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This study takes an interdisciplinary approach to investigate interior space perception—environments where
people spend much of their daily lives—by examining behavior and brain activity. Integrating psychology,
neuroscience, and architecture, it explores three key components of aesthetic experience (familiarity, excite-
ment, and fascination) within virtual reality environments. Using 32 virtual interior spaces with curved
boundary types and varying architectural variables (size, light, texture, and color), 20 participants assessed
aesthetic qualities while their brain activity was recorded via electroencephalography. Behavioral results
reveal that horizontal boundaries were perceived as more familiar, whereas vertical boundaries (VB) evoked
higher levels of excitement and fascination. Neural results showed that alpha and beta oscillations reflected
perceptual and emotional engagement, particularly under vertical boundaries. Alpha desynchronization was
observed in posterior and right-hemisphere regions, suggesting enhanced attentional engagement and spatial
analysis during VB-related judgments. Beta activity showed differentiated patterns: Desynchronization dur-
ing familiarity under VB reflected active environmental evaluation, whereas synchronization during fasci-
nation under VB pointed to top-down processing and emotional resonance. Notably, theta synchronization
increased during familiarity judgments under VB, aligning with its role in memory encoding and cognitive
effort. Together, these findings demonstrate that architectural features systematically modulate both the sub-
jective experience and the neural dynamics of aesthetic evaluation. This study contributes to neuroarchitec-
ture by elucidating how architectural design influences aesthetic experiences, offering insights for creating
more functional and emotionally resonant spaces.

Keywords: aesthetic experience, electroencephalography, neuroarchitecture, neuroaesthetics, virtual reality

The intersection between neuroscience and architecture is an
emerging multidisciplinary field that seeks to understand the com-
plex relationship between the built environment and human experi-
ence. Historically, architecture has been concerned with space’s
aesthetic, functional, and structural aspects, while neuroscience
has focused on the brain’s functioning. Integrating neuroscience
into architectural practice—neuroarchitecture—provides a scientific
basis for understanding how people perceive, interact with, and are
emotionally affected by their physical environment (Eberhard,
2009). Using the tools and methods of cognitive science, such as
neuroimaging, researchers have begun to uncover how different

architectural designs can stimulate specific neural responses, affect-
ing emotions, cognition, and behavior.

Since the 1960s, attempts to integrate architecture with cognitive
science, particularly in environmental behavior and spatial analysis,
have paved the way for current efforts to integrate neuroscience into
architectural research (Lee et al., 2022). These efforts seek to explain
how architectural elements such as space, form, light, and texture
affect brain function and offer valuable insights into how the built
environment can enhance human well-being. Neuroarchitecture
thus represents a promising way to create aesthetically pleasing
spaces and optimized for cognitive and emotional health.

This study explores the neuroscience of architecture, focusing
on the relationship between aesthetic judgments, architectural
variables, and neural oscillations. By examining how aesthetic judg-
ments and how various architectural variables with curved boundary
types affect brain oscillations, this study aims to deepen human
understanding of how the built environment can be designed to pro-
mote comfort and engagement.

Literature Review

Neuroarchitecture and Aesthetics

Neuroarchitecture, combining neuroscience and architecture, is
an emerging multidisciplinary field. It offers new insights into the
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experiential design components traditionally overlooked in architec-
ture. Incorporating neuroimaging methods along with behavioral
and experiential paradigms, “neuroscience of architecture” serves
as an empirical foundation for understanding how architecture influ-
ences behavior and the brain (Dobkins & Heyman, 2013; Dzebic
et al., 2013; Jelić et al., 2016; Martínez-Soto et al., 2013; Nanda
et al., 2013)
Recent studies have demonstrated the potential of neuroarchitec-

ture to improve the understanding of aesthetic experiences in archi-
tecture. For example, the emerging field of neuroaesthetics explores
the neural basis of aesthetic judgments and reveals how they can
evoke associated neural responses (Vartanian et al., 2013, 2015).
Furthermore, neuroimaging technologies such as electroencepha-
lography (EEG) and functional magnetic resonance imaging
(fMRI) have been used to study how different architectural stimuli
affect brain activity, shedding light on the neural processes underly-
ing spatial perception and decision making.
The field draws heavily from neuroaesthetics, which investigates

the neural foundations of aesthetic perception, which gained signifi-
cant empirical and theoretical traction in the 2000s. Some research-
ers identify 2004 as the formal emergence of neuroaesthetics,
marked with the publication of key neuroimaging studies that
explored the neural correlates of aesthetic experiences (e.g., Cela-
Conde et al., 2004; Kawabata & Zeki, 2004; Vartanian & Goel,
2004). These studies established neuroaesthetics as a scientific
field, showing that the responses to beauty and preferences are linked
to specific brain processes. Together, they transformed the way
researchers approach aesthetics, shifting the focus from a philosoph-
ical concept to one grounded in brain function.
The study of aesthetics in the built environment focuses on under-

standing the neural basis of how people evaluate architecture
(Eberhard, 2009). Some of the earliest research in this field used
fMRI to investigate neural responses to artworks and to analyze
the mechanisms in brain to contribute to aesthetic experiences
(Chatterjee, 2004a, 2004b). Subsequently, researchers developed
foundational models outlining the cognitive and neural systems
involved in aesthetic judgments (Chatterjee & Vartanian, 2014;
Leder et al., 2004). Leder et al. (2004) proposed a stage model of aes-
thetic appreciation that partitions the process into five stages: percep-
tual analysis, implicit memory integration, explicit classification,
cognitive mastering, and evaluative judgment. This model attends
to the ways in which bottom-up perceptual features and top-down
cognitive processes are involved in aesthetic contexts. Expanding
on this, Chatterjee and Vartanian (2014) identified specific neural
systems underlying aesthetic judgement, including the sensory
cortices, attentional network and centers implicated in emotion,
such as the orbitofrontal cortex (OFC) and anterior cingulate cortex.
Together, these models provide a more integrated view of how peo-
ple perceive, interpret, and emotionally respond to architectural
cues.
Albeit a useful tool to pinpoint brain areas involved in aesthetic

judgments, the utilization of fMRI limited the scope of aesthetic
research in neuroarchitecture since incorporating a virtual environ-
ment (VE) was not feasible because of technical issues (Coburn
et al., 2020). One limitation of early fMRI studies is their reliance
on two-dimensional stimuli, as the technology constraints move-
ment, preventing the exploration of three-dimensional environ-
ments. Coburn et al. (2020) acknowledged this as a limitation,
emphasizing the potential of using more immersive technologies

to enhance the realism of studies. While fMRI provides valuable
insights into which brain areas are activated during aesthetic evalu-
ations, EEG studies offer complementary data by measuring oscilla-
tory brain activity, capturing dynamic changes during aesthetic
experiences. Furthermore, EEG can be incorporated into VE provid-
ing a valuable way to study neuroarchitecture.

VEs and EEG in Neuroarchitecture

VEs offer immersive, controlled settings that allow researchers to
manipulate design elements while maintaining consistency across
variables. Recent studies in neuroarchitecture have used virtual real-
ity (VR) combined with neuropsychological tools such as EEG to
investigate how architectural environments influence aesthetic per-
ception, emotional responses, and brain activity (Banaei, Ahmadi,
& Yazdanfar, 2017; Banaei, Hatami, et al., 2017; Jung et al.,
2023; Kober et al., 2012; Mostafavi et al., 2023; Shemesh et al.,
2017, 2021, 2022; Slobounov et al., 2015; Taherysayah et al.,
2024; Vecchiato, Jelic, et al., 2015, Vecchiato et al., 2015a). Some
of these studies used immersive head-mounted displays (HMDs)
(e.g., Banaei, Ahmadi, & Yazdanfar, 2017; Banaei, Hatami, et al.,
2017), while others relied on desktop-based VR (e.g., Vecchiato
et al., 2015a). Immersive systems can enhance spatial presence,
potentially intensifying both neural and emotional responses.
Therefore, the level of immersion may help explain the variations
in findings across different studies. Consequently, differences in
technological setups could reveal distinct yet complementary pat-
terns in perception and brain dynamics.

EEG Oscillations and Environment

There are several frequency bands of EEG that have been utilized
in previous neuroarchitecture research. This includes alpha, beta,
and theta oscillations. Alpha oscillations, which range from 8 to
12 Hz, are frequently associated with attentional regulation and per-
ceptual filtering. In particular, alpha power is thought to reflect the
dynamic balance between cortical engagement and inhibition,
where alpha desynchronization often indicates active information
processing, and synchronization reflects the suppression of irrelevant
input (Foxe & Snyder, 2011; Jensen & Mazaheri, 2010; Klimesch,
1999). Rather than simply being linked to a passive state of calm,
alpha activity has been shown to modulate based on task demands,
including those involving visuospatial attention and environmental
perception. For instance, Klimesch (2012) and N. R. Cooper et al.
(2003) suggest that alpha synchronization in posterior regions may
help suppress distracting stimuli, thereby facilitating focused atten-
tion on spatial features. In the context of architectural experience,
this suggests that changes in alpha power—particularly in occipital
and parietal areas—may reflect how participants selectively attend to
complex visual environments such as curved or unfamiliar spatial
forms. The present study builds on this view by examining how
alpha oscillations vary across aesthetic judgments, with posterior
alpha desynchronization indicating heightened perceptual engage-
ment with visually novel architectural boundaries.

On the other hand, higher-order cognitive functions including
active thinking, problem solving, and decision making are associ-
ated with beta oscillations. Their frequency range is usually between
12 and 30 Hz. Beta activity is linked to environmental perception
when processing visual and proprioceptive information needed for
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anticipating and interacting with physical obstacles or environmental
changes (Di Dona & Ronconi, 2023). It is responsible for segrega-
tion or integration and the reorganization of visual inputs. These
tasks play a major role in understanding scenes’ spatial layout and
dynamics. Beta oscillations have also been conceptualized as reflect-
ing themaintenance of the “status quo” in neural systems, supporting
ongoing sensorimotor and cognitive states (Engel & Fries, 2010).
Moreover, they are thought to facilitate long-range communication
across cortical areas, thereby contributing to perceptual integration
and top-down control mechanisms (Donner & Siegel, 2011). Prior
studies have shown that higher beta power correlates with better
performance in visual crowding tasks, which require participants
to distinguish a target from surrounding distractors. These findings
demonstrate that beta oscillations resolve visual clutter and enhance
perceptual clarity. New studies involving transcranial magnetic
stimulation provide causal evidence for beta oscillations involved
in scene perception and visuospatial processing (Di Dona &
Ronconi, 2023; Klimesch, 1999).
Theta oscillations, spanning frequency bands lower than 8 Hz and

higher than 4 Hz, are associated with memory load. Theta oscilla-
tions have been shown to increase with the complexity of memory
load. Regarding scene perception, theta oscillations are crucial for
scene-related information in short-term memory (Busch &
Herrmann, 2003). Theta oscillations are predominant for binding
items to their context during encoding, helping effectively perceive
and recall complex scenes (Summerfield & Mangels, 2005).

Aesthetic Judgments on Neural Oscillations

Impacting cognitive assessments, well-being, affection, and behav-
ior patterns, aesthetic experience in architecture is a pronounced
mechanism in architectural design and human experience (Adams,
2013; R. Cooper et al., 2014; Gifford, 2002; Hartig, 2008). It is an
informative variable that bridges between the built environments
and human behavior. To refine how aesthetic experience may affect
human behavior, researchers have focused on how sensory, emo-
tional, and cognitive elements shape this experience (Chatterjee &
Vartanian, 2014, 2016; Coburn et al., 2017, 2020; Elver Boz et al.,
2024a, 2024b).
Chatterjee (2013) explored the relationship between aesthetics

and art, characterizing the aesthetic experience as a triad that
includes sensations, emotions, and meaning. Chatterjee and
Vartanian’s (2014) description of the cognitive, emotional, and
behavioral components offers a more comprehensive aesthetic per-
spective. Coburn et al. (2017) outlined how the aesthetic triad
designed for aesthetic experiences can be utilized in the neurosci-
ence of architecture, providing a framework for understanding
human aesthetic experiences within architectural contexts.
Coburn et al. (2020) examined the essential psychological ele-
ments of architectural experience (coherence, fascination, and
hominess). These dimensions are shaped by the underlying neural
systems described in the aesthetic triad model proposed by
Chatterjee and Vartanian (2014, 2016). These systems include sen-
sorimotor, emotion valuation, and knowledge-meaning systems,
all of which contribute to the aesthetic experience in the built envi-
ronment. Their study explored the perceived sense of enclosure by
assessing whether the environment had open or closed boundaries,
along with ceiling height, which varied between high and low,
and the boundary shapes of the space, which were either round

or square, using fMRI and 2D real environment pictures. The com-
ponents above are tied to neural activity, influencing aesthetic judg-
ments of various architectural features, for example, enclosure,
ceiling height, and curvature. In line with these results,
Chatterjee and Vartanian (2014, 2016) observed that aesthetic
judgments involve a network of brain areas, particularly the
OFC, dorsolateral prefrontal cortex, and anterior insula. Each of
these areas plays a crucial role in reward processing, complex cog-
nitive tasks, and emotional awareness, respectively. The simultane-
ous activation of these areas suggests that the appreciation of
architectural features arises from the interaction of emotional, sen-
sory, and cognitive processes.

Further refining this framework, Elver Boz et al. (2024a) intro-
duced familiarity, excitement, and fascination by systematically
characterizing the built environment. Their study investigated the
perception of curvilinear boundaries and four space properties:
size, light, texture, and color that influenced these aesthetic dimen-
sions. Familiarity pointed to the sense of safety, relaxation in an
environment, and coherence. Excitement emphasized heightened
emotional arousal, while fascination captured environmental
complexity and interest with a behavioral propensity to explore.
Familiarity, excitement, and fascination—shaping individual experi-
ences in built environments—underscored the importance of aes-
thetic experiences for designers and neuroscientists. However,
neuroarchitecture research has not touched on how key aesthetic
judgments on familiarity, excitement, and fascination affect neural
oscillations.

The Present Study

Drawing on frameworks established by Coburn et al. (2020) and
Elver Boz et al. (2024a), this study explores the neural correlates of
aesthetic judgment components for environments with curvilinear
boundaries, that is, familiarity, excitement, and fascination, by inte-
grating VR and EEG. The three aesthetic components identified in
the studies by Elver Boz et al. (2024a) form an extensive, empirically
driven model that describes three fundamental aspects for evaluating
the built environment. This study investigates the neural correlations
of these aesthetic component concepts. The findings will help bridge
the gap between architectural design and neuroscience, providing
practical insights for creating environments that promote well-being,
comfort, and engagement. The related research questions (RQs) are
posed:

RQ1: Are alpha, beta, and theta oscillations influenced by the
specific aesthetic judgment (familiarity, excitement, and fasci-
nation) during the perception of architectural variables (horizon-
tal vs. vertical boundaries)?

RQ2:Are alpha, beta, and theta oscillations sensitive to architec-
tural variables?

Based on previous research on aesthetic processing and neural
oscillations (e.g., Chatterjee & Vartanian, 2014; Elver Boz et al.,
2024a; Klimesch, 2011), the following hypotheses are proposed:

Hypothesis 1:Alpha, beta, and theta oscillations will exhibit dis-
tinct patterns depending on the specific aesthetic judgment
(familiarity, excitement, or fascination), reflecting differential
modulation of neural activity.
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Hypothesis 2: Oscillatory brain responses will vary depending
on architectural variables, with observed differences between
horizontal and vertical boundaries, indicating sensitivity to the
spatial characteristics of the built environment.

Method

Participants

The experiment involved 20 graduate and undergraduate students
from the various departments of I.D Bilkent University, 10 of
whom were female and 10 of whom were male. The gender balance
in the study was intentionally maintained to reduce variability in oscil-
latory responses, as previous EEG research has shown that neural
activity patterns can differ by sex (Lindsen & Bhattacharya, 2010).
The sample size (N= 20) aligns with many EEG studies that utilize
within-subject designs, particularly in the areas of aesthetic processing
and immersive VEs (Hanslmayr et al., 2009; Vecchiato et al., 2015b).
Although we did not conduct a prior G-power analysis to determine
the sample size—given that this is the first EEG study integrating
three aesthetic judgements with different boundary types—we per-
formed a post hoc power analysis to estimate the study’s power
(Faul et al., 2007).
We used G*Power to conduct a repeated-measures analysis of var-

iance (ANOVA) with 18 within-subject measurements. The factors
included two levels of boundary (horizontal and vertical), three lev-
els of electrode location (anterior, central and posterior), three levels
of hemisphere (left, right and midline). We observed a partial eta
squared of .15 for the three-way interaction effect in the theta
band. This value represents the smallest significant effect for conser-
vative post hoc analysis and corresponds to an effect size ( f ) of .42.
With an α level set at .05 and an assumed average correlation among
repeated measures of .50, the post hoc analysis showed an achieved
power of .97. This confirms that the study was adequately powered to
detect the observed within-subject effects.
To equilibrate the participants’ neurocognitive development, par-

ticipants had to be at least 20 years old, with ages 45 and above not
being accepted (Brooks et al., 2011; Rosander &VonHofsten, 2011;
Shemesh et al., 2022). A questionnaire was given to those who met
the age requirements so that the studies could ascertain whether or
not each participant met the inclusion/exclusion requirements. The
subjects had normal or corrected to normal vision, no history of neu-
rological disorders, no history of attention deficit hyperactivity dis-
order, no heart disease, pregnancy, vertigo, or claustrophobia. The
Ethics Committee of I.D Bilkent University approved (No:
2023_10_02_01), and the informed consent form was obtained
from the subjects. Ishihara’s electronic color blindness test measured
participants’ color accuracy (Color-blindness.com, 2023).

Environmental Stimuli

This study used a set of 32 interior space visualizations, that were
systematically designed to manipulate key architectural variables in
VE. Each visualization combined four architectural variables, each
with two intensity levels: size (small–large), light (dim–bright), tex-
ture (lateral–longitudinal), and color (cool–warm). These were cate-
gorized into two types of spatial boundaries defined by geometric
curvature: horizontal boundaries (HB), which refer to the concave
connections of walls and vertical boundaries (VB), which refer to
the concave connections of the floor and ceiling (see Figure 1).

According to the spatial definitions established by Elver Boz et al.
(2024b), the HB shows the surroundingwalls and their geometrical con-
tinuity, focusing on the curvilinear connections of the horizontal enclo-
sure. In contrast, the VB refers to the lower and upper surfaces of the
interior space—namely the floor and ceiling—and describes the spatial
relationship between these surfaces through concave connections.

These visualizations were originally developed and analyzed by
Elver Boz et al. (2024b) and have been adapted here as 360-degree
video simulations for use in a mobile EEG and VR setup. The par-
ticipants perceived these zones at eye level. Since the EEG device
was used in the study, the visualizations were shown as 360-degree
video simulations in the VE to minimize the movement artifacts. The
study included 16 HB conditions and 16 VB conditions, resulting in
a total of 32 interior video visualizations (see Figure 2).

Instruments and Procedures

The current study employed an integrated experimental design
combining immersive VR and EEG to investigate aesthetic judg-
ments in response to architectural environments. Interior spaces
were designed digitally using Autodesk 3ds Max, with variations
in boundary features to manipulate spatial perception. These
environments were rendered as 360-degree panoramic scenes and
presented through an HMD, enabling participants to explore each
space in an immersive manner. During the task, participants
provided aesthetic evaluations across three key dimensions—
familiarity, excitement, and fascination—while their neural activity
was recorded in real time. This setup allowed for the simultaneous
collection of both behavioral and neural data, supporting a compre-
hensive analysis of the perceptual and affective mechanisms
involved in the architectural experience. Figure 3 presents the exper-
iment setup scheme.

The experiment room (I.D Bilkent University G building psychol-
ogy lab 1), except for the VR+ EEG equipment and data acquisition
devices, was vacant, colorless, and devoid of windows. The experi-
mental setting would be similar to the one seen in Figure 4.

A participant in the experiment wears a VR headset (C), and there
is a controller (E) to respond to appropriate aesthetic judgments; the
researcher uses a computer (A), screen (B), and controller (E) within
the room to run the experiment, along with high tech computer
(HTC) sensors (D) mounted above the ceiling tracking headsets

Figure 1
Curvilinear Horizontal Boundaries and Curvilinear Vertical
Boundaries

Note. Adapted from “The Aesthetic Experience of Interior Spaces With
Curvilinear Boundaries and Various Space Properties in Immersive and
Desktop-Based Virtual Environments,” by T. Elver Boz, H. Demirkan,
and B. A. Urgen, 2024b, Psychology of Aesthetics, Creativity, and the
Arts. Advance online publication (https://doi.org/10.1037/aca0000723).
Copyright 2024 by the American Psychological Association. Adapted
with permission. See the online article for the color version of this figure.
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(F). The subject has an EEG device placed atop their head and VR
equipment for both sessions. In the right corner, the computer
runs the experiment, in which the EEG, the VR, and the programs
operate concurrently. To make the real-time data easier to follow,
the computer simultaneously records it on two screens and gathers it.

The total time for the task section is 60–70 min, including
electrode placement and VR glasses adaptation on participants’
heads, stimulus presentation, and data acquisition. Participants
were asked to move as little as possible throughout the process to
minimize EEG noise disruptions.

Figure 2
Virtual Environment Visualizations With Various Space Variables

Note. Size as S= small and L= large. Light as B= bright and D= dim. Texture as LT= longitudinal and
LR= lateral. Color as C= cool and W=warm. See the online article for the color version of this figure.
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The experiment continued in a VR environment generated by
Unity’s real-time engine and C# scripts experienced by HTC Vive
Pro. The study’s primary challenge was integrating the HTC Vive
VR and the Emotiv EEG recorder (Figure 5). The goal was to capture
participant behavioral responses—specifically, aesthetic judgement
and neural responses, which refer to brain activity—while presenting
a 3D 360-degree visualization of a designed space with different
architectural variables, using Unity Engine and C# scripts.
Opening ports to incorporate the data sent by C# scripts to the
EEG recorder helped to preserve the link between the Emotiv
EEG recorder and VR. Start markers for buffers, space visualiza-
tions, and reaction tabs were supplied to the ports linked to the emo-
tive EEG recorder during the stimuli display. A general marker ID
was assigned to buffers and response tabs. In contrast, a unique

marker was assigned to each visualization to indicate the start and
for analytical purposes.

To understand the effect of architectural variables of the environ-
ment on the aesthetic judgment of participants, mixed-method
(quantitative and qualitative) data are required to relate neuroscien-
tific measurements with aesthetic judgment. Emotive (see Figure 6
for EPOC Flex 32-channel mobile brain wear) channels (see
Figure 7) obtain physiological data from individuals as they encoun-
ter various VE by using HTC Vive Pro. Channels are Fz, F3, F4, F7,
F8, FC1, FC2, FC5, FC6, FT9, FT10, Cz, C3, C4, T7, T8, CP1, CP2,
CP5, CP6, Pz, P3, P4, P7, P8, PO3, PO4, Oz, O1, O2, O9, and O10.
The sensor wires are color-coded. Blue is utilized on the left side
(odd numbers), red on the right side (even numbers), and black for
reference points. However, for the electrode coding, “F” represents

Figure 3
Experiments Setup Scheme

Note. VE= virtual environment. See the online article for the color version of this figure.

Figure 4
Example of Experiment Settings

Note. VR= virtual reality; EEG= electroencephalography; HTC= high tech computer. See the online article for the color version of this figure.
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frontal channels, “C” defines central channels, “T” presents temporal
channels, “P” symbolizes parietal channels, and “O” depicts occip-
ital channels.
Before the experiment began, the study identified a physical inter-

ference between the EEG cap and the VR headset, which made it
impossible to use four electrode sites in their standard positions.

These sites were Fp1 and Fp2 on the forehead, and TP9 and TP10
on the sides of the head. To maintain a 32-channel setup, these elec-
trodes were relocated to alternative positions: Fp1 and Fp2 were
repositioned to O9 and O10 (occipital), and TP9 and TP10 to PO3
and PO4 (parieto-occipital). This adjustment followed the interna-
tional 10–20 system and aligned with the Emotiv EPOC Flex elec-
trode configuration. By making this modification, it was ensured
that the headset could be worn comfortably while maintaining
EEG data quality and spatial accuracy.

Participants were shown 32 randomized videos throughout the ses-
sion as part of the study procedure. One video was shown at a time
during the task, with a question answered following each presentation.
The sessionwas separated into three blocks, and according to the three
aesthetic components, the stimuli would be assessed: familiarity,
excitement, and fascination.

Each participant’s blocks were assigned at random. The sequence
of blocks was randomized for each participant, ensuring that every
individual experienced the aesthetic judgment tasks in a unique
order. Additionally, the order of video presentations within each
block was also randomized, meaning that participants viewed a dif-
ferent randomized sequence of the 32 videos for each of the three
aesthetic component conditions. For each video, participants rated
their experience using a 7-point Likert scale. Participants used VR
controllers to make their evaluations. All participants experienced
the environment within the same time frame and followed the
same 360-degree visual sequence, meaning that free navigation
within the space was not allowed. At the end of each block, partic-
ipants were asked to confirm whether they were willingness to con-
tinue with the experiment.

Each trial began with a 5-s buffer screen displaying a fixation
cross, followed by the video presentation. The video stimuli were
presented for 10 s, a duration adopted from a previous study using
the same VE visualizations (Elver Boz et al., 2024b), where 10 s
was found to be sufficient for aesthetic evaluation without causing
fatigue or disengagement. Following the video, participants were
asked to rate the space in the video depending on the question
posed. Participants had a 5-s window to select one of the interactive
buttons, with responses thoroughly logged. Missed responses were
recorded when there was no response within 5 s. Notably, at the
start of each trial, EEG triggers were sent to the Emotive EEG
recorder at the start of the buffer, the start of the video, and the
start of the question, allowing for synchronous integration of neuro-
physiological data. Figure 8 demonstrates the trial flow within each
block.

Data Analysis

In the behavioral data (participants’ responses), based on the rat-
ings of the 20 participants, the paired-sample t test was conducted on
behavioral data to compare participants’ aesthetic ratings across
boundary types (horizontal vs. vertical) within each judgment
dimension: familiarity, excitement, and fascination. In the neural
data, the same 20 participants’ records were collected. Following
preprocessing with EEGLAB (Delorme & Makeig, 2004), manual
artifact rejection procedures were applied to the EEG data. EEG
recordings of each participant were examined. EEG data were
bandpass-filtered between 0.5 and 40 Hz to reduce slow drifts and
high-frequency noise (such as muscular movements), as recom-
mended in standard EEG preprocessing protocols (Cohen, 2014;

Figure 5
Interplay Between EEG and IVE via Ports

Note. EEG= electroencephalography; IVE= immersive virtual environment.

Figure 6
Participants Were Wearing the EEG Headset and the VR HTC
Vive Pro

Note. EEG= electroencephalography; VR= virtual reality; HTC= high
tech computer. See the online article for the color version of this figure.

NEUROARCHITECTURE OF AESTHETIC EXPERIENCE 7

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al
A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
t
to

be
di
ss
em

in
at
ed

br
oa
dl
y.

A
ll
ri
gh
ts
,i
nc
lu
di
ng

fo
r
te
xt

an
d
da
ta
m
in
in
g,

A
I
tr
ai
ni
ng
,a
nd

si
m
ila
r
te
ch
no
lo
gi
es
,a
re

re
se
rv
ed
.



Luck, 2014), while retaining the frequency range associated with
cognitive operations. No channels were eliminated; instead, each
was preprocessed to observe individual outputs without elimination.
In cases where channels exhibited excessive noise or deviated sub-
stantially from expected signal patterns, interpolation was applied to
correct for poor-quality recordings and ensure consistency in the
data set (Keil et al., 2014). To standardize the EEG signals across
channels, an average reference projection was applied. Specifically,
the EEG data were rereferenced using an average reference montage
(Nunez & Srinivasan, 2006). This method helps reduce variability
dependent on the reference while preserving the original signal
dynamics through projection, rather than permanent subtraction.
Subsequently, muscle artifacts were visually inspected and manually
removed by identifying segments with excessive high-frequency
activity (typically above 30 Hz) that were not attributable to cognitive
processes. These segments were manually excluded from further anal-
ysis, following standard artifact rejection practices in EEG research
(Keil et al., 2014; Luck, 2014). Independent component analysis
(ICA) was employed to capture ocular artifacts, such as eye blinks

and saccades. The ICA decomposition was performed using the run-
ica algorithm (Makeig et al., 1996) with 20 components. Eye-related
artifacts were automatically detected through correlation with electro-
oculogram channels. These components were then visually inspected
and manually excluded from the data, ensuring that only nonartifac-
tual neural signals were retained for further analysis.

The time-frequency decomposition of EEG signals was per-
formed using event-related spectral perturbation (ERSP) analysis
in EEGLAB (Delorme &Makeig, 2004). ERSPs provide a dynamic
representation of changes in spectral power relative to baseline activ-
ity, making them particularly effective for analyzing oscillatory
responses to temporally locked events in aesthetic judgment tasks.
Each stimulus lasted for 10 s, but we limited our ERSP analysis to
a 2-s window following the stimulus. Previous research has shown
that ERSPs are most pronounced shortly after a stimulus, reflecting
immediate cognitive and perceptual processing (Pfurtscheller &
Lopes da Silva, 1999). Using an extended window could dilute
the effect of temporally specific oscillatory responses. Therefore,
a 2-s window allows for a focused analysis of the time-locked

Figure 7
Emotiv 32-Channel Epoc Flex EEG Headset Electrode Distribution Map and Segmentation of 10 Brain Areas

Note. EEG= electroencephalography. See the online article for the color version of this figure.
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