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Abstract 

Procedural Content Generation (PCG) in games often suffers from a lack of emotional 

connection with the player as well as a perceived sameness. This thesis aims to design 

and test a tool for PCG game levels for the game To the Skies! which incorporates an 

emotional intention based upon the color-emotion theory proposed by Fugate and Franco, 

2019.  Russell’s (1980) Circumplex Model of Affect was used as a foundation for the 

parameterization of emotions, which were implemented in a PCG test level for the game, 

developed in Unreal Engine. By adopting research through design, this thesis goes 

through an iterative process where the tool is under constant improvement through 

quantitative testing using the Self Assessment Manikin method proposed by Lang & 

Bradley (1994). The tests indicate that, although colors can to some degree elicit 

emotions, the player’s perception of the test levels did not match the expected emotional 

response based on color alone for all emotional states tested. The thesis concludes that, 

while color-emotion association can aid in generating PCG with emotional intent, 

additional complementary elicitors are likely required, and further tests are needed that 

incorporate shapes, placement, and weather patterns. 

Keywords: Circumplex Model of Affect, Color Psychology, Level Design, Measuring 

Emotions, Procedural Content Generation 
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1 Introduction 

Procedural content generation (PCG) refers to the process through which content is 

created in an algorithmic fashion. PCG is a technique that has been adopted by game 

developers and can be seen in games as early as Rouge (Toy et al., 1980) and Elite 

(Braben & Bel, 1984). It has mostly been utilized in scenarios revolving around 

replayability and in efforts to save time in game development (Smith, 2014; Shaker et 

al., 2016). 

A common problem when developing procedurally generated content is that, although 

unique, the output is often perceived to be meaningfully the same. This can be described 

as sameness, which occurs when there is a lack of variety. Sameness, according to 

Chakraborttii et al. (2017), can derive from having little emotional connection between 

the player and the procedurally generated content. The parallels between Chakraborttii et 

al.’s observations and the current state of PCG levels in the authors’ game for the case 

study To the Skies! served as an additional motivation for this research. 

The purpose of this research was to develop a tool that could give game developers higher 

level of control over emotional intent in PCG game levels. The goal was that through 

manipulation of color and motion, the tool could generate PCG game levels with a 

specific emotional intent. This was based on Fugate’s color-emotion theory and further 

involved iterative player testing using the Self Assessment Manikin (SAM) evaluation 

model. 

This investigation’s main goal is to incorporate emotional intent into PCG game levels 

for the game To the Skies! based upon the “Circumplex Model of Affect” with a focus on 

the color-emotion association as described by Fugate and Franco (2019). 

The research question can be broken down into two sub-questions: 

● Sub question 1 (SQ1): How could the Circumplex Model of Affect be used to 

model the associations between emotional states and colors? 

● Sub question 2 (SQ2): How could the model described in SQ1 be parameterized 

and turned into a system for PCG of game levels for the game To the Skies!? 

The PCG tool is be based on “The Circumplex Model of Affect” (CMA) (Russell, 1980). 

CMA is a cognitive model used to classify emotions under categories referred to as 

emotional states; its two-dimensional circular structure can be utilized to parameterize a 

wide range of emotions. The emotions is converted into colors based on color-emotion 

pairing research. The workflow is described in Fig 1. 

 

Fig 1: Flowchart defining the process of translation from CMA to color. 

To evaluate the accuracy of the tool, the “Self Assessment Manikin'' (SAM) proposed by 

Bradley & Lang (1994) is utilized as a quantitative evaluation method. 

The expected outcome of this study is a tool that can be used to generate procedural game 

levels with specific emotional intent. The aim is that the generated environment will 

establish an emotional connection with the player and minimize the perception of 

sameness that is characteristic of PCG. 
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2 Background 

The background is sectioned into two parts. Part one tackles relevant literature for 

understanding the fields in which the research question is concerned with. Part two 

addresses the case study, the game To the Skies!  

2.1 Literature Review 

Due to the broad nature of the research question, the literature review is divided into three 

theoretical fields: PCG, the Circumplex Model of Affect, and color psychology with a 

focus on color-emotion association. 

2.1.1 Procedural Content Generation Taxonomy 

The use of PCG in game development has been prevalent for decades and it is important 

to understand the taxonomy needed to describe the different algorithmic approaches. 

Shaker et al. (2016) propose seven classifications as follows: 

Online and offline: determines whether or not the content is generated while the game 

is being played (online) or before the game starts (offline); 

Necessary and optional: is the generated content necessary for completing the game 

(necessary) or cosmetic (optional); 

Degree and dimensions of control: describes in which fashion(s) the generator is 

operated i.e., set values, random values, seeded values, noises, etc; 

Generic and adaptive: relates to if the generated content is taking the player’s actions 

into account (adaptive) or not (generic); 

Stochastic and deterministic: is the generated content pseudo-random (deterministic), 

where the exact sample of generated content can be recreated given the correct numbers, 

or stochastic, where the content is random and cannot be re-traced; 

Constructive and generate-and-test: refers to whether or not the generated content is 

iterative and constantly being evaluated until an adequate result has been found 

(generate-and-test) or if it is completed in one pass (constructive); 

Automatic generation and mixed authorship: whether or not the generated content is 

to some degree affected through human interaction (mixed authorship) or not (automatic 

generation). 

2.1.2 The Circumspect Model of Affect & The Self-Assessment Manikin 

Russell (1980) presents a two-dimensional circumplex model used to classify and map 

emotions to emotional states. An emotional state is a category representing multiple 

emotions (Fig 2). 
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Fig 2: Circumplex Model of affect CMA (Russell, 1980). 

 

CMA is a cognitive model derived from human psychology in relation to emotion. The 

model suggests that emotions can be categorized into emotional states and constructed 

onto a two-dimensional circular model, where each emotional state has a bipolar 

opposite. The horizontal axis of the model represents the pleasure and displeasure 

dimension while the vertical represents sleepiness and arousal. By further mapping out 

this model using 28 established emotions, which can be further observed in Fig 10, it is 

possible to sort those emotions into an emotional state (Russell, 1980). 

Recently, Russell’s theory has been used as a basis for research on the emotional 

association colors can have when experiencing colors in a virtual space. Pinilla (2020) 

deals with the effect that colors and motion patterns can have on people’s emotional states 

in virtual reality environments. The four different environments used throughout Pinilla’s 

testing yielded results that suggest that the environments consisting of color and motion 

patterns were a reliable tool for representing emotions (Pinilla, 2020).   

Even though it is widely used, it has been suggested that CMA has flaws. That the two 

dimensions (Valance and Arousal) cannot be treated as comparable (Stanislawski et al., 

2021). Stanislawski et al. present two possible explanations for the differences in the 

dimensions of Valance and Arousal in terms of their fit to the theoretical circumplex. 

First, Arousal frequently scales with Valance (e.g., “I’m feeling stirred up”). Second, the 

nature of Arousal is a unipolar dimension. This means that Arousal has a shorter 

dimension than Valance, resulting in an elliptical structure. 

Lang (1994) argues that the semantic differential scale presented by Russell (1980) is 

difficult to work with since there are too many variables to measure. It also relies on 
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verbal communication which makes it difficult to utilize this method in non-English 

speaking cultures. As an alternative, Lang proposes the Self-Assessment Manikin 

(SAM), which is an alternative to the semantic differential scale. SAM uses a pictorial 

method to measure a person's affective reaction or emotional response (Fig 3). This refers 

to a person's emotional and physical reaction to a certain situation. SAM directly 

measures the arousal, pleasure, and dominance that are related to these situations (Lang, 

1994). 

 

Fig 3. SAM model: Valance top row, Arousal middle row, dominance bottom row 

(Bradley & Lang, 1994). 

 

SAM operates by asking participants to choose one image from each scale, which results 

in a 9-point rating scale for each axis. One point for each image and one in between each 

image. Each point corresponds to a value of Arousal, Valence, or Dominance. According 

to Lang (1994), SAM shows consistent results compared to Russell’s semantic 

differential scale. It also requires significantly less data in order to arrive at the same 

conclusion, thus, making it less cumbersome to work with. 

2.1.3 Color Psychology 

Research regarding color universality has been made. Corona (2020) suggests that 

universal patterns exist in color-emotion associations after a global study involving 30 

nations and 22 languages. Some deviations were found in certain countries concerning 

certain colors and their associated meaning. Furthermore, a sociodemographic analysis 

showed that sex had a minor effect on the results.  
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Anthropological factors have been shown to influence the way a color is interpreted 

(MacLaury et al., 2007). This is mainly due to the cultural association with colors and 

the way they are used in language. Steinvall (MacLaury et al., 2007, Chapter 3, p. 347) 

concludes that etymology has an effect on the color's meaning, at least in the English 

language, and that this meaning can be linked to metaphorical models related to heat, 

illness, and weather. 

Fugate and Francos’ (2019) color theory research examines the precision of color-

emotion pairing in English speakers. Two studies were conducted, each of which tested 

specificity and consistency. Consistency refers to the fact that one color is consistently 

chosen for an emotion, whereas specificity refers to the fact that one color differentiates 

one emotion from another. 

Colors can be classified in various ways when assigned to emotions. Kaya and Epps’ 

(2004) research about the relationship between colors and emotions categorizes colors 

by whether they elicit positive or negative responses as described in Table 1, similar to 

how emotions are placed in the horizontal axis of the circumplex model. And similar to 

the vertical axis of the circumplex model it is described that colors can have a soothing 

or exciting emotional response. The article goes into greater depth about each color, for 

example. How green attained the highest number of positive responses and, because of 

its association with nature, green indicated a sense of relaxation and calm. 

Table 1. Positive and negative emotional responses in relation to color. Color and 

Emotion Association (Kaya & Epps, 2004). 
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Geslin et al. (2016) describe a developer tool based on a circumplex model that is similar 

to CMA developed by Russell (1980). The tool focuses on multiple emotional inducers 

in color properties such as saturation, value, chromatic, and diversity as well as motion 

(Fig 4). Chromatic diversity, according to Geslin et al. (2016), is when a high number of 

colors are present at the same time while a lower chromatic diversity tends towards 

monochrome. There is more chromatic diversity in emotional states that are associated 

with high levels of Arousal. Saturation refers to how intense a color appears while value 

refers to how bright or dark a color is in relation to hue. Geslin states that colors with 

high saturation and value are associated with a high Valence value, while colors with low 

saturation and low value are associated with a low Valence value. Rapid movement and 

high Arousal are believed to have a correlation. 

 

Fig 4.  A tentative model for color scripting in video games (Geslin et al., 2016). 

 

2.2 The Game To the Skies! 

To the Skies! is an open-world exploration-survival game that is set in a fictional world 

consisting of large floating islands. The game is being developed in Unreal Engine 4.27.2 

by the authors of this thesis.  

To survive in this open world, the player must interact with many gameplay systems such 

as shipbuilding, base building, resource gathering, crafting, and combat. One of the 

systems that are of particular importance to the overall experience is the ability for the 

player to construct an airship out of various parts they find throughout the world. These 

ships will aid the player in exploring more of the world, facing off against dangerous 

enemies and constructing bases of operation. The game’s visual style is semi-realistic 

with vibrant colors and simplified shapes (Fig 5). It’s not uncommon to find fluffy 

bushes, rounded rocks, and colorful trees that populate the environment in abundance. 
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Most of the assets that can be found throughout the game spark a monochrome look with 

simplified details. Textures like normal maps can only be found on a small selection of 

assets. The testing levels of Iteration 01 and Iteration 02 consist of environmental assets 

that were scattered through procedural means. 

 

Fig 5: Screenshot of the game To the Skies! 

 

A problem that arose in the conceptual stages of To the Skies! was the fact that there were 

too few developers for the amount of content that needed to be created. The solution to 

this problem was to introduce PCG into the development cycle early on. While PCG 

comes with its disadvantages as described in 2.1.1, it was important to come up with 

solutions to these disadvantages rather than turn away from developing with PCG 

altogether. To achieve more emotional control over the game levels that are being 

generated in To the Skies!, CMA acts as a foundation that can be further expanded and 

built upon. In conjunction with color theory, it acts as the basis for the procedural 

generator that was developed alongside this paper. The generator itself focused on the 

one forest biome that currently exists within To the Skies! Assets related to the biome are 

commonly found throughout the game, making it the biggest contributor in terms of 

visual cues when playing the game. 
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3.0 Methodology 

To facilitate the development of an end product, this thesis follows research through 

design (RtD) methodology. RtD is an approach to research that entails an iterative 

process. The process of uncovering new knowledge by practicing design work can be 

explained using the “Simplified research through design” flow diagram (Fig 6) by 

Herriott (2019). 

Fig 6: Simplified research through design process (Herriott, 2019). 

 

The structure of the iterative process this thesis follows is divided into four sections: 

1. Design motivations: The design practices, motivations, and their underlying 

incentives.  

2. Implementation: The practical implementation of the foregoing gathered research 

is explained in detail. 

3. Test Results: Raw data and objective observations. 

4. Discussion: A brief discussion regarding the immediate outcome of the iteration 

as well as general observations, difficulties, and miscellaneous findings. 

Prior to the test, each participant answered control questions (Appendix, Fig A) to 

determine a basic demographic. Participants were sampled with similar linguistic 

prerequisites in order to minimize inconsistencies according to Steinvall (2007). 

Participants were sampled through convenience sampling. 

The question of whether a participant was color blind or not was asked for the purpose 

of uncovering whether or not the result of the participants should be disregarded since an 

incorrect interpretation of the colors presented could take place. Following was a trio of 

questions whose purpose was to establish a basic demographic of the participants 

allowing for a crude deduction and discussion to take place. 

“Favorite color?” was asked since one might be able to draw a correlation between a 

participant's favorite color and the corresponding Arousal and Valence data gathered 

during the test. 

The participants performed the test by testing four environments. The minimum required 

time for testing each environment was 60 seconds but there was no maximum time limit. 

After each environment, the participants were questioned about their emotional responses 

using a SAM test displayed in-game (Fig 6). The test took between five and 15 minutes 

and was conducted once per iteration. The results of the first test were used to improve 

the second iteration. 
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Fig 6. SAM model as viewed in the test. 

 

Note that the measurement of the dominance scale available in SAM is not something 

that will be used to evaluate the tool. The focus lies instead on evaluating emotional 

responses in accordance with CMA which consists of two axes: Arousal and Valence. 

In order to avoid eventual bias outcomes in the results, new participants were chosen for 

each test. 

3.1 Limitations 

The primary source of participants derived from Campus Gotland and more specifically 

within the Game Design program. Since the majority of students enrolling at the program 

are men, the sample group for the tests will also reflect that. This also comes with 

potential implication of how test results might be affected from a sample group mostly 

consistent of men. 

This study is only focused on the effects that colors have on the participants. It is not 

concerned with shape language, patterns, or placement of various environmental assets 

found throughout the test. While these factors can influence how environments are 

perceived by the participants, it is outside the scope of this Bachelor thesis. The goal is 

to explore the manipulation of shapes, patterns, and placement in future research as the 

PCG tool continues to be developed for the game To the Skies! 

 

 

 

 



10 

4 Iteration 01 

This investigation aims to parameterize emotional responses based on CMA in digital 

PCG environments. More specifically it does so in a forest biome environment of the 

game To the Skies! using Unreal Engine. 

The first iteration consisted of an attempt to deconstruct CMA and add appropriate colors 

to each emotional state (SQ1). Additionally, the implementation of the parameterization 

of CMA into C++ and HLSL code was done. Once completed, an integration was done 

into the current PCG script and a user interface was constructed, corresponding to SQ2: 

“How to parametrize the model described in SQ2 into a system for PCG of game levels 

for the game To the Skies!?”. As an attempt to prepare for future iterations, an 

interpolative method was implemented allowing for an eventual blend between emotional 

states enabling a more precise user selection. To evaluate the tool, the Self-Assessment 

Mannequin (SAM) was implemented into the application. 

4.1 Design Motivation 

This investigation is based on the parameterization of emotional responses based on 

CMA, as expressed by SQ1: “How to use the Circumplex Model of Affect to model the 

associations between color and emotional states?” Naturally, CMA served as a 

foundation for the underlying practical implementation. The association is concerned 

with CMA’s two separate axes and how they can mutually or independently produce an 

emotional response which can subsequently be evaluated by the SAM. Since, 

theoretically, any emotion can be determined by the two axes, it should also be possible 

to reproduce any emotion using the CMA.  

Four emotions were selected for the first test phase: happy, anger, sad, and calm. Each 

was closely related to its emotional state: pleasure, arousal, misery, and sleepiness. And 

the color selected for each emotional response was converted from the most prevalent 

individual emotion representing that emotional response according to Fugate and Franco 

(2019). The colors represent each emotional response for each axis in CMA, as described 

in Table 2 and Fig 7. 

Table 2: Selected colors for Iteration 01. 

Emotional State Emotion Color Hex-Code 

Pleasure Happy Yellow #FFFF33 

Arousal Anger Red #FF0000 

Misery Sad Dark Blue #0D1FA3 

Sleepiness Calm Light Blue #7DFDFF 

 

 

The colors are as follows: 

Pleasure: By looking at the horizontal axes of the Circumplex model it can be 

determined that the emotion found in the nearest vicinity to the pleasure state is happy. 
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According to Fugate and Franco (2019), and Kaya and Epps (2004), the top indicated 

color for happiness was yellow. 

Arousal: Since Arousal was not presented in Fugate and Franco’s (2019) study, anger 

was chosen as an alternative due to it being close to Arousal on CMA. Anger’s top 

indicated color was red. 

Misery: The color Indigo was chosen to represent misery. Due to the fact that misery 

was not present in the study performed by Fugate and Franco (2019), sadness was chosen 

as a substitute due to its proximity to misery in CMA. According to Fugate and Franco 

(2019), dark blue was the top indicated color for sadness. 

Sleepiness: Because no color related to sleepy was tested by Fugate and Franco (2019), 

the closest tested emotion, calmness, was chosen instead. The calmness top indicated 

color was light blue. 

 

Fig 7. Circumplex model representing the use of color in Iteration 01 

 

Once the modeling between the selected emotional states and color was established, a 

script was developed that can place all assets; grass, trees, rocks, etc., using a technique 

called instancing. Instancing is used to improve performance when drawing (placing) 

multiple models with the same vertex data (that are identical). All models are drawn at 

once with a single render call, reducing the amount of CPU and GPU communications 

(OpenGL). The script was also used to communicate with the shader and control the color 

of the assets. Because the generator used instancing to place the assets, there was only 

one shader per instance component (per object type, e.g., tree), meaning that there was 
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little automated control over each individual asset's material. However, the script allowed 

for manually changing the color of each asset in the environment per instance, meaning 

that every single asset's color could be changed individually, even though they derive 

from the same shader.  

This was useful when generating large environments that should elicit different emotions 

in different areas, for example, if one area should elicit a sense of calm, while another 

should evoke a sense of danger. 

In order for the participants to experience a more seamless experience while conducting 

the test, the decision was made to implement the SAM evaluation method inside of the 

test application itself. The idea was to let the participants rate a particular level at any 

given point while still being inside of the application itself. The strongest motivation for 

conducting the SAM evaluation inside of the test application was to not let other potential 

visual cues that were not part of the test experience distract the participants while the 

level was being rated. The concern was that by having the evaluation outside of the 

application, the risk for unwanted visual cues would increase because the participants 

would have to be exposed to third-party software handling the evaluation stage of the 

test. The participants would also have to tab out and in of the test application to conduct 

the evaluation, thus causing unwanted interruptions to the testing experience. 

The choice of facilities reflected the need for a certain level of control of the test 

environment. A dimly lit room free from ambient lighting was seen as highly beneficial 

to the testing experience because monitors are relatively weak to illuminations from 

outside sources. This in turn can result in interference with the color perception in the 

monitor, such as the image appearing less vibrant than intended. The test was conducted 

in a room that lacked as much ambient lighting as possible (Fig 8). It aided in displaying 

the test on the monitor how it was intended to be displayed. A darker room also aided in 

keeping the participants focused on the test since the monitor the test was being displayed 

on was to be the primary source of visual cues introduced to the participants. 

 

  

Fig 8. Left: Testing area one. Right: Testing area two. 

 

While conducting the test, the participants had limited access to gameplay mechanics that 

is prevalent in To the Skies! The one thing that was kept was a basic set of navigation 

mechanics, more specifically, the ability for the participants to walk and jump. This was 

kept to create the illusion (although basic) of being inside an actual game, but also to let 
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the participants experience each environment in its entirety before evaluating it. Other 

gameplay-related mechanics were purposely left out since they have no direct correlation 

to the visual cues that this paper is concerned with. Some of them were also judged to 

potentially cause unwanted levels of Arousal and Valence that could in turn bias the 

results. 

4.2 Implementation 

To simplify the process of interpreting CMA, it was deconstructed into two axes: pleasure 

and Arousal. Each axis was split into two bi-polar states, each representing the extremes 

of these axes. For the first iteration, exact coordinates of emotions on CMA were not of 

interest, instead, radial values were used based on Fig 9. 

 

Fig 9. The Circumplex Model of Affect CMA with direct circular scaling 

coordinates (Russell, 1980). 

 

Once each bi-polar axis had been identified as described in 4.1, the colors they 

represented were converted into a circular model within the shader. This was done by 

giving each color a corresponding radial value ranging between zero and one, i.e., 

normalized, according Table 3. 

Table 3. Emotional states corresponding radial values. 

Emotional State Normalized Radial Value 

Pleasure 0, 1 

Misery 0.25 

Sleepiness 0.5 

Arousal 0.75 
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When the normalized value had been declared for each emotional state a custom shader 

function was made (Fig 11). The function takes in a value between zero and one from the 

procedural generator which is then fed into the shader which linearly interpolates the 

colors based on the corresponding radial value. 

 

Fig 10. Material function which interpolates four values based on 0-1 value. This is 

a modified version of the in-built “Lerp Multiple” function in Unreal Engine 4.27.1. 

 

The original color and texture from the material are desaturated then clamped between 

0.6 and 1. The reason for this was so that the color output from the function would be 

more accurately displayed and true to the target color. The drawback of this method is 

the loss of detail in lower value areas of the texture (Fig 11). The interpolated color from 

CMA is then multiplied with the desaturated and clamped values from the original color 

and texture See Fig 12 for the final representation of each environment. 

 

 

Fig 11. Top-left: Lit, clamped between 0.6-1. Top-right: Unlit, clamped between 

0.6-1. Bottom-left: Lit, clamped between 0-1. Bottom-right: Unlit clamped 0-1. 
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Fig 12. Top-left: Environment 01 “Yellow”. Top-right: Environment 02 “Red”. 

Bottom-left: Environment 01 “Dark Blue”. Bottom-right: Environment 01 “Light 

Blue”. 

 

Because the generator employs instancing, changing the color of each asset individually 

is traditionally not possible. However, Unreal Engine provides a built-in solution that 

allows the developer to change the shader’s attributes per instance. This works as long as 

the script has access to the instance index, the index of the data that will be changed, and 

the value for that data. Then it's just a matter of sending a message with all that 

information from the script to the shader. 

The SAM evaluation model was implemented as a part of the test applications UI (user 

interface). It was developed in such a way to allow for easy access and testing. When the 

participants felt like they had experienced a particular environment enough, they could 

simply press the “F” key on their keyboard to bring up SAM and rate that particular level. 

The next level would then load, and the process would repeat itself until the test was 

completed. Following the completion of the test, the data gathered would write itself to 

disk in a text file format. The SAM model was converted from a physical paper format 

into a 2D texture using Adobe Illustrator, which closely resembled the original image 

(Fig 12). This texture was then used in conjunction with the UI inside of Unreal Engine. 

 

Fig 12. Difference between Russell’s paper version of SAM (left) and illustrated 

version used in the test (right) 
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The hardware used for conducting the test was done on a laptop and PC. The PC was 

running Windows 10 equipped with an RTX 2070, Ryzen 6 3600, and 16GB of RAM. 

The monitor used was an HP X34. The laptop, Acer Swift, was running Windows 10 

equipped with a Ryzen 7 4700U and 16GB of RAM. 

4.3 Test Results 

Hardware varied when performing the test due to multiple testing locations. Different 

monitors were used for each location. A laptop was used at the second location. This 

resulted in a graphical decrease in the quality of the application, most apparent in the 

shadows. Little perceived difference in color reproduction was noticed between the 

monitors. The second testing facility was also not ideal due to the fact that it had to 

quickly be adapted for mobile testing. 

For Iteration 01 the control questions were asked verbally prior to the test taking place. 

The participant was then left alone to conduct the second part of the test. When the 

participants finished, they were asked to leave the room and the test results regarding the 

second part were collected concluding the test. 

Table 4. Control questions and answers for Iteration 01. 

 

Participants 
Color 

Blind? 
Gender? Age? 

Which genres do you engage  

with the most when playing 

games? 

Favorite  

color? 

P1 No Male 25 First-Person-Shooter Green 

P2 

No Male 21 

Open-World, Adventure, 

Multiplayer Red 

P3 No Male 22 Creative, Open-World Black 

P4 No Male 25 First-Person-Shooter Black 

P5 No Male 23 First-Person-Shooter Yellow 

P6 

No Male 23 

Fighting, Rhythm, First-Person-

Shooter Blue 

 

The sample count exclusively consisted of men in their early to mid-20s. 

When compiling the collected data, the results were normalized onto a circumplex model 

with direct scaling coordinates (Fig 13). Normalized meaning that every result was placed 

on the edge of the circumplex model, the only exception being the results that had zero 

on both the Valence and Arousal scale. A mean value of all the normalized results for 

each environment is visualized in the circumplex model as a larger transparent circle of 

the same color. 
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Fig 13: Compiled test results of all four environments represented by corresponding 

colors: yellow representing pleasure, red representing arousal, dark blue 

representing misery, and light blue representing sleepiness. The large data point 

represents the mean 

 

The summarized data extracted from the test were scattered. By observing the mean 

values one can quickly determine that all four environments indicated an emotional state 

between pleasure and calm which according to CMA is “Contentment” (Fig 2). 

“Light Blue” was the most accurate environment in eliciting the targeted emotional state 

of Sleepiness according to the mean value. Two data points are found in the vicinity 

between Arousal and pleasure. 

The environment in which the color “Yellow” represented was the second most accurate 

test according to the converted results from the SAM model. When displayed on the 

CMA, it indicates that the majority of individual data points were at least indicative 

toward a state of Pleasure and Calm (Fig 14). 
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Fig 14: Individual results for each environment. Small dots represent individual 

result points, and the larger dots represent the mean result. Top left: Happy 

environment. Top right: Angry environment. Bottom left: Sad environment. 

Bottom right: Calm environment. 

 

The result from the “Red” environment was dissonant with the expected result. Even 

though a few individual data points were in near proximity to the expected emotional 

state (Arousal), the majority were on, or between, pleasure and sleepiness (Fig 14). 

Noteworthy for this particular environment is that point (0,0) on the axis cannot be 

charted due to the aforementioned limitation of normalizing. 

The “Dark Blue” environment presented the most scattered results. The mean value was 

in between pleasure and sleepiness which differs from the expected emotional state of 

Misery (Fig 14). 
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Fig 15: Mean time spent in each environment. Time in seconds on Y-axis, 

environment on X-axis. 

 

The participants experienced the environments chronologically, starting with the Yellow 

environment and ending with the Light Blue environment (Fig 15). The time spent in 

each environment was recorded as part of the in-application data collection.  

4.4 Discussion 

The participants consisted exclusively of men in their early to mid-20s currently enrolling 

in the Game Design program at Uppsala University. Due to this fact, it could be argued 

that their association with the colors presented in the test and in general may differ from 

those that do not engage with games on a regular basis. This is furthermore indicated by 

Joosten (2012), who states that certain colors may have a more prevalent effect on people 

that don’t engage with games on a regular basis. 

The results presented deviations from the expected results. This was made clear by the 

mean values of each environment. All mean values landed between Pleasure and 

Sleepiness indicating that regardless of color, all four environments were experienced 

similarly. Contributing factors to such an indication were in this case believed to derive 

from inherent emotional elicitors within the shape language of assets used for the test. 

Additionally, the final output color which was experienced could have been wrongfully 

chosen or insufficiency displayed due to the implementation method within the shader. 
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5 Iteration 02 

For the second iteration, a heavy emphasis was placed on improving the accuracy of the 

experienced emotion and also on the original art direction of To the Skies! This was done 

in accordance with the theory presented by Geslin et al. (2016) and revolves around 

further implementation of three key areas: (1) the use of different saturation values in 

regard to the negative and positive Valence axis, (2) further use of color value, and (3) 

the use of chromatic diversity (color diversity) regarding how far an emotion is from the 

center of the circumplex model. 

New design aspects were introduced in the second iteration in order to embrace the fact 

that this investigation is focused on a case study. Therefore, more importance was placed 

on adhering to the authenticity of the actual game, as opposed to the more sterile and 

laboratory look of the previous test environment, with something that is more likely to 

be prevalent in the case study. 

5.1 Design Motivation 

To further improve the previously built tool, Iteration 02 was guided by the framework 

proposed by Geslin et al. (2016). However, one must keep in mind that the test in Geslin’s 

study consisted of showing the participants different games with different artistic styles, 

none of which were created using PCG. 

Table 5: Each emotional state and its corresponding colors used in Iteration 02. 

Emotional State Emotion Color Hex-Code 

Pleasure Happy Yellow 

Pink 

Green 

Blue 

#FFFF33 

#FF66CC 

#00FF00 

#0099CC 

Arousal Anger Red 

Yellow 

Bright Pink 

Orange 

#FF0000 

#FFFF33 

#CC3399 

#FF9900 

Misery Sad Dark Blue 

Gray 

Green-yellow 

Blue 

#0D1FA3 

#666666 

#C7D435 

#0099CC 

Sleepiness Calm Light Blue 

Teal 

Periwinkle 

Blue 

#7DFDFF 

#3ACDBE 

#6979D4 

#0099CC 

 

 

To encompass the theory proposed by Geslin et al. (2016), the four colors present in 

Iteration 01 were also kept in Iteration 02. Three additional colors were selected for each 

emotional state to complement the original colors (Table 5). The number of additional 

colors was based on the color palette in To the Skies! They were based on the same 
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emotion as Iteration 01 and were selected by examining the top colors associated with 

each emotion according to Fugate and Franco (2019). 

Highly saturated and high-value colors could be found in both iterations. What makes 

Iteration 02 different is that colors were influenced by the theory presented by Geslin et 

al. (2016). The change in how value and saturation were approached and dealt with in 

Iteration 02 was considered necessary to better facilitate color-to-emotion representation. 

To integrate three additional colors into the environment, different environmental assets 

were assigned different color categories. The moss, ivy, leaves on the trees and grass 

share the dominant category, mushrooms and flowers share a second, ferns are given a 

third, and bushes a fourth. This resulted in a rough manifestation of the 60-30-10 rule. 

This rule describes a distribution of the dominant color to 60% of the scene, the secondary 

color to 30%, and the accent color to 10%. In this case, the accent color is represented by 

the last two-color categories (Fig 16). 

 

Fig 16. Distribution of color categories. Yellow represents the dominant color, pink 

the secondary color, and blue and green combined are the accent color. 

 

A benefit of dividing assets into categories was that each color category could be 

randomized by the tool (excluding the dominant color category) as opposed to manually 

inputting custom data for each asset. This can potentially speed up the process of 

achieving an aesthetically pleasing combination. Present was also a way to height-blend 

assets with the underlying vista. This was done in order for assets to fit better into the 

underlying vista. By creating a smooth transition between assets, it was possible to make 

specific assets complement each other as a whole (Fig 17). 
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Fig 17: Left: Height blend disabled. Right: Height blend enabled. 

 

In addition to adding more chromatic diversity to the environments, a slight randomized 

offset to the emotional state was added to further compliment Geslin et al. (2016) 

chromatic diversity. This meant that when the target emotional state for an environment 

Sad the individual assets emotional state will be offset. This leads to a slight interpolation 

between colors of neighboring emotional state’s colors resulting in less 

monochromaticity. 

An important factor was to always have one dominant color represent each emotional 

state. In the “Happy” environment, out of the four colors that are available, yellow is the 

color most prominent when representing happiness (Fugate & Franco, 2019), therefore it 

was assigned the category with the most amount of visual cues. 

To better address the fact that this paper is concerned with the game To the Skies! as a 

case study, steps were taken to ensure that as much of the original art style could be 

combined with new colors instead of being outright replaced. The reason for this is due 

to the fact that the monochrome appearance that was present in the environments in 

Iteration 01 is not representative of something that the player may encounter in the actual 

game. Another advantage of removing the monochrome appearance is that much of the 

texture detail in the original assets was preserved in Iteration 02. 

To adhere to the style of the game, the cube that previously represented the terrain was 

replaced with actual island rocks. This was done by replacing the cube with an island 

rock asset within the procedural generator script. Additional inaccessible islands were 

spawned around the main island to give a more authentic impression of what a real game 

environment in To the Skies! might represent. Meaning that the island generation was not 

something that was exclusive to the testing area alone, but also implemented in a 

surrounding non-interactive vista. The intent was to further minimize the laboratory and 

sterile look that was present in Iteration 01. 

In To The Skies!, the wind is a part of the player experience, and is important since the 

game takes place in the sky. Different environmental assets are affected by the wind. It 

has already been established that the motion of elements can affect the Arousal scale of 

an emotion (Geslin et al. 2016). That means that the wind in To The Skies! may affect the 

player's emotional state. For Iteration 02, the wind is used in each environment and scaled 

according to Geslin et al. (2016) Arousal scale, where faster-moving objects correlate 

with a higher level of arousal. A near value of zero was chosen in order to accommodate 

for the authenticity of the game. The reasoning behind not turning off the wind 
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completely is due to the fact that in the world of To the Skies! nothing is truly ever devoid 

of wind. 

Clouds were added in Iteration 02 since they are prevalent in To the Skies! The color of 

the clouds was not affected by the tool, but their movement was synchronized. The only 

thing that was to be integrated as far as clouds go, was a way to sync them up with other 

wind factors to further emphasize the potential impact of the fact that motion has an 

impact on the participants' emotional state. 

5.2 Implementation 

The decrease in saturation according to Geslin et al. (2016) model was implemented 

within the shader. The value of Valence determined the final saturation of the output 

color. An input value equal to 0.50 resulted in a near-full desaturation of color. A near 

full desaturation means in this case a decrease of 85%. The motivation for a near-full 

desaturation was based on correctly representing To the Skies! Values of 0.25 and 0.75 

resulted in a 50% desaturation and 0.0 and 1.0 resulted in no desaturation (Fig 19). 

A decrease in value in accordance with Geslin et al. (2016) model was implemented in 

the same way as described above. Values equal to 0.50 represent a near-zero value (15%), 

0.25 and 0.75 equal a 50% decrease in value (gray) and 0.0 and 1.0 represent no change 

in value (Fig 19). 

 

Fig 18. Left: Scaling of saturation visualized with normalized radial numbers. 

Right: Scaling of value visualized with normalized radial numbers. 

 

To accommodate for Geslin et.al (2016) rise in chromaticity in high levels of Arousal the 

interpolation method was altered. Since each bi-polar emotional state now represents four 

individual colors, each emotional state will now interpolate between four colors based on 

the input from the procedural generator and the color category of the asset. E.g., if the 

emotional state is 0.25, the generator will select the four corresponding colors associated 

with that emotional state (Fig 20). Those colors are then distributed amongst the assets 

based on their color category (Fig 21). 
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Fig 20. Material function used for Iteration 02. Outputs color, desaturation and 

value based on circular radial value. 

 

 

Fig 21. Color categories distributed among the assets in the “Happy” environment. 

 

Rapid and slow movements were also partially implemented within the shader since the 

wind which affects foliage is shader-based. Implementation of wind intensity was made 

based on the Arousal value, i.e., 0.75 produces near-zero wind and 0.25 produces the 

maximum amount of wind. This was accomplished by multiplying the current “Wind 

Intensity” scalar parameter with a linear interpolated value between 0.10 and 1.00 based 

on the Arousal axis (negative to positive). The speed at which the clouds travel was also 

affected based on the current value of Arousal. Lower values of Arousal equaled lower 

cloud speeds and vice versa. 

A user interface was made to give the designer easier control over the tool (Fig 22). Two 

sliders control the amount of pleasure and Arousal the given environment should elicit. 

The user interface also displays which colors will be used for the different color 

categories of the environment, as well as the speed of the wind. 
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Fig 22. The user interface of the tool. Sliders control pleasure and arousal that 

output the colors and wind speed of the environment. 

 

A final representation of Geslin’s deconstructed model was used for this iteration (Fig 

23).  

 

Fig 23. Circumplex model representing the use of color, saturation, value, and 

motion in Iteration 02. 
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Because there are more colors at play in Iteration 02, they needed to blend together to 

create a coherent visual style. The blending was achieved by having the base of all 

environmental assets blend with the color of the terrain. Technically this implies that an 

individual mask is created for each asset within the shader based on their Z position in 

relation to world space. This implementation required an additional 54 shader 

instructions and increased the overall instruction count to 222. This came with no visible 

impact on performance. 

Since the number of colors for each emotional state now totals four, each asset was 

assigned a custom data value based on its color category (Fig 24). The custom data value 

translates into a corresponding color allowing for a segregation of the four colors. The 

color which is assigned to each color category, other than the dominant, is randomized 

stochastically. 

     
 

     

Fig 24. Each environment used for the testing in Iteration 02. Top-left: Happy 

environment (Pleasure). Top-right: Anger environment (Arousal). Bottom-left: Sad 

environment (Misery). Bottom-Right: Calm environment (Sleepiness). 

 

To further pronounce chromatic diversity an added level of randomness was introduced 

for each set of colors. This stochastic random value between ± 0.50% offset the emotional 

state per asset. Although very low, this value yielded a slight but perceivable difference 

in color diversity (Fig 25). 

     

Fig 25. Left: No emotional state offset. Right: 0.50% emotional state offset. 
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For Iteration 02, the floor was replaced with actual island rocks. Since the island rocks 

were not flat, their surface had to be traced. Meaning, that before any asset could be 

placed, the height and angle of the ground beneath it had to be calculated. 

The method of placing the assets, including the island rocks, was done in a deterministic 

fashion meaning that the exact environment could be recreated for each participant. Each 

asset could be customized in a data table (Appendix, Fig B). The most important 

parameters that could be customized were placement, rotation, and scale as described in 

Table 6, with the density parameter being visualized in Fig 26. 

Table 6. Parameters controlling the placement, rotation, and scale of the 

environment's assets. 

Asset 

Transform 

Sub Parameters Description 

Placement Density How many instances of that asset should be placed 

within a 10m^2 area (Fig 25). 

 Random 

Placement 

Between 0-1, how random the placement of each 

asset should be. A low value makes placement 

more grid-like. 

 Probability Between 0-1, how likely the asset will be placed. 

 Spread Amount Per asset placed, how many of the same assets 

should be placed within close vicinity. 

 Spread Distance Maximum distance of the spread. 

Rotation Random Pitch Random rotation between 0 and given angle, 

around assets right axis (Y) 

 Random Yaw Random rotation around assets up axis (Z) 

 Align to Normal Determines if the asset should align its rotation to 

the angle of the ground. 

 Ground Angle Max The maximum angle the ground can have for the 

asset to be placed. 

Scale Scale A random value between two given numbers. 
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Fig 26. Example of different values of density. Left: High density. Right: Low 

density. 

 

5.3 Test Results 

Due to the limited number of participants in Iteration 01, Iteration 02 was designed for 

remote testing as an attempt to reach a larger and more varied sample of participants. The 

larger sample led to more data being collected but, due to the test being remote, the testing 

environment and equipment used could not be controlled. 

The test consisted of two parts. (1) An online survey consisting of six control questions 

(Appendix). (2) A downloadable version of the application and relevant information 

regarding the test. The functionality of the application was the same as Iteration 01. 

The test for Iteration 02 consisted of 28 participants (23 male and 5 female). The 

participants' ages ranged between 18 and 34 and no participants identified themselves as 

being color blind. 

When observing individual data points, certain trends can be found similar to the result 

of Iteration 01. The test results show that the majority of individual data points are 

between pleasure and sleepiness (Fig 27). The most accurate target emotional state was, 

just like Iteration 01, Sleepiness (Fig 28). Pleasure presents the second most successful 

emotional state although pointing, again, more towards a state of Contentment (Fig 28). 

Arousal was the most improved upon emotional state in terms of individual data points 

where more than half were found above Pleasure (Fig 28). The bulk of the Misery points 

was found on the correct side of CMA, although they were also the most spread out (Fig 

28). 
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Fig 27. Compiled test results of all four environments represented by corresponding 

colors: yellow representing pleasure, red representing Arousal, dark blue 

representing misery, and light blue representing sleepiness. The large data point 

represents the mean value of the corresponding color. 
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Fig 28. Individual results for each environment. Small dots represent individual 

result points, and the larger dots represent the mean result. Top left: Happy 

environment. Top right: Angry environment. Bottom left: Sad environment. 

Bottom right: Calm environment. 

 

5.4 Discussion 

The test of Iteration 02 was conducted remotely which meant that no control could be 

had over location, atmosphere, and hardware. On the other hand, having access to a larger 

sample of participants allowed for a better overarching representation of data compared 

to the previous iteration. 

During the testing phase of Iteration 02, five participants expressed confusion about what 

the Arousal column of the SAM model meant. This was not information that was 

conveyed to the participants before the test took place or when later expressing confusion 

about it, this was in order to keep test results consistent. It is possible that those 

participants may have selected the Arousal column at random due to the fact that they 

did not understand what it was supposed to represent. 

Based on the mean values of each environment compared with Iteration 01, little apparent 

increase in accuracy was found. With a closer inspection of the mean values one can 

deduce that an improvement, although minor, has been made. Each mean value is closer 
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to its intended emotional state compared to the previous iteration. The order in which the 

mean values are in is also correct, i.e., given a bigger gap, the mean values would position 

themselves to their corresponding emotional state without having to overlap each other. 

This suggests that the underlying cause of this result may be related to factors outside of 

the effect and manipulation of color. 
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6.0 Discussion 

Chakraborttii et al. (2017) highlight a limitation within PCG where an emotional 

connection is often absent in PCG content. PCG content also has a tendency towards 

sameness, a phenomenon where PCG outputs appear to be visually very similar. This 

investigation aimed at developing and testing a tool to generate PCG game levels for the 

game To the Skies! The tool primarily endeavored to address the lack of emotional 

connection within PCG game levels. The tests also indicated that the intentional 

emotional PCG outputs also aided in creating variation between the game environments. 

Although the same assets were shared between all PCG environments, the outputs 

differed visually thanks to the variation in color. 

The deconstruction of CMA (SQ1), which led to the translation between emotional states 

and color appeared to be a straightforward task. The process of simplifying each 

emotional state into one overarching emotion and then translating that emotion into a 

color according to Fugate and Franco’s (2019) model did not present any theoretical 

roadblocks. 

CMA was used for parameterizing emotions so that a potential emotional response could 

be elicited from the generated environment based on its Arousal and Valence values. This 

corresponds to SQ2: “How could the model described in SQ1 be parameterized and 

turned into a system for PCG of game levels for the game To the Skies!?”. Technically, 

the parameterization of theory to code (SQ2) was straightforward. Once the desired 

emotional state and its associated colors had been decided upon, it was possible to 

consistently generate PCG outputs within the desired color range, indicating that the 

implementation logic was robust. 

During the test, it became apparent according to the data that the experienced emotion 

and the expected emotion did not match for all environments (see 4.3 and 5.3).  Instead, 

player test results suggest that the difference between the desired and perceived 

emotional state for each test level may reside in (a) the input data which the tool was 

based upon, namely the colors, and (b) the player test evaluation tool SAM, which some 

respondents declared being confused about (see 5.4). 

The colors used in the iterations were selected by identifying the closest emotion that was 

present in Fugate and Franco’s (2019) color emotion pairing study in relation to its 

corresponding emotional state. For example, even though sleepy was the closest emotion 

to the desired emotional state of Sleepiness, which was a state desired for the case study 

game, sleepy was not an emotion described by Fugate and Franco. Instead, the emotional 

state of calm had to be used. As a result, incorrect colors may have been present in the 

tools, which may have been a contributing factor to the inaccuracy of the test results. 

Another factor that may have contributed to the disparity of test results was that, in Fugate 

and Franco’s original study, there were few cases of those colors being a majority when 

people paired them with an emotion (Fugate & Franco, 2019, Kaya & Epps, 2004). 

Oftentimes the color picked was only the color that had the highest percentage for that 

emotion. For example: in Fugate and Franco's study, dark blue was chosen only 40% of 

the time when people were asked to choose a color to represent sadness. This means there 

is no guarantee that every person associates the same color with an expected emotion, 

although it indicates that there is a plurality consensus. 

The SAM evaluation model was selected as an evaluation tool that improved on the 

semantic differential scale presented by Russell (1980). For this investigation, it did so 
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by being easy to work with and implement in a digital environment. It also required less 

data in order to arrive at the same conclusion (Lang, 1994). Despite the advantages of 

using SAM, it did come with its issues, as described in 5.4. Five participants in Iteration 

02 came forth expressing confusion around the meaning of the Arousal column of the 

model. Whether this was a problem isolated to those participants alone is difficult to say, 

but this may likely have tarnished the data. This also raised the question of whether the 

participants should have been given more information regarding the means of providing 

feedback, thus minimizing potential confusion and data validity. 

The use of Geslin et al. (2016) “Tentative Model for Color Scripting in Video Games” 

proved to be a necessary step toward achieving a more accurate translation of colors and 

emotions for this tool. The implementation of Geslin’s model allowed for the tool to also 

influence chromatic diversity, saturation, value, and motion. The introduction of 

chromatic diversity had several effects. Even though the result for Iteration 01 and 02 

was similar (Fig 29), the tool had a slight improvement in accuracy.  It also led to a more 

varied and authentic environment that more closely represents the case study. 

 

Fig 29. Left: Mean results for Iteration 01. Right: Mean results for Iteration 02. 

 

The slight increase in accuracy, besides Geslin’s research, was likely due to the fact that 

an emotion has several associated colors (Fugate & Franco, 2019). Therefore, based on 

the participants' associations, the chance that the correct emotional response is evoked 

can be higher. On the other hand, it is possible that the higher variation in colors may 

also lead to a higher chance of inaccuracy in the emotional response of different sets of 

color combinations or targeted emotions. Further testing is needed to determine the 

viability of extensive use of this model. 

It is also likely that the desaturation based on the value of Valence according to Geslin et 

al. (2016) further contributed to increasing the accuracy of the tool. Desaturating the 

colors, which were selected based on Fugate and Franco (2019), meant that even though 

the hue was the same, the final color was essentially changed. This arguably supports 

both Geslin et al.’s argument of desaturation and Fugate and Franco’s color association 

model based on the hue selection. 

The decrease in value led to a darker environment. The effect of lower value matched the 

findings of Steinvall (2007) who associates black and gray with sadness and mourning. 
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Similar findings were also presented by Corona (2020) where black was the color most 

often associated with sadness, with a few exceptions. Although still being far from the 

intended result, this may explain the slight increase in accuracy of the Misery 

environment in Iteration 02. The implementation of motion in accordance with Geslin et 

al. (2016) model was perceived as a positive contribution to the tool and, as with 

chromatic variation, it added to the authenticity of the case study as the game To the 

Skies! features wind and clouds in motion. The intensity of the motion was based on the 

Arousal axis, where slower movement corresponds to lower Arousal and faster 

movement corresponds to higher arousal (Geslin et al., 2016). Based on the test results 

of Iteration 02, it is likely that the introduction of motion further aided the increase in 

accuracy. To truly measure the effect of motion in the perceived level of arousal, it is 

however necessary to further conduct A/B tests focusing only on the element of motion. 

The majority of data in both iterations indicated a strong association with Sleepiness and 

Pleasure. A possible explanation for this could be related to the art direction of the case 

study game To the Skies! The specific level tested in this investigation consists of a 

stylized natural forest environment where shapes are predominantly soft and rounded. 

This is even more prevalent in Iteration 02 due to it being focused on a more authentic 

representation of To the Skies! According to Aronoff (2006), rounded objects tend to be 

associated with a higher Valence value and lower Arousal value than corresponding 

sharper objects. If this is taken into consideration, it could help to explain why the 

majority of the data points presented in the result section could be found between the 

“Sleepiness” and “Pleasure” state. This could further explain why none of the supposedly 

Misery environments were actually perceived as being miserable according to the data. 

The lighting in the scene was kept at a neutral white, even though this slightly differs 

from what To the Skies! is supposed to look like. Natively the game favors a warmer and 

yellow light, which significantly changed the way colors were displayed. Straying from 

the original look was done in order for colors to display more accurately according to the 

theoretical foundation of the tests and to minimize bias. 

To gain a deeper understanding of the influence each participant's favorite color may 

have had on the test result, a correlation was hoped to be found between the time spent 

in each environment and their declared favorite color, but no such correlation could be 

identified. The only correlation that could be observed was the fact that participants spent 

more time in the first environment. This is likely due to it being the first environment 

encountered when conducting the tests and a steady decline could be observed in the time 

spent per environment after that. 

For both Iterations 01 and 02, the test was conducted in different test locations and on 

different computers and monitors. As a result, participants had different experiences 

when it came to how smooth the experience was and also how accurate the colors were 

presented on the screen. There was also no control to be had over the kind of emotional 

state the participant was in when conducting the test. While the participant’s emotional 

state cannot exactly be controlled, it could have been influenced by having standardized 

test facilities, and thus might have affected the result of both iterations. 

The main goal of this investigation was to incorporate emotional intent into PCG game 

levels for the game To the Skies! based upon the Circumplex Model of Affect with a 

focus on the color-emotion association as described by Fugate and Franco (2019). While 

the tool was successfully implemented, and on a technical level works as intended. What 

failed to meet expectations was the lack of correct emotional intent being outputted. 
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7 Conclusion 

The purpose of this investigation (RQ) was to determine how one could parameterize 

emotions into PCG game levels. This was done by developing a tool that could generate 

a game level through procedural means in Unreal Engine based on research by Fugate 

and Franco (2019), Kaya and Epps (2004), Geslin et al. (2016), and Russell (1980). CMA 

was used to answer SQ1. For each emotional state in CMA, a target emotion was selected. 

The target emotion was then converted to a color based on Fugate and Franco (2019). 

Thanks to CMA, the parameterization procedure (SQ2) which was based on its two axes, 

Arousal and Valence, allowed for an effective parameterization and interactive user 

interface for the tool. 

The results of the iterations led to inconclusive data; however, a slight improvement was 

observed between Iteration 01 and Iteration 02. Data revealed that the environments 

representing Sleepiness and Pleasure had the highest level of accuracy while Aroused 

and Misery were less accurate. The most accurate colors-emotions were Light Blue 

(Sleepiness) and Yellow (Pleasure). 

While the tool developed during the investigation functioned as planned, it is based upon 

and constrained by emotional constructs of color theory and motion. To more accurately 

elicit the intended emotional responses, additional development of the tool and the 

theoretical foundation is required. Specifically, to include other critical aspects such as 

shape language, patterns, and weather. Without these supplementary parts, the tool's 

ability to elicit emotional states is arguably incomplete. 

Iteration 03 and further research could investigate the correlation between shapes and 

emotions. If a relationship is found, it can be mapped out onto CMA. Foliage which is 

controlled by an opacity mask can be implemented in an interpolative fashion via shader. 

Allowing the tool to select and manipulate which assets are placed based on the Arousal 

and Valence value can also be implemented within the tool itself. 

● The opacity mask used for the foliage could be altered to accommodate any given 

shape. Mimicking seasonal effects on leaves could also be done via an opacity 

mask. 

● A world position offset (WPO) combined with a given noise or texture could alter 

the final shape of solid assets. 

● Testing with different environmental assets that are tied to different emotions. 

● Testing the effect scale has on the emotional state. 

Additionally, an investigation on the potential effect of placement and patterns has on 

experiencing emotion can be made. If a connection is present, the placement could be 

manipulated in the tool during the generation process. This can be achieved in different 

ways: 

● Changing the density of which the assets are placed, creating open fields or dense 

forests. 

● Assets are placed according to different noise functions. 

The weather has proven to influence an emotion (Kööts et al., 2011). It would therefore 

be feasible to introduce a weather system that is controlled by the tool. This weather 

system could potentially control aspects such as: 

● Sun. Position, intensity, and color temperature. 
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● Weather effects such as rain, snow, and fog. 

This thesis acts as a foundation for future studies which take interest in adding an 

emotional dimension to PCG. We hope to encourage further development toward the 

parameterization of emotions in PCG game environments. As a group, we also aim to 

continue developing the tool presented in this study towards implementation in the game 

To the Skies! 
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Fig A. Control questions. 
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Fig B. Data table parameters. 

 

 

 

 

 

 


