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Abstract

This thesis explores ways of utilizing procedural generation 

methods for video game materials in order to construct 

an efficient framework that provides high-level control 

to artists over environmental storytelling in games. 

Even though procedural generation and environmental 

storytelling have been important parts of game production 

for years, the exact connection between individual visual 

elements of materials and environmental storytelling is 

underexplored. This thesis addresses the issue by analyzing 

both real-world and video game materials and by creating 

a framework for artists to build their own procedural 

materials with an emphasis on environmental storytelling.

The focal point of the research is on video games that 

employ physically-based rendering (PBR) methods, are in 

3D, and are either realistic or represent stylized real ism. 

However, as the research draws inspiration from many 

different mediums, it is possible to apply the findings or 

the theory of this research to other types of digital media 

such as animated film, and even to real-world productions 

such as stage design for theater shows, if seen fit. The end 

product of this thesis is a proposed framework for creating 

PBR materials accompanied by a production example 

presented as images, video, and an interactive prototype.
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Terminology

08 09Chapter Zero Terminology

An asset is any kind of resource or item that is utilized in 
a project, such as a 3D model, an audio file, or an image 
(Unity Technologies, 2020). A material, the focal point of 
this thesis, is also one type of asset. 
 
“A game engine is the software that provides game 
creators with the necessary set of features to build 
games quickly and efficiently” (Unity Technologies, n.d.). 
Game engines come with their own implementations of 
rendering engines that are responsible for generating and 
displaying the visuals of the game.
  
A term borrowed from the concept of indexical storytelling 
by Clara Fernandez-Vara (2011). It is a sign or a clue of an 
event. In Fernandez-Vara’s words: “An index has a relation 
to the event, often is the consequence of it, which points 
to something that happened or is going on, inviting the 
player to reconstruct what happened. The player has to 
connect the relationship between the sign and the event 
that it points to” (2011). 

In the context of 3D rendering, a material defines the 
appearance of an object’s surface when it is rendered 
(Autodesk, n.d.). More specifically, the material defines 

Asset

Game
Engine

Index

Material



how the surface of the mesh interacts with the light (Epic 
Games, n.d.)

A mesh is a 3D object that is made of one or more 
connecting flat faces called polygons (Autodesk, n.d.). 
Depending on the software, it can be called a mesh, a 3D 
mesh, or a polygon mesh. In game engines such as Unity, 
meshes are the main graphics primitives that make up a 
large part of the 3D worlds (Unity Technologies, 2020).

A workflow that allows the user to reverse or modify any 
action without losing their work.

Refers to the software that is responsible for generating 
the graphical output to be displayed on the screen by 
drawing meshes and performing the light calculations.

Textures are images that are used by materials in 
order to define the look of a surface. The material 
derives the necessary information of a surface from 
one or more textures that are mapped onto the surface. 
This information can be the surface’s color, opacity, 
metallicness, roughness, and more.

Mesh

Non-
destructive

Rendering
Engine

Texture

10 11Chapter Zero Terminology



12 13Chapter One Introduction

Environments, in a typical video game, take up the largest 
amount of space on the screen. In first-person games, the players 
themselves are almost invisible, except for the hands and legs, as 
the player experiences the world through the eyes of the game 
character. In third person and platform games, the camera follows 
the character in an environment. The character takes up a relatively 
small amount of space on the screen to allow the players to see the 
world and navigate in it. In some other games, such as strategy 
games and card games, there are sometimes no characters at all, 
which leaves the screen to be used entirely for the environment. As 
a result, video game environments have evolved into more than 
being just a platform that hosts the player interaction. They have 
become an important outlet for artistic creativity and an important 
part of visual storytelling. As video games combine many different 
disciplines to create experiences, video game environments, 
as a part of visual arts, are employed to help construct these 
experiences. As a result, they have become a subject of research 
and interest on their own.

However, the concept of using the environment for narrative 
experiences is nothing new or specific to video games. For instance, 
it has long been a part of theme park design as a way to construct 
narrative experiences that immerse the guests in the theme 
(Carson, 2000).  Per definition, “environmental storytelling” refers 

01
Introduction
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1.1 Subject Area and Scope

This thesis concentrates on modern video games that utilize 
physically-based rendering (PBR) methods and are either 
photorealistic or represent stylized realism. The same methods 
proposed in this thesis can be applied to other 3D rendered  
media such as  animated films, and the framework can even be 
utilized as a visual demo tool for real-world productions such as 
stage design in theaters. Most importantly, the framework aims 
to create a structured generation method for materials that are 
realistic or inspired by the real world. This decision was made for 
two reasons:

1) A large percentage of   video games today are made with 
realistic or stylized realistic visuals, and as a result, this 
framework aims to target the largest portion of video game 
productions.

2) Since this is a novel framework, it is important to have 
enough inspirational sources and references to draw lessons 
from during the creation process. The real world in this case 
provides plenty of examples that allow the framework to be 
based on concrete foundations.

to the spatial design whose purpose is to convey stories, which can 
be applied to either real-life or digital spaces such as video games 
(Carson, 2000; Pearce 2007). As the environments consist of many 
different elements, every aspect of the environment is subject to 
study for a better understanding of environmental storytelling.

With technological advancements and emerging new tools, the 
methods for constructing video game environments go through 
changes. As the methods change with new tools at artists’ disposal, 
the approach towards spatial design and environmental storytelling 
also changes. While procedural generation methods for  video game 
materials increase in popularity, the exact connection between the 
visual elements of the materials and environmental storytelling 
is underexplored. Consequently, there is a need for a framework 
that will unlock the potential of procedural algorithms as dynamic 
creation tools and will be able to grant greater control over 
environmental storytelling in video games. By formulating visual 
storytelling elements from materials and connecting each element 
with corresponding algorithms, environmental storytelling can 
be controlled in a dynamic and non-destructive way. To test this 
theory, this thesis analyzes real-world and video game materials 
and presents a design exploration of a storytelling framework for 
procedural materials in video games.
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However, tailoring the framework for all the different use cases 
would be beyond the scope of this thesis. This thesis specifically 
concentrates on video games; any other use cases mentioned 
above are simply byproducts of the work. Moreover, due to time 
and budget limitations, the framework will only be able to be 
tested on one type of material. Rocks were chosen as the test 
material due to the large variety of stories they can tell.
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2.1 Environmental Storytelling

The concept of using the environment to convey stories far 
predates the advent of video games. For instance, in theater 
(Howard, 2019), cinema ( LoBrutto, 2002), and theme parks (Carson, 
2000), spaces and environments have been used to immerse the 
viewers or guests in the story for a long time. Since all the elements 
that the environment consists of (such as lighting, colors, materials, 
and shapes) play a part in visual  storytelling (Solarski, 2012), they 
can  affect emotions (Solarski 2017), provide information about the 
world (Vara, 2011) or support the story that is being told in other 
ways.

This is mostly achieved by relying on people’s prior experiences and 
managing their expectations based on those experiences (Carson, 
2000). From the places they visit, books they read, movies they 
watch, and stories they listen to, people create a mental image of 
the appearance of certain concepts and the representative function 
of individual elements in different  scenarios. Environmental 
storytelling relies on this prior knowledge to present clues that 
people can build the world in their minds with (Carson, 2000). It 
does not tell people directly about the events that took place but 
instead provides clues and “indices” so that people can construct 
the story of the world themselves (Vara, 2011).

02
Background



For instance, in Fallout 4 (Bethesda Game Studios, 2015), the 
environment experiences drastic changes to reflect the events that 
took place in the world (Figure 1). Before the nuclear explosion, 
the neighborhood consists of bright-colored cars and houses, 
nicely kept green gardens, flowers, and sunbeams. All these visual 
cues play with the player’s expectations of how a happy and 
wealthy neighborhood would look like. Moreover, saturated colors 
and light values create a happy, good, and positive impression 
(Valdez & Mehrabian, 1994) [cultural differences may apply]. 
After the nuclear explosion, the same environment can be seen 
in a different state. This time the colors are dull, the foliage is 
dried and dead, the houses are falling apart, the cars are rusted, 
and the concrete is cracked. Such visual elements are aimed 
at constructing the story of the environment based on people’s 
prior knowledge of said elements. It is known that metal oxidizes 
over time if not maintained properly, and overgrown weeds signal 
that the gardens have not been tended to. These indices tell us 
that  humanity has been absent from this neighborhood for a 
long time. It is also known that trees and flowers cannot grow in 
toxic and malnourished soil. Seeing that the plants are unable to 
survive in this neighborhood in its current state tells the player 
that the environment here has become toxic and unsuitable for 
life. Moreover, destroyed buildings and cracked concrete mean that 
a damaging factor or a disaster caused destruction. All of these 

FIGURE 1. Screenshot of Fallout 4 (deathmule, 2015, 0:03, 0:05).  →
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visual cues in the environment play a major part in conveying the 
history of the Fallout world to the player.

Likewise, Portal (Valve, 2007) successfully presents a dystopian, 
machine-controlled science-fiction world with the help of 
environmental storytelling (Figure 2). In the game, the player is 
a test subject who is trapped in a testing facility and is forced 
to participate in some scientific tests by an advanced artificial 
intelligence called GLaDOS. There are technological platforms, 
doors, and other mechanisms in the world that the player interacts 
with in order to solve the puzzles. The game world manages to 
reflect this science-fiction scenario well, as it consists of very 
precise, machine-made structures with concrete blocks and tiles, 
shiny metals, and plastic. All these indices (a white and clean 
environment, high  technology mechanisms, plastic, metal, and 
precise cut concrete blocks) connect with people’s knowledge of 
technology, laboratories, and machine precision. As a result, the 
player understands the story of the world and can make sense of 
what they see.

2.2 Materials in the Game Context

All the different components in an environment contribute to its 

↑  FIGURE 2. Screenshot of Portal.
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to create materials and Toolbag 3 (Marmoset, 2016) to render 
them, both of which are tools that are based on PBR. How ever, the 
exact implementation of the methods described in this thesis may 
vary between different tools. As described by  McDermott: “PBR is 
a methodology rather than a hard standard. There are specific 
principles and guidelines, but no one true rule, which means there 
can be different implementations. The map types and workflow 
used can vary” (2018, p. 43).

The video game environments that employ PBR are made up 
of different elements such as 3D meshes, materials, lighting, 
volumetrics, and more. Materials are the assets that are applied 
on meshes in order to control their visual properties such as 
color, shini ness, transparency, and more (Epic Games, n.d.). More 
specifically, the material defines how the surface of the mesh 
interacts with the light (Epic Games, n.d.). In this thesis, materials 
that are constructed for use in PBR are referred to as “PBR 
materials”.

However, there are certain differences between PBR materials 
and real-world materials in a conventional definition. The Oxford 
English Dictionary defines “material” as “the matter from which a 
thing is or can be made.” (n.d.). The definition is quite similar for 
PBR materials, with a key difference. For game engines and other 

visual story in their own way. In video game environments (similar 
to theater and movie sets) the lighting, shapes, colors, materials, 
and composition work together to build the atmosphere and 
convey a story. This thesis focuses on the materials and their role 
in environmental storytelling in modern video games that employ 
physically-based rendering (PBR). The definition of “material” 
in 3D rendering and video games has some differences to the 
conventional use of the word in real-world scenarios. As a result, 
it is important to define some key concepts and point out the 
differences between the real world and digital definitions of them 
before continuing on.

2.2.1 Physically-Based Rendering (PBR)

In order to understand the working principles of materials in 
video games, it is necessary to define physically-based rendering 
(PBR) and its relevance to this thesis. PBR refers to the concept 
of realistic shading and lighting methods, which are employed to 
accurately represent real-world materials in 3D rendering (Wilson, 
2015). It has become a standard in the video game industry, as it 
provides a standardized workflow for creating consistent artwork, 
and is easier to create realistic looking visuals with (McDermott, 
2018, p. 45). This thesis employs Substance  Designer (Adobe, 2007) 



3D rendering tools, a material is one single asset that is applied 
on a 3D mesh in order to control its visual properties. This one 
single asset may be in the form of one real-world material such as 
a wood, metal, glass or milk, or it may represent a combination 
of many different real-world materials (Figure 3). Due to the 
limitations in computing power, PBR materials need to give as 
much information as possible about the surface while using as few 
resources as possible. As a result, material in PBR is defined as 
one asset that gives visual information about a surface. This visual 
information can be very simple or very complex, and is generated 
by a series of textures created by the artist that the material asset 
uses in order to define what the surface needs to look like. These 
textures may be different between different rendering engines but 
the principle of PBR remains the same, meaning that the textures 
created for one engine can be modified to work for other engines 
relatively easily.

2.2.2 PBR Materials

This thesis addresses PBR materials from a practical perspective 
rather than technical or theoretical perspectives. The realization of 
materials in physically-based rendering requires an understanding 
of real-world physics and is a result of complex calculations that 

FIGURE 3. PBR materials applied on spheres (Ralle, 2017; eedobaba7726, 2016).   →
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are addressed in the field of computer science (Pharr et al., 2016). 
Nevertheless, most of the technical and theoretical information 
regarding PBR materials is often unimportant and irrelevant 
for the artists, as they are presented with ready-made tools for 
them to express their artistic vision without having to concern 
themselves with complex calculations and technical problems. 
However, there are crucial principles of PBR material creation 
workflows that the artists must understand and be familiar with in 
order to make use of the given tools and accurately realize their 
visions. As the subject of this thesis addresses the artistic elements 
of materials, this part will talk about the crucial principles of PBR 
materials from an artist-friendly practical perspective.

There are two common workflows for creating PBR materials, which 
are metallic/roughness and specular/glossiness (McDermott, 2018, 
pp. 47–73). The methods differ in their way of implementation, but 
it is possible to achieve identical looking results with both of them. 
This thesis will work with the metallic/roughness workflow as it 
seems to be the more common method. As mentioned previously, 
PBR materials are controlled via several textures that define the 
visual properties of the materials. As this thesis employs Substance 
Designer (Adobe, 2007) to create the textures, the key textures 
that will be mentioned throughout this thesis are explained below 
as they appear in Substance Designer. The explanations will be 

made in simple terms without elaborating on the technical details 
as that is outside of the focal point of this thesis. However, further 
reading can be done in the PBR Guide published by Allegorithmic 
(McDermott, 2018) or in the official documentation of any rendering 
or game engine that employs PBR.

Base Color: An RGB map that determines the color of the surface.

Roughness: A grayscale map that determines the “shininess” of 
the surface.

Metallic: A grayscale map that determines if the surface is a 
metal or not.

Normal: An RGB map that is used to simulate the surface  
details of a mesh. Often in  video games, meshes don’t contain 
surface details due to limited computing power.

Height: A grayscale map that manipulates the surface up and 
down in order to create depth variations on a surface.

Opacity: A grayscale map that determines the opacity levels of 
the surface.
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↑  FIGURE 4. Textures of a PBR material (eedobaba2276, 2016).

Emissive: An RGB map that simulates light emission from the 
surface.

Ambient Occlusion: A grayscale map that determines the 
amount of ambient light that affects the surface.

Base Color Metallic Roughness

Height Normal Ambient Occlusion
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Materials on their own (even when all the other variables are 
eliminated) yield the power of visual storytelling. Since every 
surface the player sees in the game world has material properties, 
they account for an important part of environmental storytelling. 
Their color, shininess, reflectiveness, refractive index, opacity, 
surface deformation, and so on, all play an important part in 
distinguishing the type and the story of the material. When each 
of these elements is manipulated, the story told by the material 
also changes. Knowing how materials tell stories and how they 
can be controlled is an important tool for creating immersive 
environments. 

3.1 Review of Real- Life Materials

To create a storytelling structure for PBR materials, analysis and 
understanding of real- life materials are necessary. PBR materials 
are designed to imitate real-world physics (Pharr et al., 2016). As 
their composition is similar to materials in the real world, the visual 
storytelling elements that are found in real-life materials can also 
exist in PBR materials. Consequently, by understanding the visual 
story telling cues in the real-life materials, it is possible to create a 
structure of visual storytelling in game materials.

03
Materials in  
Environmental  
Storytelling
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It is possible to draw connections between rock materials in 
Figures 5 and 6 and the visual story told by them. These rock 
materials consist of three different layers. The rocks themselves 
serve as the base and the most prominent layer. Their rounded 
shapes show signs of erosion and old age as well as the existence 
of physical forces in the environment. There is a group of lichen 
formations on top of the rocks, which is a different material with 
different attributes. As lichens require water or water vapor to 
survive (U.S. Department of Agriculture, n.d.), their existence on 
the rocks gives clues about the humidity of the environment. Lastly, 
there is slight dirt and dust that covers the cracks and some other 
parts of the rocks. This shows that the environment where these 
rocks are located is an outdoor area that contains natural forces. 
After identifying different elements that make the composition 
of the materials, it is possible to draw connections between those 
elements and visual storytelling.

Thus, the rocks in Figure 5 and Figure 6 create a friendly and 
welcoming impression, as rounded forms are friendlier in 
comparison to sharp forms (Solarski, 2017). Considering the cues 
of water that comes from the lichen, it is possible to tell that it is 
probably water erosion that eroded and shaped these rocks. This 
allows the viewer to draw a connection between water erosion and 
friendliness. Lichen growth supports this welcoming atmosphere 

↑  FIGURE 5. Orange lichen on rocks (brewbooks, 2009).
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that the viewer perceives by providing hints of an environment 
that is suitable for life and growth. Humans are more likely to find 
an environment with other life forms suitable and welcoming to 
them as long as the other life forms are not hostile. Overall, it may 
be argued that replicating the looks of the rocks in Figures 5 and 
6 in a video game environment would communicate to the player 
that this is an old, humid and friendly environment with an active 
atmosphere and suitable living conditions.

In addition, when the overall shapes of the rocks are inspected, it 
can be argued that they are composed of small, medium, and large 
forms. Figure 5 shows rocks that have a smooth transition between 
a few large and rounded forms. The rocks in Figure 6 seem like one 
large form is modified by mostly medium forms and some smaller 
forms. Even though this helps create a simplified workflow of 
procedural rock generation, the connection between form sizes and 
the visual story is unclear.

Contrary to the first and second figures, the rocks in Figure 7 and 
Figure 8 create an unfriendly and aggressive impression. The base 
rock layer consists of sharp and pointy forms. In comparison to 
rounded shapes, this creates a more dangerous feeling (Solarski, 
2017). The environment where these rocks are located is quite dry, 
windy, and unsuitable for life. Accumulated sand and horizontal 

←  FIGURE 6. Lichen on a rock (Abroad, 2011).
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↑  FIGURE 7. Rocks within Murray Buttes region (NASA, 2016). ↑  FIGURE 8. Rocks in front of Mount Sharp (Rankin, 2015).
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deformation show the effects of wind erosion, which occurs when 
the lack of plants leaves the rocks without protection against the 
strong effects of the wind (Wolfe & Nickling, 1993). All these visual 
cues show that this environment is dry, dangerous, subjected to 
strong environmental forces, and unsuitable for life. As water 
erosion is linked to a more welcoming feeling, in this example wind 
erosion can be connected to an unwelcoming feeling. In fact, the 
photographs in Figure 7 and 8 were taken on Mars, which proves 
the  uninhabitable nature of the environment. However, not all 
materials consist of natural formations. It is important to analyze 
human-made structures and their relation to the natural forces in 
order to have an understanding of a larger coverage of materials.

For instance, the old, weathered, and civic look of the pavement 
shown in Figure 9 is strongly tied to the history of the material. 
In contrast to rocks found in nature, the cobblestones in Figure 
9 have been cut into certain shapes and laid on the ground in a 
particular pattern. Serving as evidence of human existence and a 
functioning society that needs roads, this material distinguishes 
itself from the rocks in Figures 5, 6, 7, and 8, which have been 
analyzed  previously. Following this, it’s clear that the cobblestones 
have been subjected to damage. Due to the outdoor and urban 
nature of the material, it is safe to assume that this damage was 
caused by both human and natural factors. Consequently, the 

↑  FIGURE 9. Cobblestone road with water puddles (Doyle, 2012).
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↑  FIGURE 10. Abandoned building in Pripyat (Franganillo 2017).

accumulation of damages and the irregularity of the surface serve 
as a proof of the material’s old age. The accumulated dirt between 
the cracks supports this theory. Lastly, the water puddles give 
clues about the climate of the environment in which the material is 
located.

Following this, the way in which different layers blend together 
gives hints of the current outside factors of the environment where 
the material is found. It is safe to assume that the cobblestone 
street in Figure 9 is still in use. Firstly, while dirt has been 
accumulated in the cracks between the stones, the top surfaces 
have been wiped clean. This can be a result of both environmental 
forces as well as human use. However, since there are no weeds 
growing anywhere around the cobblestones, the human use of 
the cobblestone street is more evident. As different layers in one 
material can construct stories, sometimes one isolated material 
cannot give a lot of information about itself. In such cases, the 
other materials in the environment can help identify the story of 
an individual material as well as the whole environment.

On this occasion, materials that are shown in Figure 10 help 
identify each other’s histories while building the story of the whole 
environment. For instance, the rusty metals on the left side of 
the picture can indicate abandonment or old age, since oxidation, 
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in a short time without any consideration of specific placement. 
This makes it different from paintings/markings on a material or 
natural growth organisms such as lichens, which require a longer 
time to take form. As illustrated previously, splatter effects can 
have very different meanings depending on the content of the 
scattered material. In Figure 10, the ground  material is covered 
with other materials such as broken pieces of plaster, glass, wood, 
and other materials of the interior structure that are scattered on 
the ground. This is an indication that the environment has been 
damaged greatly. And the fact that it has not been cleaned at 
all is another sign of abandonment and a cause of the desolate 
feeling that the player gets from the environment.

Nevertheless, some indices, such as paintings and markings, are 
more difficult to interpret. This is a result of the wide variety 
of techniques that can be involved in the painting process as 
well as the functional use of the paint, ranging from serving as 
a protective layer to sending messages through symbolism and 
artistic expression. As a result, understanding of painted surfaces 
in environments requires an understanding of various symbols 
and figures as well as an experience or knowledge of the cultural 
backgrounds of the people who apply the paint. In Figure 10, the 
painted glass windows in the back room and the graffiti in the 
front room display different kinds of paintings.

as a natural factored deformation, happens over longer time 
periods when not maintained by humans. However, oxidation speed 
depends on the climate of the environment. Therefore, examination 
of the other materials in the environment is necessary before 
drawing conclusions to determine that the building is old and 
abandoned.

Following this, broken and dusty glass panels on the left side of the 
picture can support the theory of abandonment and the old age 
of the environment. The broken windows are not replaced with new 
ones, which implies that people don’t live in this area any longer. 
Also, since dust and dirt accumulate over time, it is clear that the 
windows haven’t been cleaned in a while. On the whole, the  visual 
cues gathered from the glass panels support the initial thoughts 
about the environment.

Moreover, materials located on other materials can give valuable 
information about the environment in the form of “indices”. As 
an illustration, feathers and blood on an asphalt road would 
clearly mean that a bird was hit by a car. Likewise, confetti pieces 
on cobblestones would be a sign of a street party or a carnival, 
whereas splashes of blood on a wall would look like a crime scene. 
I call this occurrence the splatter effect, which happens when a 
group of foreign materials are thrown on top of another material 
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these effects are rather common knowledge. To begin with, 
temperature-related factors such as expansion and shrinkage can 
damage or alter the looks of a material. Temperature can also 
alter a material in a major way through processes like melting, 
freezing or vaporizing. In fact, materials that are subjected to 
such temperature deformations can give information about the 
temperature of the environment. Moisture, decomposition, chemical 
reactions (like baking soda), and pressure are some other examples 
of appearance-altering effects.

3.2 Review of Materials in Games

Certainly, video games are home to impressive uses of materials 
as an artistic expression as well as a way to convey stories in 
an environment. Figure 11 shows a screenshot from the game 
Metro Exodus (4A Games, 2019), which takes place in a post-
apocalyptic Russia/Soviet Union. Due to its remarkable visual and 
cultural similarity to Figure 10, which is a photograph taken in the 
abandoned city of  Pripyat after the nuclear disaster of Chernobyl, 
Figure 11 provides a great example of how lessons learned from 
real-world materials can be applied to video game environments. 
For instance, the similar qualities of the materials such as rusted 
metal, wear and tear, dirt and dust on some objects and scattered 

Following this, graffiti tags, as seen in the front room, are usually 
a part of a street culture where different groups or individuals 
leave their own mark on a surface. These tags are commonly seen 
in public spaces, such as streets or public restrooms, and are often 
done without permission and hence seen as vandalism. It’s rather 
 unusual to find them inside the living areas of functional private 
buildings. Because of this, it can be assumed that the material in 
Figure 10, which is a wall with graffiti on it, belongs to a location 
that has lost its privacy and become accessible to the public. This 
could have been caused by the door being broken or destroyed 
completely, which would mean that the location has been a part of 
a disaster, war or another destructive event. However, it is essential 
to analyze the rest of the environment and connect all the visual 
information together before making such assumptions. Moreover, 
the abandonment narrative is supported by the graffiti tag, as 
nobody has painted over or removed the graffiti. Consequently, 
this exemplifies how different visual elements in the same 
environment can help build a narrative together while supporting 
each other’s stories.

To keep the scope of this thesis manageable, I will mention 
other effects that can alter the material’s appearance and story 
without necessarily providing a material analysis of them, since 
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things on the ground help create 
a similar visual story that of 
an environment with a post-
apocalyptic feeling.

Figure 12 shows a screenshot from 
the game Outlast (Red Barrels, 
2013). Outlast is a first-person 
survival-horror game where the 
protagonist is an investigative 
journalist who decides to 
investigate a remote psychiatric 
hospital. A lot of elements in 
the environment contribute to 
creating the horror atmosphere 
of the game, but the focus of 
this analysis is on the materials. 
Environments in Outlast use blood 
as a way to illustrate indices for 
the player to read. For instance, 
from the way the blood trails 
are formed on the ground, it is 
possible to assume that a bleeding 
person was dragged on the floor 

↑  FIGURE 11. Screenshot of Metro Exodus (4A Games, 2019). 49
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into the room. Next, the way the blood puddle is formed under the 
door signals that the person or people bled even more inside the 
room, so much that the blood leaked from the gap under the door 
to the other room. Moreover, the person or the victim might have 
been conscious while the events were occurring, since the bloody 
handprints on the sides of the door appear like the victim tried 
to resist being dragged inside the room in some ways. Certainly, 
the visual storytelling in this game would lose considerable depth 
without these indices provided by the materials.

Moreover, material types in combination with each other also help 
create a visual  story, as exemplified in Assassin’s Creed Odyssey 
(Ubisoft, 2018), which takes place in Ancient Greece. For instance, 
marble and metal are used in combination with brightly colored 
and ornamented fabrics, which were valuable materials at the time. 
In addition, the walls are hand-painted with patterns and human 
figures, which show a special craftsmanship effort. Due to use of 
these materials, the environment gives the impression of a wealthy 
and/or important building (Figure 13). 

In another case, material choices in Portal 2 (Valve, 2011) create 
the impression of an inhumane and machine-controlled world. 
Puzzle locations are constructed from various prefabricated tiles 
that are arranged together in quite a precise way (Figure 14).

↑ Figure 12. Screenshot of Outlast (Roroz!, 2016).



In contrast to the Assassin’s Creed example in Figure 13, the walls 
in Portal 2 are not decorated with hand-painted figures or brightly 
colored fabrics. Instead, every element in the environment shows 
function, simplicity, and efficiency, almost as if constructed by 
a machine with solely functional questions in mind. The science 
fiction feeling is strengthened by the white and dark gray colors of 
the tiles, which might remind the player of a laboratory or a test 
chamber setting. In addition, emissive materials such as the bright 
guidance signs, dotted lines (which are in distinct blue and orange 
colored lights), and the laser light are signs of technological 
development. As all the previous examples show, materials play an 
im portant role in worldbuilding, in  addition to storytelling.

FIGURE 14. Screenshot of Portal 2 (ThatOneGuy, 2017).  →
FIGURE 13. Screenshot of Assassin’s Creed Odyssey (Mr Hinde, 2019).  →
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Even though there is not a strict definition, in the simplest terms, 
Procedural (Content) Generation refers to creating content 
algorithmically. Joris Dormans defines it as “Generative techniques 
to produce or adapt content for games” (2013). In their explanation, 
the term “content” may refer to visuals, levels, mechanics, and so 
on. This thesis explores procedural texture generation methods 
for PBR materials with the emphasis on maintaining high control 
over the visual (or environmental) storytelling in video games. In 
that sense, procedural texture generation refers to employing 
procedural (algorithmic generation) methods to create the textures 
needed for the PBR materials in video games.

There are several advantages to procedural generation over 
manual creation. The main reason why procedural generation is 
getting popular in the game industry is that it is a great time-
saver. With procedural generation, several different assets can 
be created in a controlled way with just a click of a button or an 
adjustment of a  slider. It is non-destructive, which means that 
every step of the creation process can be revisited and changed 
afterwards. This is a great advantage when it comes to iterating 
and quickly generating different varieties of the created content. 
Moreover, procedural generation can adapt to different inputs and 
produce appropriate outputs based on those. This is an important 
advantage for streamlining certain steps in the generation process. 

04
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Methods
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It saves time and provides a simple tool for the users to control 
the outcome with their own inputs. However, there are certain 
disadvantages to procedural generation as well, which will be 
discussed in the concluding chapter of this thesis.

4.1 Procedural Texture Generation
in Substance Designer

Substance Designer employs a node-based workflow, which is non-
linear in nature. The official documentation by Adobe explains the 
working method of Substance Designer well in simple terms:

Working in Substance Designer is different from other 
2D  image editing software such as Photoshop. Instead of 
performing an action manually (like adjusting saturation 
by going to a menu option and changing a slider), you 
construct the logical steps of editing or creating your 
image. This happens by building a network of little building 
blocks, called “Nodes”. Image data travels from left to 
right through the building blocks, connected by Links that 
determine the path of the information. Every Node, if 
connected, will contribute to the final results. (n.d.)

A node is essentially a series of calculations that are used to 

↑  FIGURE 15. Node-based creation in Substance Designer. 
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modify the input to provide a certain output. Substance  
Designer provides a number of nodes for the users to create 
their textures. However, it is also possible for users to create their 
own nodes. This thesis employs the method of node creation to 
construct the individual elements of storytelling in PBR materials in 
the form of nodes. Then, every node can be used to alter the story 
of the material by either connecting/disconnecting the node or 
adjusting the sliders to increase or reduce the effect of the node in 
the overall composition.
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I propose a new framework for creating textures, one that places 
an emphasis on environmental storytelling while taking full 
advantage of the procedural methods (Figure 16). This framework 
is aimed at creating the material by constructing a history for the 
material in each step. There are several nodes in 3 main categories, 
which correlate to a different type of generation or modification. 
By stacking the selected nodes next to each other, desired 
material visual, which tells the desired story, can be achieved. 
This can be compared to indexical storytelling, where each node 
alters the appearance of the material by adding a different 
index to the visual appearance of the material, thus changing 
the environmental storytelling. This thesis refers to the concepts 
that make up the building blocks of the material as “constituents”, 
a term borrowed from Neil Cohn (2013). Every constituent is 
represented by a node in the framework. For instance, the concept 
of oxidation is referred to as a “constituent” when inspecting its 
role in visual storytelling. However, when it comes to the working 
methods of the framework, the concept of oxidation is referred 
to as a “node” since it is constructed as a node to work in the 
Substance Designer environment. In simpler terms, the same 
concept is referred to as a constituent when talking about visual 
and environmental storytelling, whereas it is referred to as a node 
when talking about the technical parts of the framework as a 
working algorithm. An explanation of each constituent (represented 
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by an individual node in the 
framework) is necessary before 
demonstrating the framework 
in action.

The constituents (which will 
be referred to as nodes in 
this section) are separated 
into three main categories: 
Base, Foreign, and Manipulator. 
Some of these main categories 
are separated into their own 
appropriate sub-categories 
as explained below (and 
demonstrated in Figure 16).

FIGURE 16.

Suggested Framework.  
→
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This node creates the basic color, metalness, and 
roughness information of the material. It is the most 
initial node and doesn’t require any inputs.

This node creates the main shapes of the material and 
any consequent changes to the color and roughness 
information that would result from the changes in its 
shape. Shapes refer to the height map information and 
the normal map information derived from it. Requires a 
Material Composure node as an input.

This node creates the surface details and small shapes, 
which are not included in the main shape composition 
of the material. Requires a Shape Composure or another 
Fine Shape as an input.

Refers to the foreign elements that are applied to the 
material on the basis of the height information of its 
surface.

• Liquids: Refers to any kind of liquid that may 
exist on the surface.

• Paintings/Markings: Refers to any kind of 
paint, stamp, or mark applied on the material after 
it has been created.

Refers to the foreign elements that exist on the surface 
without using the height information as a basis for 
generation.

• Splatter: As explained previously, refers to the 
phenomena of a group of foreign materials being 
thrown or scattered on top of another material in 
a short time period without the consideration of 
specific placement.

This category, which consists of only three 
nodes, refers to the generation of the  material 
in its basic form, which will later be used as an 
input for the nodes in the other categories.  
Unlike the nodes in other categories, basic 
nodes require to be placed in a certain order, 
which cannot be changed.

This category contains the nodes that do not 
modify the material internally, but rather add a 
foreign element to it. Every node in this category 
can be placed in any order desired; they do not 
require a specific order like the nodes in the 
Base category. It contains three subcategories.

Material  

Composure

Shape

Composure

Fine Shape

BASE FOREIGN

Height-

based

Uniform
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Refers to nodes that may use the height information as 
a basis, but don’t rely on it entirely.

• Dirt/Dust: Refers to the dust and dirt that 
accumulate on the surface. This node belongs in 
the mixed category as the cavities and cracks on 
a surface may contain more accumulated dirt and 
dust in comparison to surface areas that come in 
contact with outside forces.

• Masked Material: Refers to any type of foreign 
material that is applied on a surface via specially 
created masks. May or may not use the height 
information as a basis. For instance, a sewn 
ornament on a fabric, lichen growing on a rock or 
a tree bark belong to this category.

Mixed

Nodes in this category are aimed at modifying 
the existing material. This category does 
not include natural disasters, as they do not 
generate one specific visual element that 
can be recognizable. Some of the effects of 
environmental disasters already exist as their 
own nodes.

This category houses nodes that destroy the material in 
various ways. It is further divided into two subcategories 
based on the source of the descruction.

HUMAN: Refers to destruction caused by humans.
• Carvings: Refers to any type of cutting and 

carving that is applied to a material. For instance, 
modifications like carved ornaments on a wooden 
surface are created by this node.

• Breakings: Refers to any type of breakage that 
is caused by humans. For example, broken glass or 
hammer damage on a wall is created by this node.

• Use wear: Refers to the type of damage which is 
not intentionally caused, but rather inflicted over 
time by the use of the material.

NATURE: Refers to destruction caused by nature.
• Wind Erosion and Water Erosion: Refer to 

two types of erosion that are found in nature. They 
can give information about the climate conditions 
of the environment.

• Decomposition: Refers to the decomposition of 
any material with organic components.

• Oxidation: Refers to the oxidation of metals.

Destruction

MANI
PULATOR
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• Moisture: Refers to the destruction caused by 
moisture or water.

• Temperature: Refers to the destructive or  
manipulative effects of temperature. For instance, 
melting, freezing, extension, and shrinkage belong 
to this node.

This category involves manipulative nodes that are not 
necessarily destructive.

• Emission: Refers to the light that is emitted from 
the surface. Light panels, screens, and lasers are 
some examples to this node.

• Flow: Refers to the shapes that are formed by 
flowing liquids. For instance, magma or chocolate 
sauce is generated by this node.

• Post-fx: Refers to the changes to the overall  
appearance of the material in the aftermath. For 
instance, the hue and saturation of the overall 
material are controlled by this node.

• Patterns: Refers to the creation of patterns 
out of the material. This node is used for creating 
structures like bathroom tiles and bricks.

Miscel-

laneous

Most of these constituents are based on visual representations 
of relevant real-world events or effects. Masked Material is the 
only exception as it covers a wide area of meanings. Specifically 
in Masked Material’s case, the framework relies on symbolism. It 
derives its storytelling power from the symbolic meanings of the 
masked materials. For instance, rose petals can be seen as a 
symbol of love in the related context. Or bullets can be the symbol 
of war and violence. When creating a masked material constituent, 
the decision should be based on the symbolic meaning of the 
elements.

This framework is a theoretical approach to material creation by 
utilizing procedural generation methods. As a result, this framework 
can be implemented in any material creation software. As this 
thesis chooses to employ Substance  Designer for implementation, 
the end product of each material created by this framework will 
be an .sbsar file, which is a file format for Substance Player. This 
allows the artists to have great control over each constituent and 
adjust the material to their needs before exporting the textures 
for use in the software of their choice.  Alternatively, they can 
simply use the .sbsar file directly in any software that accepts it 
(such as the game engine Unity). Substance Player is an easy-to-
use application that is used to simply display the materials created 
by Substance Designer. The material can be manipulated as much 
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are constantly subjected to wind erosion, as lichens and wind 
erosion are members of different climate effects. Consequently, 
constructing rock materials with both of these elements would 
create a contradictory visual story. However, it is possible for a 
wind-eroded rock to be removed from its natural environment and 
moved to a different environment, or for the climate to change in 
the environment in a way that would cause lichen to start forming 
on the surfaces of wind-eroded rocks. In such cases, combining 
these two constituents would be a great way to communicate the 
change of climate in the environment. 

The framework proposed contains the main constituents that 
build every type of material. However, the same constituent can 
act differently and have a different meaning when applied to 
different types of materials (for example rocks versus metals). For 
this reason, every constituent and its meaning should be analyzed 
separately for every type of material. However, due to time and 
resource limitations, this thesis can only focus on one type of 
material. Rocks were chosen as the subject material, because they 
have a great variety of storytelling options.

as the creator of the material allows. This means that every 
constituent that is created in Substance Designer can be turned 
on and off, increased or reduced in strength, and adjusted by user 
input in Substance Player. As a result, the example end product of 
this framework will be displayed in Substance Player.

5.1 Framework in Use

This framework is aimed at creating the materials by adding 
different constituents to each other in order to achieve the 
required storytelling result. Every constituent correlates to a 
certain visual cue and a certain story. By adding and subtracting 
the constituents, the story of the material can be controlled. For 
instance, if the wind erosion constituent correlates with a meaning 
of harsh climate forces, dialing up the wind erosion constituent in 
our rock material will change the story of our material and thus, 
the environment it belongs to.

Each constituent is a symbol of one story. They can be combined in 
different ways to tell different stories. Because of this, constituents 
that contradict each other cannot be added together if the aim 
is to create a natural and a realistic environment. For instance, 
lichen formations may not form naturally on rock surfaces that 
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Above, a rock material composition that is created with this 
framework can be seen (Figure 17). How the framework functions 
in Substance Designer will be explained in more technical terms in 
the next section.

Figure 18 shows how the same material looks like in Substance 
Player. Every constituent has one or more tools that control the 
material. For instance, the Tiling constituent has a button for 
turning it on and off, and also different buttons and sliders for 
adjusting the look of it. All these tools are created in a way that 

↑  FIGURE 17. Components of a rock material. 

is seen fit for the specific project. In this example, the Tiling 
constituent is made to create rectangular tiles, not hexagonal tiles. 
This creative decision is made by me for demonstrative purposes. 
If a project needed hexagonal tiles, this constituent could be made 
to create hexagonal tiles instead. Or if a project needed both 
hexagonal and rectangular tiles, this could also be implemented 
by either adding another switch button in the same constituent or 
making two separate nodes for each. Meaning that one constituent 
does not need to exist only once in a composition; there can be 
several versions of it depending on the needs and implementation 
methods seen fit for the project. The exceptions to this are two of 
the Base constituents: Material Composure and Shapes. How this 
framework is constructed in Substance Designer in more technical 
terms is explained in the next section. 

As a reminder, “constituents” will be referred to as “nodes” as 
the next section will not talk about constituents as concepts of 
storytelling, but rather as building blocks of the procedural system.
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↑  FIGURE 18. Rock composition in Substance Player. 



76 77Chapter Five Proposed Framework

5.2 Framework Under the Hood

As explained previously in the Procedural Texture Generation
in Substance Designer section, Substance Designer employs a 
node-based system where each node produces an output based 
on the input(s). As a result, the constituents of the framework can 
be created as nodes, which allows us to add them or remove them 
from the composition, change their order to achieve different 
results, and adjust them to give the desired amount of control to 
the users.

The Material Composure node does not require any inputs. It 
simply creates the initial textures for the other nodes to utilize 
and make changes on. It produces seven outputs that are: base 
color, metallic, roughness, normal, height, opacity, and emission. 
Next, the Shape Composure node takes these textures as inputs 
and makes changes to them. Note that it may not make changes 
to all of them; depending on the type of material and the needs 
of the project it may make changes to only some of the textures. 
The main function of the Shape Composure node is to create the 
main shapes of the base material. As a result, its duty is to make 
changes to the height map and make changes to the other maps 
that are a result of the changes in the height map. It outputs the 
same seven maps which are taken as inputs by the Fine Shape 

node. The process continues in the same way as every node takes 
the same textures as inputs, makes changes to them and gives 
them as outputs.

Depending on the project’s needs, the nodes can be constructed 
in different ways. This may be a simple aesthetic choice that does 
not affect the visual storytelling (e.g. the shape of the bathroom 
tiles) or it may be a fundamental choice for storytelling purposes. 
For instance, as the Masked Material constituent may have very 
different effects based on the symbolic meanings of the masked 
material, the node which produces this constituent may be very 
different depending on the purpose. It is very normal (or even 
expected) for one material composition to have several masked 
material nodes with their own meanings. This way, they can be 
turned on and off in different combinations for the desired effect. 
In order to more clearly display how these textures are created, 
an example constituent node (Pattern Tiles) will be explained in 
further detail below (Figure 19).
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↑  FIGURE 19. Pattern Tiles node. 

Blue colored nodes are input nodes that bring the textures in from the previous constituent node.

Red colored nodes are the core nodes that create the function of the constituent node.

Yellow nodes are the blending nodes that combine the input textures with newly generated textures.

Purple nodes are switch nodes that allow the user to turn the constituent node on and off.

Green nodes are the output nodes that output the result of the constituent node.
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After the theoretical and technical explanations of the framework, 
it is important to look at it from the perspective of practical 
use and evaluate the results. Throughout my experience as an 
artist, I had the chance to create and observe various 3D assets 
and environments. As I was aware of the importance of visual 
storytelling in both video games and other artistic media, I was 
unsatisfied with the apparent lack of a system or a “formula” to 
it. This project was initiated as a result of my personal ambition 
to understand visual storytelling better and find ways to take 
advantage of the findings in a practical way. Even though the 
framework is suggested as a proof of concept, it is functional 
enough to be used in experimental work.

The process in practicality consists of picking constituents 
depending on the project needs and creating nodes for them in 
Substance Designer or other procedural generation tools. Then, 
connecting these constituent nodes to each other in order to 
create a material composition. This composition will allow the 
artist to increase, decrease, and change the effects of individual 
constituents and consequently, change the appearance of the 
material composition as a whole. I decided to create a rock 
material using this framework to test my theory, as rocks provide 
a high visual variety and can display signs of longer history in 
comparison to other basic materials. Moreover, it was important 
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to conduct my tests on a simple material, as more complicated 
materials would present a lot of visual noise, which would make 
the observation more difficult. Figure 17 shows the composition 
of my rock material in Substance Designer and Figure 18 shows 
it in Substance Player, where it is ready to be manipulated. As 
demonstrated in Figure 20, the framework can be utilized to 
combine different constituents in various compositions in order to 
quickly produce different results.

Following this, the framework can be approached from a few 
different perspectives. For instance, the results can be compared 
before and after the adjustment of a particular slider for a 
constituent, and they can be evaluated from the perspective of 
feelings that the different states evoke. Then, this slider can be 
tied to that certain feeling and used to simply add it or subtract 
it from the material depending on the feelings that are trying to 
be evoked by the final look. I believe that in the case of my own 
creation, the water erosion, lichen masked material, flow and 
emission constituents demonstrate this approach quite well. It is 
expected that smooth and rounded forms will look friendlier in 
comparison to sharp and pointy forms. Likewise, lichen formations, 
as discussed previously, will support the friendly feeling. On the 
contrary, the combination of flowing and glowing forms will make 
the rocks look like volcanic rocks, creating the opposite effect. As a 
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↑  FIGURE 20. Different materials created with the framework.
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result, the water erosion and lichen masked material can be simply 
seen as “friendliness” sliders while flow and emission can be seen 
as “danger” sliders (Figure 21). Similar connections can be drawn 
with other constituents, which will leave the artists simply with 
“feelings” sliders that they can use to craft their desired feelings in 
a material.

Another approach to this framework would be “history crafting”. 
As environmental storytelling relies strongly on the history, this 
framework can be used to simply add or remove historical events 
to the material in order to change the story that is told by it. 
Paired with the concept of indexical storytelling, this framework 
can be utilized as an efficient way of constructing, modifying, and 
changing environmental storytelling in games. Figure 22 shows the 
same images from Figure 21 but interprets the results from the 
perspective of history crafting.

The practicality of this method depends on the project size, 
budget, and time. I find large consecutive projects to be the 
best fit for the implementation of this framework. Creating a 
library of constituents over time throughout multiple projects 
will maximize the productivity over spent time. The library can 
grow with new additions to it and as a result, desired constituents 
can be grabbed and added together quickly at the start of new 

↑  FIGURE 21. Effects of different constituents on the material .
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projects, which will serve as a time saver and an artist-friendly way 
of managing environmental storytelling. It is important to assess 
the situation at the beginning of a project before considering the 
implementation of the method to the pipeline.

When it comes to using the results of the method in video game 
development, there are two alternative ways depending on the 
preferred working style. In more common and popular game 
engines such as Unity and Unreal Engine, there are Substance 
plugins available, which allow the user to directly import Substance 
materials into the game engine and adjust them in real-time. 
However, depending on the complexity of the material composition, 
this method may cause performance issues and slow down the 
engine. In case the artist prefers to use a procedural tool other 
than Substance Designer, or use a game engine that does not have 
a Substance plugin, the textures can simply be exported from the 
tool and manually imported into the game engine. Balancing the 
performance and practicality is possible by mixing two methods in 
various degrees. Hence, the implementation of this method is open 
to different approaches.

Below, two links are provided for further demonstration of the 
method. The first one is is for a video demonstration, and the 

↑  FIGURE 22. Rocks with different histories .
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second one is to download the material, which includes instructions 
on how to use it as well.

https://vimeo.com/459677793

https://drive.google.com/file/d/17TYGJNas3IteZW7WfbncgMcqLeYuUrXd/view?usp=sharing

6.1 Limitations of the Method

In more general terms, procedural methods have limitations when 
compared to manual creation. Even though procedural generation 
serves as a time saver in big projects with a lot of materials, 
this may not be the case for smaller projects with few materials. 
Moreover, there are several free applications for creating 
textures manually whereas procedural generation requires more 
sophisticated applications which usually cost money. This may pose 
limitations for small budgeted productions. In addition, procedural 
generation requires more technical knowledge in comparison to 
manual generation, which may not be possessed by artists who are 
more creative rather than technical. As a framework for procedural 
generation, this framework also embodies the same limitations that 
the procedural generation methods possess in general.

In addition, there are some limitations to this framework 

specifically. As the constituents are designed in my personal 
and limited knowledge and experience, in its current form the 
framework may be insufficient for reliable use in the industry. Due 
to time and budget limitations, it has not been tested enough and 
may provide inaccurate or unexpected results.

In procedural methods, working with several complex node 
networks demand high computing power. As a result, when the 
number of constituents and the complexity of their construction 
increase, the overall performance decreases. As a result, in 
highly complex materials, this method may possess some serious 
performance issues for computers that are not powerful enough. 
There are some workarounds to this problem, however, such as 
working in low resolutions or working one constituent at a time. 
Instead of connecting all the constituent nodes to each other, 
textures can be exported from one constituent and imported 
as image files for the other constituent and so on. This method 
eliminates the dynamic nature of the system but can be used 
as a last resort if the performance is too low and the system is 
unusable.

Another limitation is that one constituent node does not work for 
every type of material. For instance, the Breakings node that is 
made for rocks will not work for glass or metal or plastic materials, 

https://vimeo.com/459677793 
https://drive.google.com/file/d/17TYGJNas3IteZW7WfbncgMcqLeYuUrXd/view?usp=sharing 
https://vimeo.com/459677793 
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as they behave differently from rocks when they break. As a result, 
the same node should be created separately for different types 
of material. Alternatively, one node can be made to house all the 
necessary node networks for different materials.

6.2 Future Improvements to the Framework

The framework could be improved in a few different ways. As the 
list of constituents remain general and do not go into detail for 
more specified use, some constituents remain open to too many 
possibilities of different storytelling, which may require them 
to be tested every time they are created for different material 
compositions. For example, Masked Material is one of those 
constituents. As a result, in order to make the framework more 
reliable, some constituents must be divided into sub-constituents in 
order to provide more specific uses.

Moreover, user studies would be needed in order to convert the 
framework into a more grounded method. The type of data needed 
would be of people’s understanding and impressions of the same 
material before and after modifications to the constituents. This 
way, the role of each constituent in different material compositions 
could be understood and made use of efficiently. As the proposed 

framework requires a different way of thinking and a different 
perspective towards material analysis and creation, it would be 
important to validate the effectiveness of this approach by testing 
it with users. Due to time limitations, I wasn’t able to conduct such 
research at the time of writing this thesis.
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