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Abstract. Immersive experiences in Virtual Reality (VR) platforms
often require customized content that can be adapted to in-game situa-
tions and specific player actions that lead to individualized effects. Con-
trolling the positive-negative emotional valence and the level of arousal
of the immersive content allows VR systems to provide situation-specific
and action-specific affective influence on players, giving them an experi-
ence that is tailor-made for the narrative and interaction espoused by the
system. To generate different emotional influences for the same content,
we created a system that uses Neural Style Transfer (NST) along with
a set of style images with known affective ratings to procedurally gener-
ate different versions of the same 360 environments in VR with differing
affective influences for players. To explore how the NST-generated VR
affects participants’ affective perception, we conducted two user studies
(N=30 and N=28). Users experienced four separate VR environments
with different affective ratings. After each experience, we performed a
survey to evaluate their affection, including Emotional Matching Tasks
and interviews. Findings suggested that users are more likely to be aware
of arousal differences than valence differences, which are mainly perceived
by the degree of contrast between color and content of the environment.
The stylized features gained from NST that affect the perception of
valence are the color tone, the clarity of the texture, and the familiarity
of the content for the user. Our work contributes novel insight into how
users respond to generated VR environments and provides a machine-
learning-based strategy for constructing an immersive environment to
influence the affective experience of users, without altering any content
and the game mechanism.
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1 Introduction

The immersive Virtual Reality (VR) environment can elicit affective responses
through simulating different sensory experiences; for example, horrible lighting
and sound effects could be used in VR game environments to stimulate users’
negative affection [46,55]. In a narrative VR environment, especially VR games,
visual design is a significant component of drawing users into specific affective
states [59]. When we engage in VR games, observing and evaluating the aesthetic
elements is an important means for us to perceive emotions in the game [18].
However, it is challenging to construct an immersive environment by adjusting
precise details for particular emotional influence [62]. Some VR designers usually
alter the affective states by arranging different game objects in the computer-
graphic engine [9], while others import pre-recorded 360 images/video sequences
into the engine to build a 360 virtual environment [42]. These approaches may
take much time for the designer to prepare the properties.
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Fig. 1. Emotion-driven affective VR generation system. The Path A describes an app-
roach to generate an affective VR environment based on the intention of the designer.
For example, the designers want the user to be happy in a future environment; they
could choose a series of style images from the datasets annotated with “happy” and
then use them to perform Neural style transfer. The output 360 images could be used
to construct a VR environment and evoke target emotion after the user experience each
time. The emotion resource in Path B comes from the current affective condition of
users, which may be detected with affective computing or self-report. So the selection
of style images is based on the user. After generation, the user will experience the same
but a more robust emotional environment to enhance the original emotion.
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In non-VR video games, Artificial Intelligence (AI) has provided many ben-
efits for reducing work in game development. Procedural Content Generation
(PCG) techniques have been used in the video games industry to generate spe-
cific types of content, e.g., sounds, images, game levels, characters, textures,
and dialogue [34]. Many Generative AT (GAI) techniques are employed to make
the content creation process more effective and accessible. For example, Chat-
GPT [40] is helping with brainstorming stories [36] and facilitating dialogue [57];
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DALL-E-2 [45] produces images properties allowing users using natural language
prompts; Dream Fields is another model using the free-text prompt to achieve
3D object generation [30]. For controlling users’ affective experiences, some other
studies propose Emotion-Driven Adaptivity, an approach to adjusting the game
mechanics to help users improve their in-game behavior after recognizing their
affective state [51]. Al acts as an agent in the system to adjust pre-set contents to
create new narratives and experiences. Though these GAI techniques are help-
ful for generating game content more quickly than before, designers may need
to take much effort into trying different prompts to figure out the appropriate
emotion-specific outcomes. They may also need to assemble all the components
in the game engine manually. Thus, in terms of the core problem of emotion-
specific VR environment development, an ML-based generation strategy still
needs further exploration.

With all these opportunities for creating the adaptive emotional environ-
ment procedurally, there is limited research on investigating what exact proper-
ties should be adaptively changed for eliciting specific affective experiences, and
how these NST-generated VR environments affect users’ perception during the
experience. Thus, we set the following research questions:

— What affective experience can be affected by the ML-based VR environment
generation?

— What visual parameters of the generated VR environment can be adjusted
to obtain the corresponding affective experience?

— How to control the changes of parameters for eliciting expected affective expe-
rience?

In our study, we employed Neural Style Transfer (NST) to generate affective
360 images and created a procedural VR-generating system. To get an environ-
ment with a definite emotion, we chose images with different emotional annota-
tions as style images to let the machine learn and transfer the affective features
to the 360 content images. We then assigned the generated 360 images to the
skybox to build an affective VR environment. After the VR was established, we
invited several participants to experience and measure their affective responses
using multiple methods, including Emotional Matching tasks (EMT) and inter-
views. We conducted a formative study in static 360 environments and a formal
study in navigated based VR environments. In the pre-study, we built four vir-
tual environments with different valence and arousal values based on a single 360
image, in which the participants can only experience a static environment at a
time. We measured the affective states of the participants after each experience.
However, their emotional responses in the valence test groups differed from what
was expected. Therefore, we modified the VR environments based on the com-
ments provided by the participants in the interviews, and conducted our formal
study, where we built the VR environment based on multiple 360 images and
a navigation system to make the participant more immersive and thus enhance
the affective stimulation.
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Using Al to generate a 360-images-based affective VR environment with
images of known emotions has many potential applications, which we discuss
at the end of this paper. Our contributions are:

— We proposed an affective VR generating system using the NST approach
(Fig. 1), which could help create affective VR environments without altering
content.

— We contributed novel insights about how users responded to generative VR
environments by reporting the survey and interview results of formative study
(N=30) and formal study (N=28) on how people perceived the affective state
of our generated VR environments and what specific visual elements influ-
enced their perception and affective response. The results suggested that our
method with discrete emotional word style images dataset could effectively
elicit the corresponding affective responses. Transferred color and texture are
the key visual elements that took effect. Moreover, generated color and texture
have interactive effects when affecting user’s affective state in the generated
VR environments.

— We ended by discussing the potential applications of our generation system
in real VR affective narrative space and game scenarios that automatically
alter the affective state of the current environment. We also discussed how our
findings of the visual components that affected the emotional expressions of
Al-generated images could contribute to the prompt engineering in Artificial
Intelligence Generated Content (AIGC) field.

2 Related Work

2.1 Emotion Measurement

A classic example of emotion measurement tools is “six basic emotions” proposed
by Ekman: anger, disgust, fear, joy, sadness, and surprise [13]. Dimensional mod-
els, on the other hand, attempt to conceptualize human emotions by defining
where they lie in multidimensional spaces [43]. For instance, the “circumplex
model of affect” developed by James Russell suggests a two-dimensional circular
space, containing valence and arousal values [48]. Valence measures the degree
of an emotion being perceived as positive and negative; while arousal evaluates
how strong the emotion is being felt. Psychologists also use the Positive Activa-
tion — Negative Activation (PANA) model [60] to measure self-reported positive
and negative affect when testing whether emotions are influenced [25]. However,
studies indicate that this model may be limited only to activating emotion states.
Positive Activation scores have been found to increase during anger, suggesting
that it does not always measure positivity but may be sensitive to approach
motivation [26].

Our study applied the EMT instead to deal with the drawbacks of previ-
ous methods [37]. This method aims to examine people in emotion perception
with multiple experiment components [56]. Different from other evaluations, the
EMT considers multi-modal information of emotions, including emotional facial
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expressions (more than four basic emotional labels) [39], emotional words and
emotional situations to compensate for the inaccuracy of positivity measuring in
PANA model [2]. Therefore, our study adopted EMT to evaluate human affective
states for more accurate and reliable results.

2.2 ML/AI Method for Affective Environment Generation

The use of NST leads to rapid generation and iteration of artwork production.
People can use Convolutional Neural Networks (CNNs) to render a content image
in different styles [21,22,32]. Based on the new method of image style transfer,
the researchers use neural representations learned by CNNs to separate and
recombine the content and style of arbitrary images, generating a similar image
with the content image, and the style has also been reconstructed simultane-
ously. They work with the 19-layer VGGNet [52] pre-trained on ImageNet [11],
achieved a separation of image content from style, then allowed synthesizing
an image that combines the content of one image with style from another [21].
Style Transfer is not only applied in 2D images. For spherical images, researchers
address the emerging demand for 3D movies or VR/AR [8]. A feed-forward net-
work is proposed for stereoscopic style transfer [8]. The researchers addresses
the challenges of style transfers applied to 360 images by employing a cubic pro-
jection to remap the equirectangular projection to a set of six cube faces [47].
The style transfer algorithm is applied to each face of the cube separately, and
this methods are time-consuming. Other researches proposes a method directly
processing with the stereoscopic images [23], which inspire us to use 360 images
to generate VR.

2.3 Affective States Elicitation via VR and Customized Affective
Game Experience

To date, numerous studies have already examined applications of VR that have
been used to construct real-life scenes with different settings to arouse different
human affective status [5,6,16,24,58]. For example, five virtual parks with differ-
ent scenarios in previous research could elicit a specific affective state respectively
(i.e., joy, sadness, boredom, anger, and anxiety) [16]. In contrast, others attempt
to induce specific affective status by adjusting the lighting conditions and sounds
in real-life virtual scenarios [58].

From those researches, we observed that adjusting the visual elements of
a VR environment could effectively alter the perception of the affective state
for different scenarios [4,12]. Therefore, inspired by the VR-driven applications
of human emotion elicitation, our study aims to verify whether creating a VR
environment via 2D panorama images with annotated valence and arousal values
could arouse people’s diverse affective states, and how the effects differ with
respect to altered valence and arousal indexes.

In order to make it easier to develop game environments with different emo-
tional states, customized affective games with smart agents are needed to help
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quickly and automatically optimize the emotional quality of content for experi-
ence when the player enters the environment. In some earlier studies, researchers
tended to use Al to automatically adjust the mechanics and dynamics of the
game according to the performance of players, thereby changing the gameplay
experience to affect the in-game mood [53,54]. In addition to changing the deci-
sion tree, recent research on experience-driven procedural content generation
framework also focused on the player emotion modelling [61]. Others also change
the environment, e.g., text and NPCs. They stimulated alien emotional expe-
riences by producing resemble but novel narratives according to the real-time
emotions of players [28].

2.4 Content Generation in Serious Game Application

Serious games, as multimedia learning systems, usually provide players with a
variety of games and learning paths to help the growth and advancement of
knowledge and experience [3]. Therefore, PCG, as a convenient creative tool,
is often used to create personalized game experiences in terms of individual-
related background. In the Orange Care, a PCG-serious game for conveying
educational content about skin lesions to primary care physicians, the character
generation is based on the text describing some physical aspects and the illness
condition [41]. The rendering of the appearance of the characters could influence
the in-game experience of the users. Shader and texture generation can help the
game influence our experience automatically.

Friendly Adaptive Technological Tools Against Cyberbullying (ATTAC)
project shows an approach to generating the whole game environment via graph-
ical domain-specific modeling language, which communicates with a computer in
an alike natural language [31]. That means semantic emotion words may be used
for the affective game space generation in the sense of our project. Meanwhile,
Hiramon combines player self-emotional reports and machine learning methods
allowing game systems to learn the relationship between player behavior and
emotional experience. The game is able to know when the player is experienc-
ing a particular emotion that is undesirable. It will adapt accordingly to make
relevant responses and optimize in-game emotional experience [19].

3 Technical Implementation Methodology

We applied the data-driven Arbitrary-Style-Per-Model Fast NSF [22] as a pri-
mary method to generate the images with different valence and arousal values.
Prior to this, the transformation parameters were needed when changing the
style from the original photo to the stylized photo. We employed the style pre-
diction network in [22] to predict the transformation parameters of each style.
Therefore, we can change the style of the content image using a single content
image and another unlinked style image. In this standard NST model, Frobenius
norm was used to minimize the difference of Gram matrix associated with the
layer activations in style between the generated image and the content image,
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and Lo-norm was used to minimize the difference of layer activations in style
between the generated image and the reference style image.

In our experiment, we employed the pre-trained arbitrary image stylization
model® [22] to perform fast artistic style transfer that works on arbitrary images.
After performing NST and getting a new 360 output image, the 360 images was
imported into Unity. Next, the texture shape of this 360 image was set as a cube
and used to create a new skybox material. Finally, the material was assigned to
the environment’s material, thus rendering a panoramic view of the whole Unity
scene. The VR camera was placed in the center of the whole scene. Once the
scene was running in the VR headset, the users could experience the 360 scenes
just like they were standing in a real 3D world.

4 Formative Study: Static 360 Scene Evaluation

4.1 Participants and Procedure

As reported in [33], we recruited 30 participants in this study (10 male, 20 female,
from 18 to 38years old (M = 22.1, SD = 2.28)). They were labeled with IDs
from S1 to S30. The research procedures included a within-subject experiment
in which the participants were assigned to four conditions with two different 360
content images (high valence, low valence, high arousal and low arousal VR, envi-
ronments) in random orders to avoid ordering effects. The first group, called the
valence group, uses a 360 live performance image as the content image and two
style images with inverse valence dimensions (high and low) as the input mate-
rials. The output images were imported into the game engine Unity to establish
high and low-valence test environments. The other group is called the arousal
group, whose content image is a 360 beach site image. Two style images with
different arousal values (high and low) were used to influence the arousal condi-
tion of the test environment image. Every Participant was asked to watch four
360 outcome images in VR, as shown in Fig.2. The VR conditions of different
test groups were alternatively experienced (for example, high valence first, sub-
sequent low arousal, then low valence, and last high arousal) to avoid decreased
sensory perception after seeing two similar images continuously. In each experi-
ence, the participants were requested to accomplish an object-searching task in
the environment within 4 min, ensuring to look through the whole environment.
The objects the participants needed to search for were decided based on the
content of the environment. Moreover, we also hoped the searching task would
not distract the attention of the emotional experience as much as possible. Pre-
cisely, the participants were asked to count the number of people wearing the
masks in the valence group because there were a lot of people standing around
the participants in the VR environment. However, the arousal test environments
contain very little human content but have a beautiful sunset beach view. There-
fore, the participants were asked to find a favorite landscape of the environment.
After each experience, the participants could have 5min rest period, in which

! https://tfhub.dev/google/magenta/arbitrary-image-stylization-v1-256/2.
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we conducted a short survey and interview to measure participants’ affective
states, and understand how NST-generated environments affected their affec-
tive experience. The Institutional Human Ethics Committee followed the whole
procedures throughout the test.

4.2 Design of Test Materials

In order to test how the images generated by NST affect valence or arousal
separately, we set two test groups (valence group and arousal group as shown
in Fig.2). Each group has a high and low-value environment for testing. All
four style images were chosen from the Geneva affective picture database
(GAPED)? [10]. We tried a series of style images with extremely distinct rating
to make the outcomes show a striking contrast. For example, for the high-valence
environment, we used a style image with a pleasant landscape and a high value
(95 out of 100); for the low-valence environment, we used an image of scary
spiders and a low valence value (12 out of 100). In our pilot test, we found that
the landscape images in the P group (a group of pictures include human and
animal babies as well as nature scenes) and the non-sense object images in the
N group ((a group of pictures include inanimate objects) in the dataset are more
suitable for our style images, because the pictures of other groups in the dataset
are related to violence of moral and legal norms.
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Fig. 2. Image materials for valence test group and arousal test group.

4.3 Formative Results

Discussion on Valence. Those images processed by NST are more likely to
evoke negative emotions in the participants because NST introduces textures
that tend to reduce the familiarity and increase the negativity of these

2 http://www4.ujaen.es/~erpadial/GAPED.html.
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content in the images to users. “I feel like the faces of these people in the envi-
ronment are quite distorted, unlike what I would see in reality”. Most partici-
pants mentioned this in the interview (take S1, S7, S8, and S9 as cases). People
who stay in an unfamiliar environment may have negative emotions such as fear.
Brighter colors are considered positive in psychology [27]. However, the percep-
tion of emotions for the environment may be influenced holistically
by the combination of visual style (the color and the texture) with
the content. Therefore, the negative content, like scary human faces, makes the
brighter color create tenser feelings in this case rather than comfortable. Thus,
when using NST to create positive emotions in images, it appears necessary to
deal with the visual style of style image that affects the texture to make the con-
tent more familiar and positive, which could be related to individual imagination
based on emotional memory, the memory of experiences that evoked an emo-
tional reaction. For example, some participants said “The texture looks like Van
Gogh’s painting, which reminds me of the night he killed himself in the field”.
Meanwhile, the color also needs to match the content. The emotional responses
are also interactively affected by both color and content.

Discussion on Arousal. Unlike the results from the valence test group, which
were opposite to our expectations, participants responded high-arousal affective
state in the high-arousal environment, while they felt calmer (low-arousal) in the
low-arousal environment. The content of the 360 environments used in the
different tests (arousal vs. valence) caused systematic differences in participants’
responses. The content image of the valence test is a crowded indoor view, and
the content of the arousal test is an open outdoor sightseeing scenery. The beach
landscape, with the sunset and fewer people, makes it easier to recall people
with some pleasant memories, so the content will not make them feel gross and
scared (the high-arousal affective states). Moreover, the high-arousal condition
had a brighter color than the low-arousal condition, which made participants
have improved arousal levels, according to the interviews.

5 Formal Study: Navigation Based Evaluation

In the formative study, the perception of the valence differences from the partic-
ipants was not statistically strong due to the blurred human content. We wanted
to use the other content images with fewer human and outdoor views, the same
as in the previous arousal test. The participants suggested in our formative study
that their affective responses were weakened because of the sense of familiarity
after looking at repeated content in a short period, which resulted in bias for the
test analysis. Therefore, we tried to add more 360 content images as input to
build a 360 navigation system like Google Maps, which allows the participants
to explore more in a more extended period through rotating and changing their
position by interacting with UI button using gaze cursor with the headset [49].
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Moreover, navigation benefits the participants in clear recognition of the envi-
ronment [17], which could help eliminate the unfamiliarity with the textured
environment and enhance positive emotional responses.

5.1 Experiment Materials
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Fig. 3. Four VR environment construction and two test groups. The raw content images
are used to build the control environments.

Design of Test Materials. In our formative study, we selected some annotated
images from the GAPED dataset [10] as style images. They are mostly real-world
landscape images. It is hard to justify what kind of visual elements in the style
image have the affective effect that transferred to the 360 images. Therefore,
in the formal study, the style images were selected from the WikiArt Emotion
dataset® [38], which contains paintings from 195 artists. Artistic paintings could
evoke an affective response in their viewers, and painters often express their
personal emotions through every stroke, just as they imbue affective textures
into their paintings [44]. Moreover, the emotion tags in the WikiArt dataset are
more specific emotional words (e.g., happiness). As Fig.3 shows, we randomly
select four landscape paintings from the dataset to avoid getting strange textures
from specific objects like human faces in some portraits. The emotional labels of
these images represent high valence (happiness), low valence (fear), high arousal
(fear), and low arousal (sadness). In addition to changing the style images, we
add more content images to build a map for navigation in the VR environment.

3 http://saifmohammad.com/WebPages/wikiartemotions.html.
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We want to explore how it can influence emotional responses and improve the
result by allowing them to experience in longer period and think about the
situation.

Measures. Reliable and valid measurements are necessary to assess emotional
knowledge with precision [39]. However, due to the complexity and invisibility
of human emotions, the subjective choices made by individuals when asked to
describe their affective state using a single word may be over-generalized [7]. The
Emotional Matching Task (EMT) is a tool designed to facilitate effective com-
munication and adaptive use of emotional expression. It comprises four parts:
matching expressions, expression-situation matching, expression labeling, and
expression label matching [1,2]. EMT can help participants reflect on their emo-
tions and aid in assessing affective states.

In order to adapt the tasks for adults, we replaced the test materials with
validated materials from the Geneva Emotion Recognition Test (GERT) and
Geneva Emotion Knowledge Test (GEMOK), which were designed for adults
but also assess emotional knowledge in similar task [50], [?]. The simple facial
expression images in the first task were replaced with videos in the short ver-
sion of GERT (GERT-S), which measures the ability to recognize emotions in
the face, voice, and body of another person in a performance-based test [50].
Additionally, we provided participants with emotional word packages for the
labeling task. Unlike children, adults are able to self-report their experiences
verbally without the assistance of others, such as parents or teachers. Therefore,
we required participants to self-report in the survey.

Participants and Procedure. We recruited 30 university students from social
media interested in this topic (7 males and 23 females between 18 to 25 years
old (M = 21.5, SD = 1.23)) as our participants. Two participants in the sec-
ond test groups stopped the test due to VR sickness, so their data were not
included in the results. We labeled the participants with IDs from P1 to P28. To
avoid familiarity with the same content, we separated the participants into 2 test
groups and conducted a between-subject experiment to make sure the contents
of the environment were different in each group. Therefore, in Study 2, each
test group of participants experienced 2 affective environments (Group 1: high
valence*content 1 + low arousal*content 2, Group 2: low valence*content 1 +
high arousal*content 2), and two control environments (raw 360 environments).
The order of environment for each participant were randomized following a Latin
square design. We engaged the participants in searching tasks as in formative
study, allowing them to experience detailedly. After experiencing one VR envi-
ronment, they are invited to fill out a questionnaire of EMT and some short
answer questions about their related affective experience.
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Fig. 4. Bar plot to show the ratio of correct perception in the four test groups. The
bar is in order of high and low value for comparison, which is different from the group
setting. This figure shows that in formal study, participants can correctly perceive
specific emotion conditions, which means the NST approach can generate different
emotional VR environments using different emotion-style images.

6 Formal Study Results

6.1 EMT Results Analysis

Each correct answer in the test is awarded one point, while incorrect answers
receive zero points. The total score for each participant is calculated by sum-
ming up the scores for all the answers in each of the four parts of the test. A
score of three or more indicates the successful perception of the expected emo-
tion conveyed by the environment. As shown in Fig. 4, 80.0% of the participants
in the high valence (A) group correctly perceived the expected affective con-
dition, while 53.8% of the participants in the low valence (C) group correctly
perceived the target emotion. 86.7% of the participants in the low arousal (B)
group reported low-arousal affective responses, while those (61.5%) in the high
arousal (D) group reported highly intense emotions. These results demonstrate
that our generation strategy could effectively alter the participants’ affective
perception of the environment with annotated emotional style images.

6.2 Affective Stimuli

We list the factors that may influence the emotional responses of the participants
for them to choose to help them investigate the concrete type of affective stimuli,
including content in the environment, visual element, visual style, and spatial
properties. We conducted a chi-square test to identify the differences in affective
stimuli among different groups. The chi-square test reveals x5 = 3.327, p = 0.344
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(p >0.05), indicating that there are no significant differences among the types
of stimuli in each group. It means there may not be one particular type (e.g.,
visual style) to affect the valence or arousal condition.

However, participants gave us feedback on the specific elements in the envi-
ronment that evoked accurate affective responses, which can inspire us to perform
the future generation.

Transferred texture can reshape the perception of particular game
objects, thereby changing the emotional response. P1 mentioned “water
and waves”, which do not actually exist in the content. However, the transferred
chaotic texture changed a blue wall in the environment into a swimming pool full
of water. Because of the misinterpretation of the object content, which directly
influences the recall of specific emotional memories, the participant felt relief
other than negative emotions. This is why some participants reported incorrect
perceptions of the low-valence environment. Potentially, we may be able to seg-
ment some specific items in the environment images, on which we can perform
style transfer separately, letting the texture change the perception of the content,
in other words, create new items. We can also recombine the patterns together
at last to produce the whole environment.

Dense texture can result in blurred vision and raise the sense of
unfamiliarity and high arousal. P3, P4, and P7 said “I cannot see clearly
and get scared” Clear vision may reduce emotional arousal and increase valence.
If we want to generate a scary scene, we can adjust the style parameters to
produce more texture.

Complicated texture will narrow the space. More textures will make
the space properties more prominent. People may feel the space is blocked and
cramped. P8 mentioned “oil painting, boundary and small space”. The compli-
cated oil-painting style texture gained from the style image makes the VR envi-
ronment seem to have an outer frame. The boundary narrows the whole space.
The P12 said, “When I was in B, it felt like being covered... which instantly
reduced my positive feeling”. It inspires us to reduce the clarity of the texture
when making negative environments.

Mismatch of the color and content can raise arousal and negativity.
P17 told us “In the D environment, I felt bloody and terrified, and my emotions
were intense”. She also mentioned “leisure park, contrast color, bright red and
incompatible with the content”. The style image may greatly contrast with the
content image for high arousal and negative environments. On the contrary, low
arousal and positive environments can use a style image with a more matched
and similar color property.

7 Contribution and Future Applications

We employed NST to transform real-world panoramas into VR environments
with varying emotional properties. Our study also explored the potential of NST
to generate VR environments with affective qualities and identified parameters
that impact affective perception. These findings can be valuable references for
VR designers and psychologists interested in creating affective VR experiences.
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7.1 Manipulate Affective State on VR Psychological Study

In the realm of psychological research, VR has become a popular material used
by researchers [20]. VR environments have been developed with the purpose of
helping users confront various situations in the real world. For instance, VR has
been employed to aid autistic children with affective disorders in learning how
to recognize real-world emotions [29]. Additionally, exposure therapy combined
with real-world scenarios has been used to assist patients in reducing fear and
recovering from anxiety [15]. The primary materials used to create such VR envi-
ronments include real-life panoramic photographs and specific emotional targets.
Thus, the method proposed in this paper could be applied in emotion-based
experiments to help psychologists swiftly iterate and identify an appropriate
experimental VR space, replacing the conventional method of manual shoot-
ing on location. This method could also provide multiple alternatives. Unlike
the prior process of constructing a VR environment with a single design goal,
the proposed method permits the testing of several design objectives in a short
period, while also saving additional environments in case the utilized one fails
to meet the expectations.

7.2 Interactive Customization in Emotion-Driven Games

As depicted in Fig. 5, a game development plug-in can be designed. The plug-
in can be integrated into the development engine and game system. With this
plug-in, game designers can generate a game environment more easily. After pre-
selecting the style and content images, designers can input the datasets to the
designer side system. The Al agent then quickly generates a library of numerous
scenes that game designers can choose to build the storyline and game level.
Designers only need to select relevant images based on their narratives through
the UI panel. Once designers set the emotion by rating the valence and arousal
value using the slider, the system can automatically combine images according to
the affective condition and fill in the corresponding position in the storyline and
game level. Consequently, game designers can concentrate on creating a good
story without spending too much time on technical implementation. Moreover,
players can also arrange the stories as their expectations from the UI panel
on the player side by adjusting the valence/arousal values. The storylines and
scenes are then automatically matched from the library to generate new levels,
providing players with more freedom. This marks a significant improvement as
compared to the previous PCG games, where the emotional experience could
only be continuously enhanced according to the designer’s wishes.

7.3 References for Text Prompts

Using a single emotional word in the generation system may not generate the
images with appropriate affective visual features, because the AI needs more
detailed information to tailor the generated outcomes. We tried to add some
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Fig. 5. Game application system hypothesis.

Fig. 6. Left is angry outcome, right is happy outcome.

descriptions of the affective feature we summarized in the prompt in the text-
to-image generation system. For example, we prompt “low valence, high intense
beach landscape, warm and red color tone, full of texture, blurred people.” to
generate a scary environment and prompt “high valence high-intensity beach
land-scape, bright and relaxed color tone, clear texture, few people.” to generate
a happy environment. The outcomes are with quite distinct affective conditions,
as shown in Fig. 6.

8 Conclusion, Discussion and Limitations

Our formative study justified the particular NST-generated visual elements that
affect user’s affection, and study two indicated how these elements take effect.
The visual parameters that enable people to perceive the affective state of their
environment are revealed through self-reports from participants. Typically, upon
entering a new environment, people first pay attention to the content within it,
such as seeing a park or observing individuals engaged in leisure activities. This
content helps individuals quickly establish their understanding and familiarity
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with the environment. When utilizing NST to generate VR environments, it is
important to prioritize the recognizability of the content. Transferred textures
can then be used to blur or emphasize specific objects, eliciting either a pleasant
or terrifying emotional experience within the environment. The color of an envi-
ronment can significantly impact its perceived affective state. According to color
psychology, red and orange are associated with warmth and cheerfulness, but
they may also induce tension in some people [14]. Perception of color in combi-
nation with content varies significantly among different individuals. Color tone
can directly impact arousal, with warm and strong colors typically resulting in
higher levels of arousal [51]. Compared with a game called NEVERMIND [35],
which assesses the emotions of the users by bio-sensors and needs to change
the visual environment and gameplay mechanics to obtain particular emotional
responses, our strategy Allows us only to generate a simple 360 environment
with different content and objects to reach the same expectation.

Our study has some limitations. Firstly, the population of participants is
not balanced and diverse enough, which may limit the generalizability of the
results. Although we included tasks for participants, the VR experience may
lack immersion because it is not a real game system that provides adequate
interactions. Additionally, our measurement was not an in-game survey, which
required participants to take off their headsets to complete the survey outside the
VR environment. This interruption might weaken the affective response during
the survey and interview. Bio-technologies could greatly help assess the objective
and accurate affective state in real-time, providing a more accurate reflection
of participants’ affective state. Furthermore, our NST model is pre-trained with
arbitrary images, which may not be the most effective method for transferring the
affective features of annotated emotional style images, although it is effective for
affective generation, as indicated by our studies. Therefore, a fine-tuned model
with emotional style images may help improve the generation outcomes and
affective influence on users.
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