (Venable et al.,
2016). The evaluation will be artificial, meaning unreal users on real systems and
problems. The goal of this evaluation is to prove the usefulness of the artefact to a degree,
focusing more on viability rather than, for example, organizational aspects. Thus, the
contribution of this chapter is towards the study of the design process itself, instead of
purely evaluating the quality of the produced secondary artefact. The quality of the
artefact is not straight away dismissed, as good processes should lead to good artefacts.
The focus, however, is to demonstrate that a designer can use the method to reach his
goals. The evaluation aims to form a summative view of the proposed method by using it
like a designer would and analyse whether the method was helpful or not. The goals for
evaluation can be found in section 3.6 and the selection of the evaluation strategy in
chapter 4.

7.1 Premise
Chapter 6 addressed some of the risks related to the development process where the lack
of resources and information about the internals of Endless Web (Smith et al., 2012) and
Launchpad (Smith et al., 2011c) resulted in a decision to implement the demo on top of
the ‘2D Roguelike tutorial’ (“2D Roguelike tutorial”, 2018) by the Unity 3D (Unity
Technologies, 2005) engine team. The idea of the game is very similar to Rogue (Epyx,
1980), the ancestor of roguelikes, where the player should retrieve the ‘Amulet of Yendor’
from the bottom of a dungeon. To ensure the game ends up as a PCG-based game, the
goal is changed to resemble that of Endless Web, i.e., the goal can be reached by exploring
the generative space of the generator. Endless Web features six main goals that form a
web-like pattern of combinations. The goals are scattered in junctions of this web and the
player's task is to retrieve them. In addition, six powerups are hidden in the other
junctions. The player navigates these junctions by using portals that shift the parameters
of the content generator. Even through Endless Web is a platformer, the currently
developed game will resemble a more traditional roguelike. This is due to the lack of
resources to implement rhythm groups similar to Launchpad and the limited availability
of existing products to mitigate development risks.
An additional challenge to note is that, in the case of Endless Web, its generator,
Launchpad, was already a functional AI system before the development effort began, but
it was modified during game development (Smith et al., 2012.) In this case study an
existing AI system cannot be modified, as it does not exist, but a thorough demonstration
should include the design and implementation of an AI system built for this game
instance. The main challenge that arises from a non-comparable game, besides analysing
the results, is to keep player strategies revolving around content generation to qualify as
a PCG-based game.
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7.2 Iteration one – Goals
The goals of the first iteration aim to achieve the “concept” product maturity from Figure
24. Each of the assigned goals are based on the proposed design method and are presented
as concrete steps to reach concept level maturity. The main contributions from this
iteration include identifying the core experiences of the player and through them the
supporting aesthetics, dynamics and mechanics. Based on this context the AI system of
the game is to be designed, implemented and integrated to the game on a structural level.
Finally, the basic functionality of the game, together with meaningfulness of play, is to be
evaluated before transitioning to the “Alpha“ phase.
Refinement of ideas goal #1: Define the essential parts of the experiences that the
player should have and how these experiences could be achieved.
Refinement of ideas goal #2: List supporting theories and information for
achieving the essential experience.
Game design goal #1: Specify game mechanics.
Game design goal #2: Create rules that cover all of the proposed mechanics.
Game design goal #3: Identify game states where the player can perform actions.
Game design goal #4: Represent the game system’s internal process on how it
reached each of these outputs.
Game design goal #5: Determine an outcome for each player action.
Game design goal #6: Implement an initial version of the game.
AI design goal #1: Design an interface for the AI system of the game and specify
how the designer and the player interact with it.
AI design goal #2: Design, implement and integrate the AI system into the game.
Gameplay goal: Enforce meaningful play by ensuring that player actions and
system outcomes are discernible and integrated.
Due to the focus on technical aspects in this iteration, the refinement of ideas and game
design phases are evaluated to be higher than AI design and actual gameplay. Predictions
for phases can been in table 6. The estimates for individual activities can be found from
Appendix B table 18.
Table 6 Total impact estimation per phase. Phase scores are calculated by assigning values high (3), medium (2) and
low (1) per activity and calculating their average score.

Phase

Estimation of impact
(High, medium, low)

Refinement of ideas

High

Game design

High

AI design

Medium

Gameplay

Medium
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7.3 Iteration one – Implementation
The employed development method starts with the refinement of ideas. The first step is
to answer the question of what kind of experience the player should have. Even though
the method does not require a written documentation of the outcome of play, it should be
done regardless as can be quite challenging to analyse otherwise. The basic idea is to
create a game in which the player has to locate six hidden goals in the generative space
of the game by exploring it via manipulating the generator parameters. This manipulation
is achieved by moving through different tuning portals that change the corresponding
parameters. An experience of adventure and exciting exploration are the primary aspects
of the player experience, while challenged by finding the necessary items to reach the
goal of the game. Next we should determine what is essential to these experiences. In
order to offer a sensation of exploration, the player should have an endless, or at least
wide enough, world to explore. A large world might not be enough, as discovery is not
very fun when you make the same discoveries over and over. This means the discoverable
content should have variation. Variation should also be demonstrated beyond the graphics
or sounds, meaning that the structure of the content should vary. This variability should
preferably also affect the way the player plays the game, as per the definition of PCGbased game design. New discoveries should also make sense within the context of the
game. The sensation of challenge, on the other hand, represents obstacles faced in the
game. An essential part of this experience is that the player is challenged by the obstacles
without them being frustrating or too easy. This aesthetic can be captured by including
various non-linear paths, puzzles, enemies and limited resources to the world being
discovered.
The next step in the stage of refining ideas is to think about what information and theories
are necessary to support the identified experience in each domain. To reach the previously
discussed experiences there is no need to employ any specific AI architectures.
Knowledge domains are also more bound to the representation of content, which in this
case should be achieved quite straightforwardly by representing maps as nested 2D arrays.
The map structure is also a quite traditional design convention within the roguelike genre,
where the player descends lower in the dungeon to find the item he was sent to retrieve.
Traditional design conventions also include moving between tiles, attacking enemies,
using abilities, and descending and ascending stairways to different levels. In order to
avoid mix-ups between moving in physical space and in generative space, the stairways
are transformed to portals. The refinement of ideas this far has resulted in the following
output:
The game is called ‘GraduQuest’. Its goal is to find the ‘ProGradu’ - a legendary artefact
- from a dungeon. In order to find it the player has to explore the dungeon and visit various
portals that shape the dungeon, hide various powerups and pieces needed to unlock the
artefact. The game features a player character in 2D terrain filled with portals, walls,
hostile enemies and other obstacles that vary depending on which portal the player used.
To deal with these obstacles the player can attack enemies with weapons and collect
various powerups. The player can view a map of the shape of the generative space hiding
the game’s goals.
When entering the game design phase, the essential experience is used to create the
necessary aesthetics, dynamics and mechanics. The aesthetics of discovery and challenge
represent the core of the player’s experience. These aesthetics can also be found in most
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roguelikes and match well with existing genre conventions. To support the aesthetic of
challenge Hunicke et al. (2004) propose the dynamics of time pressure and opponent play.
Mechanics that allow the dynamic of time pressure to form can be found from roguelike
design conventions in the form of food consumption. Food as a limited resource and its
consumption during gameplay induces time pressure in a theoretically endless game. The
dynamic of opponent play can be supported by including traditional mechanics such as
attacking monsters, moving to suitable terrain and coping with limited resources. The
aesthetic of discovery derives from experiencing varying and new content, which can be
supported by the mechanics related to tuning portals. Traditionally, roguelikes feature
stairs that the player ascends or descends in order to reach the objective at the bottom of
the dungeon, while difficulty increases as the player delves deeper. A similar mechanic
can be found from using portals and doors that transfer the player to a new physical space.
Endless Web (Smith et al., 2012) utilizes this distinction, which will also be used here.
The proposed mechanics can be bound to content generation by including them as portals
that also act as context and parameters for the AI system of the game. Endless Web (Smith
et al., 2012) features the following portal parameters: the number of enemies, platform
hazards, springs, gaps, moving platforms and stompers. Out of these only the number of
enemies and environmental hazards can be implemented directly, while the others have
to be rebound to a new context. All parameters of Endless Web (Smith et al., 2012) can
been seen as micro-patterns, except for moving platforms that are classified as mesopatterns. The reason for placing moving platforms to the meso-pattern group is that it
requires a combination of spaces and gaps. To replace the springs, gaps, moving platforms
and stompers in Endless Web (Smith et al., 2012), the following micro-patterns are
suggested as parameters: rooms, corridors, containers and impassable space. The room
parameter denotes the number of dungeon rooms. Corridors refer to the number of series
of tiles that connect rooms to each other. The container parameter controls the amount of
food drops. The final parameter of impassable terrain denotes ground tiles that can be
seen through, but not walked through. From the existing two parameters enemies can be
mapped straight into the same micro-pattern, while the parameter of environmental
hazards maps into the micro-pattern of traps. In addition, the following mechanics can be
used to support the selected aesthetics: move, attack, view a map of the generative space
and pick up items in the form of food and health.
In order to encourage further exploration of the generative space of the generator, various
powerups are planted to certain combinations of parameters. These powerups appear on
a percentual chance, when the player requests a new level of the same parameters. New
levels from the same parameter set can be requested by walking through doors. Doors
also represent transitions in physical game space, but they will not affect the player’s
position in the generative space of the generator.
The activity of creating rules from mechanics creates the following set of rules for each
mechanic:
Mechanic: Food.
Rules:
•

When the player’s food counter reaches zero the player dies.

•

The player’s food counter increases when he picks up food.

•

The player’s food counter decreases when he performs a valid action, such as
moving or attacking.
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Mechanic: Movement.
Rules:
•

Movement can only be done to an adjacent tile that is not occupied by an entity
or impassable terrain.

Mechanic: Attack.
Rules:
•

An attack can only be made to an adjacent tile where an enemy is present.

•

An attack reduces the target’s health.

Mechanic: Entering a portal.
Rules:
•

Entering a portal changes the parameters of the content generator. The colour of
the portal determines what parameter is changed.

•

Entering a portal changes the current level.

•

A portal can only be entered from the same tile where the player character is in.

•

Entering a red portal increases or decreases the number of spawned enemies in
the map.

•

Entering a yellow portal increases or decreases the number of environmental
hazards.

•

Entering a purple portal increases or decreases the number of rooms.

•

Entering a green portal increases or decreases the number of corridors tiles.

•

Entering a brown portal increases or decreases the amount of spawned food in
the map.

•

Entering a blue portal increases or decreases the amount of impassable terrain.

Mechanic: Entering a door.
Rules:
•

Entering a door changes the current level. The generator’s parameters remain
unchanged.

•

Movement to the door tile from an adjacent tile activates the door.

Mechanic: View a map of the generative space
Rules:
•

When the map button is displayed, a map of the generative space is displayed.

•

The generator’s parameters are made visible in the map screen, indicating where
the player is on the generative space.
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Mechanic: View a map of the generative space
Rules:
•

An item can only be activated from the same tile where the player character is.

•

A picked-up item activates as the player moves to the same tile.

Even when the development method does not require other rules to be specified, they
should still be listed here in order to address the other aspects of the game. In addition to
the aforementioned rules, it should be noted that play occurs on a 2D grid that the player
views from above. The grid is inhabited by the player and monsters which then act in
turns. If the player finds all six hidden goals, he unlocks the final level where victory is
achieved. The employed method does not require for specification of these rules, but they
are most certainly required in order to proceed.
Following the rules section, the method guides towards the specification of interactions
between the rules and the player. Interaction is broken down to player actions that act as
inputs and system responses. The following interactions result from current rules:
Player action: Move.
System state: The destination tile is traversable terrain and unoccupied by entities.
System response:
•

Shift the character’s position in the current map.

•

When the player moves, the camera of the game moves with him so that he
remains at the centre of the camera.

•

The player's food counter is updated.

•

Valid movements to an adjacent tile are resolved based on what entity habits the
adjacent tile. I.e. a collision with an enemy results in an attack and a collision
with a door results in a level change.

Player action: Attack.
System state: A hostile entity is in an adjacent tile.
System response:
•

An attack animation is displayed when an entity attacks another entity.

•

A sound is played when an entity attacks another entity.

•

The target of an attack indicates damage taken by displaying an animation.

Player action: Enter portal.
System state: The player character is in the same tile as the portal.
System response:
•

The current map is changed to a new one, reflecting the selected portal.

Player action: View map of the generative space.
System state: Any.
System response:
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•

A map screen is displayed on top of everything else.

Player action: Pick up an item.
System state: The player character is in the same tile as the item.
System response:
•

The item activates and applies its effect on the player. The status values of the
player are updated.

•

If the player picks up a powerup, its effect is displayed on the screen.

The presented interactions provide a basic list of features that should be displayed in the
interface of the game: the player on a tile-based map, unlocked powerups, doors, portals,
enemies, health, food, and a way of activating the map. A sketch of the game’s interface
can be seen in Figure 26.

Figure 26 Game interface sketch. The first room operates as a starting area where the player can start heading to
different directions.

Moving on to the AI design phase, the first activity requires us to start the design of the
content generator of the game. The method distinguishes each type of generatable content
instance into different pipelines. Currently the only content required from the generator
is the map in which play happens. Since game spaces consist of game bits, we will use
predefined textures, sound and other assets that ship with the existing demo project. Thus,
the focus of the generator will be on the creation of game spaces. The context provided
for the AI system denotes that each map generated should consist of rooms, corridors,
destructible and indestructible walls, environmental hazards and different items. The state
of these parameters can be seen in the generative space map in Figure 27. The generative
space map was chosen to not resemble a traditional map on purpose to avoid mixing up
physical location to the location of the generative space.
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Figure 27 The generative space panel acts as a map of the player’s “location” in the generator’s search space. The
indicators represent each player controllable generator parameter and move up and down as the player enters
portals.

The step of content representation and data structures requires us to represent those map
instances in a form that is operable by fitness functions and search methods. More
precisely, content should be represented as genotypes and phenotypes with a way of
mapping genotypes to phenotypes and phenotypes to fitness. Earlier it was decided that
the API should return map instances in the form of nested arrays of ones and zeros. An
example can be seen in Figure 28.

Figure 28 An example of a simplified genotype.

This is a very simple way of representing game space genotypes that also contains the
necessary elements to identify the underlying game bits. Figure 29 displays how the
genotype in Figure 28 can be ordered into a room where ones are treated as walls and
zeros as floor tiles. The resulting mapping between genotypes and phenotypes is direct
where layout is concerned. The possibility of binding game bits directly to the genotype
is not yet necessary, as they will be based on the properties of the phenotype and, thus,
indirectly the genotype as well.

Figure 29 An example of a simplified phenotype.
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The mapping between phenotypes and fitness regarding the level layout is also direct,
since fitness can be determined from the properties of the phenotype. The phenotype
extends the basic layout of the genotype by placing enemies, hazards, items and other
game bits to populate the rooms depending on the layout and overall map composition.
Later there might be a need for a more direct relation between the phenotype and fitness
regarding game bits and their placement, but since the goal of the current iteration is to
establish a working system, the algorithm picks rooms at random and fills them with game
bits. The designer sets minimum and maximum values for each type of the attributes that
the player needs to control. Fitness is calculated by comparing phenotype properties to a
control variable set by the designer. As an example, the designer can set a minimum and
maximum value for the number of rooms produced and the actions of the player set the
control variable as low, medium or high between that range.
Currently, no need to share common data between generation pipelines exists, as there is
only one. Neither is a player model necessary, but the need for it might rise later in case
evaluation is done via simulation. A direct evaluation function is used for at least the first
iteration. Evolutionary algorithms are used to search for content regardless of their speed,
as we do not yet know about the required performance. The step of pipeline cohesion is
optional and not necessary in this case.
In order to produce an interface for the content generator, its requirements should be
addressed. Previously, in the game design phase, it was decided that the game will
represent maps in nested arrays where each value represents a map cell. This translates to
an input, a request for a map, and an output of a map in a certain format. Game bits are
returned in conjunction of the map as a list of indexes for placement. The required form
of control exerted by the player assumes that the interface of the generator accepts the six
predefined parameters as inputs: rooms, corridors, containers, impassable terrain, food
and enemies. Since the player controls the generation process via the actions performed
in the game itself, no other forms of control are needed. Likewise, the designer does not
have other specific requirements than the ability to input parameters via a graphical
interface. Figure 30 shows the initial version of the designer’s user interface. The step of
storing common data is not necessary in this instance, since there is only one pipeline.
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Figure 30 Designer interface for search space analysis. The parameters correspond with the ones defined earlier as
player controllable parameters.

In order to evaluate the controllability of the system and its expressive range, an approach
by Smith et al. (2011c) and Shaker et al. (2016) is used. The authors noted that to evaluate
the expressive range of a generator, the measurements taken should be as far away from
its inputs as possible. This approach was used to evaluate the expressive range of
Launchpad, the content generator of Endless Web (Smith et al., 2012). The chosen
measurements were leniency, i.e., how forgiving a level is to the mistakes of the player,
and linearity of the levels. These measurements were then plotted as a scatter plot to
indicate whether any sort of bias can be detected in the outputs of the generator. A
visualization of this can be seen in Figure 31. The graph displays that the generator cannot
be meaningfully controlled, as it has a very strong bias in both leniency and linearity. This
means that either the generation algorithm contains a strong bias or the measurement itself
is performed in less than optimal way.
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Figure 31 Generative space visualization where y-axis is leniency and x-axis in linearity. A variation of low, medium
and high target of each was generated with 100 instances each, resulting in 1800 samples.

Linearity is calculated by averaging the length of the shortest paths to rooms that have
portals or doors. The results are then normalized and a score of one means that the player
starts from a room containing either a door or a portal. A low score means the player has
to traverse all rooms in order to reach a portal or might not be able to reach one at all.
Leniency is calculated by scoring each room by how helpful of harmful their contents are.
Each of the game bits are scored as follows:
•

+1.0: Portals, doors

•

+0.5: Destructible terrain, food

•

-0.5: No destructible terrain

•

-1.0: Enemies, hazards
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Figure 32 Search space analysis depicting the leniency on y-axis and linearity on x-axis. The provided parameters
can be seen shifting the generator’s outputs towards more lenient levels. Each graph contains 1000 instances.

A leniency of one means that the level contains no challenges whatsoever and a leniency
of zero indicates a potentially game breaking difficulty. Figure 32 displays the effects of
altering the values of food and enemies. As evident, the generative space shifts towards a
more lenient direction as food is increased and towards less lenient as enemies are added.
Since the current algorithm places portals and doors in random rooms, the linearity
measure should likewise be treated as random. Leniency score should be treated as an
approximation at this point, since the measurements might not be a good fit for the current
case. Even though this might be the case, Figure 32 displays controllable changes in the
leniency measure of the search space.
Figure 33 displays the effect of high linearity where the player’s goals are placed in the
starting room. A lower linearity would have the goals spread further away. Only the
starting room is filled with content, while the rest of the level is empty. This map can be
considered a catastrophic failure, even though it can technically be completed.
Additionally, it should be noted that in its current state the system is not equipped with a
way of negating catastrophic failures and there is no mechanism to detect them other than
gameplay experiences. Most of the produced maps resemble the one in Figure 33 and
were found lacking in some aspect, so they will be addressed properly in the next iteration.
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Figure 33 An example level that can be considered as a catastrophic failure with a linearity score of 1.0. The player
starts in the room that has all the level's content and can't reach some parts of the level. The level is mostly packed
with untraversable terrain.

Finally, in the step of gameplay we must ensure that the proposed player actions and
system outcomes are discernible and integrated. In the AI step it was described that
content instances were to be generated as the player enters a new level. This transition
should trigger the generation process that in turn should somehow be represented to the
player. Therefore, the following player actions, system states, and responses are added to
the existing ones.
Player action: Enter a new level.
System state: A new level is loaded.
System response:
•

A new map is generated for each portal and door on the level.

•

A closed door is placed on the map to indicate an access point to a level with the
same generator parameters currently being loaded.

•

A black portal is placed on the map to indicate an access point to a level with
differing parameters being loaded.
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•

When the level is loaded, an opened door is placed on the map to indicate an
access point to a level that has been successfully loaded.

•

When the level is loaded, a coloured portal is placed on the map to indicate an
access point to a level that has been successfully loaded.

Even though all of the goals of this iteration were accomplished, the game is not yet
playable. Most of the maps generated can be considered as catastrophic failures, since
they include unreachable rooms, dead-end corridors and an imbalanced placement of
game bits. These problems are to be addressed in the next iteration.

7.4 Iteration one – Measurement of impact
The original impact predictions were quite accurate, as the only activity to deviate from
the predictions was the domains activity that resulted in low impact against the predicted
medium. The complete impact tables can be found from the appendix B table 18. Due to
the refinement of ideas phase having only two activities, its impact decreased from high
to medium. Impact predictions resulted in an 93% (14/15) accuracy in activities and 75%
(3/4) on phase level. It should be noted that phase accuracy is not directly comparable to
activity and iteration accuracies, since the phases consist purely of activities.
Overall, the refinement of ideas phase served its purpose. Problems were encountered in
the domains activity, where the method suggested reflection upon the three domains of
AI architecture, knowledge domains, and design conventions. Out of these three only the
design domains are currently relevant due to the simplicity of the game idea. A reason for
this can be discovered in the simple means of utilizing AI in the game, since AI affects
gameplay only though the generator parameter adjustment mechanics. As a result, no
knowledge domains or AI architectures could be proposed. Multiple problems arose in
the game design phase related to redundancy in deriving aesthetics and the focus on
mechanical aspects over everything else. The method suggests that the essential
experience of the player should be dissected into the desired emotional responses, which
overlaps with the essential experience activity in the refinement of ideas phase. As what
comes to the mechanical focus, several mechanics and rules of interest were left out. As
an example, game space needed to be specified as a 2D grid. Even though the mechanic
of movement was introduced, the game’s area of play was not included. Other objects of
interest were also left out, such as enemies, food, doors, etc. This is further taken back by
the lack of formal representation of the game’s main goal and various objectives. The
method places a priority on implementing rules and interactions only around mechanics,
which also appears overlapping and repetitive. Furthermore, several problems in relation
to generation pipelines were encountered in the phase of AI design. The first problem was
that the method assumes multiple pipelines, although only a single pipeline is utilized in
the current state of development. In addition, problems were encountered with pipeline
data, for example, the lack of player models, redundancy of pipeline cohesion and
common data storage. The gameplay phase served a purpose in making sure the system
state was properly reflected to the player. The game cannot be meaningfully play-tested
yet in its current form, which makes the activity of studying the player's perception of AI
redundant.
All in all, the set goals were reached, but it should be acknowledged that the method
suffers from a distinct lack of other aspects besides mechanical ones. A total of 10
problems were encountered and a full list of individual problems can be found from
appendix C table 20. The problems encountered were distributed quite evenly amongst
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different activities. Table 7 shows that most of the problems were encountered in the AI
design and game design phases.
Table 7 Distribution of problems encountered as phases during the first iteration.

Phase

Number of
problems

Average severity

Most common type

Refinement of ideas 20% (2/10)

Low

Redundancy

Game design

30% (3/10)

Medium

Deficiency

AI design

40% (4/10)

Low

Redundancy

Gameplay

10% (1/10)

Medium

Infeasibility

Since this is the first iteration, the measurement of problems per iteration is omitted as
the result would be trivial at the time. The severity of problems encountered can be seen
below in table 8.
Table 8 Severity of problems encountered during the first iteration.

Severity of problem

Count

Low

50% (5/10)

Medium

30% (3/10)

High

20% (2/10)

The types of encountered problems can be seen in table 9.
Table 9 Types of problems encountered during the first iteration.

Type of problem

Count

Redundancy

50% (5/10)

Deficiency

40% (4/10)

Infeasibility

10% (1/10)

As what comes to creating and achieving goals on iterations and phases, all of them could
be devised and eventually completed. However, it should be noted that even though all of
the goals were completed, the game is not yet playable. Other notes of interest include
the effort and time that was spent building infrastructure for the game and its AI system,
resulting in activation of risk 21—construction of the demonstrative artefact faces strong
technical problems—by requiring a significant amount of resources to proceed. Risk 22—
construction of the demonstrative artefact cannot be completed on time—is now a high
priority risk, but little can be done to address it. Free-to-use and OSS software
components have most certainly helped and without them the project would most likely
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have already failed. Risk 23—lack of expertise in all required disciplines—has also
manifested in fields not covered in previous research, such as game resources and the
unity engine, server deployment, writing practical evolutionary algorithms, and the
overall infrastructure of the system. Due to the resources already spent, only one or two
more iterations can realistically be carried out. Finally, a new risk worth of a mention
relates to the evaluation of generation pipelines that are a part of the method. This case is
simple enough that only one pipeline is needed, and further research should study how
multiple pipelines affect the overall design process.

7.5 Iteration two – Goals
In the second iteration the basic structure of the game is further refined into a working
implementation. One of the first goals in this iteration is to find good default values and
boundaries for generation parameters that fulfil the required aesthetics. Related secondary
goals are the reduction of catastrophic failures in content generation and making sure the
created content matches the designer intent. Further main goals include the revision of
generator controllability measurements to reflect whether the preferred aesthetics and
system outcomes can be achieved.
Refinement of ideas goal: Reflect the direction of changes to be made from
viewpoint of essential experience.
Game design goal: Establish content requirements and restrictions from rules and
interactions to support the required aesthetics and to prevent catastrophic failures.
AI design goal #1: Find boundaries for generation parameters supporting the
aesthetics of exploration and challenge.
AI design goal #2: Address catastrophic failures.
AI design goal #3: Revise AI system controllability and metrics to ensure
appropriate control over generated instances.
Gameplay goal #1: Enforce meaningful play by checking that player actions and
system outcomes are discernible and integrated.
Gameplay goal #2: Remove immediately clearly subpar solutions.
These goals translate to the estimations of impact given in Appendix D table 23. The
activity scores can be combined to phase scores that can be seen in table 10. The
refinement of ideas phase is of medium importance, since it still acts as a starting point
for reflecting on the necessary changes. Likewise, the game design phase acts as a base
for establishing the proper context for the AI design phase. The AI design phase features
all of the activities that have high impacts, but the number of redundant phases brings the
average score to medium. The gameplay phase does not change from the last iteration and
acts as a validation step before concluding the iteration.

105
Table 10 Total impact estimation per phase in the second iteration. Phase scores are calculated by assigning values
high (3), medium (2) and low (1) per activity and calculating their average score

Phase

Estimation of impact
(High, medium, low)

Refinement of ideas

Medium

Game design

Medium

AI design

Medium

Gameplay

Medium

7.6 Iteration two – Implementation
The second iteration begins with the reflection of necessary changes to support the
aesthetics of exploration and challenge. An experience of exploration relies on having
interesting content to go through and on a motivation to do so. From the perspective of
the player, the lackluster aspect of exploration can be addressed by building the levels in
a way that maximizes the distance moved. Maximizing movement will obviously not
solve all problems with the aesthetics, but it is a good start. An increase in the player
movement also means ensuring that the available game spaces are big enough and are
connected to each other to allow movement between them. To further enhance the
aesthetic of exploration, the beneficial items should be distributed evenly to different
rooms and the minimum number of portals should be higher than one per level. When
addressing the aesthetic of challenge, the location of enemies and hazards should also
serve the purpose of challenging the player while exploring. This means that they should
mostly occur on the route to a player goal. In the first iteration it was noted that in order
to support the aesthetic of exploration, the generated content should feature enough
variation to avoid being excessively repetitive. This means that each of the player’s
parameters should have some distinguishable visual aesthetic when played. Since each of
the parameters controls a multitude of game bits, it should be noted that these aesthetics
should be implemented as variation in the graphics from which the levels are built. Due
to the limitations of available resources and prioritization of work, the variation aspect
will be left for future iterations. The activity of domains encourages to also think about
genre conventions. Traditional genre conventions dictate that the difficulty level should
increase, as the player delves deeper into the game. In addition, a minor aesthetic fix could
be that the corridors were narrower to avoid building too much non-room empty space.
Requirements that support genre conventions: Traditional genre conventions
dictate that the difficulty level should increase as the player delves deeper into the
game.
The current goal of the game design phase is to refine the context defined by it. The
decisions made by the AI system should be based on game design and should in this case
define what makes each content type good or bad and whether each instance should be
considered a catastrophic failure. The following content requirements should be fulfilled
to support the aesthetics of exploration: all generated rooms should be traversable, most
map cells should be open terrain, and player starting position should not include any
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goals. It should be noted that some of the aesthetics and other requirements might overlap,
since changes can affect multiple aspects of the game.
Requirements that address catastrophic failures: All generated rooms should be
traversable.
Requirements that support the aesthetic of exploration: All generated rooms
should be traversable, most map cells should be open terrain, and player starting
position should not include any goals. To encourage exploration of levels some sort
of rewards that do not contain gameplay goals should be placed in far-away rooms.
This can be further encouraged by limiting the number of the discovered
consumables, while moving directly towards main goals and placing more of them
to other locations instead.
Requirements that support the dynamic of time pressure: The consumables
found while moving towards main goals should only provide basic sustenance.
Requirements that support the dynamic of opponent play: The paths to main
goals should be guarded by enemies.
In the AI design phase these requirements can be used as a context to determine the proper
parameters for content generation. The problem with the current approach of designating
static values for game bits per level is that the placement of game bits makes the
relationship between the genotype and the phenotype quite indirect, or at least a bit
unpredictable from the standpoint of playability. This problem should be addressed, but
due to the lack of resources it will be handled in later iterations, if possible. In order to
address the requirements in regards to catastrophic failures, a new designer-controlled
evaluation is added to assess the traversability of each level. This evaluation checks that
each of the rooms on the level is accessible from one another, allowing the player to reach
all content on the current level. In addition, an evaluation for open terrain cells will be
used to maximize open terrain in each level, alongside with tweaking the generation
algorithm to remove all corridors that do not connect rooms together, to avoid wasting
space. Finally, a purely aesthetic evaluation is added to control the average size of rooms,
since the minimum value sometimes produces aesthetically displeasing solutions. An
example of these changes can be seen in Figure 34.
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Figure 34 Updated game bit placement maximizes the player's walking distance by placing portals in faraway rooms.
Resources are placed on the way and are guarded by enemies. Catastrophic failures are addressed by making each
level fully traversable.

The newly added evaluations can be seen in the revised designer UI for the generator in
Figure 35. It should be noted that the parameters of average room size, used cells and
traversability were the result of several back-and-forths of creating content instances that
could actually be played. The presented generation parameters values were also extracted
by playing the game while changing each threshold until the game felt comfortable to
play when exploring levels and weighing opponent play. The provided designer
parameters reflect the aesthetics of a map being explorable by forcing their phenotypes to
fill some basic parameters in order to be acceptable.
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Figure 35 Revised designer interface for search space analysis. Evaluations for used cells and levels traversability
were added alongside checkboxes to enable and disable each metric.

As could be seen in iteration one Figure 32, the metric of leniency would only shift
between values 0.4 and 0.6 during iteration one, indicating either a faulty measurement
or that the generator cannot be controlled in a meaningful way. The evaluation was revised
to scale from the number of game bits on the level, instead of scaling based on room tile
count. This means that the evaluation was performed incorrectly and should now reflect
the correct leniency values. Linearity, however, cannot be used as a metric anymore, since
the generation algorithm was changed to allocate game bits based on room layout and to
favour travel distance. The metric is replaced by a similar measurement based on the
number of connections that rooms have to each other. This tells the designer how many
different ways there are to explore the level. The rooms of the level are placed on a graph
structure and the score is derived by calculating its density. A new generative space
visualization can be seen in Figure 36. The generator indicates a bias towards more lenient
and straightforward levels.
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Figure 36 Expressive range visualization where y-axis represents leniency and x-axis room graph density. A
variation of low, medium and high target of each parameter was generated with the basic difficulty level. The image
consists of 1800 samples.

The difficulty scaling is implemented by feeding the hazards, enemies, food, and
impassable terrain parameter values to a function that scales them based on the achieved
gameplay goals. The target and maximum of each parameter is scaled based on the
number gameplay goals reached and the new scale is based on an input parameter set by
the designer. This approach is very simple, but it will suffice for now, as the most
important aspect of difficulty scaling is its independence from the generation algorithm
itself. The effects of difficulty scaling can be seen in Figure 37 that displays how the
generative bias is retained, even though content instances are more challenging.
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Figure 37 Visualization of content difficulty scaling where y-axis represents leniency and x-axis room graph density.
The left graph displays regular difficulty and the right displays the effect of difficulty scaling with 150% difficulty
scaling. The image consists of 1800 samples.

Figure 38 displays a visualization of parameter value changes, where image pairs 1, 2 and
3 display what an average level looks like and how leniency and room graph densities
change with the set parameters. One of the most important goals in creating content
generators is that they can be controlled and fulfil the designer’s intent on content
characteristics. The figure shows that changes in the corridor parameter largely determine
how interconnected the levels are, which allows the player to form strategies around
navigating spaces. It can be argued that more interconnected levels make reaching goals
easier, but it can still be used as a tool between navigating the different parameter sets.
The most important aspect is that control can be demonstrated and improved upon on
future iterations.
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Figure 38 Generator control over the corridor parameter; 1 for high, 2 for medium, and 3 for low. Each sample
consists of 1000 instances.

In the meaningful play activity not much changed mechanically in the second iteration
when compared to the first iteration. No new player actions were added, and the only
system outputs that changed were related to the layout of the level and the placement of
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game bits in it. All other changes were implemented internally and will not otherwise
affect the experience of the player. Subpar solutions were mostly addressed previously in
the iteration during the actual implementation of AI system changes.

Figure 39 Generative space when all parameters are changed to either low or high. The image features low
corridors, low rooms, high hazards, high enemies, high food and low terrain. The visualization consists of 1000
instances.

In the meaningful play activity not much changed mechanically from the first iteration
when compared to the first iteration. No new player actions were added and the only
system outputs that changed were related to the level’s layout and placement of game bits
in it. All other changes were implemented internally and won’t otherwise affect the
player's experience. Subpar solutions were mostly addressed during the actual
implementation of AI-system changes previously in the iteration.

7.7 Iteration two – Measurement of impact
All second iteration goals besides gameplay related ones were reached. The enforcement
of meaningful play did not provide any active contributions to the iteration and the
activity was mostly viewed as a passive checkpoint, before continuing forward. The
removal of subpar solutions was partially reached, as it was completed during AI system
evaluation in a different phase. The impact predictions were quite accurate, as only two
activities were found divergent. As a quick summary, the MDA activity was evaluated as
medium, but wound up as high impact and the activity of meaningful play was estimated
as medium but resulted in low impact. The complete impact tables can be found from the
Appendix D table 23. According to the evaluated method, the MDA activity only refers
to addressing mechanics, dynamics and aesthetics. In order to address these problems,
game entities and other related subjects of the game, mechanics were refined to establish
proper context for the AI design phase. The second activity to differ from the initial
prediction is meaningful play, as it was not deemed necessary. This is due to the sequence
of activities and phases, as gameplay testing was required in evaluation and generator
evaluation phases to ensure coherent generation procedures. The described deviations
from predictions result in dropping the estimation of the gameplay phase from medium
to low. Impact predictions resulted in an 87% accuracy in activities and 75% in phases.
Phase accuracy cannot be directly compared to activity and iteration accuracies, since
phases consist purely of activities.
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Similar to the previous iteration, the domains activity resulted in two redundancy related
problems. The steps of AI architecture and knowledge domain aspects of the activity were
redundant, due to the relative triviality of the game being developed. A more severe
problem arose in the MDA activity, where according to the evaluated method the activity
only refers addressing mechanics, dynamics and aesthetics. One of the overall goals of
the game design phase is to create a meaningful context for the AI system, and the phase
did not properly address it. Even the goals for the current iteration mainly focus on fixing
the AI system, which might be a result of improper contextualization of game design. The
most evident problems encountered were classified as infeasibilities in the activities of
gameplay and generator evaluation. The reason behind this was that changing the
generative procedures of the AI system might have resulted in unwanted player strategies
or subpar solutions. These reasons are both included in the actual phase of gameplay, but
it was deemed necessary to change the order of the method. The rest of the problems
encountered were identified as redundancies in the following activities: rules,
identification, generator pipelines, common data storage, meaningful play and AI in
action. Table 11 shows that 46% of the problems were encountered in the AI design phase,
while the rest of the problems were distributed evenly between other phases. Table 25 in
Appendix E displays a list of all 11 problems encountered during the second iteration.
Table 11 Distribution of problems encountered per phase during the second iteration.

Phase

Number of
problems

Average severity

Most common type

Refinement of ideas 18% (2/11)

Low

Redundancy

Game design

18% (2/11)

Medium

Deficiency

AI design

46% (5/11)

Medium

Redundancy

Gameplay

18% (2/11)

Low

Redundancy

7.8 Development risk assessment
Time limitations and the overall lack of resources force the relatively early end of
evaluation. The next iteration would have focused on aesthetics around gameplay
objectives and on an overhaul of content structure, especially in reshaping the genotype.
In its current state the genotype does not properly reflect all aesthetic and gameplay
related requirements. Instead of treating the level and its game bit placement as an entity,
content should be generated as a game scenario based on a game space. Or the other way
around: a game space based on a scenario. The actual implementation does not necessarily
matter that much, as long as the AI system behaves according to game context. The
changes to the genotype structure and evaluation functions would fit the concept of
generation pipelines presented in the evaluated method, but they will now remain
unexplored. Due to finishing the evaluation after only two iterations the risk 18—
available resources prevent efficacious evaluation of the artefact, resulting in lowered
rigor—has manifested.
At this stage it is also clear that risk 7—the proposed method is too complex or
inelegant—has manifested due to the large amount of redundancy related problems in the
method. The various redundant activities were implemented to reduce the amount of
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theoretical knowledge required to use the method, but they ended up being superfluous.
Overall the core concepts of the evaluated method were identified to function as intended.
The evaluation brought out important aspects for improvement and, when properly
addressed, the method shows promise for improving game designer workflow.
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8.

Analysis

The evaluation of the method had to be cut short due to the manifested development risks.
This chapter presents an analysis of data collected from the two iterations performed
during evaluation. The chosen metrics of goal achievement, estimation of impact, rate of
problems encountered, accuracy of predictions and the quality of results can be found in
chapter 6 table 5.

8.1 Evaluation metrics
Goal achievement metrics can be found from table 12. The results show that each set goal
was reached during the first iteration and 71% of the set goals were reached during the
second iteration. The main reason for not reaching all goals during the second iteration
was identified as the gameplay phase which achieved only 33% of the goals set for it. The
explanation for the failure to reach these goals was that the activities were performed
during other activities, making the gameplay phase redundant. This changed the role of
the gameplay phase from a meaningful activity that has impact on designer workflow to
a more of a passive endpoint for iterations.
Table 12 Goals reached per phase for iterations one, two and overall percent of goals completed.

Phase

First iteration

Second iteration

Overall goals
reached

Refinement
of ideas

100% (2/2)

100% (1/1)

100% (3/3)

Game design 100% (6/6)

100% (1/1)

100% (7/7)

AI design

100% (2/2)

100% (3/3)

100% (5/5)

Gameplay

100% (1/1)

0% (0/2)

33% (1/3)

Total

100% (11)

71% (5/7)

89% (16/18)

The second selected evaluation metric was the estimation of impact. Tables 28 and 30 in
Appendix F contain the relevant measurement data for Figure 40 and Figure 41 that depict
the average impact scores and problems encountered during both iterations. The activity
of essential experience was identified as a high impact activity on both iterations and no
problems were encountered during the phase and, thus, it can be left as is. The second
part of the refinement of ideas phase, the domains activity, resulted in medium impact.
This indicates that the activity was carried out successfully, but it was not identified to be
of critical importance. Despite the medium impact, table 13 shows that the activity
contributed 19% of all problems encountered, indicating a need for revising the activity.
The positive observation about these problems is that each of them has been noted to be
redundancy related and of low severity, making them relatively easy to fix by removing
or reorganizing parts of the method. Refinement of ideas served its purpose as a distinct
phase, but most likely requires removal or merging of the domains activity.
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The game design phase begins with the MDA activity that has been identified as a high
impact activity on both iterations. All of the game design goals created were reached, but
the activity suffered from a pair of problems. A low severity redundancy was identified
as an overlap between the aesthetic component of MDA and the essential experience
activity. This can be fixed by scoping each activity to address aesthetics from different
perspectives. The other problem was identified as a medium severity deficiency, where
entities and other relevant subjects were ignored, preventing proper contextualization for
the AI system. Fortunately, the problem can be fixed by extending it to cover other aspects
besides mechanical ones. Following MDA, the rules activity was resolved to be a medium
impact activity with reoccurring problems. The rules that were created based on the
provided instructions left out important pieces of game design, for example the objectives
of the game and the area of play. In the second iteration the activity was left out as
redundant, since the iteration did not need to alter the rules. Again, these problems were
not critical and can be fixed by addressing missing elements and restructuring the method.
The final activity in the game design phase is interaction, which was recorded as a high
impact activity. The activity suffered from a medium severity deficiency that resulted
from the failure to address catastrophic failures. This problem can be fixed by extending
it to cover the deficiency. Table 13 shows that the phase was responsible for 29% of the
encountered problems and it had an average of medium severity of deficiency related
problems. Overall the phase worked as intended and its deficiencies can be addressed
mostly by expanding activities and restructuring the order of execution.
In the AI design phase, the representation and interface activities were assigned a medium
impact without any problems. This indicates that the activities were successfully carried
out and can be left in their current state. The identification activity was also recorded as
a medium impact activity, but it had a low severity redundancy problem in the second
iteration. The activity itself seems to be satisfactory and the problem can be addressed by
changing the flow of the method. The evaluation activity was assigned a high impact
rating with a high infeasibility in the second iteration where the activity was already
completed during another activity. In a similar fashion the generator evaluation activity
was assigned a medium impact, but it suffered from the same high infeasibility. Despite
the highly ranked severities, the problems can be solved by changing the order of the
method’s execution or by merging the activity to another activity. The search activity was
likewise assigned to be a high impact activity with medium deficiency of not addressing
catastrophic failures during the first iteration, and it can be fixed by simply taking the
deficiency into account. The designer style and common data storage activities were both
identified as low impact that each shared reoccurring low severity redundancy problems.
This means that the activities were skipped each time and they did not accomplish
anything useful, and therefore they can be safely removed from the method. Table 13
shows that AI design created 38% of all encountered problems with an average severity
of medium and the most common problem being redundancy. The phase requires the most
work in addressing each problem, but it is by no means a failure.
In the gameplay phase, the meaningful play activity resulted in a medium impact and
featured a low severity redundancy problem, as it was skipped in the second iteration as
unnecessary. Like other similar problems encountered, the activity itself might be
acceptable, but it needs to be reorganized or melded into another activity. The AI in action
activity was graded a low impact activity on both iterations, and it suffered from medium
severity infeasibility, as catastrophic failures prevented its proper execution, and a low
redundancy in the second iteration, since the activity was not needed. Since the activity
was found problematic and of low impact, it might be best to remove it from method.
Even though table 13 shows that the gameplay phase resulted in the lowest amount of
problems, it did not appear very impactful.
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The third collected evaluation metric was the accuracy of impact predictions made. The
first iteration resulted in 93% accuracy for activities and in 75% for phases. For the second
iteration activity prediction resulted in 80% accuracy and the phase estimation in 75%
accuracy. Combined results for both iterations resulted in 87% accuracy for activities and
in 75% for phase accuracy. The fourth collected evaluation measurement was the rate of
problems encountered. Tables 13 shows the number of the encountered problems per
phase, iteration, the average severity, and the most common type of problem. To
complement this, the table 14 displays the distribution of problem types between
iterations.
Table 13 Number of problems encountered, average problem severity and the most common problem type for each
phase in both iterations.

Phase

First
iteration

Second
iteration

Overall

Average
severity

Most
common
type

Refinement
of ideas

20% (2/10)

18% (2/11)

19% (4/21)

Low

Redundancy

Game design 40% (4/10)

18% (2/11)

29% (6/21)

Medium

Deficiency

AI design

30% (3/10)

46% (5/11)

38% (8/21)

Medium

Redundancy

Gameplay

10% (1/10)

18% (2/11)

14% (3/21)

Low

Redundancy

Table 13 shows that the refinement of ideas and gameplay phases resulted in fewer
problems, a combined 33% of all, with lower severity and, by far, the most common type
of redundancy. The encountered problems were also distributed evenly between iterations
and, overall, they could be fixed by restructuring the method or removing superfluous
activities. The game design phase caused 29% of all encountered problems, with an
average severity of medium and the most common problem type of deficiency. The
distribution of problems between the iterations, four in the first and two in the second,
reflects the chosen design approach, where game design needed to specify the context for
AI design, before anything sensible could be done design-wise. The medium severity
deficiencies can be fixed by addressing other design perspectives besides mechanical
ones. Finally, the AI design phase proved to be the most problematic with a medium
average severity, but in this case the most common type of problem was redundancy. The
distribution of problems, three in the first iteration and five in the second, follows the
same narrative as the division of problems in the game design phase. In addition, the
severity varies between iterations, as the first iteration features on average low severity
and the second iteration an average of medium severity. This might be a result of the
selected approach, since the real problems with AI design were revealed after the basic
game design was laid out and the base game was somewhat playable.
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Figure 40 Combined impact of each activity for two iterations. Orange coloring represents a high impact activity in
both iterations, white a medium impact, and purple a low impact on both iterations.
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Table 14 shows that an overwhelming amount of the encountered problems were low
severity redundancies. These problems do not affect the method very much and can
mostly be addressed by removing the unnecessary steps and by reorganizing the order of
the method’s execution. Most of the deficiencies were found in the first iteration, and they
were the result of aspects not considered during method design. These problems can also
be viewed as challenges in starting a project, when specifications only exist as ideas.
Despite high average severity, the problems can be fixed by extending the activities to
address the deficiencies. Infeasibilities were found to have a high average severity, but
they were also rarer. These problems can also be addressed with a relative ease, despite
high average severity. Most of the real problems that were faced during evaluation can be
handled by covering the absent perspectives during the design process.
Table 14 Types of problems per iteration and their average severity.

Problem type

First iteration

Second
iteration

Overall

Average
severity

Redundancy

50% (5/10)

73% (8/11)

62% (13/21)

Low

Deficiency

40% (4/10)

9% (1/11)

24% (5/21)

High

Infeasibility

10% (1/10)

18% (2/11)

14% (3/21)

High

Other

0% (0/10)

0% (0/11)

0% (0/21)

-

Subjective evaluation by the designer is the final metric for measurement. Overall, the
method proved to be useful and supported the design task at hand. One of the best concrete
effects of the method is that it forces the designer to develop his game through the player
experience. Dissecting this experience through mechanics, dynamics and aesthetics gave
a clear path to follow and resulted in the expected outcome. This approach did come with
a downside, when some of the most important aspects of design were left out. The method
focused heavily on rules and mechanical aspects of design, neglecting some parts of
designing an actually functional game. Another important observation was the significant
amount of overlap between activities. The MDA activity overlapped with essential
experience, rules and interaction, meaning that all overlapping activities were trying to
solve similar design problems. Overall 62% of all problems were related to redundancy,
making it one of the worst features of the method. Some of the steps were impactful only
during one iteration and redundant on the second one, but these activities were filtered
out by averaging impact ratings between iterations. Unhelpful activities such as designer
style, common data storage and AI in action had low impact ratings combined with
repeating problems. Restructuring the order of execution for activities might solve a
number of problems, but some of these activities can be removed or merged with other
activities.
The concepts of context and affordances were vague and offered only limited help. The
context provided for the AI system was not as explicit as would have been necessary, and
most of the decisions were made without all relevant information. In addition, the selected
genotype and phenotype were found out to be insufficient, and they would require a
significant overhaul to implement properly. This resulted in difficulty in the integration
of affordances into game design, as they might or might not match the specified context.
This deficiency was especially present in addressing catastrophic failures, as they were
only implicitly handled and where basically left out of the scope of the method.
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Figure 41 Problems encountered per activity. Orange colouring represents a lack of problems on both iterations,
white individual problems that were not critical, and purple reoccurring problems on both iterations.
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Since good processes should lead to good products, the quality of the produced game
should also be evaluated. It should be noted that the quality cannot be directly credited to
the game itself, since an open-source base was selected to mitigate the development risks.
The design task was also chosen to somewhat replicate Endless Web (Smith et al., 2012)
which is an existing game. In addition, the development process had to be prematurely
terminated due to a resource shortage. With these considerations in mind, the resulting
game and its AI system provided very promising results. The design itself was solid, the
process of formalizing designer knowledge could be followed, and it helped to create the
expected results and enabled the player and the designer to influence, interface and
control the created AI system in a meaningful way.

8.2 Method redesign
The mechanics, dynamics and aesthetics activity was recognized as an impactful activity,
despite causing multiple problems during the evaluation. Further inspection of the
deficiencies of the activity and the need of restructuring the order of execution lead to the
MDA activity being divided up and merged into other activities. The reason for this
division is that mechanics, dynamics, and aesthetics each overlap with another activity.
Essential experience focuses on refining the feel of the game, which overlaps with
aesthetics. Interaction studies the way players interact with the game and its rules, which
in turn overlaps with dynamics. Finally, the rules activity focuses on creating the formal
rules and core functionality of the game, which overlaps with the mechanics available to
players. These activity merges resulted in the following activities: Essential experience &
aesthetics, Interaction & dynamics, and Rules & mechanics. The domains activity was
also merged to the essential experience activity due to the significant number of
encountered problems, despite it resulting in a medium impact rating. General player
experience and aesthetics were recognized as a good way to start each iteration and will
remain that way in the revised version of the method.
The aforementioned changes have not yet addressed all the deficiencies found during
evaluation. The method bypassed important design aspects, such as the area of play, game
objects and overall game objectives. A solution was presented in chapters 3.1.1. and
3.1.2., where the concept of system frames by Salen & Zimmerman (2004) was
introduced. When games are treated as systems, they all share the following features:
objects, attributes, internal relationships between objects, and environments. It is not
blatant whether the deficiencies resulted from not having explicit guidance on what
aspects of design should be worked on, but overall the game design phase seemed to work
as intended. Instead of cluttering the phase, the context itself was made more explicit on
design aspects that should be worked on in order to properly contextualize the decisions
of the AI system.
In the AI design phase, the designer style, common data storage and AI in action activities
were removed as unnecessary. Even though identification was carried out without any
larger problems, the activity overlaps with and is made redundant by the combination of
context and representation. As a result, the activity was removed, as the combination
already implicitly requires content identification. Finally, the generator evaluation and
interface activities were separated from the actual AI design. These tasks relate more to
implementation details and they were deemed to support the actual design task without
contributing to design themselves and therefore they are marked as such. Some of the
more severe problems that were encountered related to the lack of means to address
catastrophic failures. It was not immediately clear which activities should provide these
services, so affordances were expanded to match the new context. While context is
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focused on providing a framework for AI decisions, affordances describe how the
possibility of AI decisions can be integrated into game design. Thus, affordances provided
for a certain context should be bound to that context and catastrophic failures handled
within it.
Finally, the position of meaningful play was changed to better reflect the need for
gameplay feedback for each larger design decision. In the revised version of the method,
meaningful play was ensured to be available from both game design and AI design phases.
Earlier, the concept of systems and their attributes was introduced to the improved
context. Meaningful play expands these additions by introducing formal, experiental and
cultural frames for game systems that can be used examine gameplay from different
perspectives. Each of these systems can also be an open or closed system. Closed systems,
such as rules, assume that no external variables affect the system. Open systems extend
beyond the game at hand by introducing non-game related aspects into to the equation,
such as the emotional burden of the player and even some cultural effects. (Salen &
Zimmerman, 2004.) The designer should consider these systems and their properties
when contextualizing AI systems or creating affordances for game design. The phases
themselves are not needed, per se, but they were left to represent context and affordances,
which describe the transition between phases. The revised method can be seen in Figure
42.
Chapter 3.6. identifies objectives for the developed method. It can be argued that the
objective of outlining a method based on and consistent with prior knowledge from both
design and AI research perspectives was reached. Multiple different perspectives were
considered, and a coherent and consistent method was created. The second goal states
that the method should provide guidance and concrete steps for designers creating games
heavily influenced by PCG. This objective can also be argued to be completed, as the
method provides very detailed instructions in comparison to previous research. The final
objective states that the method improves designer workflow. When compared to the base
method by Eladhari et al. (2011), the proposed method provides a detailed integration of
the MDA framework and assigns player experience as the driving force of design. This
combination improves the formalization of designer knowledge in PCG-based game
design.
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Figure 42 The refined design method. Grayed boxes represent supportive and implementation related tasks the
designer is likely to do. Dotted lines and boxes describe relationships between game and AI design and help
transitions between design tasks.
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9.

Discussion

The results gathered from evaluation are discussed in this chapter. Discussion is inspired
by instructions on how to interpret design science results by Gregor & Hevner (2013).
The first section covers what was learned during evaluation. After that, the proposed
method is compared to its origin and the proof of improvement is addressed. Validity,
risks and limitations are discussed in the third section, followed by practical and
theoretical significance in section four. Future work completes the chapter and leads the
way to the summary.

9.1 What was learned
In this section the results of this thesis are discussed by addressing what they mean and
how they relate to the research questions from chapter one. The original motivation for
using PCG in game design was to unlock new forms of gameplay and outsource designer
tasks to AI in order to scale production costs. The problem with this approach is that PCGbased game design differs from traditional game design and the application of designer
knowledge to the generative processes of PCG is not very straightforward. In order to
address these shortcomings, the main research question was presented as “How to
improve game designer workflow in PCG-based game design?” and was further split into
sub-questions: “1.1. How PCG-based game design differs from general game design?”,
“1.2. What is the process of formalizing designer knowledge in PCG-based game
design?”, and “1.3. How will players and game designers be able to interface with PCG
systems?”.
When studied from a practical view, PCG differs from traditional game design in
numerous ways and it might be best to begin with the difference between hand authored
content and generated content. Some of the most significant effects in adopting PCG into
any development process is the loss of authorial control over the actual gameplay
experience and the tolerance of variation in the quality of the content. When designers
implement various generative processes for various reasons, they are effectively
formalizing their knowledge to the form of an algorithm or some other system that
produces solutions to their problems. Depending on the degree of independence granted
to these processes, the designer relinquishes fine control over the overall gameplay
experience to the generative system. The designer has to carefully weigh, if the increase
in content novelty and variance in quality is worth sacrificing a fully hand-crafted
experience. Most commonly the intended use and role of PCG systems in the design
process contributes towards the choice of generation and evaluation methods, molded by
context and affordances exchanged between game design and AI design. Yannakakis &
Togelius (2011) note that game content—the main output of content generators—can be
thought of as building blocks of player experience which in turn is one of the main goals
of game design. Emergence is one of the aspects unique to PCG where the system’s
intelligent reactions afford novel and new gameplay experiences, but it comes with the
cost of unplanned interaction.
How do designers formalize their knowledge then? Gameplay experiences are created in
an indirect manner with PCG-based game design. Content plays a key role in overall
design, as the designer builds player experiences through it. The problem designers face
is what sort of content should be generated and how it should be generated. Most of the
time designers cannot directly answer these questions with certainty, as they have to first
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have an overall idea of the game’s design and to iteratively improve design details. In
order to address these ideas, the proposed design method begins by describing the
essential experience of the player that can then be broken down to the most important
aesthetics. The wanted gameplay experience is produced through the aesthetics and allow
advancing from ideas to designs. Afterwards, the aesthetics can be broken down to the
relevant dynamics and mechanics, accompanied by interaction and rules that create a
context for overall content creation. Context represents the design and its problems that
are to be solved by creating various generative processes as implementations. Context is
then used to aid the creation of content representations, evaluation functions and
eventually provides a frame for the actual search for solutions. In turn, content generation
affords new ways of creating gameplay unique to PCG-based games. The cycle between
providing context for AI and integration of new affordances enables the designer to
transform ideas to designs and eventually to actual implementations, while
simultaneously refining all of these aspects of development.
An important aspect of design and implementation is the interaction with the created
content generator. By definition PCG-based games bind their aesthetics, dynamics and
mechanics to content generation in order to have players form strategies around it. This
approach requires some level of control over the content generation process, and Smith
(2014) argues that direct and controllable online generation is the best approach for player
control. Designer control differs depending on the intended use and role of PCG in the
overall design, but in order to create the intended gameplay experience a more finegrained control over generative processes is required. In addition to the role and intended
use of PCG, various implementation details affect how the designer can control the
generator. The directness of genotype-to-phenotype mapping, phenotype-to-fitness
mapping, the chosen evaluation function, and the search algorithm all affect how the
designer can control various generative processes. Context provides a starting point for
designing these processes, but the designer has to be able to tell how well the generator
can be controlled. Generator evaluation provides a way to visualize the current generative
space and to familiarize oneself with the capabilities of the generator. It is crucial that the
designer understands the affordances of the generator by measuring how changes in
parameters shift its output bias.
Why does the method work? The original solution by Eladhari et al. (2011) lacked detail
in how to actually implement each step of the method. Smith (2014) addressed this
shortcoming in the framework for understanding the role of PCG in games and based her
work on the MDA framework, which has been created to properly understand the different
stages of game design. Smith (2014) bridged the gap between game design and AI design
on a theoretical level, and this thesis aimed to integrate this knowledge into the original
work by Eladhari el al. (2011) by explicating the various design choices from a practical
viewpoint. Smith’s (2014) contribution was made from a theoretical viewpoint, but the
practical way of formalizing design knowledge begins with an idea, results in various
designs, until it culminates in implementations of the said designs. The proposed method
included works from Schell (2014) and Salen & Zimmerman (2004) to address how ideas
are to be broken down to design level details and how these designs translate to actual
gameplay in practice. All of the selected theories and frameworks proved to be highly
synergistic in presenting and formalizing design choices between relevant abstraction
levels during the actual design process. The end result offers an iterative method for
processing ideas, designs and implementations in a way consistent with prior literature,
while providing explicit advice on what should be decided and how during a preproduction design process.
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9.2 Comparison with prior work
The original AI-based game design method by Eladhari et al. (2011) in Figure 14
presented AI design and game design as counterparts in an iterative cycle, both affected
by domains and finally resulting in expressivity via game design. The proposed method
in Figure 42 retains game and AI design phases, but the domains activity was found to be
very problematic during evaluation. In addition, the trivial nature of the evaluated AI
system leads to problems in activities that correspond with the expressivity activity of the
original method. The differences between the original and the proposed method are partly
caused by differences in perspective and intended use. The difference in perspective stems
from designing games around AI that was, in fact, never fully reached during evaluation.
AI-based game design is more focused on studying new forms of gameplay and
understanding emergence and AI itself. The difference in intended use is that the proposed
method was aimed mostly for the pre-production phase of game development life-cycle.
Other fully developed methods might cover a wider scope or be solely focused on the end
results, i.e., during and after release. More refined solutions might also require larger
teams and pre-existing knowledge on game and AI design.
The most important difference between the proposed method and prior research is the
inclusion of essential experience and the explicit integration of the MDA framework into
an experience-driven design practice with an added sanity check in the form of
meaningful play. Meaningful play established itself at centre of the method to highlight
the importance of reflecting design changes to actual gameplay. The concept of games as
systems by Salen & Zimmerman (2004) was adopted to address the most severe
deficiencies found during evaluation. Context and affordances were found to be vague
during evaluation and they were expanded to help transitions between phases. The final
touches include generator evaluation and interfacing as supportive tasks to ensure proper
control over the generative system being built.
The most relevant prior research problems included the role of PCG, interfacing AI
systems, and controlling content generation. Generator interfacing was addressed in its
counterpart activity, while the control aspect of generation was carried out through
context, affordances, and generator evaluation. The most interesting observation about
these activities is that in Figure 42 they are all depicted as non-design related tasks.
Context and affordances were identified to be in a key role in solving the most severe
problems that were encountered during evaluation and they were explicated in order to
emphasise their role in addressing these problems. Generator evaluation is a more recent
discovery in PCG-based game design, and it has emerged due to the advances in
understanding the role of PCG in game design and development. An important finding of
this thesis is that various design tasks and their outcomes rely partly on the
implementation details of the system, e.g., genotypes, phenotypes, evaluation, and search.
Making decisions on these aspects was found out to be a nuanced task that requires
knowledge on how the design phases and the integration of their results affect each other
on both the practical and the design level. An interesting remark is that each game design
related activity is more expansive and nuanced in comparison to the very simple
individual tasks that relate to AI-design. This might correlate with the fact that game
design as an area of research is more mature than PCG and AI design in a game design
context.
The results show synergy and are internally consistent. Some of the most severe of the
encountered problems resulted from personal inexperience in game and AI design,
together with a very limited resource pool. From a practical development perspective, the
most important shortcomings include the simplicity of AI design and the lack of
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interaction with the produced AI system, as the workload prevented further analysis.
When the method is viewed in the light of its intended use, the pre-production phase, the
results are consistent with prior research and show that designers are able to successfully
take the first steps towards producing an artefact that can be used in later phases of
development life-cycle. The position in the development life-cycle affects what aspects
of game design and AI design are emphasized in each stage and in this case study the
evaluation of the method focused on the demonstration of its viability in the preproduction phase. Overall, the results are promising in improving game designer
workflow in PCG-based game design.

9.3 Validity, risks and limitations
This section and its subsections answer how internal and external validity, risks and
limitations were addressed, what actions were taken to improve the said aspects and how
problem situations were resolved. Each subsection relates to the corresponding step in the
DSRM by Peffers et al. (2007).

9.3.1 Identification of the problem and motivation
The main research problem was identified based on the current state of designer
workflow, in which the application of design knowledge to generative processes is not
very straightforward. In order to reach a solution, the DSRM by Peffers at al. (2007) was
chosen as a flexible approach. The flexibility also presents a challenge, since the method
must be followed very precisely in order to retain internal and external validity.
The DSRM framework instructs that research problems should be processed into smaller
problems. The original question of how to improve game designer workflow in PCGbased game design was refined to sub questions: how PCG-based game design differs
from general game design, what is the process of formalizing designer knowledge in
PCG-based game design, and how will players and game designers be able to interface
with PCG systems?
A research task employing the DSRM provides multiple starting points, out of which the
problem centred approach based on suggestions from previous research was chosen as it
best fits the problem at hand. To increase external validity, the type of contribution
presented in this thesis was defined as an improvement, in other words, developing new
solutions to known problems by using the design science research knowledge
contribution framework by Gregor & Hevner (2013). According to Venable et al. (2016),
the produced artefact can be classified as a process artefact and as a socio-technical
solution that requires human interaction to prove its utility. Human interaction was
deemed to be one of the most significant limitations in this thesis, as available resources
were identified to be the most restricting aspect for performing rigorous research. The
limitation also contributes towards the impossibility of using real users, even though
socio-technical artefacts should be effective in solving problems. This lowers the rigor of
evaluation and raises the chance of a false positive. The demonstration of usefulness was
also limited to the pre-production phase of game design life-cycle as a way to cope with
the lack of resources.
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9.3.2 Definition of an objective for a solution
The state of the research problem indicated that PCG has been researched from two
perspectives: game design and AI design. Both approaches are effective on their own, but
they lack a unified approach that ensures that both sides are considered during design.
Therefore, the first identified objective for method creation was to outline a method based
on and consistent with prior knowledge from both design and AI research perspectives.
The objective addresses external validity by requiring the proposed artefact to align with
previous research without contradicting it. The second proposed objective was to provide
guidance and concrete steps for designers creating games heavily influenced by PCG
systems and it was aimed to maximize real world impact of the proposed method. The
third objective instructs that the method should improve designer workflow, which
encases the main research question. The specified objectives were viewed as impractical
to be set as quantitative objectives and, consequently, a qualitative approach was chosen
instead to demonstrate how the constructed artefact would be beneficial to both designers
and researchers alike.
The framework of three realities—real users, real problems and real systems—by Sun &
Kantor (2006) was adopted in this thesis to address external validity based on how the
proposed method relates to the real world. A naturalistic setting with real users would
have been highly infeasible, since game design projects are not readily available for
unfinished development methods. Overall, real users are not required for improving the
original method by Eladhari et al. (2011), since their work did not include studies of
organizational contexts either. Evaluation did address real problems with a real system
despite the setting, which also according to Venable et al. (2012) carries a medium risk of
false positives. No means were established for the identification of false positives due to
the limited resources available.
The framework for evaluation in design science research (FEDS) by Venable et al. (2016)
was used to select an evaluation strategy for the proposed artefact. The chosen qualitative
approach affected the selection of a summative evaluation over formative evaluation,
even when a formative approach is intended for the demonstration of enhancements on
the characteristics and performance of the evaluand. The constructed approach was
indeed aimed to be an improvement on prior work, but the way of achieving these
improvements relies on explicating design choices for designers from both game design
and AI design perspectives. These improvements cannot be reliably measured in an
artificial evaluation setting and, thus, the main focus of evaluation was to prove the
viability of the artefact and its efficacy over effectiveness. In addition, the setting requires
a medium to high amount of resources, which is why a single round of evaluation with
the Quick & Simple strategy by Venable et al. (2016) was chosen.
It was noted that FEDS mentions uncertainty and risk reduction as a goal of evaluation,
but it does not provide an example of how to perform the said activities. A risk evaluation
framework by Pries-Heje et al. (2014) was used to evaluate risks that artefact design,
construction, and evaluation might face to increase internal validity. A risk analysis was
performed before and after the selection of an evaluation strategy and the most important
choices for negating risks were identified as utilizing open source software and other tools
during development, in addition to using Endless Web as a benchmark game. The
challenges in measuring success or failure was noted as the qualitative nature of the
evaluation makes precise analysis difficult. Further risks relating to artefact construction
were uncovered after the evaluation strategy was chosen. The most important mitigation
strategies were again identified to be the use of open source software and imitation of an
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existing PCG-based game. It should be noted that most of the risks were merely
acknowledged, but not thoroughly addressed as most risk mitigation strategies require
resources. Identifying potential risks is still important, as it increases internal validity and
transparency.
In a real-world situation, the evaluation would have been carried out with mostly human
risk & effectiveness strategies mixed with initial technical risk assessment reviews. The
most optimal solution would have begun with artificial evaluations, followed by multiple
rounds of naturalistic evaluations with heterogeneous projects featuring variously sized
teams of developers and designers. It was acknowledged from the beginning that this
evaluation would never have reached valid, measurable and generalizable results with the
allotted resources and, thus, it was decided to prove usefulness via efficacy over proving
effectiveness.

9.3.3 Design and development
Artefact design and construction was deemed to be a relatively low risk task, as it only
required time resources. Artefact evaluation, however, included most of the uncovered
risks, and some of them could not be significantly mitigated due to resources available.
After the method design and construction, the relevant risks were responded to in section
5.6, in which the most important mitigation was explicating the content of the method to
readers. The risks related to the secondary artefact construction were addressed in section
6.1, before artefact demonstration and evaluation. The most important mitigation
strategies included the selection of Unity 3D (Unity Technologies, 2005) game engine
and the ‘2D Roguelike tutorial’ (“2D Roguelike tutorial”, 2018) as development tools and
as a base project. In addition, a clarification specifying that the method is constructed for
a single person instead of a team was added to improve internal validity.
The selected qualitative evaluation made it difficult to precisely measure improvement
over the existing development method, as was predicted in risk 11. Section 6.2 describes
how the GQM framework by Basili et al. (1994) was chosen to increase internal validity
and transparency, as it offers a way to measure artefact quality in a meaningful way. The
most important aspect of employing GQM was to increase evaluation transparency and
to make the thought process behind it clearer. In a real-world situation with more
resources, the metrics would have focused on use by real designers. This is of course only
sensible in a case where multiple different evaluation rounds and settings are readily
available. Section 5.6 mentions the inclusion of risk management sections to the proposed
method. This inclusion was left out of scope of this thesis, but it should certainly be
included in a real attempt to create a usable method in an organizational context.

9.3.4 Demonstration & Evaluation
According to Eladhari et al. (2011) the design loop can be entered from either the game
design or the AI design side. The current implementation changes this direction by
starting from the essential experience, but it continues on the same track by offering a
choice between game and AI design. Currently, only entering through the game design
side has been verified to work, which leaves a gap in evaluation. Another important aspect
that is absent from the original work by Eladhari et al. (2011) is control over emergence
that is currently implicitly included to the generator evaluation and meaningful play
activities. This means that one of the most important aspects of previous research was left
untested and unaddressed, as evaluation never reached that point. The rule of good
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products from good processes was mentioned before but demonstrating the usefulness of
the artefact over focusing on implementation details was deemed more important. Thus,
most of the convenient complementary features of the game and its content generator
were left out due to the shortage of resources.
Risk monitoring milestones were placed after each iteration, as Baskerville et al. (2011)
suggested. Risks related to secondary artefact construction and the completeness of
previous research appeared during the first iteration, and a risk regarding the completion
of the construction was raised to a high level as a result. These risks entailed that resources
might be expended sooner than anticipated and the number of possible future iterations
was therefore decreased to a maximum of two. A second risk monitoring milestone was
placed at the end of the second iteration, where the anticipated high risk manifested, and
evaluation had to be terminated due to the complete depletion of time and resources.
Additional reasons for discontinuing after the second iteration include the manifestation
of a risk related to the inelegance of the primary artefact, as a significant amount of
problems related to redundancy were encountered, in addition to some more severe
deficiencies and infeasibilities. These were later addressed, when the method was
redesigned.
The quality of the resulting artefact is difficult to gauge, since the secondary artefacts
were never meant to be the main point of demonstration. This is where the GQM
evaluations come into play, as they measure how well the designer performs in qualitative
terms during normal use of the method, instead of solely focusing on the end product.
Measurements such as achievement of goals, estimation of impact, accuracy of the made
predictions, rate of encountered problems, and a subjective evaluation were employed to
prove the methods efficacy. A total of 89% of goals could be reached during development
and 62% of all encountered problems were related to redundancy. Activities with the
highest impact were identified to mostly represent the themes that were selected from
prior research, which indicate that they were properly integrated. All of the encountered
problems were addressed in the redesign. The lack of framework or protocol for problem
definitions was an important aspect reducing internal validity. At its current state, the
collected GQM data is highly subjective and, as a result, it might be biased. However,
regardless of bias and the chosen metrics, the design process during evaluation was
performed successfully and multiple areas of improvement were discovered.
Replicating design processes is quite challenging due to their qualitative nature. The
performed evaluation was based on an existing design from Endless Web, but due to a
different design method, scope and resources its design was imitated instead of replicated.
The qualitative setting, combined with the writer himself acting as the user of the method,
lowers internal validity. The same reasons complicate future replication attempts for the
proposed method, making the results gathered from evaluation difficult to confirm as
generalizable to other projects. For better results, a more exhaustive evaluation should be
done with multiple different projects and settings.
The performed risk analysis proved to be crucial for achieving results, as the evaluation
could not have been completed at all, if the risks had not been not addressed. The only
problem with the risk analysis was that countering the most severe risks would have
demanded resources, making only some of the risk mitigation strategies effective. This
relates to the fact that very little information exists regarding the early design process of
PCG-based games and, therefore, this thesis contributes valuable design knowledge from
a practical viewpoint. Overall, the demonstration and evaluation were successful and
demonstrated the feasibility of the method in solving the design problem at hand. The
objectives set in chapter 3.6 were fulfilled. The data gathered from the demonstration and
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evaluation was analysed and confirmed the objectives of the solution, as the DSRM
requires. Despite the presented limitations, the results show promise in improving game
designer workflow in PCG-based game design.

9.4 Practical and theoretical significance
Procedural content generation has seen use in commercial games throughout the history
of digital games, but it has only recently gathered wider academic interest. Previous
research presents a distinction between studying PCG from an AI or design viewpoint.
While the study of AI and content generation on an algorithmic level has reached a mature
level, lately the design centric approach has been a topic of interest, as most of the
problems encountered in utilizing PCG have been noted to relate to design instead of
resulting from implementation details.
The lack of a clear method that helps game designers to formalize their ideas into designs
and implementations motivates this thesis. Therefore, a method that improves designer
workflow is contributed by explicating the theoretical frameworks, necessary steps, and
decisions behind PCG-based game design. The method was built by addressing questions
from previous research, such as how PCG-based game design differs from traditional
game design, how designers formalize their knowledge during design and development,
and how players and designers interface with AI systems.
From a theoretical viewpoint the method can be viewed as a contribution that integrates
Smith’s (2014) framework to the original AI-based game design method by Eladhari et
al. (2011). Schell’s (2014) essential experience was used to create an easier way to specify
the necessary aesthetics in practice. An additional contribution was made by integrating
Salen & Zimmerman’s (2004) theories on meaningful play and game system concepts to
address the practical shortcomings of the original development method. The proposed
method has been created to specifically fit the pre-production phase of the game
development life-cycle. The motivation for this restriction is that previous research lacks
information on how to start the process from the viewpoint of the designer. The aim is to
aid designers to formalize their ideas into designs and eventually transform their designs
into implementations. This thesis produces valuable design knowledge for these crucial
first steps of design.
During the redesign of the method, multiple deficiencies proved challenging to answer
with only PCG-related research. The problems were centred around the contextualization
of game design and the binding affordances to said design. Specifically, the initial method
clearly lacked the means to address context from all necessary viewpoints, which lead to
difficulties in creating and binding AI affordances. Salen & Zimmerman’s (2004) game
system theories provided the missing answers to these questions. Previous research treats
context and affordances as descriptions of the relationship between game design and AI
design, but in practice this relationship was found to be in a key role to produce coherent
artefacts. Interfacing and generator evaluation were found to be concrete tasks that the
designer has to address, when creating PCG-based games. Even though these activities
do not directly contribute to design, they support it and, similar to context and
affordances, ease the transitions between design phases. An interesting point about these
findings is that they might have been gone unnoticed without the chosen practical
approach.
Meaningful play is another element of game design research that was found to answer
questions beyond the scope of PCG-related literature. Salen & Zimmerman (2004) found
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that in order to retain meaning, the correlation between the actions of the player and
system outcomes should be both discernible and integrated. Previous research does
provide ways to study and guide player control over various generative processes, but
meaningful play explicates how those controls can be properly integrated into the overall
design. This relates to the effects presented by Wardrip-Fruin (2007): the Eliza, Tale-Spin,
and Sim City effects. Not only does this approach enable designers to reflect their
decisions through player experience, the experience can also be viewed through all the
necessary frames of reference: formal, experiental, and cultural frames. These frames
were also integrated to operate in tandem with the MDA framework by pairing formal
system concepts with mechanics and experiental concepts with dynamics. Schell’s (2014)
essential experience was paired with aesthetics to help break down the intangible
impression aspects of games into more formal aesthetics.
The integration of the aforementioned theories into the proposed method adds theoretical
and practical value by better considering the importance of context and affordances
during iterations. The integration of meaningful play carries similar significance, as it
allows designers to more formally integrate player control on content generation and
reflect those decisions on the necessary frames of reference. One of the most important
practical aspects is that the method is likely to lower the entry requirements for adopting
PCG-based game design principles and saves time, as the necessary theoretical
frameworks are laid open and processed into actionable steps. These claims still have to
be further verified with an evaluation that takes organizational context and real users into
account, but despite the presented restrictions, the results show promise on improving
game designer workflow in PCG-base game design.
One of the main contributions besides the actual method is that the necessary steps and
decisions are explicitly laid open from a practical viewpoint and the process of creating
PCG-based games is demystified. These contributions carry practical significance, since
the proposed method enables more designers, developers, and even researchers to create
PCG-based games, as PCG is approached from a practical design perspective.
Furthermore, the proposed method highlights how the designer tasks related to
implementation and the relationship between game and AI design can affect the design
process and, thus, eases the creation of interfaceable and controllable AI systems. These
contributions carry both practical and theoretical significance, as they help future
designers and researchers take the first steps in formalizing their knowledge through the
MDA framework.
In practice, these contributions can be used as a cookbook for designers to ensure that the
necessary decisions, contextualization, and binding of affordances are carried out.
Researchers can use the results as a theoretical base for further improvement of PCGbased game design. In addition, the results can be used to narrow down the search for
literacy in specific problem areas.

9.5 Future work
In order to increase external validity, the method should be tested and evaluated
throughout the game development life-cycle. Currently the proposed method has been
designed to address bootstrapping issues at the start of a project when designers are
focused on refining their designs and iterating on initial implementations. A closely
related issue to consider in the future is the inclusion of organizational context to the
method. Games are usually developed in teams and there is no apparent reason why PCGbased games should be an exception to this rule. The GQM+ evaluation method was
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mentioned previously, and it could be a good option for the integration of organizational
context to the proposed method and PCG-based game design. A proper evaluation setting
should also contain real teams working on a real product. The actual in-depth workflow
could be formally modelled after multiple evaluations, when the activities of the designer
are better understood.
When a team and an organization are included, there should also be some sort of planning
and risk management. Most mature development methods provide a risk management
framework and PCG-based game design could most certainly use one. This is especially
true when designers transfer authorial control over to AI systems and integrate their
affordances, while trying to avoid catastrophic failures. It is also important that the
transfer occurs in a controlled manner, as the designer should be able to exert fine-grained
control over the generation process. The current method is intended to improve designer
workflow during the early stages of design and development, but the later stages are the
ones where the actual interaction, design and development with AI is performed. The
current method makes it easier to reach that point, but it does not necessarily have answers
to these more fundamental aspects of PCG-based game design.
One of the most important elements in gauging the controllability of the created AI system
is evaluating its expressive range. Currently, the only advice for the evaluation of the
range of the system is to pick plottable metrics that are far away from generator inputs.
This sounds easy, but designers might need further steps for defining suitable metrics that
fit their situation and intent. Decision points affecting the experience of the player have
also been identified, but more specific design level instructions and steps should be
determined to make sure the designer can successfully select the structure and mapping
of genotypes and phenotypes and define the mappings between phenotypes and fitness.
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10. Summary
Currently PCG-based games exist mainly as research projects from various authors. Some
information is available about their structure and about the problems encountered in these
games, but almost no information is available on how the authors designed and created
those games. The problem domain presents great potential for solutions to a real need,
but why has the use of PCG not become mainstream yet?
The idea of using AI to ease the designer workload is not new, as various forms of PCG
have been used throughout the history of digital games. The best early examples of this
include games such as Elite (Acornsoft, 1984) which bypassed hardware restrictions
through the clever use of expansion algorithms and Rogue (Epyx, 1980) that provided
replay value unparalleled at the time. Later games such as the Diablo (Blizzard
Entertainment, 1996, 2000, 2012) series and Minecraft (Mojang, 2011) continued the
trend, but ultimately offered nothing new besides a greater variation in content, as their
core gameplay stayed the same throughout all levels.
The common aspect for the aforementioned games is that they all feature PCG in a role
where failures in content generation can be tolerated without dramatically affecting the
overall gameplay experience. Core gameplay is still tightly under the control of the
designer, as he is still better on average at creating interlinked content with a higher
overall consistency. Most commercial games demand that the experience of the player is
consistent and provides the expected return for the consumer’s money. Zafar & Mujtaba
(2012) aptly coined the term catastrophic failure to describe the situation in which the
game is no longer playable due to a failure in content generation.
The difficulty in formalizing designer knowledge and the lack of a clear design method
with actionable steps motivates the main research question of this thesis: how to improve
game designer workflow in PCG-based game design? The first sub-question of the main
research question addresses how PCG-based game design differs from general game
design. In PCG-based game design the experience of the player is created indirectly
through game content. Instead of hand authoring content, the designer builds various
generative processes to solve design problems related to the player’s experience. The
designer has to piece together an enjoyable experience from elements that might not even
exist before the game is started. Controlling these processes is in a key role in
development, as both the designers and the players have to be able to exert control over
what content is being generated. The designer has to ensure that generation produces a
consistent and meaningful body of content in order to retain internal consistency that is
determined by the context of gameplay.
This approach is challenging for new designers and researchers alike, since the process
of formalizing designer knowledge to generative processes requires both theoretical
information and practical expertise in the specified domain. This thesis lowers the
threshold for the adoption of PCG-based game design practices and helps developers,
designers and researchers to start their projects by creating actionable steps for them to
follow. In order to improve game designer workflow in PCG-based game design, this
thesis explicates the necessary theoretical frameworks and decision points into concrete
and practical activities and demystifies the process of designing PCG-based games.
The lack of practical knowledge on these first steps of design and development motivates
this thesis to answer how the ideas of the designer can be formalized into designs and
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eventually transformed from designs to implementations. Formally this thesis is situated
in the pre-production phase of the game development life-cycle, where the most relevant
initial decisions are made.
The design science research method by Peffers et al. (2007) was used to carry out the
main bulk of research in this thesis. The artefact being constructed was identified as a
method in accordance with March & Smith (1995). The contribution being made was
identified to be an improvement, as depicted in the design science research knowledge
contribution framework by Gregor & Hevner (2013). The Quick & Simple strategy was
chosen as the artefact evaluation strategy by using the FEDS framework by Venable et al.
(2016). During and after the task, a risk assessment was performed in accordance with
the RMF4DSR framework by Pries-Heje et al. (2014). Additional risk assessments were
performed at the end of each artefact evaluation iteration.
Since real users were deemed unfeasible, the method was created to show efficacy over
efficiency, despite the artefact being a socio-technical solution. In other words, the
viability of the method was emphasised over its effectiveness in real world, leading to an
artificial evaluation setting. One of the main limitations of this thesis was the lack of
organizational context that could have captured the intricacies related to human
interaction. Evaluation was performed following the proposed method by creating a
simple PCG-based game with an accompanying AI-system. The GQM method by Basili
et al. (1994) was used to extract four main measurements: achievement of goals,
estimation of impact, accuracy of predictions made, and the rate of problems encountered.
A short subjective evaluation was also performed at the end of each iteration. Even though
each risk assessment step provided ways to address resource depletion, the evaluation had
to be stopped after the second iteration. The proposed method was redesigned based on
the collected data and all of the encountered problems were resolved.
The main contribution of this thesis is a method that improves game designer workflow
in PCG-based game design. The answer to research question 1.2, what is the process of
formalizing designer knowledge in PCG-based game design, can be observed in the
method in Figure 43. The proposed method combines theories from AI and designoriented bodies of knowledge that relate to PCG and it integrates core game design
principles to solve emerging problems from a practical viewpoint. During evaluation and
method redesign multiple deficiencies were encountered that could not be solved by
utilizing only PCG-related research. The problems that could not be solved
straightforwardly were related to providing context for AI design and binding its
affordances to the specified context. Game system theories provided solutions for
answering to these problems and enabled designers, developers, and researchers to
effectively iterate between game and AI design. One of the most significant aspects of
these findings is that the deficiencies were discovered by approaching the problem area
from a practical point of view. These deficiencies could have otherwise remained
unnoticed. Valuable design knowledge was gained by actually following the concrete
steps required to produce a PCG-based game and its AI system. This point of view has
not been extensively covered in previous research.

136

Figure 43 The proposed design method that improves designer workflow in PCG-based game design by explicating
and expanding the necessary design activities. Grey boxes represent supportive and implementation related tasks the
designer is likely to do. Dotted lines and boxes describe relationships between game and AI design and help
transitions between design tasks.

Previous research mentions that player control over the generative processes of the system
is the key in forming strategies around content generation. When the player is awarded
controlling mechanics over content generation, it is important that the system responds
intelligently and consistently in a way that corresponds with the expectations of the
player. Integrating meaningful play ensures that the relationship between the player
actions and system outcomes is both discernible and integrated. The activity allows
designers to reflect the outcomes of decisions through player experience and ensures that

137
the mechanics of the game are meaningful in the context of play. Prior PCG-related
research has not provided explicit means to address meaning behind player actions. In
addition, meaningful play allows designers to reflect their decisions through all necessary
frames of reference: formal, experiental, and cultural frames. The formal and experiental
frames were also integrated into their corresponding counterparts in the MDA framework;
formal frame to mechanics and experiental frame to dynamics. Aesthetics found its
counterpart from the theory of essential experience that helps designers break general
aesthetics down to more finely refined aesthetics.
Additional interesting findings include the importance of implementation details to the
design process as whole. Non-design related activities, such as interfacing and generator
evaluation, were found out to be crucial supportive tasks that cannot be listed as design
activities but as supportive activities that enable the design process as a whole. Similarly,
the relationships between game and AI design, context and affordances, proved to be in a
key role during iterations of the design. Game system theories were used to develop these
relationships further by explicating their meaning in practice. Overall, the chosen theories
were found to be synergistic in practice and lead the designer through different abstraction
levels of design; from ideas to designs and from designs to implementations.
The main research question, how to improve game designer workflow in PCG-based
game design, has been answered through its sub-questions. The proposed method takes
into consideration how PCG-based game design differs from traditional game design, and
the process of formalizing designer knowledge in PCG-based game design has been
explicated to the form of a method that provides concrete steps for designers to follow.
The third sub-question has been studied from a practical viewpoint from both the player
and designer perspectives. The most important aspect in player interfacing was found to
be the directness and timing of the control over generation, and the relation between
player actions and system outcomes. Designer control varies between abstraction levels
where the lowest level of control can be viewed as API’s and various implementation
details such as genotypes and phenotypes. The most important aspect of designer
interfacing is implemented through generator evaluation. Other inputs, outputs and
controls will not matter that much unless the designer can tell how well the generative
space of the generator can be controlled.
Designers, developers and researchers can use the results as a cookbook to adopt PCGbased game design practices. Practical and actionable steps are likely to save time in both
design and development. Definite results cannot be claimed before the method is
evaluated on a larger scale, but the preliminary results show a promise of improvement.
Despite the limitations, the proposed method lowers entry requirements for designers and
developers hoping to adopt PCG-based game design principles by explicating the
necessary design choices and acts as a guide through the first stages of design.
Researchers can use these results as a theoretical base for further studies in PCG-based
game design. This thesis shed light on the practical aspects of design and revealed the
requirements that have to be addressed in order to produce coherent artefacts. The process
of PCG-based game design has also been demystified, as the most relevant frameworks
and decision points have been gathered in one place. This helps designers to narrow their
focus on more specific problem areas.
The results hopefully help speed up the adoption process of the PCG-based game design
practices that might eventually lead to lowering costs of game development. Future
research tasks include evaluation in an organizational context throughout the whole game
development life-cycle. In addition, the method would benefit from a risk assessment
framework that is usually provided by mature frameworks.
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Appendix A. Risk analysis
The aim of this thesis is to improve designer workflow in producing PCG-based games.
In order to achieve this result the DSR process behind it includes various risks that have
to be addressed somehow. Pries-Heje et al. (2014) have approached this problem
specifically from a DSR perspective and created the risk management framework for
design science research (RMF4DSR) which provides two ways of identifying risks in
DSR projects: using a premade checklist of risks or identifying different stakeholders and
brainstorming.
Using the list of generic DSR risks the following risks were identified:
1. Risk A-2: It is hard to get enough information about existing PCG-based game
projects. The pool of research regarding these games is very limited and no
open source code exists. Releasing source code is against developer interests.
2. Risk A-3: The proposed method only serves certain stakeholders. AI- and
game design researchers have approached the topic from very different
perspectives, resulting in conflicting stakeholder interests. The proposed
method should enable both of these groups to create PCG-based games
effectively. Another stakeholder group can be seen as game development
teams that aren’t necessarily experts on the theoretical aspects of the method.
3. Risks B-1, B-2: The wealth of research on related fields of study results in
ignorance of all possible approaches. PCG-based game design is a strongly
interdisciplinary topic that requires knowledge from various fields ranging
from AI research to psychology.
4. Risk C-2: The developed artefact is ineffective due to socio-technical
complications of development teams. Multiple teams should be able to work
on the same project by following the proposed method.
5. Risk C-3: The developed artefact is ineffective in solving the problem. It
doesn’t work in an organizational context or requires too much resources to
solve the problem. The proposed method might require the creation of
multiple interfaces and iteration cycles, which might be too much for some
projects.
6. Risk C-4: The developed artefact is inefficacious in solving the problem or
isn’t the real cause of improvement.
7. Risk C-5: The proposed method is too complex or inelegant. The proposed
method might require extensive theoretical knowledge on game and AI design
in order to be properly utilized.
8. Risks D-1a, D-1b: Not all relevant requirements for the solutions technology
can be realized before artefact design, instantiation or evaluation. The
proposed solution might fail if these requirements are not met.
9. Risk D-6: Naturalistic evaluation of the method results in difficulties due to
unforeseen organizational complications. The surfacing complications result
in the method not being able to reach its goals.
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10. Risk D-8: The solution can’t be properly adopted to an organization, causing
its objectives to not be met. Proper change management practices are required
to shift from hand authoring content to interacting with content generators.
11. Risk D-9: Success or failure is difficult to measure or can’t be determined as
improvement of designer workflow.
12. Risk E-1: Implementation in practice of a solution does not work effectively,
efficiently, and/or efficaciously.
13. Risk E-2: The limitations and necessary context of the solution are
misunderstood.
14. Risk E-3: The process of method application is misunderstood.
15. Risk F-4: The resulting artefact won’t be general enough to be useful. The
developed artefact can cause a false positive in the evaluation phase if it only
fits the current case.
In addition, the authors note that some risks won’t emerge from the provided checklist.
To negate the risk of leaving something unnoticed a short brainstorm was done to uncover
additional risks. The perspectives for finding risks for the creation of the proposed method
artefact were divided by the phases of construction and the types of these risks. The
phases of construction include design and development, and evaluation. The types of risks
include scientific and practical risks.
The risks identified for the development phase:
16. The method doesn’t allow for the usage of existing commercial products like
game engines or other standard software.
17. The proposed method must address unanswered questions from prior literature
in order to be useful.
The risks identified for the evaluation phase:
18. Available resources prevent efficacious evaluation of the artefact, resulting in
lowered rigor.
19. The proposed method leads to the end result being faulty / uncontrollable, even
though the method proves to be useful.
20. Evaluation done by the writer himself might overlook critical aspects of the
artefact.
The risk score labels (high, medium, and low) were retrieved from the risk matrix by
Pries-Heje et al. (2014).
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Table 15 Risk score matrix in accordance to Pries-Heje et al. (2014)

Conse
quence

5

Medium

Medium

High

High

High

4

Medium

Medium

Medium

High

High

3

Medium

Medium

Medium

Medium

High

2

Low

Low

Medium

Medium

Medium

1

Low

Low

Low

Medium

Medium

1

2

3

4

5

Probability
Risk treatments were selected from the risk treatment matrix. (Pries-Heje et al., 2014.)
Table 16 Risk treatment matrix by Pries-Heje et al. (2014).

Impact - High
Impact - Lower

Probability - Lower

Probability - High

Transfer

Avoidance

Self-Insure

Self-Protect

The risks identified were ranked by using the RMF4DSR by Pries-Heje et al. (2014). The
risks were prioritized according to the score calculated by multiplying consequence and
probability. Scores are marked with letters indicating severity: H for high, M for medium,
and L for low. Treatments were selected as suggested in the risk treatment matrix.
Table 17 Risk identification table in accordance to RMF4DSR by Pries-Heje et al. (2014)

Risk Consequence Probability Score
1

3

5

2

2

2

High
(15)

Treatment
Transfer. Not much can be done about the
lack of information on the inner workings
of previous game projects. To reduce the
risk somehow the game Endless Web is to
be used as a benchmark when information
about existing PCG-based games is
needed.

Low (4) Self-Protect: As multiple stakeholder
groups share the goal of developing games
the method needs to be understandable to
all stakeholders. Pay attention to explicit
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descriptions of necessary steps and update
them as necessary. The main stakeholder
group to be served are game developers, so
a certain level of preparedness and skill is
expected.
3

2

2

Low (4) Self-Insure: The proposed method is not
claimed to be all-knowing. The method
should be lenient enough to allow the
designer to follow the order of steps and
implement them as he sees best. Extra
effort is to be done in the literature review
to uncover different approaches.

4

3

2

Medium Self-Insure: Resources allocated for this
thesis will most likely prevent using
(6)
multiple test persons or teams. The risk is
marked to be better addressed as future
work and described as a shortcoming of
this thesis.

5

4

1

Medium Self-Insure: Since the proposed method is
to be consistent with previous research it
(4)
will be iterative in nature. There is little to
be done for this risk other than
encouraging teams to adopt risk
management
procedures
in
their
development cycles to detect failures early.

6

4

2

Medium Self-Protect: The proper way of
determining whether the improvements
(8)
result only from the method would be to do
multiple naturalistic evaluations. Due to
resource limitations the only thing possible
to mitigate this risk is to aim for as rigorous
demonstration and evaluation as possible
to distribute risk detection between
evaluation phases.

7

2

3

Medium Self-Insure: The topic of PCG-based
game design has not yet been researched
(6)
very thoroughly. The potential users
should be able to familiarize themselves
with the kernel theories behind the
method, so they should be made explicitly
clear.

8

4

2

Medium Self-Protect: The proper way of ensuring
all the requirement are gathered would be
(8)
to work with a game studio to uncover
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their needs. Due to resource limitations the
only thing possible to mitigate this risk is
to aim for as rigorous demonstration and
evaluation as possible to distribute risk
detection between phases. The transferral
of the risk can also be achieved by fixing
the core stakeholder groups as the focus of
analysis and treating the rest of them as
further research.
9

3

0

Low (0) Self-Insure: The method itself doesn’t
concern organizational issues or aspects so
there is little to be done here. In the case of
naturalistic evaluation a backup-plan
should be made.

10

3

1

Low (3) Self-Insure: The change required in
designer and content generation roles
requires certain levels of preparedness for
the transition. It should be made explicitly
clear what is required in order to use the
method and how it alters the traditional
developer roles.

11

4

3

Medium Self-Insure: Explicit metrics should be
(12) created to measure whether improvement
was made.

12

1

2

Low (2) Self-Insure: There is little to be done here
except marking it as future research.

13

1

3

Low (3) Self-Insure: The proposed method will
offer guidelines to support designer
workflow instead of defining and explicit
road map to follow. The designer must use
his own judgment to reflect the method’s
suitability to the project at hand. This
should be made explicitly clear.

14

1

1

The
designer
must
Low (1) Self-Insure:
acknowledge the different role taken in
PCG-based game design in order to
leverage AI-systems for full effect. The
method also requires knowledge on game
and AI design to be useful. There is little
else to be done except make it explicitly
clear.
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15

4

2

Medium Transfer: No general PCG systems exist,
nor does prior literature provide a way of
(8)
creating one. Every game and its needs are
different. Multiple authors describe game
design more of an art than strict science.
This aspects makes it hard to estimate
whether the method will actually be
general enough to be widely used in game
development. Existing technologies used
by game developers should be considered
when developing the method.

16

3

3

Medium Self-Protect: The proposed method is
designed around workflow, but tooling is a
(9)
part of that nowadays. The risk can be
somewhat mitigated by using OSS or freeto-use software in artefact evaluation if
necessary.

17

4

1

Medium Self-Insure: Develop the method in a way
that it allows the designer to use his own
(4)
judgment on implementations. Offer
guidance on how but leave the
implementation to the user.

18

4

3

Medium Self-Protect: Limit evaluation cycles to a
(12) minimum required for decent rigor. If the
artefact requires software components use
OSS or free-to-use ones as parts if
possible.

19

3

1

Medium Self-Protect: The aim is to demonstrate
usefulness of the method. Even though a
(3)
good process should lead to a good
artefact, the only way to improve from this
point would be to perform formative
naturalistic evaluation in an organization
after the method’s usefulness has been
made certain.

20

3

2

Medium Self-Insure: Resources available forbid
doing much else. Try to remain as
(6)
objective as possible.
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Appendix B. Impact estimation tables for iteration
one
Impact estimations and their actual relevancy in iteration one can be seen as per activity
in Table 18 and per phase in Table 19.
Table 18 Impact estimations per activity for iteration one.

Activity

Estimation

Actual

Essential experience

High

High

Domains

Medium

Low

MDA

High

High

Rules

High

High

Interaction

High

High

Identification

High

High

Representation

Medium

Medium

Evaluation

Medium

Medium

Search

Medium

Medium

Designer style

Low

Low

Interface

Medium

Medium

Common data storage

Low

Low

Generator evaluation

Low

Low

Meaningful play

Medium

Medium

AI in action

Low

Low
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Table 19 Impact estimations per phase for iteration one.

Phase

Estimation

Actual

Refinement of ideas

High

Medium

Game design

High

High

AI design

Medium

Medium

Gameplay

Medium

Medium
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Appendix C. Problems encountered during the first
iteration
The following problems were identified during the first iteration of the proposed method
evaluation.
Problem #1: Redundant AI architectures.
Activity: Domains.
Type: Redundancy.
Severity: Low.
Problem #2: Redundant knowledge domains.
Activity: Domains.
Type: Redundancy.
Severity: Low.
Problem #3: Overlap with the essential experience activity in determining the player's
emotional responses.
Activity: MDA.
Type: Redundancy.
Severity: Low.
Problem #4: Important rules were left out.
Activity: Rules.
Type: Deficiency.
Severity: High.
Problem #5: The game’s goal and the most important objectives were left out.
Activity: Rules.
Type: Deficiency.
Severity: High.
Problem #6: Catastrophic failures are not addressed.
Activity: Interaction.
Type: Deficiency.
Severity: Medium.
Problem #7: Catastrophic failures are not addressed.
Activity: Search.
Type: Deficiency.
Severity: Medium.
Problem #8: Redundant generation pipelines.
Activity: Designer style.
Type: Redundancy.
Severity: Low.
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Problem #9: Redundant common data storing.
Activity: Common data storage.
Type: Redundancy.
Severity: Low.
Problem #10: Unable to properly test gameplay due to catastrophic failures in content
generation.
Activity: AI in action.
Type: Infeasibility.
Severity: Medium.
A summary of the problematic activities can be found below in table 20.
Table 20 Number of problems encountered per activity in iteration one.

Activity

Number of
problems

Average severity

Most common type

Domains

20% (2/10)

Low

Redundancy

Rules

20% (2/10)

High

Deficiency

MDA

10% (1/10)

Low

Redundancy

Interaction

10% (1/10)

Medium

Deficiency

Search

10% (1/10)

Medium

Deficiency

Designer style

10% (1/10)

Low

Redundancy

Common data
storage

10% (1/10)

Low

Redundancy

AI in action

10% (1/10)

Medium

Infeasibility
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A summary of the types of problems encountered can be found below in table 21.
Table 21 Types of problems encountered per activity in iteration one.

Type of problem

Count

Redundancy

50% (5/10)

Deficiency

40% (4/10)

Infeasibility

10% (1/10)

A summary of the severity of problems encountered can be found below in table 22.
Table 22 Severities of problems encountered in iteration one.

Severity of problem

Count

Low

50% (5/10)

Medium

30% (3/10)

High

20% (2/10)
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Appendix D. Impact estimation tables for iteration two
Impact estimations and their actual relevancy in iteration one can be seen as per activity
in Table 23 and per phase in Table 24.
Table 23 Impact estimations per activity for iteration two.

Activity

Estimation

Actual

Essential experience

Medium

Medium

Domains

Medium

Medium

MDA

Medium

High

Rules

Low

Low

Interaction

Medium

Medium

Identification

Low

Low

Representation

Medium

Medium

Evaluation

High

High

Search

High

High

Designer style

Low

Low

Interface

Medium

Medium

Common data storage

Low

Low

Generator evaluation

High

High

Meaningful play

Medium

Low

AI in action

Low

Low
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Table 24 Impact estimations per phase for iteration two.

Phase

Estimation

Actual

Refinement of ideas

Medium

Medium

Game design

Medium

Medium

AI design

Medium

Medium

Gameplay

Medium

Low
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Appendix E. Problems encountered during the
second iteration
The following problems were identified during the second iteration of the proposed
method evaluation.
Problem #1: Redundant AI architectures.
Activity: Domains.
Type: Redundancy.
Severity: Low.
Problem #2: Redundant knowledge domains.
Activity: Domains.
Type: Redundancy.
Severity: Low.
Problem #3: The activity leaves mechanic subjects and game entities out of scope.
Refining game entities and other related subjects is required to properly bind the
proposed mechanics to the generation process.
Activity: MDA.
Type: Deficiency.
Severity: Medium.
Problem #4: Redundant rules activity.
Activity: Rules.
Type: Redundancy.
Severity: Low.
Problem #5: Redundant identification activity.
Activity: Identification.
Type: Redundancy.
Severity: Low.
Problem #6: Gameplay feedback was required to perform activity.
Activity: Evaluation.
Type: Infeasibility.
Severity: High.
Problem #7: Redundant generation pipelines.
Activity: Designer style.
Type: Redundancy.
Severity: Low.
Problem #8: Redundant common data storing.
Activity: Common data storage.
Type: Redundancy.
Severity: Low.
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Problem #9: Gameplay feedback was required to perform activity.
Activity: Generator evaluation.
Type: Infeasibility.
Severity: High.
Problem #10: Redundant meaningful play.
Activity: Meaningful play.
Type: Redundancy.
Severity: Low.
Problem #11: Redundant AI in action.
Activity: AI in action.
Type: Redundancy.
Severity: Low.
A summary of the problematic activities can be found below in table 25.
Table 25 Number of problems encountered per activity in iteration two.

Activity

Number of
problems

Average severity

Most common type

Domains

18% (2/11)

Low

Redundancy

MDA

9% (1/11)

Medium

Deficiency

Rules

9% (1/11)

Low

Redundancy

Identification

9% (1/11)

Low

Redundancy

Evaluation

9% (1/11)

High

Infeasibility

Designer style

9% (1/11)

Low

Redundancy

Common data storage

9% (1/11)

Low

Redundancy

Generator evaluation

9% (1/11)

High

Infeasibility

Meaningful play

9% (1/11)

Low

Redundancy

AI in action

9% (1/11)

Low

Redundancy

158
A summary of the types of problems encountered can be found below in table 26.
Table 26 Types of problems encountered per activity in iteration one.

Type of problem

Count

Redundancy

73% (8/11)

Infeasibility

18% (2/11)

Deficiency

9% (1/11)

A summary of the severity of problems encountered can be found below in table 27.
Table 27 Severities of problems encountered in iteration one.

Severity of problem

Count

Low

73% (8/11)

High

18% (2/11)

Medium

9% (1/11)
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Appendix F. Impact and problem tables for analysis
Table 28 shows how impact predictions were estimated for both iterations and what
were the actual results.
Table 28 Estimations of impact and their accuracy per activity in the first and second iterations.

Activity

First iteration
estimation

First iteration
actual

Second
iteration
estimation

Second
iteration actual

Essential
experience

High

High

Medium

Medium

Domains

Medium

Low

Medium

Medium

MDA

High

High

Medium

High

Rules

High

High

Low

Low

Interaction

High

High

Medium

Medium

Identification

High

High

Low

Low

Representation

Medium

Medium

Medium

Medium

Evaluation

Medium

Medium

High

High

Search

Medium

Medium

High

High

Designer style

Low

Low

Low

Low

Interface

Medium

Medium

Low

Medium

Common data
storage

Low

Low

Low

Low

Generator
evaluation

Low

Low

High

High

Meaningful
play

Medium

Medium

Medium

Low

AI in action

Low

Low

Low

Low
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Table 29 shows how impact predictions divided by phases for both iterations and what
were the actual results.
Table 29 Estimations of impact and their accuracy per phase in the first and second iterations.

Phase

First iteration
estimation

First iteration
actual

Second
iteration
estimation

Second
iteration actual

Refinement of
ideas

High

Medium

Medium

Medium

Game design

High

High

Medium

Medium

AI design

Medium

Medium

Medium

Medium

Gameplay

Medium

Medium

Medium

Low

161
Table 30 shows the number of problems encountered, the average problem severity and
the most common problem type for both iterations.
Table 30 Number of problems encountered, average problem severity and the most common problem type per activity
in the first and second iteration.

Activity

First iteration

Second
iteration

Average
severity

Most common
type

Essential
experience

0

0

-

-

Domains

2

2

Low

Redundancy

MDA

1

1

Medium

Deficiency

Rules

2

1

Medium

Deficiency

Interaction

1

0

Medium

Deficiency

Identification

0

1

Low

Redundancy

Representation

0

0

-

-

Evaluation

0

1

High

Infeasibility

Search

1

0

Medium

Deficiency

Designer style

1

1

Low

Redundancy

Interface

0

0

-

-

Common data
storage

1

1

Low

Redundancy

Generator
evaluation

0

1

High

Infeasibility

Meaningful
play

0

1

Low

Redundancy

AI in action

1

1

Medium

Infeasibility

